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Abstract

Q fever is a zoonotic disease caused by Coxiella burnetii that occurs worldwide. It
causes usually an asymptomatic infection or manifests as a flu-like syndrome with
spontaneous recovery. Sometimes, acute Q fever can cause serious problems like
pneumonia, abortions or meningitis, and long-term complications such as endocarditis
and osteo-articular problems may occur in a lower percentage of patients. A wide range
of hosts can be infected by C. burnetii. Domestic ruminants are considered as the main
source of human infection; shedding bacteria principally through birth and abortion
products, milk and faeces.

The risk that Q fever may represent to humans is recognized since its first description
in 1937 in Australia; but after the largest ever reported Q fever outbreak in the
Netherlands (2007-2011); public health authorities, namely the European Food and
Safety Authority (EFSA), warned about the uncertainties that still exist in the
understanding of Q fever epidemiology, including amongst the domestic ruminant
populations throughout Europe. Some relevant facts pointed in a scientific report
published by EFSA in 2010, mentioned that despite the knowledge about the wide
distribution of C. burnetii among domestic ruminants, the true prevalence of infection is
not known in many countries; and the lack of harmonized methodologies between the
different existing studies hinder data comparison. Moreover, the role of other species,
including domestic and wild animals, and even vectors; in the epidemiology of the
disease is very limited. In Portugal, epidemiological data on Q fever is even scarcer.
Only, a few studies reporting the infection in humans, in domestic ruminants and in zoo
animals have been published and the prevalence of Q fever in Portuguese animal
populations remains unclear. To gather information about C. burnetii epidemiology in
Portugal, the present project aimed to provide information about Q fever prevalence
among different animal species (domestic, companion and wild animals), but also to
identify potential reservoirs in urban and rural environment and vectors (ticks), and to
genetically characterize the circulating strains and compare them with those identified
in other countries. To achieve our global objectives, a serologic survey was conducted
in domestic and wild animals to screen for Q fever; then C. burnetii DNA was detected
in biological samples collected from seropositive herds or animals, and from ticks; and

finally, C. burnetii strains were genetically characterized. Harmonized methodologies
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used in the French Reference Laboratory for Q fever were used, following the
recommendations drawn by EFSA. The results obtained showed that in Portugal,
independently of the type of production, herd seroprevalence is higher in small
ruminants (32.6% meat herds and 51.6% dairy herds) than in cattle (23.5% meat herds
and 37.8% dairy herds). Despite the non-evidence of exposure in domestic pigs,
C. burnetii infection is not restricted to domestic ruminants as an exposure was
demonstrated in companion animals, namely in dogs (12.6%) and in cats (17.2%); in
feral pigs (5.6%); and in red deer (30.4%). However, C. burnetii DNA was only
detected in domestic ruminants. The shedding of C. burnetii was demonstrated in cattle
herds a higher percentage (20%) than in small ruminant herds (6.3%). Individually, the
proportion of animal shedders was higher in goats (15%), followed by cattle (10.8%)
and then sheep (3.6%). Milk appeared as the most important shedding route (10.9%)
compared to vaginal swabs (2.1%). C. burnetii seems to be an important threat even in
apparently healthy domestic ruminant populations, and milk appeared as an important
shedding route. Despite the controversial data about the risk of infection by the
consumption of unpasteurized milk, special attention should be given to occupational
activities requiring contact with lactating domestic ruminants, and those requiring the
manipulation of milk and milk products. The molecular characterization of C. burnetii
obtained from clinical samples allowed the identification of six novel MLV A-6 profiles.
These novel genotypes clustered with genotypes identified in cattle from other
European countries and in Portuguese acute human infections.

Overall, our results demonstrate that in Portugal C. burnetii circulates among several
domestic and sylvatic animals. Additionally, the close relation of the herein identified
genotypes to those identified in cattle from other European countries suggests that a
common pool of C. burnetii strains circulates in cattle in Europe and might be linked to
human infection. Finally, this study highlights that harmonized methodologies are
needed for epidemiological studies. It is central for comparing results from different

studies and to cover different scenarios when controlling programs are needed.

Keywords

C. burnetii, Q fever, domestic ruminants, wild ungulates, companion animals, milk,

PCR, ELISA, MLVA-6
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Resumo

A Febre Q ¢ uma doenga zoonoética causada por Coxiella burnetii com uma
ocorréncia mundial. A Febre Q origina normalmente uma infecdo assintomatica,
podendo manifestar-se como uma sindrome gripal com recuperagdo espontinea.
Contudo, por vezes, formas agudas podem causar quadros mais graves como
pneumonia, aborto ou meningite. Complicagdes a longo prazo, como endocardite e
problemas osteoarticulares, podem também ocorrer com menor frequéncia. O espectro
de hospedeiros recetivos a C. burnetii ¢ largo. Porém, os ruminantes domésticos sdo
considerados a principal fonte de infegdo para humanos, excretando bactérias através de
produtos do parto e aborto, do leite e das fezes.

O risco que a Febre Q representa para humanos ¢é reconhecido desde a sua primeira
descri¢do, em 1937 na Austrélia. E, ap6s um dos maiores surtos alguma vez reportados,
ocorrido na Holanda (2007-2011), as autoridades de saude, nomeadamente a European
Food and Safety Authority (EFSA), alertaram para as incertezas existentes na
compreensdo da epidemiologia da Febre Q. Num relatério cientifico publicado pela
EFSA em 2010, foi referido que, apesar da larga distribui¢do de C. burnetii entre
ruminantes domésticos, a prevaléncia real de infecdo ndo era conhecida em muitos
paises; e que a falta de metodologias harmonizadas entre os estudos existentes
dificultava a comparagdo de dados. Além disso, foi realcada a falta de conhecimento
sobre o papel de outras espécies, como animais domésticos e silvestres, ou mesmo
vetores, na epidemiologia da doenga. Em Portugal, a informagdo sobre a epidemiologia
da Febre Q era ainda mais escassa. Apenas alguns estudos reportando a ocorréncia de
infegdo em humanos, em ruminantes domésticos ¢ em animais de zoo estavam
publicados e a prevaléncia de infe¢cdo nas populagdes animais em Portugal permanecia
pouco clara. Para reunir informagdo sobre a epidemiologia de C. burnetii em Portugal, o
presente projeto teve como objetivo estimar a prevaléncia de infe¢do em diferentes
espécies animais (animais domésticos de companhia e de producdo, e animais
silvestres), mas também identificar potenciais reservatorios de infecdo em meio urbano
e em meio rural e também em vetores (ixodideos), ¢ ainda caracterizar geneticamente as
estirpes circulantes comparando com estirpes identificadas internacionalmente. Para
atingir estes objetivos foi realizado um rastreio serologico em animais domésticos e

silvestres; em seguida foi efetuada a pesquisa de DNA de C. burnetii em amostras
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biolégicas colhidas em exploragdes ou em animais seropositivos, e ainda em ixodideos;
e por fim as estirpes de C. burnetii detetadas foram geneticamente caracterizadas. As
metodologias utilizadas foram harmonizadas com as metodologias utilizadas no
Laboratorio de Referéncia para a Febre Q sito em Franga e seguindo as recomendagdes
da EFSA. Os resultados obtidos revelaram que em Portugal, independentemente do tipo
de produgdo, a seroprevaléncia ao nivel da exploragdo é mais elevada em pequenos
ruminantes (32,6% em exploragdes de carne e 51,6% em exploragdes de leite) do que
em bovinos (23,5% em exploragdes de carne e 37,8% em exploragdes de leite). Apesar
de ndo ter sido evidenciada a exposi¢do em suinos domésticos, demonstrou-se que a
infe¢do por C. burnetii ndo esta limitada aos ruminantes domésticos, tendo sido
demostrada a exposi¢do em animais de companhia, nomeadamente em cées (12,6%) e
gatos (17,2%); em javalis (5,6%); e em veados (30,4%). No entanto, o DNA de
C. burnetii foi apenas detetado em ruminantes domésticos. A evidéncia de excre¢do de
C. burnetii foi superior (20%) em exploragdes de bovinos do que em pequenos
ruminantes (6,3%). Individualmente, a propor¢do de animais excretores foi superior em
caprinos (15%), seguindo-se os bovinos (10,8%) e por fim os ovinos (3,6%). O leite
surgiu como a via de excrecdo mais importante (10,9%) comparativamente com
zaragatoas vaginais (2,1%). C. burnetii parece ser um agente importante mesmo em
ruminantes domésticos aparentemente saudaveis sendo o leite uma via de excrecdo
importante. Apesar da informagdo controversa sobre o risco de infe¢do associado ao
consumo de leite ndo pasteurizado, ¢ necessario considerar as atividades ocupacionais
que implicam o contacto com ruminantes domésticos em lactagdo e/ou que requerem a
manipulagdo do leite e seus produtos derivados. A caracterizagdo molecular de
C. burnetii obtida a partir de amostras bioldgicas permitiu identificar seis novos perfis
MLVA-6. Estes novos genétipos apresentam-se no mesmo cluster que genotipos
identificados em bovinos de outros paises Europeus ¢ em infe¢des agudas de humanos
em Portugal.

Globalmente, os resultados obtidos demonstram que em Portugal, C. burnetii circula
entre animais domésticos e silvestres. Adicionalmente, a relagdo proxima entre os
genotipos identificados neste estudo e os gendtipos identificados em bovinos de outros
paises da Europa sugere que existe um pool/ comum de estirpes de C. burnetii que
circulam entre bovinos na Europa e que podem estar associados com a infecdo em
humanos. Finalmente, este estudo realga a necessidade de uniformizagdo de

metodologias para a realizagdo de estudos epidemioldgicos. Tal é fundamental para a
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comparag¢do de resultados permitindo abranger diferentes cenérios quando ¢ necessario

implementar planos de controlo.

Palavras-chave
C. burnetii, Febre Q, ruminantes domésticos, ungulados silvestres,

animais de companbhia, leite, PCR, ELISA, MLVA-6
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A historical approach to Q fever

S. Anastacio, K. Sidi-Boumedine, G.J. da Silva. A historical approach to Q Fever. In:
The Principles and Practice of Q Fever. Simdes, J., Anastacio, S. and da Silva, G. J.

Nova Science Publishers. New York. 2017. Pp 25-34.
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The history of Q fever can be traced back to 1937, when it was described by Edward
Holbrooke Derrick in Australia (Derrick, 1983). Q fever was discovered in the United

States almost at the same time (Dyer, 1949).

1.1.1. Australia, one beginning

Since 1933, repeated outbreaks of an obscure febrile illness were detected in
slaughterhouse workers and farmers in Brisbane-Queensland, Australia. In 1935,
Edward Holbrooke Derrick, the Director of the Laboratory of Microbiology and
Pathology, Queensland Health Department, Brisbane was assigned to investigate these
outbreaks. He started by a detailed description of the disease and he recognized that it
represented a previously non-described illness characterized predominantly by fever of
unknown origin (MacKerras, 1998). His first step was to make a careful clinical study
of all the cases available. He used his laboratory resources to determine whether it was
an aberrant form of some febrile disease already known in Queensland, but the results
were negative. A search among veterinary literature also failed to reveal any potential
zoonosis from cattle origin. He used the guinea-pig, the standard experimental animal
used in his laboratory. He found that guinea-pigs inoculated with blood from febrile
patients developed a mild disease characterized by fever and enlargement of the spleen
and ended by the recovery of the animals. He demonstrated that the disease could be
transmitted among guinea-pigs by inoculation of spleen or liver emulsions. Guinea-pigs
that had recovered from a previous infection were refractory to re-inoculation. He
concluded that it was a specific infectious disease caused by an organism, which could
not grow in any of the culture media available at the time (MacKerras, 1998), thus it
was thought to be a virus. These findings led Derrick to name the disease by Q fever
(“Q” for Query) in January 1939, by which it is still known (Burnet and Freeman, 1937;
Cook, 2008).

Derrick suspected that the causative agent was probably a virus and sent infected

spleens to Frank MacFarlane Burnet and Mavis Freeman, from the Walter and Eliza
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Hall Institute of Medical Research in Melbourne, for further studies (MacKerras, 1998).
Their tools in the laboratory were chorioallantoic membrane of developing chick and
adult mice. The chorioallantoic membrane model proved to be very adequate for this
research but the inoculated mice developed enlarged spleens, sometimes with exudate
on the surface. Studying a section of an infected spleen, Burnet found large numbers of
intracytoplasmic structures, which seemed to be a micro-colony of tiny, weakly stained
rods. As the smears stained positive by Castenada method, they suspected the presence
of a rickettsial organism. This suspicion was also supported by cross immunity tests
which confirmed that the mouse “virus” was identical to the guinea-pig “virus” and that
semi-purified rickettsial suspensions agglutinated with the sera of the infected mice and
guinea-pigs. Additionally, they also found that the agent was filterable, but with
difficulty, through relatively permeable (0.7 pm) gradocol membranes (MacKerras,
1998; Burnet and Freeman, 1937). Because the microorganism shared characteristic
features with other Rickettsiae spp., Derrick suggested the name Rickettsia burnetii for
the organism in honour to the researcher Burnet (MacKerras, 1998; Maurin and Raoult,
1999).

Burnet and Freeman also provided a valuable diagnostic tool. Miss Freeman was able
to prepare a stable rickettsial suspension from infected mouse spleens, which was used
to develop a micro-agglutination test for specific antibodies in human and animal sera.
The test was later transferred to Brisbane, using Freeman mouse spleen antigen. In
1940, Wilbur Smith discovered the abundant multiplication of Rickettsiae in infected
female Rhipicephalus sanguineus (dog ticks), which enabled him to prepare larger
volumes of excellent suspensions. This tick antigen was employed until the

complement-fixation test was introduced in 1950 (MacKerras, 1998).

1.1.2. United States of America, the other beginning

Meanwhile, in 1938 an unknown agent was isolated by Gordon Davis and Herald
Cox from the tick Dermacentor andersoni in Montana. The ticks have been collected in
the Spring of 1935, during an investigation of the ecology of Rocky Mountain spotted
fever, in the Nine Mile Creek region, Montana, United States. In the laboratory they
found that the agent, initially thought to be a virus, was transmitted to susceptible

animals by D. andersoni in the process of feeding and that it survived in ticks through
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successive moults and through the egg stage, being found in the gut and haemolymph.
With these findings the investigators suggested ticks as natural vectors. Furthermore,
they also found that the agent was infectious for guinea pigs, was Gram-negative, and
presented an extracellular and intracellular pleomorphic, rickettsia-like, appearance
(Dyer, 1949; Cox, 1938, Davis and Cox, 1938). The disease produced in animals was
called “Nine Mile Fever” and the agent was identified as a rickettsial organism. In 1938,
Cox developed a method of culture in chick embryos, which allowed the isolation of the
strains for further investigation. Unlike other members of this group, it was filterable,
and it was named Rickettsia diaporica (diaporica is derived from the Greek word for
having the property or ability to pass through [a filter]) (Dyer, 1949; Lennette, 1948;
Blut, 2014).

Rolla Eugene Dyer, at the time the director of the National Institutes of Health in the
United States, joined Davis’s and Cox’s team at the Rocky Mountain Laboratory
(Lennette, 1948; Dyer, 1949; Cooke, 2008). While on a visit to the Rocky Mountain
Laboratory, a member of his staff suffered an accidental laboratory infection by the
agent of the “Nine Mile Fever,” at the time named “X strain.” This occurrence led Dyer
to consider a relationship between Australian Q Fever and the disease caused by the

infectious agent isolated from ticks in Montana (Dyer, 1938).

1.1.3. Australian and American collaboration

The Australian and the American teams shared their findings and Burnet sent
material to Dyer. To determine the origin of the “X strain” that caused human disease,
cross-immunity and protective tests were developed. At the National Institutes of
Health, Dyer found a negative cross-immunity between the agent isolated in guinea pigs
from the human patient and Rocky Mountain Spotted Fever; whereas five guinea pigs
recovered from Australian Q fever, previously sent by Dr. Burnet, were found to be
immune to the “X strain.” Tests with the “Q fever strain” (sent by Dr. Burnet in the
form of two infected mouse spleens, maintained subsequently in mice and guinea pigs),
the “X strain” (obtained by Dyer) and two strains of Rocky Mountain Spotted Fever
were conducted. A complete cross-immunity between “Q fever strain” and the “X

strain” was found (Bengston, 1941).



Chapter 1
General Introduction

Burnet and Freeman also compared “Q fever strain” and “X strain.” They observed
that both strains were virulent in monkeys but “X strain” triggered a more acute
infection in guinea pigs, being considered more virulent (Bengston, 1941).

The work of both teams suggested that Australian Q-fever and Montana Nine Mile
fever were the same disease. Immunological research proved that R. burnetii and

R. diaporica were identical (Lennette, 1948; Dyer, 1949; Cooke, 2008).

1.1.4. The global distribution

Until 1944, Q fever was considered confined to Australia and United States but
during the Second World War, specifically between November 1944 and June 1945,
eight outbreaks totalling 600 cases among allied troops were reported in Italy, Greece
and Corsica, being described as pseudo-flu endemic syndromes (Dyer, 1949;
Lennette, 1948). The disease was also reported in Panama in 1946 and in Switzerland in
1947 (Lennette, 1948). Prior to 1946, naturally acquired Q fever appeared to be rare in
the United States but an outbreak reported in Texas in 1946 confirmed the suggestion of
Cox that the disease could be widespread (Dyer, 1949).

Initially, a large diversity of names was attributed to this disease according to the
circumstances of its occurrence (e.g. slaughterhouse fever, Queensland rickettsial fever,
seven days fever, Balkan flu, Italy fever or Nine Mile Creek fever); however, Q fever
was the name that persisted until our days (Dyer, 1949; Angelaskis and Raoult, 2010).

The potential danger of Q fever to public health and the large gaps in the knowledge
of the disease were early recognized. In 1950, the World Health Organization (WHO)
encouraged the epidemiological research and it was concluded that Q fever was present
in 51 countries on five continents (Kaplan and Bertagna, 1955).

Nowadays, Q-fever is listed in the Terrestrial Animal Health Code of the World
Organization for Animal Health (OIE) and all the Member Countries are required to
report the occurrence of the disease.

In humans’ Q fever is usually reported by the occurrence of outbreaks. Its worldwide
distribution is globally accepted except in New Zealand where the disease has never

been reported (WAHIS Interface, 2016).
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1.1.5. Unravelling the characteristics of the etiologic agent

Although the etiological agent of Q fever was classified as a rickettsial organism,
certain differences were early identified between this microorganism and other
rickettsiae. The morphologic, tinctorial and cultural, characteristics supported its
classification as a rickettsial organism. However, the relative easy passage through
bacterial filters, the finding of a large number of organisms inside the infected cells, the
great resistance to physical and chemical agents, the production of non-soluble antigen
and the absence of the rash seen with other rickettsial diseases were characteristics that
made it differ from Rickettsia (Lennette, 1948; Dyer, 1949; Maurin and Raoult, 1999).

These striking characteristics justified the proposal of placing the organism in a new
genus to be known as Coxiella. The genus Coxiella was created in 1948 by Cornelius B.
Philip and Rickettsia burnetii (Derrick) became Coxiella burnetii listed in the 6™ edition
of Bergey’s Manual of Determinative Bacteriology (Lennette, 1948; MacKerras, 1998).

Coxiella burnetii supersedes R. burnetii and R. diaporica and honors the almost
simultaneous isolation of the organism by American and Australian researchers, Harold
Cox and MacFarlane Burnet (Maurin and Raoult, 1999).

C. burnetii was initially included in the order Rickettsiales, family Ricketsiaceae
(Reimer, 1993). However, the sequence analysis of the 16S rRNA gene showed that
C. burnetii falls in the gamma group of proteobacteria showing a closer relationship
with the genus Legionella (Weisburg, 1989; Stein ef al., 1993) than with the Rickettsia
group, belonging to alpha group of proteobacteria. Other phylogenic neighbours of
C. burnetii are Francisella tularensis and Rickettsiella grylli (Maurin and Raoult, 1999).
These bacteria are able to multiply within cells (Seshadri et al., 2003). Thus, a
phylogenically reclassification was performed and nowadays C. burnetii belongs to the
order Legionellales, family Coxiellaceae and genus Coxiella (Drancourt et al. 2004).
The genus Coxiella includes other members as Coxiella cheraxi (Tan and Owens, 2000)
and Coxiella-like organisms recently identified in birds, in ticks (Psaroulaki et al., 2014;
Duron et al., 2015) and in horses (Seo et al., 2016).

The development of molecular techniques also enabled the genetic characterisation
of C. burnetii and allowed the study of its genotypic diversity among different
geographical areas and dissemination of specific strains, the determination of
relationships between variants of the bacterium, the investigation of Q fever outbreaks,

particularly to clarify links regarding source of infection, the understanding of the

9



Chapter 1
General Introduction

epidemiological emerging factors and the evaluation of control measures (Roest et
al., 2011; Sulyok et al., 2014; OIE, 2015).

Nowadays, molecular epidemiology is a fundamental tool for the study of genetic
surveillance of C. burnetii from different sources (Pifiero et al., 2015). A systematic
genotyping provides a descriptive database enabling to monitor the temporal and
geographical evolution and dissemination of the strains. The possibility of a rapid
surveillance of the dispersion of a strain in a specific host or between different hosts is
an added value for an epidemiological study. Furthermore, the data may help to explain
different scenarios of dissemination and contribute to find efficient control measures
(Sidi-Boumedine and Rousset, 2011).

Eighty years after the first reports of Q fever, it is known that the disease is globally
widespread. The scientific knowledge on Q fever increased over the last 40 years,
especially after the largest human Q fever outbreak that occurred in the Netherlands
between 2007 and 2010 (Dijkstra et al., 2012), which raised many questions,
particularly on the control of the infection. Moreover, further research is needed to
improve our understanding of the transmission of Q fever, and to clarify some of the

characteristics of the microorganism responsible for it.
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Coxiella burnetii, the pathogen




Chapter 1
General Introduction



Chapter 1
General Introduction

Coxiella burnetii is a highly infective small intracellular bacterium and it is the
etiological agent of Q-fever (Mege et al., 1997; Raoult ef al., 2005). Its high infectivity
and stability in the environment explain why C. burnetii is listed as a Category B

biothreat agent (Waag, 1997).

1.2.1. Phylogeny

Coxiella burnetii belongs to the genus Coxiella (Mege et al., 1997). Initially
classified as a “Rickettsia-like” organism, it was included in the order Rickettsiales,
family Ricketsiaceae (Reimer, 1993). However, the sequence analysis of the 16S rRNA
gene showed that C. burnetii falls in the gamma group of proteobacteria presenting a
closer relationship with the genus Legionella (Weisburg et al., 1989; Stein et al., 1993)
than with the Rickettsia group, belonging to the alpha group of proteobacteria. Other
phylogenetic neighbours of C. burnetii are Francisella tularensis and Rickettsiella grylli
(Roux et al., 1997; Maurin and Raoult, 1999). All of these bacteria are able to multiply
within cells (Seshadri ef al., 2003). Thus, a phylogenetic reclassification was done and
nowadays C. burnetii belongs to the order Legionellales, family Coxiellaceae and genus
Coxiella (Drancourt et al. 2004). For years, C. burnetii was the only species of the
genus Coxiella. In 2000, Coxiella cheraxi was considered a new member of the genus,
showing 95.5% similarity with C. burnetii in 16S rRNA (Tan and Owens, 2000) and
Coxiella-like organisms recently identified in ticks (Arthan et al, 2015; Duron et
al., 2015; Al-Deeb et al., 2016) and in horses (Seo ef al., 2016). The wide distribution
of Coxiella-like endosymbionts among different tick species and the phylogenetic
analysis of these Coxiella-like organisms suggest that C. burnetii has probably emerged
from a tick-borne progenitor (Duron et al., 2015). Thus, it has been proposed that
C. burnetii recently evolved to vertebrate pathogenicity from an inherited endosymbiont
of ticks, due to spontaneous mutations or horizontal gene transfers from pathogens that

co-infected the same tick or vertebrate (Duron ef al., 2014; Duron et al., 2015).
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1.2.2. The bacterial cell

C. burnetii is unique among intracellular bacteria as it replicates within a
parasitophorous vacuole of eukaryotic host cells with an estimated doubling time of 20

to 45 hours (Heinzen et al., 1999; Angelaskis and Raoult, 2010).

1.2.2.1. Morphology

C. burnetii is a small pleomorphic rod, presenting 0.2—0.4 um wide and 0.4—-1.0 um
long, with a cellular membrane similar to that of Gram negative bacteria (Maurin and
Raoult, 1999).

A characteristic of C. burnetii is the biphasic developmental cycle that generates
biologically, ultra-structurally and compositionally distinct forms. The first observations
of different forms of C. burnetii occurred through electron microscopy (McCaul and
Williams, 1981). Two main different forms are described in regard to morphology,
antigenic composition and physical and chemical resistance: large cell variants (LCVs)
and small cell variants (SCVs) (McCaul and Williams, 1981; Seshadri et al., 1999).

LCVs are the exponentially replicating forms. They have a larger size (> 0.5 pm),
they are more metabolically active and less electron dense forms. They have dispersed
and filamentous chromatin and possess clearly distinguishable outer and cytoplasmic
membranes with exposed lipopolysaccharides (LPS) on the surface, sharing features
with Gram negative bacteria. These LCVs are sensitive to the decrease of osmotic
pressure (McCaul and Williams, 1981; Heinzen et al., 1999; Seshadri et al., 1999).

SCVs are the stationary non-replicating forms, being observed after prolonged
culture, such as 21 days in Vero cells. The size of these rod shape forms typically
ranges from 0.2 and 0.5 pm, being filterable through 0.22 um filters. They are very
compact and present low metabolic activity (Heinzen et al., 1999, Coleman et al., 2004;
Eldin et al., 2017). They are also stable in the environment, showing a high resistance to
osmotic, mechanical, chemical, heat and desiccation stresses (Eldin et al., 2017). Some
structural characteristics of SCVs are the electron-dense and condensed chromatin and
the unusual cell envelope characterized by a high number of cross-links in

peptidoglycans, which seems to enhance environmental stability (McCaul and Williams,
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1981; Sandoz et al., 2016). Additionally, SCVs harbour a complex system of internal
membranes, arranged in whorls contiguous with the cytoplasmic membrane, favouring a
compact organization of SCV (McCaul and Williams, 1981; Heinzen et al., 1999). The
resistance properties of these SCVs strongly implicate this form as responsible for
long-term extracellular survival and aerosol transmission of C. burnetii (McCaul and
Williams, 1981; Coleman ef al., 2004).

The environmental stability of C. burnetii, the possibility of its aerosolization and its
high virulence led to the classification of this bacterium as a category B biological threat
agent (Eldin et al., 2017).

The different forms of C. burnetii are linked to its lifecycle as a strategy to survive in
and out of the Coxiella-containing vacuole (CCV). Infection results in a CCV
harbouring a mixture of cell types. Despite the infectious ability demonstrated by LCVs
in vitro, it might have a little relevance in natural infections because the fragile LCVs do
not persist in an infectious form in extracellular environment for long periods (Heinzen
et al.,, 1999). SCVs are the environmentally stable form of C. burnetii and their
extracellular stability facilitates dispersion and transmission (McCaul and Williams,
1981; Heinzen et al., 1999).

Since a few proteins are differentially expressed by SCV and LCV, the
morphological differences between SCV and LCV are correlated with different protein
composition. Elongation factors (EF-TU and EF-Ts), stationary phase sigma factors
(RPOS) and a 29-kDa protein designated P1 with porin activity are expressed at high
levels by LCV (Heinzen et al., 1999; Varghees et al., 2002). ScvA and Hql are DNA
binding proteins specific to the SCV that likely play a role in chromatin condensation
(Heinzen and Hackstadt, 1996; Coleman et al., 2004).

Another cell form, a ‘spore-like particle’ was described in the polar regions of some
LCVs as an electron dense polar body. It was hypothesized that an endogenous spore
could be a part of the developmental cycle of C. burnetii (McCaul and Williams, 1981).
Despite its resistance to osmotic pressure, this form did not show an infectious ability
(Heinzen et al., 1999; Raoult et al., 2005). Moreover, it could not be considered as a
spore particle because it did not stain with spore stains, it was not detected by tests for
dipicolinic acid, a traditional spore marker (McCaul ef al., 1991) and sporulation genes
have not been identified in C. burnetii genome (Seshadri et al., 2003). It was also
hypothesized that the SDCs may develop into SCVs, but this was not proven yet
(Oyston and Davis, 2011).
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1.2.2.2. Staining

The structure of the cell wall of C. burnetii resembles those of Gram negative
bacteria but it is not well stainable by the Gram technique. C. burnetii cells also exhibit
properties of acid fast organisms similarly to tubercle bacilli, being stainable by the
Ziehl-Nielsen method and the Gimenez method, usually used to stain C. burnetii in
clinical specimens or laboratory cultures (Gimenez, 1964; McCaul and Williams, 1981;

Maurin and Raoult, 1999).

1.2.3. Antigenic variation

All the LPS-encoding genes are in a 38 Kb region in the C. burnetii genome and it
has been observed that mutational variations in this region result in antigenic and
virulence shift, termed “phase variation” (Mege et al., 1997; Barry et al., 2012; Kuley et
al., 2015). Thus, C. burnetii may exist in a virulent phase I and in an avirulent phase II
(Van den Brom et al., 2015). Antigenic variation between these two phases is based on
a mutation process in which there is an irreversible modification from smooth to rough-
type LPS, presenting a dramatically reduced virulence (Mege et al., 1997, Van den
Brom et al., 2015). The avirulent rough LPS is likely due to an additional
point/frameshift mutation, small deletion or transposon insertion in a gene in the LPS
biosynthetic pathway (Beare et al., 2006; Denison et al., 2007). Phase II variant (Nine
Mile, phase II, clone 4, RSA439) of the virulent Nine Mile phase I reference strain
(RSA493) contains a chromosomal deletion that eliminates genes involved in O-antigen
biosynthesis (Moos and Hackstadt, 1987). The deleted region comprises genes
responsible for the addition of sugars to the core. So, the sugar composition of each LPS
is quite different, because phase I LPS contains sugars such as L-virenose
dihydrohydroxystreptose and galactosamine uronyl-(1,6) glucosamine, which are
lacking in phase II LPS (Mege et al., 1997; Hoover et al., 2002). The absence of L-
virenose in the LPS of phase II C. burnetii, as well as in other bacteria, justifies the use
of this sugar as a unique biomarker of phase I C. burnetii (Palkovicova et al., 2009).
These findings suggested that the lack of virulence is associated to a shorter LPS and
not to a defect in the synthesis of other virulence factors. However, it is interesting to

note that avirulent forms of other strains besides Nine Mile show different patterns of
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deletions/mutations suggesting that the biosynthesis of LPS in C. burnetii is not
completely understood (Beare et al., 2006). Thus, the relevance of phase I C. burnetii
in natural infections remains questionable (Van den Brom et al., 2015).

Phase 1 C. burnetii can be recovered from infected humans and animals being
characterized by smooth-type LPS and high virulence (Mege et al., 1997). The smooth
LPS in C. burnetii phase I disturbs an effective immune response, giving the phase 1
bacterium the opportunity to survive and multiply in the host cells. Therefore, phase 1
C. burnetii is highly infectious (Van den Brom et al., 2015). The avirulent form, phase
II C. burnetii, has not yet been isolated from the host and can only be seen after
culturing in non-immunocompetent cell cultures or hen eggs (Arricau-Bouvery and
Rodolakis, 2005; Van den Brom et al., 2015). The shift from virulent phase I to
avirulent phase II is likely due to repeated passages of the strains in cell cultures or

embryonated eggs (Kuley et al., 2015).

1.2.4. Genomics

The first complete genome sequence of C. burnetii was published in 2003. It
corresponded to the original strain (RSA 493 strain) isolated from ticks by Davis and
Cox in 1935 also known as Nine Mile strain. This event led to significant advances in
the knowledge of C. burnetii. RSA 493 strain revealed the presence of small, circular
chromosome with 1.995.275 bp and a 37.393 bp plasmid (QpH1) (Seshadri et al., 2003;
Eldin et al., 2017). Since then, ten new isolates completely sequenced and 25
incomplete genomes have become available in Genbank (Beare ef al., 2009; Rouli et al.,
2012; D’Amato et al., 2014, Karlsson et al., 2014; Sidi-Boumedine et al., 2014;
Walter et al., 2014, D’ Amato et al., 2015; Hammerl et al., 2015; Kuley et al., 2016;
Warrier et al., 2016; Beare et al., 2017*>¢; Millar et al., 2017).

It is recognized that the genome size of C. burnetii varies from 1.5 to 2.4 Mb (Raoult
et al., 2005) and four plasmid types may be present: QpH1, (36 kb), QpRS (39 kb),
QpDG (42 kb), and QpDV (33 kb). Each bacterial cell has only one of the four
plasmids, which contains about 2% of the genetic information (Angelakis and Raoult,
2010). However, some bacteria are plasmid-less, presenting a plasmid-homologous
sequence with a length of 36-56 kb integrated in the chromosome (Voth et al., 2011). A

correlation between plasmid types and virulence (i.e., development of acute or chronic
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Q fever) was initially proposed (Minnick et al., 1990; Minnick et al., 1991) but, a few
years later, it was found to be inconsistent (Stein and Raoult, 1993; Thiele and
Williams, 1994).

The chromosome of C. burnetii lacks bacteriophage or conjugation-mediated genes,
and an important number of genes are of unknown function. Besides that,
approximately 10% of genes in all strains are pseudogenes (Omsland and Heinzen.,
2011) and many of them contain single frameshifts, point mutations, or truncations,
which might be explained by a recent origin (Seshadri et al., 2003). Indeed, in
opposition to the previous understanding of bacterial virulence, it is now accepted that
gene loss, rather than acquisition of virulence factors, has been a driving force in the
adaptation of parasites to eukaryotic cells (Merhej et al. 2009). Some non-virulent genes
become inactivated because their functions are no longer required in highly specialized
niches, and thus, highly pathogenic bacteria show reduced genome size (Cole et al.,
2001; Sakharkar et al., 2004; D’Amato et al., 2015). For example, CB 175 strain, an
hypervirulent strain specific from French Guiana, presents a deletion in the region of
genes involved in T1SS (Eldin ef al., 2014; D’ Amatto et al., 2015).

The genome of C. burnetii also contains genes that encode proteins with eukaryotic
domains. These proteins mimic host cell proteins, aiding the pathogen’s survival.
Polymorphisms of these proteins have been observed and they contribute to strain
specific differences in virulence potential (Carey et al., 2011). Z3055 strain that belongs
to MST 33, just like NL-Limburg strain involved in the Netherlands outbreak, presents
a high number of mutations involving genes coding ankyrin repeat domains proteins,
membrane proteins and proteins participating in translation and transcription (D’ Amatto
et al., 2014%). These mutations could have been involved in the change of surface
antigens which led to an absence of immune recognition in a naive population allowing
a rapid dissemination (Eldin et al., 2017).

Globally, the genome of C. burnetii contains conserved genomic regions as well as
polymorphic regions (Sidi-Boumedine et al., 2015%). This genetic variability has been
early recognized from the preliminary genotyping investigations. The analysis of the
adad genomic region revealed a polymorphic appearance allowing a good
differentiation of C. burnetii strains that might be considered a useful tool to investigate
the molecular epidemiology and the evolution of C. burnetii (Frangoulidis et al., 2013).
Furthermore, the insertion sequence IS1111 plays an important role in the genomic

plasticity of C. burnetii. The number of IS1111 elements is highly variable between
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strains; many different locations are described, showing a direct impact in genotyping of
C. burnetii (Sidi-Boumedine et al., 2015°).

By the cross-genome comparison of strains it was suggested that C. burnetii isolates
are at different stages of pathoadaptation (Beare et al., 2009). Indeed, isolates obtained
from acute and chronic disease revealed to belong to distinct groups (van Schaik et al.,
2013). Moreover, genetically different pathotypes have been described and displayed

different virulence in animal models (Stein et al., 2005; Russel-Lodrigue et al., 2009).

1.2.5. Resistance

C. burnetii, an obligate intracellular organism, replicates in eukaryotic cells inside an
acidic vacuole (CCV) as a strategy to avoid the microbicidal response of host cells
(Mege et al., 1997). LCVs are the exclusive and pleomorphic intracellular forms of
C. burnetii, which are metabolically active but very fragile in the extracellular
environment (McCaul and Williams, 1981; Boarbi et al., 2015). The impressive stability
and resistance of this bacterium is attributed to SCVs (McCaul and Williams, 1981;
Heinzen et al., 1999; Coleman et al., 2004; Roest et al. 2014; Boarbi et al., 2015).
These forms are highly resistant to environmental stress such as osmotic pressure, high
temperature, desiccation, UV light and various chemical disinfectants (Coleman et al.,
2004; Voth and Heinzen, 2007). Viable microorganisms can be recovered after several
years in dust, two years at —20°C, seven to ten months on wool at environment
temperature, 150 days in soil, for more than one month on fresh meat and seven days in
water or in milk at room temperature (Tissot-Dupont et al., 2004; van Woerden et
al., 2004; Boarbi et al., 2015). These features allow the survival of this pathogen in the
environment for long periods of time while keeping its infectivity (McCaul and

Williams 1981; van Schaik et al., 2013).
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As an obligate intra-cellular pathogen, successful intracellular replication of
Coxiella burnetii is required. In fact, C. burnetii developed a range of mechanisms to
invade, survive and replicate within large and acidic phagolysosome-like vacuoles
known to fuse homo and heterotypically with other vesicles (Capo et al., 1999; Beron et
al., 2002; van Schaik et al., 2013). This ability to prosper within such a hostile
intracellular niche is central to its pathogenesis. However, little is known about genes
that facilitate intracellular growth (Maurin et al., 1992; Voth and Heinzen, 2007; Larson
et al., 2016; Moses et al., 2017).

1.3.1. Life in the host cell

C. burnetii displays unique characteristics among intracellular bacteria since it can
resist inside an acidic (pH=5) parasitophorous vacuole (PV) with phagolysosomal
characteristics, also called Coxiella-containing vacuole (CCV) (Heinzen et al., 1999;
Howe and Mallavia., 2000; Voth and Heinzen, 2007).

Several genes encoding adhesion, invasion, detoxification and secretion system
proteins seem to contribute to the formation of CCV (Beare et al., 2011%; Carey et al.,
2011; Eldin ef al., 2017). Adhesion genes encode proteins containing ankyrin repeats,
which bind, for example, to avp3 integrin, one of the eukaryotic cell receptors for
C. burnetii. Invasion genes encode proteins inducing cytoskeleton reorganization during
cell infection (Capo et al., 1999). Recently, OmpA was identified as a Coxiella invasin
inducing cellular uptake, specifically by nonprofessional phagocytes (Martinez et al.,
2014). Detoxification genes encode superoxide dismutase, catalase and acid
phosphatase that allow C. burnetii to escape from microbicidal activity of macrophages
by the detoxification of reactive oxygen produced in the host cells (Baca et al., 1993;
Mege et al., 1997). Furthermore, during host cell infection, C. burnetii expresses several
dot/icm genes involved in secretion systems that seem to facilitate the formation of the
CCV and C. burnetii replication (Zamboni et al., 2003; Weber et al., 2016). In fact, it
was shown that Dot/Icm type 4B secretion system (T4BSS) delivers bacterial effectors
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proteins into the host cell cytoplasm during the replication of C. burnetii; and prevents
cells apoptosis. The lack of T4BSS-mediated secretion prevents the replication in
eukaryotic cells and does not prevent intrinsic apoptosis (Voth et al., 2007; Carey et
al.,2011; Beare et al., 2012; Winchell et al. 2014; Larson et al., 2015; Luedtke et
al.,2017). Notwithstanding, recent findings showed that this cannot be extrapolated to
all virulent strains. Regarding CB 175 strain, its virulence appears to be related to a
genome reduction event by the loss of type I secretion system (D’Amatto ef al., 2015).
Despite the little knowledge about C. burnetii pathogenic mechanisms, it is globally
accepted that inside the CCV the acidic pH activates C. burnetii metabolism, beginning
its replication and allowing the penetration of nutrients needed for metabolism

(Coleman et al., 2004; Voth and Heinzen, 2007).

1.3.1.1. Susceptible cells

C. burnetii survives in a wide range of cells, namely myeloid cells (e.g. monocytes,
macrophages and dendritic cells) (Meconi et al., 1998; Capo et al., 1999). In human and
in animal infection, the primary target cells are blood circulating monocytes,
macrophages (e.g. lymph nodes, spleen, liver, lungs) (Mege et al., 1997; Heinzen ef al.,
1999; Shannon and Heinzen, 2009; Eldin et al., 2017) and trophoblasts (Amara et
al.,2010).

The persistence of C. burnetii in free living amoeba (La Scola and Raoult, 2001) and
murine adipose tissue (Bechah ef al., 2014) has been described too, and
macrophage-like cell lines can also be infected by this pathogen. Infrequently,
C. burnetii is observed in epithelial cells, pneumocytes, fibroblasts and endothelial cells

(Khavkin and Tabibzadeh, 1988; Heinzen et al., 1999).

1.3.1.2. Entry into the cells

The internalisation differs between phase I (virulent) and II (avirulent) LPS and
involves the recognition of several receptors (Capo et al., 2003; Eldin et al., 2017).

The uptake of phase I C. burnetii by phagocytic cells is mediated by the Leukocyte
Response Integrin (LRI) (avp3) and an Integrin Associated Protein (IAP) (Mege et
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al.,1997; Dupuy and Caron, 2008). The entry occurs by passive
microfilament-dependent endocytosis (Heinzen et al., 1999; Capo et al., 2003). Phase I
LPS induces a rearrangement of F-actin cytoskeleton leading to pronounced membrane
protrusions on the surface of monocytes at the site of bacterial adherence. This
phenomenon, called membrane ruffling, requires contact between C. burnetii and host
cells and depends on the expression of Toll Like Receptor type 4 (TLR4) on the host
cell surface (Figure 1) (Meconi ef al., 1998; 2001; Honstettre et al., 2004). The ability
to use avf3 integrin for invasion might be exploited by C. burnetii as a mechanism to
avoid the induction of an inflammatory response, since avf3 integrin is typically
involved in the removal of apoptotic cells via phagocytosis being generally associated
with an inhibition of inflammation (Dupuy and Caron, 2008). Thus, C. burnetii enters

the cells without alerting the immune system (van Schaik ef al., 2013).

Figure 1: Scheme representing the internalization of phase I C. burnetii by monocyte-like

cells.

While phase I C. burnetii is internalized by monocyte-like cells engaging the avp3
integrin complex, IAP and TLR-4, the uptake of phase II organisms is mediated by LRI
(avpB3 integrin), by IAP and by Complement Receptor 3 (CR3). TLR-4 is not involved
in phase 1l C. burnetii internalization (Mege et al., 1997; Meconi et al., 1998; Capo et
al., 1999) and the CR3 molecules remained outside the pseudopodal extensions induced
by virulent C. burnetii (Capo et al., 2003).

In non-phagocytic cells the adherence and internalisation of phase Il organisms
occurs at higher rates than for phase I. Differential engagement of avp3 integrin and
CR3 cannot account for this increased uptake as these cells lack such receptors. As
phase 11, C. burnetii produces a truncated LPS with lower content of carbohydrate than
phase I, this avirulent C. burnetii is highly hydrophobic (Williams et al., 1981).

Consequently, the increased uptake of phase II C. burnetii occurs by non-specific
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hydrophobic interactions that facilitate contact of bacteria with host plasma membrane
and receptors (Baca et al., 1993). The entry into these cells occurs after direct contact,
through the zippering of bacterial ligands to host cell receptors (Beare et al., 20117
Carey et al., 2011; van Schaik ef al., 2013).

Despite a lower internalisation of virulent C. burnetii, it survives successfully when
compared to avirulent strains which are efficiently internalised but are rapidly

eliminated (Meconi ef al., 1998; Capo et al., 1999; Ghigo et al., 2009).

1.3.1.3. Phagosome maturation

Phase I and phase II C. burnetii behave differently depending on host cell type. In
phagocytic cells, virulent bacteria survive and replicate while avirulent microorganisms
are destroyed. In non-microbicidal cells, both virulent and avirulent microorganisms
replicate (Barry et al., 2011).

Briefly after entering the host cell, C. burnetii resides in a tight fitting nascent
phagosome during the first 4-6 h post-infection (Howe and Mallavia, 2000). After this,
the CCV matures through the endocytic pathway and, following a serial, ordered and
regulated fusion and fission events, culminates in a phagolysosome with degradative
lysosomal characteristics (Howe et al., 2010; Flannagan et al., 2012).

The subversion of microbicidal function of host cells by intracellular pathogens is
critical for their survival and pathogenicity (Ghigo et al., 2002). Frequently,
intracellular pathogens subvert endosomal cascade and arrest maturation of the
phagosome at an early stage to avoid fusion with lysosomes (Flannagan et al., 2009).
Regarding C. burnetii, after internalization in microbicidal cells, virulent and avirulent
bacteria localize within the nascent CCV, which traffics through the endocytic cascade.
It develops into an early phagosome acquiring the small GTPase RABS. This GTPase
stimulates the fusion with early endosomes, resulting in acidification of the lumen to
approximately pH 5.4 and acquisition of the early-endosomal marker protein 1 (EEA1)
(Heinzen and Hackstadt, 1996; Kinchen and Ravichandran, 2008). Early phagosome is
converted into late phagosome acquiring acid hydrolases which are involved in
pronounced degradative activity to which C. burnetii can resist (Howe et al., 2010).
This late phagosome lacks RAB5 and EEA1l but acquires lysosome-associated
membrane protein 1, 2 and 3 (LAMP1, LAMP2 and LAMP3) and vacuolar ATPase
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which pumps protons into the maturing phagosome to further decrease the luminal pH
to about 5.0 (Beron ef al., 2002; Kinchen and Ravichandran, 2008; Schulze-Luehrmann
et al., 2016; Eldin et al., 2017). C. burnetii persists in acidic vacuoles independently of
virulence, the bacteria are able to replicate, in a slow rate, within the large CCV with an
acidic environment (Mege et al., 1997; Ghigo et al., 2002; Howe et al., 2003). The
process of phagosome maturation continues with its fusion with lysosomal
compartments to acquire cathepsins and hydrolases. The vacuolar ATPase further
reduces the pH to around 4.5 (Kinchen and Ravichandran, 2008; Flannagan et al.,
2012). A complete maturation of CCV seems to occur only in phase II organisms since
cathepsin D, a lysosomal hydrolase, does not seem to accumulate in phase I CCV.
Virulent organisms seem to escape intracellular killing by inhibiting the final
phagosome maturation step - cathepsin fusion (Ghigo et al., 2002, 2004). The
mechanisms used by virulent bacteria are not completely known. However, several
factors seem to be involved in hijacking conversion of phagosomes, such as the T4BSS
and p38a-mitogen activated protein Kinase (p38a MAPK) (Barry ef al., 2011, 2012).
Phase II organisms stimulate p38a MAPK which is required for trafficking of CCV to
phagolysosomes for their destruction. Contrarily, phase I C. burnetii avoids p38a
MAPK activation through the disruption of TLR-4 and TLR-2 association via actin
cytoskeleton reorganization induced by LPS (Conti et al., 2015) thus escaping from
destruction in phagolysosomes (Barry et al., 2012). However, the above-mentioned
events are not completely accepted, and discordant findings are found in the literature.
A similar kinetics between both virulent and avirulent organisms has been described in
mature CCVs harbouring phase I or phase Il bacteria and containing proteolytically
active cathepsins. It was proposed that despite phase I and phase II bacteria appear to
engage different host cells receptors, it does not seem to result in different CCV
maturation states (Howe et al., 2010).

In fact, other factors may interfere in CCV formation and maturation such as
opsonisation and cytokine production (Desnues et al., 2009; Barry et al., 2011).
Opsonisation of C. burnetii with specific antibodies in persistent infections prevent
phagosome conversion since large CCV do not express cathepsin D (Desnues et
al., 2009). Cytokines also modulate phagosome maturation. Phagosome maturation
depends on the balance between pro-inflammatory (IFN-y, IL-12 and IL-6) and
anti-inflammatory (IL-10) cytokines (Barry et al., 2011).
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It is globally accepted that C. burnetii modulates the genesis of CCV and has several
strategies for adaptation to the stressful environment. It encodes an important number of
basic proteins that are probably involved in buffering the acidic environment of the
CCV. Also, four sodium-proton exchangers and transporters for osmoprotectants are
found in its genome, allowing this bacterium to confront osmotic and oxidative stresses
(Seshadri et al., 2003; Eldin et al., 2017).

Considering non-microbicidal cells, phase II bacteria replicate within a compartment
that displays all the characteristics of a phagolysosome but exhibits several markers of
autophagosomes being considered a chimeric compartment that shares properties of
phagolysosome and autophagosomes. It is likely that avirulent bacteria re-route
phagolysosome through the autophagosome pathway to get a more suitable environment
for replication such as a higher concentration of cholesterol (Barry ef al., 2011; Pareja et
al., 2017).

During its biogenesis process, CCV becomes large and contains numerous organisms
(Ghigo et al., 2002). C. burnetii does not synthesize its own CCV membrane. Multiple
fusion events with autophagosomes along with endolysosomal vacuoles are essential to
provide sufficient membrane to enlarge the CCV (Voth and Heinzen, 2007; Pareja et
al., 2017). C. burnetii continuously directs fusion with other host cell compartments and
inhibits apoptotic cell death, allowing a prolonged infectious cycle (Howe et al., 2003;
Lihrmann and Roy, 2007; Voth et al., 2007; Voth and Heinzen, 2009; Vazquez and
Colombo, 2010).

1.3.1.4. Intracellular cycle

In the infected cell, C. burnetii exhibits a biphasic developmental cycle in which the
bacterium transits between SCV and LCV forms under specific environmental
conditions (Figure 2) (McCaul and Williams, 1981; Mege et al., 1997; Heinzen et
al., 1999; Coleman et al., 2004).

The intracellular cycle of C. burnetii is typical of a closed bacterial system with
defined lag, exponential and stationary phases (Coleman et al., 2004). After
internalization by a eukaryotic host cell, the SCV is sequestered within the CCV. In the
CCV, SCV differentiates into replicative and metabolically active LCV. The low intra-

phagosomal pH and perhaps enzyme system and/or nutrient sources present in the
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vacuole seem to trigger this differentiation. Lag phase extends to approximately two
days post-infection and it is composed primarily of SCV to LCV morphogenesis (Howe
and Mallavia, 2000; Coleman et al., 2004; Howe et al., 2010). Exponential phase occurs
over the next four days with CCV harbouring replicating LCV almost exclusively. The
LCV multiplies and persists within an expanding CCV that contains lysosomal elements
including an acid pH (5.0) and degradative proteases (Heinzen et al. 1999; Howe and
Mallavia, 2000; Coleman et al. 2004; Howe et al., 2010; van den Brom et al., 2015).

Phase | C. burnetii
Macrophage

Nucleus

Mature CCV
(pH £ 4.5)

maturation
(pH £5)

Figure 2: Diagram of the intracellular lifecycle of C. burnetii (Adapted from Boarbi et al.,
2015). CCV - Coxiella containing vauole; SCV - Small cell variant; LCV - Large cell variant.

The generation time during this phase is estimated in 12.4 hours. A dramatic
expansion of the CCV occurs concomitantly with the appearance of replicating LCV
occupying nearly the entire cytoplasm (Coleman et al. 2004; Voth and Heinzen, 2007).
These metabolically active LCV also play an important role in cell-to-cell spread during
acute infection. This process is facilitated by the display of unique LCV antigens such
as a porin protein termed P1. The stationary phase begins six days post-infection,
concomitantly with the re-appearance of SCV. Following accumulation of large
numbers of LCVs, C. burnetii converts back into SCVs, which are released from
heavily infected cells by an undefined mechanism (Coleman et al., 2004).

C. burnetii metabolism is dependent on the moderately low pH inside CCV. Because
the pH of the CCV is stable over many weeks it is unlikely that this condition regulates

morphogenesis. Rather it is likely to be a response to a decline in the nutritional status
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of the host, due in part to the parasitic burden imposed by C. burnetii growth (Coleman
et al., 2004).

It is accepted that SCVs are not replicating forms, since they are scarce during
exponential phase appearing in significant numbers during stationary phase. SCV
apparently arise in stationary phase via condensation of LCV through a continuum of
intermediate forms and increase in number as the phase progresses without further
C. burnetii replication. Heavily infected host cells may reduce trafficking of
nutrient-laden vesicles of the endocytic and/or the autophagic pathway to the CCV.
Depletion of critical metabolites such as amino acids may drive to the development of a
population dominated by SCV of C. burnetii (Coleman et al., 2004).

It was demonstrated that lightly and heavily infected cells are capable of division and
in the process, they segregate the CCV into one of the emerging daughter cells and the
companion daughter cell emerges parasite-free. This asymmetric division of infected
cells, revealed via photomicrography of stained cells, accounts for the appearance of

uninfected cells within persistently infected host cell populations (Roman et al., 1986).

1.3.1.5. Persistent cell infection

Since 1940s, it is recognized that C. burnetii can persist after a primary infection
(Harris et al., 2000). Persistent infected cells harbour C. burnetii in the acidic CCV for
as long as 153 days post infection (Maurin and Raoult, 1999). A recent study showed
that C. burnetii DNA was found in the bone marrow of 88% of patients who had
primary Q fever 12 years previously (Marmion et al., 2005). This explains why
C. burnetii can be found in apparently cured people (Capo ef al., 2003; Honstettre et al.,
2004).

Persistent infection occurs due to the anti-apoptotic activity that C. burnetii exerts to
maintain the host cell viability (Voth et al. 2007; Vazquez and Colombo, 2010).
Distinct events have been described, relying on Coxiella protein synthesis and revealing
that the organism secretes distinct effectors to modulate apoptotic pathways to inhibit
host cell death (Voth ef al., 2007; Luhrmann et al., 2010; Broederdorf and Voth, 2011).
For example, caspase activation is prevented and a decrease of cytochrome c release
from mitochondria is observed. These events affect intrinsic cell death pathway

(Lihrmann and Roy, 2007; Voth et al. 2007). Also, the Dot/lcm T4BSS plays an
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essential role to protect infected cells from apoptosis (Beare et al., 2011?; Carey et al.,
2011). Overall, the inhibition of apoptosis by C. burnetii represents an important
virulence property that provides to this obligate intracellular pathogen a stable niche for

the course of the pathogen’s infectious cycle (Lithrmann and Roy, 2007).

1.3.2. Pathogenesis

C. burnetii is a highly infective pathogen and even low doses (10 or fewer
microorganisms) cause a high risk of illness (Jones et al., 2006; Brooke et al., 2015). A
recent study estimated in 1.18 bacteria the dose required for fifty percent of the exposed
population to become infected (InfD50%), revealing a high infectivity of C. burnetii via
aerosol exposure (Brooke et al., 2013).

The virulence of the infective strain, the size of the inoculum, the health condition of
the host and the route of infection influence the incubation period, the disease severity,
the duration and the outcome of the infection. Some experimental studies showed an
association between the inoculum size and disease severity. For example, high inoculum
(10%) were associated to myocarditis in guinea pigs (La Scola et al., 1997) and massive
inoculum (107) resulted in the death of infected animals (Raoult et al., 2005).
Considering the route of infection, it was shown that intra-nasal infection resulted in
pneumonia and intra-peritoneal infection caused hepatitis (Marrie et al., 1996; La Scola
et al., 1997; Million et al., 2009).

Recent work has been done to clarify C. burnetii infection mechanisms, but a full
picture of the events does not exist yet (Graham et al., 2013). It is accepted that aerosol
contact leads to entry through the lungs and systemic distribution (Maurin and Raoult,
1999); and the consumption of contaminated fluids such as raw milk leads to systemic
distribution through the digestive tract (Tissot-Dupont et al., 1992).

After a primary infection, C. burnetii may persist covertly and later recrudescence
may occur. The number of organisms, their viability and the underlying organ sites of
latent infection remain obscure. However, the detection of C. burnetii DNA in bone
marrow several years after a primary infection suggests bone marrow as a potential
focus for recrudescent infection (Harris et al., 2000; Marmion e al., 2005).

Considering that the infection occurs usually by inhalation of contaminated aerosols,

alveolar macrophages are the first line defence that confronts C. burnetii (Shannon and
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Heinzen, 2009; Graham et al., 2013). In fact, the ability of these cells to rapidly respond
recruiting additional immune cells is central for an effective antibacterial response in
early stages of infection (Marriott and Dockrell, 2007; Barry et al., 2011).

In primary infections, after entry into the organism, a bacteraemia occurs leading to a
systemic infection with the involvement of organs such as liver, spleen, lungs and bone
marrow (Maurin and Raoult, 1999). The organism can subsequently disseminate to
colonize and replicate in resident macrophages of different tissues and organs (Stein et
al., 2005). In early infections C burnetii DNA is detectable in the serum (Fournier and
Raoult, 2003; Vincent et al., 2015) but a progressive decrease occurs as a specific
immune response develops (Fournier and Raoult, 2003; Schneeberger et al., 2010).
Usually, infection during pregnancy results in uncontrolled growth of the organism in
the uteroplacental unit. This results in placentitis and necrosis of placental tissues
(Baumgartner and Bachmann, 1992; Carcopino et al., 2007). In a recent study, it was
shown that in pregnant goats the primary target cells were the trophoblasts in the
allanthocorion. Although, the exact mechanism of infection in trophoblasts is not clear;
it was observed that gradually, in two to four weeks, C. burnetii multiplied and became
detectable in trophoblasts of the allanthocorion which developed signs of inflammation
(Roest et al., 2012). The amount of C. burnetii DNA detected increased until parturition
and decreased drastically after parturition. This probably occurred by the disappearing
of trophoblasts, thus depriving C. burnetii of its replication niche (Sanchez et al. 2006;
Roest et al., 2012). The strong tropism of C. burnetii towards placenta did not seem to
occur for other tissues of goats and kids suggesting that only pregnant females are
susceptible to C. burnetii infection. However, it is not clear if females should be
pregnant to become infected; the possibility that following infection undetectable
numbers of C. burnetii hide in the body to infect trophoblasts when they become
available should not be excluded (Roest et al., 2012).

Circulating immune complexes because of specific host immune response may cause
vasculitis and vascular thrombosis, which in turn may lead to the placental insufficiency
and subsequent obstetric complications such as foetal death (Stein and Raoult, 1998;
Sanchez et al., 2006). Obstetric complications are more common in patients who are
infected during the first trimester of pregnancy than in those infected later (Carcopino et
al., 2007).

It seems that C. burnetii can trigger blood coagulation through the extrinsic pathway,

being responsible for the local deposition of fibrin on the surface of infected valves
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leading to the development of large vegetations and endocarditis in chronic Q fever
(Miragliotta et al., 1989). There is an increased risk of persistent infection and
endocarditis in pregnancy probably due to a decline in cellular immunity (Stein ef al.,

2000).

1.3.2.1. Host immune response

The course of phase 1 C. burnetii infection depends on the effectiveness of the
immune response (Cunha et al., 2015). Primary infection almost always resolves
without antibiotic treatment, suggesting that host immune response is sufficient (Capo
and Mege, 2012), despite the inability to eradicate C. burnetii from the organism
(Honstettre et al., 2004).

Cell-mediated immunity probably plays a critical role in controlling C. burnetii
infection (Honstettre et al., 2004; Shannon and Heinzen, 2009), and T cells are critical
for clearance of C. burnetii (Andoh et al., 2007).

Cells belonging to monocyte-macrophage lineage express polarized functional
properties (Gordon and Taylor, 2005). This polarization seems to be closely related with
the ability to control C. burnetii infection, explaining the bacterial persistence in chronic
infections (Benoit et al., 2008). M1 polarized macrophages secrete inflammatory
cytokines (IL-1b, TNF, IL-12 and IL-6), chemokines (CCL2, CCL5 and CXCL8) and
express the surface receptors CCR7, CD80, TLR-2 and TLR-4. They also secrete high
levels of iINOS and reactive nitrogen intermediates such as nitrites (Honstettre et
al., 2004; Benoit et al., 2008). M2 macrophages secrete high levels of inflammatory
cytokines (IL-10, IL-1, receptor antagonist IL-1ra and TGF-bl), chemokines (CCL16,
CCL17, CCL18 and CCL24) and express the surface receptors CXCRI, mannose
receptor (MR), CD14 and arginase-1 which induces the blocking of the iNOS pathway.
Classically, M1 polarized macrophages are induced by LPS, IFN-y and TNF-a,
participate in the resistance against intracellular pathogens and are involved in Thl
responses. In contrast, M2 polarized macrophages are induced by IL-4, IL-13 or IL-10
and promote Th2 responses. Considering this, it is thought that the course of infection
differs according to the macrophage polarization in response to C. burnetii infection
(Benoit et al., 2008). If M1 associated molecules are expressed by macrophages, the

bacterial replication will be controlled (Ghigo et al., 2002; Benoit et al., 2008). While,
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the stimulation of a M2 response will account for the persistence of C. burnetii in
macrophages which become highly permissive to C. burnetii replication (Ghigo et
al., 2001; Ghigo et al., 2003; Benoit ef al., 2008).

Consequently, to the activation of myeloid cells induced by the binding of phase 1
C. burnetii to cell receptors, namely TLR4, a reorganization of the cytoskeleton occurs
and early post-infection, infected cells respond to infection with a general up-regulation
of Thl-related cytokines. IFN-y and TNF-a, cytokines secreted by lymphocytes under
mediation of TLR4 and TLR2, activate monocytes and macrophages (Honstettre et
al., 2004; Zamboni et al., 2004; Shannon and Heinzen, 2009; Chen et al. 2011). This
inflammatory response results in early control of infection by the production of reactive
nitrogen and oxygen intermediates that lead to intracellular killing of the pathogen
(Brennan et al., 2004; Andoh et al., 2007). However, C. burnetii has evolved some
mechanisms to resist and to subvert the host immune response allowing its replication
and propagation (Shannon et al., 2005; Graham et al., 2013). This immune evasion
strategy, characterized by the ability of limiting pro-inflammatory response helps
C. burnetii to protect itself from clearance by the host immune system (Capo et
al., 1999; Barry et al., 2011; Capo and Mege, 2012; Sobotta et al., 2016) and it is
related with the structure of LPS. Phase I LPS mask bacterial recognition by receptors
TLR4 signalling of dendritic cells, and thus minimize detection by the host. This results
in a less intense inflammatory immune response that allows the persistence of
C. burnetii without significant maturation of dendritic cells and without inflammatory
cytokine production (Zamboni et al., 2004; Shannon et al. 2005; Waag, 2007; van
Schaik et al., 2013). Because phase I C. burnetii does not induce maturation of primary
dendritic cells, low levels of IL-12 and TNF-o are produced. In opposition, phase II LPS
are promptly detected by TLR2, inducing the activation of dendritic cells and secretion
of high levels of IL-6, IL-12 and TNF-a. Macrophages are then activated to mediate
bacterial clearance (Shannon et al. 2005; van Schaik et al. 2013).

IFN-y is synthesized by lymphocytes because of a Thl response. Thl response
appears to be effective in the control of acute infections, inducing the formation of
granulomas (Izzo and Marmion, 1993). Contrarily, chronic infections result from an
ineffective cell-mediated response with poor lymphocyte proliferation and a defective
synthesis of IFN-y (Raoult et al., 2005).

So, one of the main features of the immune response is the formation of a granuloma

under the control of gamma-interferon (y-IFN). These granulomas are formed by the
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migration of monocytes through the vascular endothelium. Granulomas are
characterized by an accumulation of immune cells around a central open space, a lipid
vacuole, and they are limited by a fibrinoid ring which leads to the definition of a
“doughnut granuloma”. Granulomas are rich in macrophages in different phases of
maturation including epithelioid cells and multinucleated giant cells. Few isolated
bacteria can be found in granulomas. TLR-4 seems to have a role in granuloma
formation, since knock-out mice deficient for this receptor have decreased numbers of
granulomas. This probably explains why phase II C. burnetii are less efficient than
phase I in inducing granuloma formation (Honstettre et al., 2004; Argov et al., 2008;
Eldin et al., 2017).

Beyond cell mediated response, an antibody-mediated immunity also seems to be
important in C. burnetii infection (Shannon and Heinzen, 2009). Treatment of
C. burnetii with immune sera makes the bacterium more susceptible to phagocytosis
and destruction by macrophages (Zhang et al., 2007). Specific immunoglobulins are
secreted following infection (Maurin and Raoult, 1999) and the infection of dendritic
cells with antibody-opsonized bacteria results in increased expression of maturation
markers and inflammatory cytokines in mice (Shannon and Heinzen, 2009). However, a
large heterogeneity is described between hosts in regard to the time to onset serologic
response as well as to the magnitude of the antibody peak titre and decay. In early
stages of infection, especially during the increase of the antibody response, antibody
concentration changes fast within a relatively short time period (Wielders ef al., 2015).
C. burnetii phase 11 specific antibodies, both IgM and IgG, can be detected within two
or three weeks. Antibody titres remain increased for up to 13 weeks post-infection
(Maurin and Raoult, 1999; Roest et al., 2013%) and its decline takes a long time with
slowly decreasing concentrations (Wielders et al., 2015). Antibody anti-phase I
C. burnetii increase about four weeks later when compared to phase II (Roest et
al., 2013%). So, within three weeks after infection only low levels of anti-phase 1 IgM
are detected (Dupuis et al., 1985). Specific phase I antibodies, namely IgG and IgA, are
predominant in chronic forms of the disease (Fournier and Raoult, 1999). Globally, it
might be considered that IgG phase II reaches the highest peak titre and that it is also
the most persistent (Wielders et al., 2015). The duration of the antibody response is not
exactly determined. However, it can be concluded from field studies that C. burnetii

antibodies are highly persistent lasting for several months up to years (Roest et
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al., 2013%; Teunis et al., 2013). Thus, both humoral and cellular immunity play a role in
C. burnetii infection (Maurin and Raoult, 1999).

An effective response by the immune system leads to the formation of protective
granulomatous lesions in the infected organs (Honstettre ef al., 2004; Shannon and
Heinzen, 2009). These granulomas are characteristic of the acute Q fever which is
spontaneously resolutive (Raoult ef al., 2005; Boucherit et al., 2012). Only, few isolated
bacteria can be found in granulomas during the acute phase (Honstettre ez al., 2004).

However, the immune control of C. burnetii might not lead to its eradication from
the infected host (Honstettre et al., 2004). C. burnetii DNA can be found in circulating
monocytes or bone marrow of people infected months or years earlier (Capo et al.,
2003). Furthermore, C. burnetii can persist in the liver, bone, heart valves and
endocardium (Harris ef al., 2000). It is also hypothesized that the uterus could be a site
of latent infection hence reactivation during pregnancy can occur (Langley et al., 2003;
Carcopino et al., 2007). For all these reasons persistence, recurrence or re-emergence of
C. burnetii are a constant worry following an acute infection (Sabatier et al., 1997).

Chronic infections are characterized by defective cell-mediated immunity that is
inadequate to eradicate the pathogen. Patients with chronic Q fever exhibit increased
IL-1 and IL-10 secretion (Capo et al., 1996; Ghigo et al., 2001; Honstettre et al., 2003;
Raoult ef al., 2005) and suppression of Th1l mediated cellular response (Waag, 2007).
C. burnetii continues to multiply despite high concentrations of all three classes of
antibodies (IgG, M, and A) to phase I and II bacteria (Sabatier et al., 1997). Organ
biopsies do not show granulomas (Boucherit et al., 2012) but large vacuoles containing
C. burnetii can be detected in infected tissues such as heart valves and liver, and in
aneurysms (Maurin and Raoult, 1999). Monocytes from these patients are not able to
kill C. burnetii (Dellacasagrande et al., 2000) and do not migrate through the
endothelium (Raoult et al., 2005).
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1.4

Clinical patterns of
Coxiella burnetii infection
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The clinical manifestations of Q fever may be so variable that the diagnosis often

occurs only if it has been systematically considered (Maurin and Raoult, 1999).

1.4.1. In humans

Following exposure to C. burnetii a primary infection develops. This primary
infection can be asymptomatic (around 60% of cases) (Raoult et al., 2005; Anderson et
al., 2013) or symptomatic (remaining 40%) also mentioned as acute Q fever. Most of
the symptomatic patients recover spontaneously (Fournier et al, 2003, CSL

Biotherapies 2009), but one to five per cent will develop long-term complications

(Figure 3) (Million et al., 2015, 2017).

| | Cardiac

l involvement
=t Pregnancy Acute Q fever (40%)  Osteoarticular
1 Ab +; PCR + infections
Abortions 1 1
Malformations Pneumonia Flu-like

Chronic Fatigue
Ab +; PCR -
Lymphadenitis | @ »I“r*:bm" tnfections
Endocarditis Vascular

infections

Figure 3: Natural history of C. burnetii infection (Adapted from Million et al., 2009 and
from Eldin et al., 2017).

Previously, two main clinical patterns of Q fever were considered, the acute and the

chronic Q fever. Nowadays the symptomatic primary infection is named as acute

Q fever, but the term chronic Q fever was replaced by long-term complications which
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includes two independent entities: persistent focalized infections and the chronic fatigue

syndrome (Raoult ef al., 2017).

1.4.1.1. Acute Q fever

The occurrence of a symptomatic primary infection depends on the strain (D’Amato
et al, 2015) and on the patient’s susceptibility (D’Amato et al., 2014"). Host
determinants like age and sex are linked to clinical manifestations of infection. Older
men are more frequently symptomatic than younger women and even pregnant women
(Million et al., 2015); and children are less frequently symptomatic then adults
(Maltezou et al., 2002, 2004). The role of immunosuppression in acute Q fever is not
well defined. Some reports describe more severe cases in HIV patients (Raoult et
al., 1993) while others do not find a relation (Montes et al., 1995). The virulence of the
infective strain also plays an important role in symptomatic infections. MST 17 clone,
the unique genotype recognized in human Q fever in French Guiana causes a high rate
of symptomatic cases due to its high virulence (Edouard et al., 2014; D’ Amato et al.,
2015).

The clinical manifestation of acute Q fever may differ according to seasonal factors
and geographic origin of the infection (Raoult ez al., 2000; Raoult et al., 2005; Espejo et
al., 2014). For example, a higher proportion of pneumonic forms seem to occur in
colder months (Espejo et al., 2014). These pneumonic forms are more common than
hepatitis in Eastern Canada, North of Spain and the Netherlands (Maurin and Raoult,
1999; Espejo et al., 2014; Wielders et al., 2014) while in Southern Spain and Southern
France hepatitis appears more frequently than pneumonia (Tissot-Dupont et al., 1992;
Raoult et al., 2000; Espejo et al., 2014). This geographical variation is likely due to
differences in host factors, in C. burnetii strains (Raoult ef al., 2005) and in infectious
doses (Tiggertt et al., 1961; Oyston and Davies, 2011). Previously an association
between the clinical pattern of disease and the route of the infection (aerosol or
ingestion) was established (Tissot-Dupont et al., 1992; Marrie et al., 1996), but it is now
recognized that this assumption is not true (Raoult ez al., 2000).

Nowadays, the symptomatic primary infection is characterized by a diversity of
clinical manifestations. The incubation period ranges from two to three weeks

depending on the size of the inoculum. In some cases, mild symptomatic forms
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resembling a cold occur but often they are undiagnosed or are diagnosed retrospectively
(Eldin et al., 2017). The most common clinical presentations of acute Q fever are
isolated febrile syndrome or flu-like illness, pneumonia and hepatitis. These
manifestations may co-exist (Pebody et al., 1996; Maurin and Raoult, 1999; Espejo et
al., 2014) and none is predictive of the development of long-term complications (Eldin
etal.,2017).

Isolated febrile syndrome or flu-like illness

The predominant sign is high fever (39-40°C) but it may be associated with myalgia
and severe headaches (Raoult et al., 2005). The onset may be abrupt but typically it
increases to a plateau within 2 to 4 days and then, after 5 to 14 days, the temperature
returns to normal. A biphasic pattern of fever may be experienced by about 25% of
patients. The first phase occurs as described above and the second phase corresponds to
the reappearance of fever, usually to lower levels and intermittently, lasting from 1 to 19
days (Maurin and Raoult, 1999). Due its nonspecific presentation the diagnosis is
misleading, and the screening for C. burnetii infection is suggested in the presence of an

isolated fever of unknown origin (Eldin et al., 2017).

Pneumonia

The prevalence of pneumonia during C. burnetii primary infection is highly variable.
It has been described as the main manifestation of acute Q fever in the Maritime
Provinces of Canada (Marrie ef al., 2008), North of Spain (Espejo et al., 2014), Croatia
(Luksic et al., 2006) and the Netherlands (Dijkstra et al., 2012). C. burnetii has also
been identified as the causative agent of community-acquired pneumonia in Germany
(Schack et al., 2014), Cameroon (Koulla-Shiro et al, 1997) and French Guiana
(Epelboin et al., 2012).

Almost all patients suffering Q fever pneumonia present fever, cough, dyspnoea,
chest pain and auscultation abnormalities. Pleural effusions may also occur and patients
more likely complain of severe headaches. Extrapulmonary signs such as anorexia,
fatigue, chills, myalgia, arthralgia, nausea, vomiting, abdominal pain diarrhoea or
constipation and sweats, are regularly described. Less frequently skin rash or
neurological signs are observed. The fatality rate is lower than 3% and death often
occurs in patients with previous pulmonary or cardiac defects (Maurin and Raoult,

1999; Marrie et al., 2003; Lai et al., 2014; Wielders et al., 2014).
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Hepatitis

Q fever hepatitis occurs more frequently than pneumonia in France (Edouard et
al., 2014), Spain (Espejo et al., 2014), Portugal (Palmela et al., 2012), Israel (Ergas et
al., 2006) and Taiwan (Chang ef al., 2008).

The increased liver enzymes are usually accompanied clinically by fever, chills and
headache (Chang et al., 2008). Less frequently, it is observed by abdominal pain
(especially in the right hypochondrium), anorexia, nausea, vomiting, and diarrhoea
(Ergas et al., 2006; Palmela et al., 2012; Edouard et al., 2014, Espejo et al., 2014).
Progressive jaundice and palpation of a mass in the right hypochondrium have also been
referred. However, most of the times Q fever hepatitis is only revealed by an increase in
hepatic enzyme levels and fatality due to hepatic injury is very rare (Maurin and

Raoult, 1999).

Cardiac involvement

Clinical manifestations of cardiac involvement show a lower rate of reports, and
include pericarditis, myocarditis and endocarditis (Maurin and Raoult, 1999).

Earlier, it was estimated that pericarditis and myocarditis occurred each one in about
1% of symptomatic primary infections (Pebody et al., 1996; Maurin and Raoult, 1999;
Fournier et al., 2001). The systematic screening for C. burnetii in patients exhibiting
signs of pericarditis revealed that Q fever was involved in 24% of cases and evidenced
that C. burnetii pericarditis is not as rare as previously postulated (Levy et al., 2009).
Signs of Q fever pericarditis are not specific and frequently correspond to fever and
thoracic pain. Sometimes pericarditis occurs concomitantly with myocarditis or pleuritis
(Levy et al., 1999; Maurin and Raoult, 1999). Myocarditis is a rare manifestation. It
appears as the most severe manifestation of acute Q fever, with a worse prognosis
comparing with other clinical forms (Fournier et al, 2001). In most patients,
myocarditis is revealed only by abnormalities on the electrocardiogram (Maurin and
Raoult, 1999; Vogiatzis et al., 2008) and considering Q fever in the diagnosis of acute
myocarditis improves the prognosis of this severe condition by an early and appropriate
treatment (Eldin et al., 2017).

Endocarditis was previously described as a manifestation of “chronic Q fever”
(i.e., Q fever long-term complications). The recognition of endocarditis in acute primary

infections originated a new scenario, which might be associated with an
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immunosuppressive condition, but it will need further characterization (Eldin et

al., 2017).

Neurologic involvement

Neurological manifestations of acute Q fever might be observed alone or combined
with another organ involvement. Headache is the most common neurological sign in
symptomatic primary infection, but confusion, meningitis, meningoencephalitis and
other peripheral neuropathies can also occur (Marrie, 1985; Pebody et al., 1996; Maurin

and Raoult, 1999; Kofteridis et al., 2004).

Rare clinical manifestations

Among the less common manifestations of acute Q fever are dermatological lesions.
Cutaneous manifestations occurred in 4% and 1% of acute cases in France and in the
Netherlands respectively (Raoult et al., 2000; Wielders et al., 2014), being likely more
common than generally thought. These manifestations include transient maculopapular
or vesicular exanthema and purpuric lesions (Raoult et al., 2000; Argov et al., 2008).
Bone marrow involvement is usually reflected by the presence of characteristic
doughnut granulomas in bone marrow (Okun ef al., 1979; Bottieau et al., 2000). Acute
lymphadenitis can affect several lymph nodes occurring usually in association with
fever, headache, hepatitis or pneumonia (Ariga et al., 2000; Foucault et al., 2004).
Biological markers of autoimmunity have been detected in some acute Q fever cases
(Ordi-Ros et al., 1994). Similarly, these have also been, sporadically, reported in acute
renal failure cases (Morovic ef al., 1993; Korkmaz ef al., 2012).

1.4.1.2. Coxiella burnetii long-term complications

After the primary infection, one to five per cent of patients will suffer of long term
complications (previously known as chronic Q fever). These may occur soon (within six
weeks) after an acute infection, or years later. The duration of this form usually exceeds
a period of six months and often evolves to death (Maurin and Raoult, 1999; Botelho-
Nevers et al., 2007; Million et al., 2010).

Long-term complications include persistent focalized infections related to C. burnetii

reactivation and chronic fatigue syndrome (Maurin and Raoult, 1999; Morroy et
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al.,2016; Eldin et al., 2017) (Figure 3). Patients suffering Q fever long-term
complications differ from those with acute disease in age, predisposing conditions and
clinical and laboratory findings (Raoult et al., 2005; Million et al., 2013). Globally,
these patients are older than those suffering from acute Q fever (Maurin and
Raoult, 1999), and present some predisposing conditions such as immunosuppression,
heart valve lesions, vascular abnormalities and pregnancy (Maurin and Raoult, 1999;

Fennolar et al., 2000, 2001; Karakousis et al., 2006; Million et al., 2013).

Persistent focalized infections

The most common manifestations of persistent focalized infections are endocarditis
and infections of aneurysms or vascular prostheses, occurring nearly always in patients
with underlying lesions (Dellacasagrande et al., 2000; Fennolar ef al., 2000; Raoult et
al., 2005; Botelho-Nevers et al., 2007; Million et al., 2009, 2010). They also are the
most severe “chronic” forms (Boarbi er al., 2015). Q fever endocarditis can be
spontaneously fatal if untreated, and mortality rate ranges from 5% to 65% without an
appropriate antibiotic treatment (Million et al., 2013). For these reasons, systematic
echocardiography to exclude underlying cardiac lesions is recommended in all people
with acute Q fever, because the evolution to endocarditis can be prevented by antibiotic
prophylaxis (Fennolar ef al., 2000; Million ef al., 2013; Million and Raoult, 2017). The
clinical presentation of C. burnetii endocarditis is nonspecific. Patients may present an
isolated relapsing fever, chills, night sweats, weight loss, and hepatosplenomegaly
(Raoult ef al., 2005). Sudden cardiac insufficiency, stroke, or other embolic signs may
also occur (Million et al., 2010). Often C. burnetii vascular infections are latent and
diagnosis is made when complications occur (Botelho-Nevers et al., 2007;
Wegdam-Blans ef al., 2011). To improve the early diagnosis of these infections a list of
diagnostic procedures was proposed as major diagnostic criteria (Eldin ez al., 2017).

Osteoarticular infections as an outcome of C. burnetii infection have been
increasingly reported over the last years, with osteomyelitis occurring more frequently
in children and presenting a multifocal pattern (Nourse et al., 2004; Neth et al., 2011;
Francis et al., 2016). Also, persistent lymphadenitis, chronic pulmonary infection and

pulmonary fibrosis occurred sporadically (Tattevin et al., 2003; Silva et al., 2006P).
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Q fever chronic fatigue syndrome

Another long-term complication is the post-Q fever chronic fatigue syndrome
(Ayres et al., 1998; Maurin and Raoult, 1999; Ledina et al., 2007). Patients manifest
fatigue, myalgia, arthralgia, night sweats, mood changes and sleep disturbance
(Angelaskis and Raoult, 2010). This syndrome develops in approximately 15% of
patients recovering from acute infection, can be disabling in severity and can persist for
up to a decade (Marmion et al., 1996; Ayres et al., 1996, 1998; Strauss et al., 2012). It
has been attributed to a dysregulation of cytokine production, induced by persistent
antigens, including LPS and proteins, rather than persistent latent C. burnetii (Marmion
et al., 2009).

1.4.1.3. Q fever in pregnancy

Despite the abortifacient potential of C. burnetii (Stein et al., 2000), most pregnant
women infected with C. burnetii remain asymptomatic (Munster et al., 2012). It is
suggested that untreated acute Q fever infection during pregnancy may result in adverse
pregnancy outcome in up to 81% of cases (Stein and Raoult, 1998; Langley et al., 2003;
Carcopino et al., 2007). These outcomes include oligoamnios, spontaneous abortion,
intrauterine foetal death and premature delivery, or low birth weight (Raoult et al.,
2002; Carcopino et al., 2007, 2009) and the risk of occurrence is similar between
asymptomatic infections and symptomatic cases (Parker et al., 2006). It was also found
that obstetric complications occur significantly more often in patients who are infected
during the first trimester of pregnancy than in those infected later (Raoult et al., 2002;
Carcopino et al. 2009). All these findings lead to recommendations which state that in
outbreak situations all pregnant women should be serological screened for recent
Q fever infection and, if found positive, long-term antibiotic treatment should be
implemented (Raoult et al., 2002; Tissot-Dupont et al., 2007; Munster et al., 2012).
Besides that, the risk of developing chronic Q fever infection is especially high for
pregnant women being associated with recurrent miscarriages (Stein and Raoult, 1998;
Raoult et al., 2002, 2005). Furthermore, not only acute infections associated with
obstetric complications, but also previous infections seem to increase the risk (Langley
et al., 2003). The best explanation for this is the hypothesis of intrauterine latency of the
pathogen (Langley et al., 2003). During the large outbreak, ever recorded in The
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Netherlands, no-evidence of adverse pregnancy outcome amongst women who had
antibodies to C. burnetii during early pregnancy (van der Hoek et al.,2011). Thus,
showing that the natural history of C. burnetii infection among pregnant women is not
completely understood and several factors, including the infective strains, seem to have

an important role in the pathogenesis (Munster et a/., 2012).

1.4.2. In animals

The infection by C. burnetii is recognized worldwide by the presence of seropositive
animals (Agerholm, 2013). The term Q fever has been adapted in veterinary medicine
from the febrile illness originally observed in abattoir workers in Australia
(Derrick, 1983). However, because the clinical pattern of Q fever in animals is
pleomorphic (EFSA, 2010%) and different from humans, the term coxiellosis may be
more appropriate to refer to C. burnetii infection in animals, especially in cases without
fever (Agerholm, 2013).

The knowledge on acute infection in animals is scarce since only a few experimental
studies have been carried out (Agerholm, 2013). Furthermore, ruminants do not seem to
develop endocarditis because of chronic infection and the lesions occur mainly in the
uterus and mammary gland (Maurin and Raoult, 1999). The infection of a pregnant
uterus results in a range of conditions, including abortion, delivery of premature
offspring, stillbirth and weak offspring in addition to clinically normal progeny that may
or may not be congenitally infected. The intrauterine infection depends on, but it is not
limited to, strain virulence, maternal and foetal immune responses, severity of placental
lesions, possible spread to and dissemination in the foetus, gestation age, and number of
infected foetuses (Agerholm, 2013). Infection of livestock with C. burnetii often goes
unnoticed. Indeed, sporadic abortion of up to 5% does not prompt investigation (Cutler
et al., 2007). So, in most cases, infection with C. burnetii remains non-apparent, with or

without serological response (Maurin and Raoult, 1999).
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1.4.2.1. Small ruminants

In small ruminants, in early stages of infection, C. burnetii can be demonstrated in
blood, lungs, spleen and liver (Maurin and Raoult, 1999). However, it is not clear if its
presence in organs other than placenta affects the functions of these organs, since only
mild lesions have been described for sheep and goats (Lennette et al., 1952; Martinov et
al., 1989; Sanchez et al., 2006; Roest et al., 2012).

Some experimental infections conducted in pregnant ewes showed, in an acute phase
of infection, the occurrence of fever in a biphasic pattern at the 5™ and 12" days
post-infection; depression, anorexia, thirst, conjunctivitis, rhinitis and tachypnoea in
some cases (Martinov et al., 1989). In other cases, apart from irregular episodes of
fever, which were usually most pronounced during the first 7 to 10 days post-infection,
no apparent signs of illness were detected (Lenette et al., 1952) and the absence of
clinical signs during the acute phase of infection has been also described (Berri et
al.,2001, 2005). After the acute phase, which can also be asymptomatic, a latent
infection develops reactivating late in pregnancy, several days before parturition
(Martinov et al., 1989; Arricau-Bouvery and Rodolakis, 2005). This reactivation
manifests usually like abortion, stillbirth, delivery of weak offspring, premature delivery
and metritis (Berri et al., 2002, 2005; Sanchez et al., 2006; Rousset et al., 2009;
Astobiza et al., 2010; Roest et al., 2012; Van den Brom et al., 2015). Of these, one of
the most important outcomes of the C. burnetii infection in domestic small ruminants is
the abortion, which may occur without premonitory signs and associated with a
deterioration of the general condition (Martinov et al., 1989; Arricau-Bouvery and
Rodolakis, 2005). In goats the abortion occurs uneventful although dystocia may
develop due to foetal death or uterine inertia (Sanford et al., 1994).

Globally, when late-term abortions, stillbirths or birth of stunted animals are
observed in sheep and goat flocks, Q fever should be suspected. Usually, up to 90% of
the reproductive females within the flock are infected (Arricau-Bouvery and Rodolakis,
2005). That is why it is mentioned that C. burnetii may cause epidemic herd outbreaks
with significant animal losses due to abortion and weak offspring during the parturition
period (Zeman et al., 1989; Arricau-Bouvery and Rodolakis, 2005; Eibach ef al., 2012).
In the season that follows an abortion storm the multiplication of the organism may be

reactivated during pregnancy leading to reproductive failures which can be less
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prominent in ewes bearing in mind that shedding of the bacterium might still be

important (Berri ef al. 2005, 2007; Van den Brom and Vellema, 2009).

1.4.2.2. Cattle

The available data about the clinical findings in cattle are inconsistent (Lopez-Gatius
et al. 2012; Agerholm, 2013; Garcia-Ispierto ef al., 2013, 2014).

Before strict bio-safety measures, some experimental studies have been conducted in
cattle. In one experiment, a transient fever was observed 2—3 days after subcutaneous
(SC) inoculation of seronegative cows with C. burnetii Nile Mile strain. Additionally,
two cows aborted late in pregnancy (Behymer ef al., 1976). The occurrence of an acute
self-cured pneumonia was reported in another experiment (Plommet et al., 1973).

Despite the frequent asymptomatic pattern of coxiellosis in cattle (Maurin and
Raoult, 1999; Hansen et al., 2011), and the lack of scientific evidence showing a
cause-effect relationship between C. burnetii and some reproductive disorders neither at
individual level nor at herd level (Agerholm, 2013), a negative impact on animal health
is recognized in C. burnetii infection. Clinical signs consist of reproductive disorders
and occasionally pneumonia (Arricau-Bouvery and Rodolakis, 2005). The occurrence of
late abortion (Woldehiwet, 2004; Agerholm, 2013), infertility (To et al., 1998; Lopez-
Gatius et al., 2012), placental retention, post-partum metritis (Bildfell et al., 2000;
Martinov, 2008; Garcia-Ispierto et al., 2010; Lopez-Gatius et al., 2012) and even
mastitis (Barlow et al., 2008) have been described.

The abortion caused by C. burnetii is considered a rare event in cattle (Bildfell ez
al., 2000; Jensen et al., 2007; Rodolakis et al., 2007, Muskens et al., 2011). However,
in naive herds, the abortion rate may reach 5% (van den Brom and Vellema, 2009). It
results from the placental inflammation induced by the infection of trophoblasts
(Bildfell et al., 2000; Roest et al. 2012). The bacteria may remain confined to the
placenta or it may spread to the foetus by the amniotic-oral route, if it penetrates the
placenta, it contaminates the amniotic fluid and become aspirated/swallowed by the
foetus. In such cases, bacteria become established in the intestinal tract or may invade
the lungs by the trachea-bronchial route. This explains the cases of bronchopneumonia
observed in aborted foetus (Bildfell et al., 2000; Cantas ef al., 2011; Agerholm, 2013).

C. burnetii also does not seem to be an important cause for metritis in dairy herds even
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when apparently C. burnetii is present in Bulk Tank Milk (BTM) (Muskens et
al.,2011).

Some studies could not find a consistent relationship between C. burnetii infection
and reproductive disorders in dairy cows (Muskens et al., 2011; Agerholm, 2013). It
was found that the pregnancy occurred sooner in seropositive shedders than in
seronegative cows (Lopez-Gatius et al., 2012; Garcia-Ispierto et al., 2013) and twin
pregnancy appeared to be more likely in seropositive than in seronegative cows
(Garcia-Ispierto ef al., 2015). These somewhat unexpected events seem to be occurring
after a previous exposure. The animals probably become protected against the
detrimental effects of a recent infection or even against recrudescence of the bacterium
during their fertile period (Garcia-Ispierto et al., 2014).

According to the European Food and Safety Authority (EFSA) recommendations, the
major warning sign of Q fever, to be considered, is the number of abortions and calves
with low birth weight in cattle herds (EFSA?, 2010):

- three abortions in the year for herds with less than 100 cows and

- more than 4% of cows aborting during the year for herds of more than 100 cows.

1.4.2.3. Other species

C. burnetii can infect many animal species. It is though that the infection remains
usually asymptomatic (Maurin and Raoult, 1999) as the role of C. burnetii in illness of
animals other than ruminants is not very clear (Agerholm, 2013).

C. burnetii has been investigated as a potential causative agent of equine abortion in
a few studies. No C. burnetii positive case of equine abortion was conclusive about the
responsibility of this organism in equine pregnancy loss because of the concomitant
infection by other abortifacient agents or by the absence of specific lesions
(Agerholm, 2013; Marenzoni et al. 2013).

Also, in pigs the knowledge on porcine coxiellosis is almost absent
(Agerholm, 2013). Some studies conducted in 1950’s revealed that experimentally
infected pigs develop specific antibodies. However, the bacterium was not detected in
placentas from sows’ cohabitants with dairy cattle, some of them known to be infected
by C. burnetii (Marmion and Stocker, 1958). So, it remains to be proven if C. burnetii

can cause clinical illness in domestic pigs.
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Such as in pigs, there is no direct evidence that dogs may develop a clinical illness
after exposure to C. burnetii. However, it is well known that dogs may become infected
and develop a humoral immune response (Cooper et al., 2012; Shapiro et al., 2016). A
human outbreak of Q fever has been linked to close contact to an infected parturient dog
that gave birth to three pups that died shortly after birth while a fourth pup died within
24 h. However, as the pups were not tested some doubts remain about the involvement
of C. burnetii in these events (Buhariwalla ez al. 1996).

Besides the evidence of exposure in cats (Matthewman et al., 1997; Komyia et
al.,2003; Shapiro et al., 2015), C. burnetii’s DNA has been detected from uterine
biopsies of healthy client-owned cats (Cairns et al., 2007) and isolated from the vagina
of cats having abortion and fever (Nagaoka et al., 1998). Furthermore, parturient cats
delivering stillborn or healthy kittens have been implicated in several outbreaks of
Q fever in man. (Kosatsky, 1984; Marrie et al., 1988; Pinsky et al., 1991). As none of
the kittens have been examined and the association between the cat’s parturition and the
Q fever outbreak has been established in retrospective epidemiological investigations,
the confirmation of the association between coxiellosis and the occurrence of
reproductive disorders in cats is lacking. Some experimental investigations indicate that
C. burnetii can cause fever, anorexia and lethargy in cats. However, in the field,

infection usually remains subclinical (Egberink ef al., 2013).

1.4.3. Pathological findings

The immune response during coxiellosis is associated with an inflammatory reaction
that results in formation of granulomatous lesions most commonly involving the lungs,
liver, and bone marrow (La Scola, 2002).

The hepatic lesions are different in acute and chronic coxiellosis. In acute cases, the
characteristic findings are granulomatous lesions containing the so-called doughnut
granuloma. In chronic cases, pathologic findings are nonspecific with lymphocytic
infiltration and foci of spotty necrosis (La Scola, 2002).

The vegetations in coxiellosis endocarditis often are smooth and nodular. The valve
often is infiltrated with foamy macrophages that are filled with C. burnetii cells (La

Scola, 2002).
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C. burnetii infection may cause placentitis in pregnant females which is
characterized macroscopically by the presence of purulent yellow-brownish exudates,
covering mainly the thickened inter-cotiledonary areas (Martinov ef al., 1989; Van den
Brom et al., 2012). Microscopically, in almost all cases, the trophoblasts of the
inter-cotiledonary allantochorion and the chorionic epithelial cells, especially at the base
of the cotyledonary villi are affected, showing a foamy vacuolated cytoplasm and
contain basophilic intra-cytoplasmatic granulation. The severity of inflammation varies
from mild mononuclear infiltration to severe necrosis and purulent exudation (Van den
Brom et al., 2012).

When abortion occurs, foetuses show normal appearance although occasionally
autolysis is described (Van den Brom et al., 2012). The liver of some foetus may show
mild granulomatous hepatitis, usually with no abnormalities present in other organs

(Roest et al., 2012; Van den Brom et al., 2012).
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1.5

Diagnostic challenges
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An accurate diagnosis of Q fever / coxiellosis requires laboratory testing due to the
absence of specific clinical signs (McQuiston et al., 2002; Arricau-Bouvery and
Rodolakis, 2005). The lack of overt clinical signs exhibited among infected livestock

make diagnosis of coxiellosis a challenge (Cutler et al., 2007).

1.5.1. Collection and handling of clinical specimens

Coxiella burnetii is a very infectious bacterium. The handling and cultivation of
C. burnetii contaminated clinical samples should be performed in biosafety level 3
laboratories (BSL-3) by experienced personnel (La Scola, 2002; Hartzell et al., 2008;
De Bruin et al., 2009; Angelaskis and Raoult, 2011).

Several specimens are suitable for the detection of C burnetii, but their availability
depends on the clinical presentation. Globally blood, cerebrospinal fluid, bone marrow,
cardiac valves, vascular aneurysms or grafts, bone biopsy, liver biopsy, milk, placenta
and foetal specimens after abortion can all be use in the diagnosis of Q fever
(Angelaskis and Raoult, 2011).

It is recommended that specimens should be kept frozen at -80°C and forwarded on
dry ice to the diagnostic laboratory (Fournier et al., 1998). In acute Q fever cases, early
serum samples are a valuable source of viable C. burnetii with no special handling of
the specimens required to maintain the organism's viability. In these serum samples
C. burnetii maintains its viability for 224 days or 371 days respectively in refrigerating
or freezing condition (-20°C) (Vincent et al., 2015). The demonstration of live
organisms in the extracellular fraction of the blood during infection has been achieved
by the successful isolation of C. burnetii by inoculation of serum from Q fever patients

into immunosuppressed A/J mice (Nagaoka ef al., 1998; Vincent et al., 2015).
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1.5.2. Methods of laboratory diagnosis

Two main categories of diagnostic tests are available: i) detection of the agent and ii)
serologic tests, including indirect immunofluorescent (IFA), enzyme immunoassay

(ELISA), and complement fixation test (CFT) (McQuiston et al., 2002; OIE, 2015).

1.5.2.1. Detection of the agent

The detection of the agent includes isolation of the organism; staining methods and
specific detection methods such as immunohistochemistry, fluorescent in-situ
hybridisation and polymerase chain reaction (PCR) assays. Nowadays, genotyping
methods are a useful tool as a complement of isolation and PCR, allowing a detailed

identification of strains (OIE, 2015).

Isolation of C. burnetii

Cultivation of C. burnetii may be obtained from the buffy coat of heparinised blood,
whole blood, plasma, bone marrow, cerebrospinal fluid, cardiac valve biopsy, vascular
aneurysm or graft, bone biopsy, liver biopsy, milk, faeces, vaginal swabs, placenta, and
foetal specimens in case of an abortion (La Scola, 2002).

Isolation of C. burnetii can occur by inoculation of laboratory animals, embryonated
eggs, cell cultures (Van den Brom et al., 2015) and insect larvae (Norville et al., 2014).
Recently, the development of cell free culture media improved the methods of isolation
of C. burnetii (Omsland et al., 2009, 2013; Omsland, 2012). However due to specific
requirements this technique is not widely used.

Several rodent and non-human primate models have been developed and used for
C. burnetii isolation. These animal models have the main advantage and the greater
success of isolation from samples with low bacterial loads and/or contaminated with
other bacteria (Van den Brom ef al., 2015). However, the use of animals itself (ethically
speaking), the high costs and the difficult manipulation are well recognised
disadvantages (Norville et al., 2014).

In embryonated eggs, C. burnetii grows almost exclusively in the yolk sac endoderm
cells. To reduce bacterial contamination, filtering the samples or adding antibiotics can

be used however these procedures reduce the sensitivity of the test. Another
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disadvantage of this culture system is that the growth of C. burnetii cannot be monitored
by visual inspection (Van den Brom ef al., 2015).

Compared with other techniques the cell culture system has several advantages;
therefore, the cell culture system is currently the most widely used in vitro system to
isolate and cultivate C. burnetii, and several cell lines can be used (Voth and
Heinzen, 2007). In many cases, the Vero cell culture was more sensitive than the
diagnostic qPCR assays for the detection of C. burnetii (Vincent et al., 2015).
Cell-based cultivation methods closely mimics in vivo infection conditions (Kuley et
al., 2015). Propagation of C. burnetii in cell-based cultures is useful for in vitro growth
(Beare et al., 2011° Omsland et al., 2011; Kuley et al., 2015).

However, over the recent years the concept of C. burnetii isolation has suffered some
changes. On one hand, the use of insect models has been described for several
pathogens (McMillan et al., 2015; Champion et al., 2016). The larvae of the greater wax
moth, Galleria mellonella, were found to be susceptible to C. burnetii infection in a
dose-dependent manner. Furthermore, G. mellonella survives at 37°C, allowing optimal
expression of bacterial virulence factors that are active in a mammalian host; and
C. burnetii resides and replicates within haemocytes which function as mammalian
macrophages, phagocytosing bacteria and killing via an oxidative burst. These findings
greatly support the use of this insect model for isolation and investigation of C. burnetii
infection suppressing the disadvantages of the animal model (Norville ef al., 2014). On
the other hand, the development of an axenic (cell-free) growth medium for C. burnetii
has greatly facilitated the isolation of single colonies on solid medium (Beare et
al.,2011% Omsland et al., 2011). This medium mimic the composition of the acidic
environment in which C. burnetii replicates (Omsland et al., 2009, 2013;
Omsland, 2012). An advantage of cell-free propagation of C. burnetii is the absence of
host cell genetic material, which significantly accelerates the availability of the genome
being particularly helpful in the genetic analysis of C. burnetii (Omsland et al., 2009;
Kuley et al., 2015; Van den Brom et al., 2015). Furthermore, the development in axenic
culture system does not significantly influence the viability, phase variation and relative
virulence of C. burnetii compared with cell-based culture (Kuley et al., 2015).

Since the isolation of C. burnetii is time consuming and can only be performed by
specialized laboratories with BSL-3 facilities, it is not used routinely for the diagnosis

of Q fever (Arricau-Bouvery and Rodolakis, 2005; Vincent ef al., 2015).
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Staining methods

Smears of placental cotyledons can be prepared on microscopic slides and stained
according to several techniques such as Stamp, Gimenez, Macchiavello and Giemsa
which are close to the modified Ziehl-Neelsen method (Rousset ef al., 2009). A very
large number of thin, pink-stained coccobacillary bacteria against a blue or green
background characterizes C. burnetii. They may, sometimes, be difficult to detect
because of their small size, but their large numbers compensate for this; often inclusions
within the host cells appear as red masses against the blue or green background.
However, attention must be taken in the interpretation of the results as, microscopically,
C. burnetii can be confused with Chlamydophila abortus or Brucella spp. and all these
agents are abortifacient. Diagnosis based on microscopy, coupled with positive
serological results, is usually adequate for routine purposes. When biological staining is
inconclusive, one of the above methods may be used as a confirmatory test (Rousset et

al., 2009).

Specific detection methods

Detection of C. burnetii in samples can also be achieved by specific
immunodetection or in-situ hybridisation (Jensen et al., 2007; Samuel and
Hendrix, 2009). Immunodetection can be used in paraffin-embedded tissues or in
acetone-fixed smears (Raoult er al, 1994). It is based on an indirect
immunofluorescence or immunoperoxidase assay using polyclonal C. burnetii specific
antibodies and a species-specific anti-IgG conjugate, labelled with fluorescein or
peroxidase, which is used to visualise the bacteria. Control positive slides of C. burnetii
antigen are needed for comparison (OIE, 2015). Fluorescent in-situ hybridisation using
specific oligonucleotide probes targeting 16s TRNA may also be used on paraffin

embedded tissues, especially placenta samples (Jensen et al., 2007).

Molecular methods

DNA based detection and quantification methods, like the Polymerase Chain
Reaction (PCR), aim to detect C. burnetii directly by targeting one or more specific
sequences in its genome. Several conventional and quantitative PCR assays have been
developed for the detection and quantification of C. burnetii in clinical samples of

different origins (Stein ef al., 1992; Guatteo et al., 2005; Van den Brom et al., 2015).
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The specific sequences targeted by PCR can occur in single or in multiple copies
within the genome. Several PCR tests based on multiple copy genes like IS1111 have
been developed. These are valuable for sensitive detection of the organism in each
sample, especially when the organism is present in very low concentrations. IS1111
PCR tests showed a higher sensitivity than those based on single copy genes which are
usually used for quantification purposes (Kim et al., 2005, Klee et al., 2006, Loftis et
al., 2006, Panning et al., 2008, De Bruin et al., 2009; De Bruin, 2011).

However, the use of PCR based on IS1111 for the detection of C. burnetii, has
recently been questioned by the demonstration of Coxiella-like bacteria in ticks
(Duron, 2015; Jourdain et al., 2015). This finding raised the concern that PCR assays
based on IS1111 detection may lead to misidentification with Coxiella-like bacteria
(Jourdain ef al., 2015). The addition of other targets than IS1111 has been proposed to
overcome the false positive results, but it was found that other targets may also be
contained in Coxiella-like bacteria (Duron, 2015, Duron et al., 2015, Jourdain et
al.,2015). It has been suggested that coupling sensitive detection assays with single
nucleotide polymorphism (SNP) genotyping methods provides an insurance mechanism
for positive identification (and genotyping) of C. burnetii without the risk of false
positives mainly when dealing with samples obtained from ticks (Pearson et al., 2016).
Despite current evidence suggests that in most situations, the overall risk of false
detection of C. burnetii is low and can be mitigated with current methods (Pearson et
al., 2016); PCR-based surveys aiming to detect C. burnetii in ticks by the currently
available methods must be interpreted with caution if the amplified products cannot be
sequenced (Jourdain et al., 2015).

Another limitation of PCR methods can be the inability to differentiate viable and
non-viable bacteria. The single detection of C. burnetii DNA by PCR is not convincing
evidence of the presence of viable bacteria. However, repeated detection accompanied
by a decrease in the cycle threshold (Ct) value in real-time PCR is indicative of an
increase in the number of C. burnetii genome copies and therefore a good indication of
bacterial growth (Vincent ef al., 2015).

The availability of complete genome sequences of C. burnetii has increased the
understanding of the genomic diversity of the agent (Massung ef al., 2012). Molecular
characterization of strains allows the comparison of genotypes and the discrimination
between strains obtained from different animal species or geographic origin. This helps

tracing back Q fever outbreaks to their source, assessing the relationships between
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genotype and virulence, and the monitoring of different geographic areas
(Sidi-Boumedine et al., 2009; Roest et al., 2013%). For instance, systematic genotyping
of C. burnetii enhances the ability to identify the origin of an outbreak and,
consequently, specific measures can be implemented to contain it, reducing the number
of cases (Arricau-Bouvery et al., 2006; Roest et al., 2011). Over the years, various
genotyping techniques have been described for the characterization of C. burnetii
strains. Initially, the plasmid profile was assumed to be associated with acute or chronic
presentations of Q fever (Samuel et al., 1988; Willems et al. 1993). Subsequent studies
did not confirm this assumption (Stein et al., 1993; Thicle et al., 1994; Jagger et
al.,2002). Analysis of the genome by techniques such as pulsed field gel
electrophoresis (PFGE) and PCR restriction fragment length polymorphism analysis
(PCR-RFLP) have been used to recognize different groups of C. burnetii isolates
(Heinzen et al., 1990; Thiele et al., 1993) as well as the differentiation between strains
by sequence-based determination of Coml! and MucZ encoding genes (Zhang et
al., 1997; Sekeyova et al., 1999). Infrequent Restriction Site-PCR (IRS-PCR), IS1111
an insertion sequence PCR-based and tandem mass spectrometry coupled to nanoscale
ultraperformance liquid chromatography (LC-MS/MS) have also been developed for the
typing of C. burnetii isolates (Arricau-Bouvery et al., 2006; Denison et al., 2007;
Hernychova et al., 2008). All these methods however, rely on the cultivation of the
agent prior to analysis which is wearisome and may also create a potential for
generation of genotypic variation due to multiple sequential cell divisions. Besides that,
their discriminatory power is poor, and their reproducibility and transferability are not
always straightforward. Some of these techniques are laborious and sophisticated and
are not suitable for routine use (Arricau-Bouvery et al., 2006; Massung et al., 2012).

Several genotyping methods have been developed to be used directly on clinical
samples, namely multispacer sequence typing (MST), single nucleotide polymorphism
(SNP) based typing and multiple-locus variable number tandem-repeat analysis
(MLVA) (Glazunova et al., 2005; Arricau-Bouvery et al., 2006; Svraka et al., 2006;
Huijsmans et al. 2011; Honstra et al., 2012).

To date, MLVA and MST are considered as the most discriminating methods for
C. burnetii, allowing the identification of up to 36 distinct genotypes (Chmielewski et
al., 2009; Klaassen et al., 2009; Sulyok et al., 2014). As PCR-based methods,
theoretically, these methods allow the characterization directly from clinical samples

avoiding the culture step of this fastidious bacterium and can be performed in any
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laboratory with basic equipment. They can easily determine relationships among
C. burnetii from different origins by using PCR-positive samples, thus helping in the
identification of the source of an outbreak in a rapid analysis (OIE, 2015;
Sidi-Boumedine et al., 2015°). Moreover, they are reproducible, allowing
inter-laboratory comparisons. The development of international databases for these two
typing methods allow the comparison and understanding of the propagation of the
C. burnetii isolates (Chmielewski et al., 2009; Klaassen et al., 2009; Sulyok et
al.,2014).

The MLVA typing scheme is based on variation of number in tandemly repeated
DNA celements, on multiple loci, in the genome of C. burnetii and shows a high
discriminatory power (Svraka et al., 2006; Chmielewski et al., 2009; De Bruin et
al., 2009; Sidi-Boumedine et al., 2015%). Tandem repeats are sequences that contain a
repetitive element (repeats), aligned next to each other. C. burnetii strains may differ in
the number of repeats within a specific locus, and several different loci can be combined
to obtain specific MLVA types (De Bruin et al., 2009). A total of 17 different
minisatellite and microsatellite repeat markers have been described (Arricau-Bouvery et
al., 2006; Sidi-Boumedine et al., 2015%).

An MLVA type can be assigned to a specific strain (Svraka et al., 2006). To obtain a
robust result, DNA of high quality and yield is needed. Thus, some difficulties to obtain
complete MLVA patterns from clinical samples have been observed. The presence of
inhibiting substances in animal matrices and the background DNA from organisms
other than C. burnetii originated in the matrix material can bind to the selected primers
and cause problems (De Bruin et al., 2009; Sidi-Boumedine et al., 2015). Furthermore,
the low amounts of C. burnetii DNA in samples compromise the typeability (Ct > 31)
(Pifiero ef al., 2015). Often this can be solved by prior cultivation of the organism (De
Bruin et al., 2009). The Whole Genome Amplification (WGA) can also be used to
amplify the total amount of DNA in a sample thus increasing the amount of C. burnetii
DNA. This procedure can increase the robustness of molecular typing, like MLVA, if
enough C. burnetii target DNA is amplified within a sample (De Bruin et al., 2009).
Amplification failures leading to incomplete MLVA patterns and the presence of
amplicons of unexpected sizes (>to 1.5 kbp) have also been described as difficulties
encountered when using MLVA as a routine genotyping scheme (Sidi-Boumedine et
al., 2015°).
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In MST, DNA sequence variations in non-coding intergenic spacer regions within
the genome are used to compare C. burnetii strains. In this typing method, 10 short
intergenic regions are used to investigate relationships between C. burnetii strains. An
advantage is that sequence information is more robust than PCR fragment length
analysis methods, like MLVA. However, MST can be hampered by the same factors as
MLVA (Glazunova et al. 2005; Chmielewski et al., 2009; De Bruin et al., 2009). Also,

the costs related with sequencing hamper the use of this technique in routine diagnosis.

1.5.2.2. Serology

The diagnosis and the screening for Q fever often rely on serologic techniques,
reflecting the host’s humoral immune response (Schoffelen et al., 2014). Demonstration
of specific antibodies directed against C. burnetii is possible with several serological
tests such as microagglutination (MAT), complement fixation test (CFT), indirect
immunofluorescence (IFA) and Enzyme Linked Immunossorbent assay (ELISA)
(Rousset et al., 2007; Herremans et al., 2013; Bizzini et al., 2015). Among the
serological techniques, the ELISA and the CFT are the most commonly used tests for
detecting antibodies against C. burnetii in animals (Van den Brom et al., 2013), whereas
IFA is considered the gold standard for human Q fever diagnosis. It is especially useful
to differentiate IgM and IgG antibodies against phase II and I antigens, which occur in
acute and chronic Q fever, respectively. Recently an automated epifluorescence
immunoassay was developed and showed to be a valuable assay for chronic Q fever
diagnosis (Bizzini ef al., 2015).

Among the disadvantages of using serology for diagnosis, there is the lag in antibody
development of seven to fifteen days after the onset of symptoms (Maurin and
Rault, 1999; Anderson ef al., 2013) and the persistence of IgM phase II antibodies for
diagnosis of acute cases in post-endemic and endemic situations (Wegdam-Blans et
al., 2012). The presence of IgM phase Il antibodies can be inaccurate for diagnosis

because solitary IgM can be a false positive (Szymanska-Czerwinska et al., 2015).

Enzyme Linked Immunossorbent Assay
ELISA is a sensitive technique that is easy to perform, thus preferred for routine

diagnosis in animals and for screening of large number of samples. However, it has
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some limitations in monitoring activity (Jaspers et al., 1994; Natale et al., 2012;
Herremans et al., 2013; OIE, 2015).

The commercial ELISA assay for Q fever detect mainly IgG antibodies since IgM
detecting ELISA are not currently available (Kittelberger et al., 2009). Ready-to-use
kits are commercially available and can detect anti-phase Il antibodies or both anti-
phase I and II antibodies (OIE, 2015). Most commercial tests detect both and the ratio
between the two types differs, being influenced by the antigen extraction procedure
(Van den Brom et al., 2015).

The sensitivity of the ELISA is high, comparable to IFA (Rousset et al., 2007) and it
is higher than CFT. The specificity is good and similar between tests (Rousset et
al., 2007, 2009; Kittelberger et al., 2009; Ruiz-Fons et al., 2010; Natale et al., 2012).
ELISA will detect most of the infected ruminants but may miss animals that have not
developed an IgG response (Kittelberger et al., 2009).

Numerous reports described C. burnetii antigens and their influence on the results of
serological testing (Rodolakis, 2006, 2009; Kittelberger et al. 2009). Discrepant results
were described in complement fixation test (CFT) when using Nine Mile (NM) strain
(ticks from Montana) and Henzerling strain (humans from Italy) as antigen (Stoker et
al., 1955). An ELISA using an ovine aborted placenta antigen (Cb0Ol) has been
evaluated in Europe and an increased sensitivity was observed when compared to a
similar ELISA using the NM strain antigen (Rodolakis ef al. 2007; Horigan et al. 2011).
In fact, the EFSA reported a higher diagnostic sensitivity of ELISA using ruminant
C. burnetii antigens when compared to those using NM antigens (EFSA, 2010°).
However, recently no differences in diagnostic sensitivity were found between two
ELISA kits based on antigens isolated from ruminants and from ticks, when testing goat
serum from a herd experiencing an abortion storm (Emery et al., 2014). These
contradictory results need further investigation, expanding the target species, the clinical
presentation and associating the characterization of the infective strains and the

geographic origin.

Indirect Immunofluorescence (IFA)

IFA is highly sensitive, and it is the gold standard method for the serodiagnosis of
Q fever in humans (Tissot-Dupont et al., 1994; Fournier et al., 1998; Maurin and
Raoult, 1999). The assay uses both phases I and Il C. burnetii antigens allowing the

recognition of acute and chronic forms of infection, which have different serological
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profiles. In acute Q fever, there is an increase of IgG antibodies against phase I,
whereas in chronic Q fever, high levels of IgG antibodies against both phase I and II are
observed. Therefore, IFA is an important tool in the follow-up of patients and in
identifying patients at risk for developing chronic Q fever (Herremans et al., 2012).

Currently, IFA is not commercially available for ruminants and thus it is not often
used for diagnosis of Q fever in animals (Rodolakis, 2006). However, antigen-spot slide
wells coated by phase II or both I and II forms of C. burnetii may be purchased. Thus,
IFA can be adapted by replacing the human conjugate by a conjugate adapted to the
animal species (OIE, 2015).

Complement Fixation Test (CFT)

CFT can use a phase II antigen prepared from a mixture of two strains, Nine Mile
and Henzerling or, alternatively, a mixture of phase I and II antigens prepared from
Nine Mile strain can be used (Kittelberger ez al., 2009; OIE, 2015). In the past, the CFT
was extensively used in serodiagnosis of Q fever. Nowadays, its use has decreased. It is
specific but the lower sensitivity when compared to ELISA or IFA makes CFT not
suitable for serological screening. CFT also is more time-consuming than IFA or ELISA
(La Scola, 2002; Rousset et al., 2007; Kittelberger et al., 2009; Natale et al., 2012).
Some technical difficulties are described in CFT namely the failure in detection of cases
when anti-complementary substances are present in the tested sera, the non-evidencing
of antibodies due to differences in the ability of IgG subclasses to activate complement
and a pro-zone phenomenon may be present with serum specimens from patients with
chronic Q fever that could result in a false-negative test. Moreover, seroconversion is
detected later (ie. 2 to 3 weeks) compared to IFA or ELISA (ie. 10 to 15 days) (Maurin
and Raoult, 1999; La Scola, 2002; Rousset et al., 2007).
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1.6

Epidemiology of Coxiella burnetii
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Current knowledge indicates that Q fever should be considered a public health
problem in many countries, even where Q fever is unrecognized because of poor

surveillance of the disease (EFSA, 2010*°; OIE, 2015).

1.6.1. Descriptive epidemiology

Spatial and temporal distribution of Coxiella burnetii can be linked with agricultural

and meteorological characteristics (de Rooij et al., 2016).

1.6.1.1. Spatial distribution

The potential danger of Q fever to public health and the large gaps in the knowledge
of the disease were early recognized. In 1950, the World Health Organization (WHO)
encouraged the epidemiological research and it was concluded that Q fever was present
in 51 countries on five continents (Kaplan and Bertagna, 1955).

Nowadays, C. burnetii infection is usually reported by the occurrence of outbreaks in
humans. It is globally accepted the worldwide distribution of C. burnetii except in New
Zealand where the infection has never been reported (Maurin and Raoult, 1999; OIE
WAHIS Interface, 2016). Q fever is listed in the Terrestrial Animal Health Code of the
World Organization for Animal Health (OIE). All the Member Countries are obligated
to report the occurrence of the disease. Based on those reports, Figure 4 shows the
world distribution of Q fever cases reported in domestic and wild species from 2005 to
2015 (OIE WAHIS Interface, 2016).
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Figure 4: World distribution of Q fever reports in domestic and wildlife animals from 2005
to 2015. (OIE WAHIS Interface, 2016)

Concerning the European countries, Tables 1 and 2 show the number of reports in
humans and animals, respectively from 2005 to 2015. (OIE WAHIS Interface, 2016).

In most European countries, Q fever cases in humans and animals are reported
regularly (ECDC, 2014; OIE WAHIS Interface, 2016). And after the largest ever
recorded outbreak which involved more than 4000 human cases between 2007 and 2011
in The Netherlands, Q fever gained renewed attention (van Loenhout ef al., 2012).
However, it is observed that since then the number of human cases has suffered in
general a sustained decrease in the EU and, nowadays, small outbreaks still occur as
evidenced on Figures 5 and 6, mainly in areas with infected livestock herds (ECDC,

2014; OIE WAHIS Interface, 2016).
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Figure 5: Rates of confirmed human cases of Q fever in four European Countries from 2006
to 2012 (ECDC, 2011, 2014).
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Table 1: Reported number of Q fever cases in humans in European countries from 2005 to 2015 (OIE WAHIS Interface, 2016)

European 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Countries Cases  Deaths  Cases  Deaths  Cases  Deaths  Cases  Deaths Cases  Deaths  Cases  Deaths  Cases  Deaths  Cases  Deaths  Cases  Deaths  Cases  Deaths  Cases  Deaths
Albania - - - - - - - B - B - B . B . N . N . . . .
Andorra - - - - - - . . , . - . . . . B s B B s , ,
Austria - - - - B - - - . . . . . . B B s s _ 5 . .
‘Azerbaijan - - - - - - - - . . . . - . s _ . _ _ . . .
Belarus - - - - - - - - . . . . . . _ _ . _ _ . . .
Belgium - - 23 - 107 - 27 - 33 - 29 - 38 - - - 29 - - . . .
Bosnia and 31 - - - - - - - - - 33 - 11 - 10 - 3s - 33 - 21 -
Herzegovina
Bulgaria 49 - 27 1 36 - 17 - 24 - - - - - 24 - 23 1 17 - 18 -
Cyprus 3 - 31 - 3 - 4 - 5 - - - - - - - 4 -
Czech Republic 1 - 2 - 2 - - - - - - - 1 - 1 - - - - , 1 -
Denmark - - - - - - B B . . . . . . B B 5 B B . . .
Estonia - - - - - - - - . . . - . - _ s . s _ . . .
Finland 3 - 3 - 2 - 2 - 1 - 5 - 4 - - - 5 - - - 3 .
France - - - - 244 - - - - - - - 138 - - - 100 B . , 5 ,
Georgia - - - - - - - - 1 - 2 - 1 B B B - . 5 , B .
German 416 1 204 - - - - - - - - - - - - - 115 1 262 - 322 -
Greece 1 - 2 - - - 3 - 3 - 1 - 4 - [} - 11 - 15 - - -
Greenland 1 . . . . B s B 21 5 5 .
Croatia 40 - 28 - 43 - 41 - 21 B 24 B 19 - - - 25 - - - 14 -
Hungary - - - - - - 11 - 19 - - - 37 - 36 - 175 - 59 1 35 2
Ireland - - 12 - 20 - 13 - 17 - 10 - 5 - 6 - - - - - 4 -
Ttal - - - - - - - - - - - - - - - - - - - - - -
Latvia - - - - - - 1 - - - 2 - 1 - 1 - 1 1 3 - 1 -
Licchtenstein - - - - - - - - . - . . . . _ _ . B B s 3 .
Lithuania - - B - B B B B , . , . . . . . , . B . . .
Luxembourg - B B B B B . . , . , . B . . . . . B . . .
Rep. of
Macedonia 2 - 4 - 8 - - - - - 5 - 5 - 4 - 8 . 9 . . .
Moldova 4 - 4 - - - - - 7 - 5 - 2 - - - - - 5 - - -
Netherlands 5 - 12 - 127 - 1014 1 2318 6 538 1 90 - 63 - 17 - 2 - - -
Norway - S - - B - - B - S - - - - B - 4 - 1 - T -
Poland 59 - - - - - 24 - 5 . . - . - - s s _ _ . s .
Portugal 6 - 10 - 10 - 12 - 14 - 14 - 9 - 26 - - - 21 - - -
Romania - - - - 6 - - - - - 139 - 10 - 16 B - . . , , .
Russia 85 - 48 - 84 - 17 - 124 - 190 - 128 - 190 - 171 - 34 - 49 -
Serbia 12 - 15 - 17 - 24 - 3 - - - 102 - 18 - - -
3 B 46 B 1 - 6 - - - - - 2 - - - 2 - - - - -
Slovakia - - - - - - - B . . . . . . B B 5 B _ 5 . .
Slovenia 3 - 3 - 64 - B - - - 1 - B - - - 1 - 2 - 1 .
Spain 134 - 140 - 159 - 109 - 34 - 61 - 33 - - - 74 - 64 - - -
Sweden 3 - 1 - 3 - 7 - 5 - [} - 5 - 2 - 4 - 2 - 4 -
Switzerland - - - - B - . . , . , . . . . . 26 B 14 . . :
Turkey - - - - - - - - . - . - - . _ _ . _ _ _ _ .
Ukraine - - - - - - 7 - 8 - 6 - 15 - 4 - - - 7 - 1 -
United 23 - 23 - 53 - 11 - 25 - - - ] - - - 46 - 60 - - -
Kingdom
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Table 2: Reported number of Q fever outbreaks in animals, in European countries from 2005 to 2015 (OIE WAHIS Interface, 2016)

European 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Countries OuP  Species  Outbr  Species  Outbr  Species  Outbr  Species  Outbr  Species  Outbr  Species  Outbr  Species  Outbr  Species  Outbr  Species  Outbr  Species  Outbr  Species
Albania 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 -
Andorra 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 -
‘Ausiria ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Azerbaijan 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 -
Belarus 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 -
Belgium 0 - 0 - 0 - 0 - I C- 0 - 0 - 0 - 0 - 0 - 0 -
]_f"’s““‘ and 46 CSG 4 CSG 3 cs 2 G 2 c 30 CSG 48 cs 2 c 6 CSG 12 CSG 4 cs
erzegovina
Bulgaria 39 [ 19 CBSG 38 CSG 28 CSG 25 CSG ND ND 0 - 1 SG 0 - 1 C ND ND
Cyprus 0 - 0 - 0 - 0 - 0 - p) G 3 CSG 2 SG p) - 0 - 0 -
Czech Republic 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 -
Denmark 0 - 1 C 1 C 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 -
Estonia 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 -
Finland 0 - 0 - 0 - p) C 3 C 0 - 0 - 0 - 0 - 0 - 0 -
France 0 - 0 - 0 - 0 - 15 WS 4 WS 0 - 0 - 0 - 0 - 0 -
Georgia 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 -
German 174 CSG 94 CSG 109 cs 157 CSG 106 CSGEq 121 CSG 171 CSG 246 cs 206 CSG 286 CSG 295 CSG
Greece 7 SG 9 SG 4 SG 2 SG 0 - 0 - 5 SG 0 - 0 - 0 - 0 -
Greenland 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 -
Croatia 10 CG 7 CSG 3 SG 31 CSG 180 CSGEq o7 c 176 cs 191 cs 63 CSG 16 CSG 15 CG
Hungary 2 SG 0 - 1 S 0 - 28 CSG 5 S 3 cs 6 C 34 ND 2 cs 19 cs
Ireland ND ND ND ND ND ND ND ND 1 C ND ND ND ND D ND ND ND ND ND ND ND
ltal ND ND ND ND ND ND 4 CSG 1 SG 3 WS 3 ws 14 SGWS 0 - 3 SG 4 SG
Latvia 0 - 0 - 0 - 0 - 0 - 0 - 0 - - 0 - 0 - 35 C
Li i 0 - 0 - 0 - 5 C 0 - 0 - - 0 - 0 - 0 - 0 -
Lithuania 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 -
0 - 0 - 0 - 0 - ND ND ND ND ND ND ND ND ND ND ND ND ND ND
MRCP' of 2 c 0 - 0 - 1 G 2 CG 8 SG 3 CSG 4 SG 2 SG 8 CSG 2 ¢
acedonia
Moldova 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 -
Netherlands I S ND ND I C 12 CSG 65 SG 33 SG 8 G 16 GWS ND ND 2 GWS ND ND
Norway 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 -
Poland 7 C 4 C 2 C 4 C 2 C 38 cs 4 CG 3 C 0 - 23 [ 9 C
Portugal 0 - 0 - 1 & 0 - 0 - 0 - 1 G 1 ND 0 - 0 - ND ND
Romania 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 -
Russia ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Serbia 3 S 5 p— 13 CSG 4 cs 3 cs s cs 1 c 5 cs 10 CSG 3 G 17 G
Montenegro 2 C 0 - 0 - 0 - 0 - 0 - 4 CSG ND ND ND ND
Slovakia 0 - 0 - 0 - 0 - 0 - 0 - 1 C 0 - 0 - 0 - 0 -
Slovenia 0 - 0 - 3 S 7 CSG 25 CSG | S 0 - 0 - 0 - 0 - ND ND
Spain 1 C 3 C 1 SG 5 C 7 CSG 13 Cs 7 CG 2 GWS 13 CSGWS 33 CSGWS 22 csaws
Sweden ND ND ND ND 0 - ND ND ND ND ND ND ND ND 0 - 0 - 0 - ND ND
Switzerland 39 CSG 70 CSG 59 c 65 CsG 78 CSG 73 CSG 76 CG 87 CSG 67 CG 58 cs 83 CSG
Turke 0 - 0 - 0 - 0 - 0 - 0 - 9 cs 8 SG 0 - 0 - 0 -
Ukraine 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 -
United Kingdom __ ND. ND ND ND ND ND 3 cs 3 CG B CSG 8 cs 6 cs 5 ND ND ND ND ND

Legend: Outb-Outbreaks; C-cattle; S-sheep; G-goat; B-Buffaloes; Eq-Equids; Sw-Swine; WS-Wild Species; ND-no data available
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Figure 6: Q fever human (A) and animal (B) cases reported in some European countries from
2005 to 2015 (OIE WAHIS Interface, 2016).

The figures show that Q fever is an endemic disease in Europe evidencing often an
outbreak distribution in humans, which is not so evident in animals. The characteristic
asymptomatic pattern of infection in animals probably contributes to a more regular
distribution of the reported cases. Besides the worldwide distribution of C. burnetii

infection, the number of reported cases varies geographically and over time.

Prevalence of infection

Prevalence studies of C. burnetii infection are very important to increase the
knowledge of the epidemiology. Tables 3, 4 and 5 summarize prevalence studies
conducted all over the world in humans and animals.

Despite their contribution for a better knowledge of C. burnetii epidemiology, often
comparisons between studies are difficult due to the lack of harmonized serological
techniques (e.g. different cut-offs or serologic tests) and to different study designs and

methodologies (serologic versus molecular) (EFSA, 2010%; Georgiev et al., 2013).
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Table 3: Prevalence of C. burnetii infection in humans worldwide.

Country Period Sample Group Rural/Urban _ Number Test Cut-off _ Prevalence Reference
Australia 2%%6' Serum  Residents ND 2438 IFA 1/50 7% 151353 l"l’ al.
Canada 1998 Serum  Shepherds Rural 81 IFA 1/32 28% D"‘;gog’ al.
Colombia 2012 Serum  LiVingon Rural 61 IFA 1/64 61% Contreras et
farms al. 2015
2008  Serum  Occupational Rural 359 IFA 1/512 1% B"S‘;(’)kl 6‘” al.
Denmark Pregnancy .
1996- Nielsen et al.
2002 Serum and . Rural 397 IFA 1/128 14.8% 2013
occupation
Blood Tissot-
1988 Serum dmf";’rs ND 924 IFA 125 4.03%  Dupont et al.
France 1992
1996  Serum  Pregnancy ND 12716 IFA 1/100 0,15% Reg'og’o“l'
1998  Serum  Residents Rural 238 IFA 1/120 42% Antoniou et
al. 2002
Greece nd Serum residents Both 1007 IFA 1/64 7.5% Pag%g;“"
2005- Blood 0 Vranakis et
06 Serum donors Both 493 IFA 1/120 48.7% o
Baldelli e
o
nd Serum Dog owners Urban 69 nd nd 35% al. 1992
2002- . o, Monno et al.
Ttaly 04 Serum  Occupational Rural 128 IFA 1/20 73.4% 2009
nd  Serum Agricultural Rural 126 IFA 1/16 238y  vesoeral
workers 2016
Kenya 2%(;7' Serum Patients Rural 246 IFA 1/32 30.9% K“";gllg" al
Nova 1988- . Marrie and
Scotia 91 Serum Residents Both 492 MIFA 1/8 14.6% Pollack 1995
Poland Serum Foresters Rural 304 IFA 1/16 10.52% Szymanska
etal 2013
Portugal 1989  Serum  Residents Both 487 IFA nd 22% B:lcellg‘; l"”
Senegal 2008  Serum  Residents Rural 238 IFA 1/200 3.7% Mediannikov
etal. 2010
. Rural 130 15.4% Tellez et al.
nd Serum Residents T Uban 91 IFA 1/80 TTR8% 1989
1987  Serum  Residents Both 400 IFA 1/40 5020, ~ RuizBeltran
etal. 1990
Suarez-
Spain 1994 Serum Residents Rural 406 IFA 1/80 40.6% Estrada et al.
1996
1996  Serum  Residents Both 662 IFA 1/80 21.5% Bolanos er
al. 2003
nd Serum  Residents Both 216 IFA 1/80 8.8% Cardenosa et
al. 2006
Sweden nd Serum  Occupational Both 454 ELISA Agos>0.2 14.9% Mz(l:cil;;(; et
2007- Van der
09 Serum Pregnancy Both 2004 IFA 1/64 31% Hoek et al.
2011
2009- Farmers and o, Schimmer et
The 10 Serum family Rural 268 IFA 1/32 68.7% a1 2012
Netherlands Van den
2008 Serum Veterinarians Rural 189 IFA 1/32 65.1% Brom et al.
2013
2010- Blood o Van Wijk et
m Serum donors Both 1033 IFA 132 3% o 014
1998  Serum  Occupational Rural 102 IFA 1/80 7.8% Ci;"lz‘ggg e
Turkey n
2007 Serum Blood Both 601  ELISA/IFA nd 32.3% Kilic et al.
donors 2008
United Farm o Thomas et
Kinedom nd Serum workers Rural 385 IFA 1/32 27% al. 1995
United 2003- . o Anderson et
States 04 Serum Residents Both 4437 IFA 1/16 3.1% al. 2009
United 1989- Military o Vest and
States 2009 ST orerinarians ND 300 IFA 1716 17% Clark 2014
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Country (area) Study Period Type of sample Sampling method Number Test Cut-off value Prevalence Reference
Cattle
Belgium 2006 Bulk Tank Milk Random 206 ELISA 0.4 57.8% Czaplicki et al. 2012
Denmark 2012 Bulk Tank Milk Random 120 ELISA 0.4 79.2% Agger and Paul 2014
Ecuador 2008-2010 Serum Cluster sampling 386 ELISA 0.4 46.9% Carbonero et al. 2015
Iran 2010 Bulk Tank Milk Random 44 ELISA 0.4 45.4% Khalili et al. 2011
. 2009 Bulk Tank Milk . 290 37.9%
Ireland (Republic of) 20052007 Serum Stratified random 332 ELISA 0.4 6.9% Ryan et al. 2011
Ireland (Northern) n.a. Serum ic stratified 273 ELISA 0.4 48.4% McCaughey et al. 2010
Norwa 2010 Bulk Tank Milk Random 3289 ELISA 0.4 0% Kampen et al. 2012
Portugal 2013 Bulk Tank Milk Random 90 ELISA 0.4 61.1% Pimenta et al. 2015
Spain (Bizkaia province) 2009-2010 Bulk Tank Milk All herds 178 ELISA 04 66.9% Astobiza et al. 2012
0
Spain zog;) %08 Serum Random 14120 ELISA 040 433 ((J)g)"/ RI:il: Fom. 27111.122(1)?0
- A o -] el .
Sweden 2008-2009 Bulk Tank Milk Random 1537 ELISA 0.4 8.2% Ohlson et al. 2014
2007 . Random stratified 341 71.6% Muskens et al. 2011
The Netherlands 2009-2011 Bulk Tank Milk Random 309 ELISA 03 81.6% Van Engelen et al. 2014
o
The Netherlands 20 390 2701 T Bulk Tank Milk Random gg; qPCR Ct=40 ?ggnf V:ﬁLE:;:lse?;Iﬁozlol 2
E 8% .
Belgium 2006 Bulk Tank Milk Random 50 qPCR Ct=40 30.0% Czaplicki et al. 2012
Spain (Bizkaia province) 2009-2010 Bulk Tank Milk All herds 178 qPCR Ct=40 51.7% Astobiza et al. 2012
2001-2003 . Convenience 316 PCR n.a 94.3% Kim et al. 2005
usa 2011 Bulk Tank Milk Random 316 gPCR C1<365 61.1% Bauer et al, 2015
Goat
Canada 2010-12 Serum Multi-stage random 76 ELISA 0.4 63.2% Meadows et al. 2015
Great Britain 2008 Serum Random stratified 145 ELISA 0.4 3.0% Lambton et al. 2016
Ireland (Republic of) 2005-2007 Serum Random 66 ELISA 0.4 1.5% Ryan et al. 2011
Norwa 2009 Bulk Tank Milk Random 348 ELISA 0.4 0% Kampen et al. 2012
Spain 2007-2008 Serum Random 11 ELISA 0.40 45.00% Ruiz-Fons et al. 2010
Sweden 2010 Bulk Tank Milk Random 58 ELISA 0.4 1.7% Ohlson et al. 2014
Switzerland 2011 Serum Random stratified 72 ELISA 0.4 11.1% Magouras et al. 2017
The Netherlands 2008 Serum Random 442 ELISA 04 17.9% Van de‘aoBl“;m etal.
USA 2012 Serum Random 24 ELISA 0.4 4.2% Baker and Pithua 2014
Sheep
Canada 1998 Serum Random 103 ELISA 0.3 21.3% Lang et al. 1991
Germany 2009 Serum Random 39 ELISA 0.4 28.0% Hilbert e al. 2012
Great Britain 2008 Serum Random stratified 384 ELISA 04 3.0% Lambton et al. 2016
Ireland (Republic of) 2005-2007 Serum Random 119 ELISA 0.4 8.4% Ryan et al. 2011
Norwa 2006-2008 Serum Random 130 ELISA 0.4 0% Kampen et al. 2012
Spain 2007-2008 Serum Random 46 ELISA 0.40 74.00% Ruiz-Fons et al. 2010
Sweden 2011 Bulk Tank Milk Random 518 ELISA 0.4 0.6% Ohlson et al. 2014
Switzerland 2011 Serum Random stratified 100 ELISA 0.4 5.0% Magouras et al. 2017
The Netherlands 2008 Serum Random 1208 ELISA 04 14.5% Van d“}g{;’m etal.
Turkey 2001-2004 Serum Random stratified 42 ELISA 0.4 81.00% Kennerman et al. 2010
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Country (area) Study Period Type of sample Sampling method Number of samples Test Cut-off value Prevalence Reference
Cattle
Albania 1995-1997 Serum na. 311 ELISA 04 10.9% Cekani et al. 2008
Bangladesh 2009-2010 Serum Convenience 620 ELISA 04 0.65% Haider et al. 2015
Denmark 2012 Serum Random 800 ELISA 0.4 5.5% Paul et al. 2014
Ecuador 2008-2010 Serum Cluster sampling 2668 ELISA 0.4 12.6% Carbonero et al. 2015
_ Egypt 2012-2013 Serum Convenience 158 ELISA 04 13.2% Gwida et al. 2014
India na. Serum Convenience 88 ELISA 04 11.36% Vaidya et al. 2010
Ireland (Republic of) 2005-2007 Serum Random stratified 1659 ELISA 0.4 1.8% Ryan et al. 2011
Ireland (Northern) n.a. Serum Systematic stratified 5182 ELISA 0.4 6.2% McCaughey et al. 2010
Iran na. Serum Cluster 246 ELISA 04 22.3% Azizzzadeh et al. 2011
Ivory Coast 2012-2014 Serum Cluster 633 ELISA 0.4 13.9% Kanouté et al. 2017
Reunion Island 2011-2012 Serum Random 245 ELISA 0.4 11.8% Cardinale et al. 2014
Spain 2009 Serum Random 1100 ELISA 0.4 6.76% Alvarez et al. 2012
The Netherlands 2008 Serum Random stratified 2871 ELISA 04 16.0% Muskens et al. 2011
Cyprus 2008-2009 Aborted foetus Convenience 51 PCR na 41.17% Cantas et al. 2011
India na. Swabs Convenience 88 PCR na. 12.5% Vaidya et al. 2010
Portugal 2006-2008 Organs Convenience 29 PCR na. 17.2% Clemente et al. 2009
The Netherlands 2008 Milk and feces Random stratified 2871 tPCR Ct=40 8.7%% Muskens et al. 2011
Goat
Albania 1995-1997 Serum na. 443 ELISA 04 8.8% Cekani et al. 2008
Bangladesh 2009-2010 Serum convenience 529 ELISA 04 0.76% Haider et al. 2015
Canada 2010-12 Serum Multi-stage random 2195 ELISA 04 32.5% Meadows et al. 2015
Great Britain 2008 Serum Random stratified 522 ELISA 04 0.8% Lambton ez al. 2016
India na. Serum Convenience 53 ELISA 0.4 5.66% Vaidya et al. 2010
Iran na. Serum Multi-stage random 241 ELISA 04 22.4% Ezatkhah er al. 2014
Ireland (Republic of) 2005-2007 Serum Random 590 ELISA 0.4 0.3% Ryan et al. 2011
Ivory Coast 2012-2014 Serum Cluster 622 ELISA 0.4 12.4% Kanouté et al. 2017
Reunion Island 2011-2012 Serum Random 134 ELISA 04 13.4% Cardinale et al. 2014
Spain 2007-2008 Serum Random 115 ELISA 0.40 8.7% Ruiz-Fons et al. 2010
Switzerland 2011 Serum Random stratified 321 ELISA 0.4 3.4% Magouras et al. 2017
The Gambia 2012 Serum Multi-stage random 484 ELISA 04 24.2% Klaasen et al. 2014
The Netherlands 2008 Serum Random 3134 ELISA 04 7.8% Van den Brom ez al. 2013
USA 2012 Serum Random 249 ELISA 04 12% Baker and Pithua 2014
Iran 2010 Aborted feces Convenience 744 PCR Ct=40 16.39% Dehkordi 2011
Portugal 2006-2008 Organs Convenience 37 PCR na. 40.50% Clemente et al. 2009
Sheep
Albania 1995-1997 Serum na. 350 ELISA 04 8.8% Cekani et al. 2008
Canada 1998 Serum n.a. 334 CFT 18 41.0% Dolcé et al. 2003
1991 Random 3765 ELISA 03 1.5% Lang et al. 1991
Great Britain 2008 Serum Random stratified 5791 ELISA 04 0.9% Lambton et al. 2016
India na. Serum Convenience 43 ELISA 0.4 9.3% Vaidya et al. 2010
Iran na. Serum Multi-stage random 127 ELISA 04 33.9% Ezatkhah et al. 2014
Ireland (Republic of) 2005-2007 Serum Random 2197 ELISA 0.4 0.7% Ryan et al. 2011
Ivory Coast 2012-2014 Serum Cluster 622 ELISA 0.4 9.4% Kanout¢ et al. 2017
Reunion Island 2011-2012 Serum Random 137 ELISA 04 1.4% Cardinale et al. 2014
Switzerland 2011 Serum Random stratified 500 ELISA 04 1.8% Magouras et al. 2017
Spain 2007-2008 Serum Random 1379 ELISA 0.40 11.8% Ruiz-Fons et al. 2010
Turkey 2001-2004 Serum Random stratified 743 ELISA 0.4 20.00% Kennerman et al. 2010
The Gambia 2012 Serum Multi-stage random 395 ELISA 0.4 18.5% Klaasen et al. 2014
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The Netherlands 2008 Serum Random 12052 ELISA 04 2.4% Van den Brom et al. 2013
India na. Swabs Convenience 43 PCR na. 11.62% Vaidya et al. 2010
Iran 2010 Aborted feces Convenience 782 qPCR Ct=40 12.53% Dehkordi 2011
Ponuial 2006-2008 Orins Convenience 25 PCR na. 36.00% Clemente et al. 2009
Australia 2006-2007 Serum Random 101 ELISA 0.5 21.8% Cooper et al. 2011
Canada 1983 Serum Convenience 447 IFA 1:8 0.0% Marrie et al. 1985
France na. Serum Convenience 355 IFA 1/50 9.8% Boni e al. 1998
Portugal n.a. Serum Convenience 104 IFA na. 4.8% Bacellar ez al. 1995
Cape Verde 2009-2013 Serum Random 38 ELISA 04 21.1% Foronda et al. 2015
Great Britain 2007-2009 Serum Random 793 ELISA 0.10 17.3% Meredith et al. 2014
Spain (Canary) 2009-2013 Serum Random 147 ELISA 0.4 10.2% Foronda et al. 2015
2008-2010 Serum Random 202 ELISA na. 11.4%
The Netherlands 20082010 Orians Random 330 PCR na. 3.9% Reusken efal. 2011
Australia unavailable serum Convenience 376 IFA 1/256 93 Shapiro et al. 2015
Canada Serum Convenience 216 IFA 1:8 24.1% Marrie et al. 1985
Great Britain 2007-2009 Serum Random 26 ELISA 0.16 61.5% Meredith et al. 2014
Southern Africa n.a. Serum n.a. 117 IFA 1/40 13.0% Matthewmann et al. 1997

Great Britain 2007-2009 Serum Random 102 ELISA 0.16 41.2% Meredith et al. 2014
France 1979 erum Random 695 CFT na. 3.74% Baradel et al. 1988
Czech Republic 986-1991 erum Random 33 MAT 1:8 6.0% Hubalek et al. 1993
Spain 004-2005 erum Random 39 IFA 1:16 15.4% Ruiz-Fons et al. 2008

P 001-2006 rgans Convenience 78 PCR na. 5.1% Astobiza et al. 2011
The Netherlands 2008-2010 Orians Convenience 79 PCR Ct=40 23% Riks et al. 2011
Czech Republic 1986-1991 Serum Random 24 MAT 1:8 25.0% Hubalek et al. 1993
France 1979 Serum Random 54 CFT na. 1.85% Baradel et al. 1988
Iberian Peninsula na. Serum Random 1486 ELISA 04 14.1% Gonzalez-Barrio et al. 2014

Spain 2004-2005 Serum Random 34 IFA 1:16 2% Ruiz-Fons et al. 2008

USA 2009-2010 Serum Random 1059 IFA 1/20 14.64% Kirchiessner etal 2012
Czech Republic 1986-1991 erum Random 32 MAT 1:8 6.0% Hubalek et al. 1993
France 1979 erum Random 209 CFT na. 0.0% Baradel et al. 1988
Japan n.a. erum Random 30 ELISA na. 0.0% Ejercito et al. 1993
Spain 2001-2006 Organs Convenience 93 PCR n.a 4. Astobiza et al. 2011

Czech Republic 1986-1991 Serum Random 23 MAT 1:8 0.0% Hubalek et al. 1993
Spain 2001-2006 Organs Convenience 22 PCR n.a. 9.1% Astobiza et al. 2011

Australia na. Serum Random 500 ELISA 0.5 20.8% Cooper et al. 2012
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1.6.1.2. Temporal distribution

The number of Q fever cases varies geographically, and a seasonal variation is also
described. In fact, in Europe, acute Q fever cases are more often reported in Spring and
early Summer (Maurin and Raoult, 1999; Tissot-Dupont et al., 1999), showing a slow
rise in reported cases in March and April, probably associated with the start of
lambing/kidding, and the main peak occurs between May and July (ECDC, 2014). This
occurs probably due to the “outside” lambing/kidding during Spring associated to heavy
environmental contamination with C. burnetii (Arricau-Bouvery and Rodolakis, 2005).
This is consistent with a recent study in which a significant prevalence of Q fever
pneumonia in humans was observed in Summer season (Schack ez al., 2014). However,
besides the environmental contamination, climatic factors also may contribute to an
increase of the incidence in a given region, such as the wind (Tissot-Dupont et
al., 1999; O’Connor et al., 2015). It is known that the lambing season in October is not
related to a higher incidence in humans which might be due to “indoor” lambing
(Maurin and Raoult, 1999; Angelaskis and Raoult, 2011), which is also consistent with
the study conducted in the south of France that concluded that Autumn is not a very
windy season explaining the lower incidence of human Q fever in this time of the year
(Tissot-Dupont ef al., 1999). So, the wind plays a role in C. burnetii transmission and it
might be related to unexpected outbreaks in each area since it can be monitored but not
prevented (Tissot-Dupont et al., 2004).

Concerning to C. burnetii infections reported in animals, no seasonality has been
observed from 2005 to 2015, as showed in Figure 7. However, a study conducted in
Japan revealed that antibody positive cows and their antibody titters were significantly
high in Winter and decreased in Summer (Yanase ef al., 1997). Moreover, areas with
high wind speed, open landscape and high temperature increase the risk of infection in
animals, while precipitation seems to be a protective factor by decreasing the quantity of

bacteria aerosolized (Nusinovici ef al., 2015).
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Figure 7: Number of C. burnetii infections in animals reported to OIE from 2005 to 2015.
(WAHIS Interface — OIE, 2016)

1.6.2. Host determinants

1.6.2.1. Receptivity to Coxiella burnetii

C. burnetii has an impressively broad host range being present in virtually all animal
kingdoms, including arthropods, but the disease affects mostly humans, cattle, sheep

and goats (Maurin and Raoult 1999; OIE, 2015; Van den Brom et al., 2015).

Reservoirs

Domestic ruminants are considered the main reservoirs of C. burnetii, but cats, dogs,
rabbits, birds and others, have also been reported to be implicated in human
disease/infection (OIE, 2015).

For instance, C. burnetii has been isolated in more than 40 species of ticks and the
risk of human transmission has been reported (Anderson et al., 2013). Ticks shed large
concentrations of C. burnetii in their faecces contaminating the skin of their hosts or even
being inhaled by them (Angelakis and Raoult, 2010; Boarbi et al., 2015). In Europe, the
detection of C. burnetii in ticks is considered rare. In the Netherlands, the prevalence in
questing Ixodes ricinus ticks was less than 0.2%, making the current risk of acquiring
Q fever from a questing tick negligible (Sprong et al., 2012; Michelet et al., 2014). In
Spain, there was no evidence of C. burnetii DNA in ticks suggesting that they do not
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play an important role in the transmission of C. burnetii in the area (Astobiza et
al.,2011). In the South of Portugal, C. burnetii was identified in 19.4% of ticks
identified as Hyaloma lusitanicum, Dermacentor marginatus, Ixodes spp. and
Rhipicephalus pusillus collected from vertebrate hosts and vegetation, but their role in
the transmission of C. burnetii in the current situation was not investigated (Silva et
al.,2014).

It was also postulated that rats through their commensal nature, could be an
important factor in the dissemination of C. burnetii to domestic animals, livestock and
humans. C. burnetii DNA was detected in 4.9% of the brown rats (Rattus norvegicus)
and 3.0% of the black rats (Rattus rattus). The presence of actively infected rats in
multiple locations might suggest that rats might not be merely a spill-over host but
might represent true reservoirs. In this case rats might be able to maintain C. burnetii
and thereby contribute to spread and transmission of the pathogen (Reusken et
al.,2011).

Human infections might also be associated with infected dogs and cats in rural or in
urban areas (Kosatsky, 1984; Marrie et al., 1988; Buhariwalla et al., 1996; Komiya et
al., 2013a, b). Several studies demonstrated that cats might be a significant source of
C. burnetii for humans mainly by the contact with infected parturient cats (Cairns ef al.,
2007; Porter et al., 2011; Kopecny et al., 2013; Fujishiro et al., 2016). An
epidemiological investigation conducted in the South of France suggested that faeces of
pigeons were in the origin of a human outbreak (Stein and Raoult, 1999). Additionally,
the finding of the bacterium in dogs and horses suggest their role as reservoirs of
C. burnetii (Roest et al., 2013%).

The natural susceptibility to C. burnetii infection in pigs has been demonstrated by
the presence of antibodies in serum after experimental infection (Marmion and Stocker,
1958) but there are no reports of an active infection in domestic swine so far.

The role of free living wild animals as sources of Q fever in humans has been
questioned (EFSA, 2010%). The detection of C. burnetii DNA in wild animals has been
investigated in several countries. In the Netherlands, the bacterium was found in free
living roe deer and the highest bacterial load occurred in spring and summer (Rijks et
al,, 2011). In Spain, it was found in roe deer (Capreolus capreolus), wild boar
(Sus scrofa), European hare (Lepus europeus), and in wild birds such as vultures
(Gyps fulvus) and black kites (Milvus migrans) (Astobiza et al., 2011). Moreover, in

European rabbits (Oryctolagus cuniculus) a high prevalence of infection was found
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together with the evidence of systemic infection, suggesting their role as C. burnetii
reservoirs (Gonzalez-Barrio ef al., 2015%). Recently, the complexity of C. burnetii
ecology was highlighted and it was proposed that red deer (Cervus elaphus) is able to
maintain C. burnetii circulating in a region without third species; however, it is thought
that most probably other wild and domestic host species are involved. These findings
together with previous evidence of C. burnetii shedding by naturally infected red deer
point at this wild ungulate as a true reservoir for C. burnetii in the Iberian Peninsula

(Gonzalez-Barrio et al., 2015°).

1.6.3. Virulent materials and sources of infection

Infected animals shed the organism mostly in placental membranes and birth fluids
(Arricau-Bouvery et al., 2003; Roest et al., 2012). High concentrations of C. burnetii
are found in infected animal’s birth products such as placenta and vaginal secretions
(Sidi-Boumedine et al., 2015%). This is the most important excretion route which by far
exceeds others. Bacteria are also excreted in milk (Roest ez al., 2012, van den Brom et
al., 2012), faeces and vaginal mucus (Guatteo et al., 2006, 2007). Some questions were
raised about the possible contamination of faeces and vaginal mucus into the
environment (Roest ef al., 2012), but so far, their role as virulent materials is still
considered.

After shedding, in the environment, bacteria can be easily aerosolized from
desiccation of infected placenta and body fluids or from contaminated manure; and then
can infect susceptible hosts (Maurin and Raoult 1999; Arricau-Bouvery and
Rodolakis, 2005; Schimmer et al., 2010). However, during the Dutch human Q fever
outbreak the role of goat manure as a source of infection was considered very limited. It
has been suggested that the composting process within a dunghill result in a clear

reduction in the number of viable C. burnetii (van den Brom et al. 2015).

1.6.4. Methods of transmission

Briefly, the transmission of C. burnetii may occur by direct, indirect or vectorial

transmission as schematized on Figure 8. For humans and animals, the majority of
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natural C burnetii infections occur by airborne transmission resulting from the
inhalation of aerosolized bacteria (Arricau-Bouvery and Rodolakis, 2005; Berri et
al., 2005; Cutler et al., 2007; Angelakis and Raoult, 2010; Roest et al., 2011a, 2012).
C. burnetii is highly infectious through inhalation. It has been estimated that the
probability of one single bacterium initiates an infection is 0.9 in guinea pigs (Jones et
al., 2006). The environmental survival of C. burnetii allows it to be dispersed by wind
far away from its original source (Tissot-Dupont et al. 1999, 2004; de Rooij et
al.,2016). This may cause a long-distance transmission of infection leading to
inter-herd transmission of C. burnetii or even to dispersion of bacteria to residential
locations (de Rooij ef al., 2016; Pandi et al., 2016). This can account for the appearance
of Q fever cases in urban areas, where an important percentage of patients fails to report
direct contact with animals (Arricau-Bouvery and Rodolakis, 2005). Several
epidemiological studies on human outbreaks report this long-distance transmission such
as 400m in Germany (Gilsdorf et al., 2008), 5 km in the Netherlands (Schimmer et
al., 2010), 18 Km in United Kingdom (Hawker et al., 1998) and 40 km in France
(Tissot-Dupont et al., 2004).

Other less common, routes of transmission include ingestion or skin inoculation
through the bite of an arthropod (Raoult et al., 2005). Q fever transmission to humans
from tick bite or tick excreta has been recorded but is very rare; yet ticks may be
essential in natural maintenance cycles (McQuiston ef al., 2002).

Milk was early recognized as a source of C. burnetii since it is one of the shedding
routes (Bell et al., 1949). Thus, the likelihood of infection by the ingestion of
contaminated milk cannot be excluded. There is much evidence that C. burnetii is viable
in unpasteurized milk but the transmission of C. burnetii by ingestion is controversial
(Eldin et al., 2013; Gale et al., 2015). Early experiments conducted in 1940s and 1950s,
recovered viable C. burnetii from raw milk raising some concerns due to the bacterium
resistance to heat and the uncertainties about the efficacy of milk pasteurization in
destroying C. burnetii. The experiments showed that pasteurization procedure by
submitting milk to temperature of 72°C for 15 seconds is adequate to eliminate viable
C. burnetii from whole raw milk, as well as the temperature of 63°C for 30 minutes
(Huebner ef al., 1949; Enright et al. 1957). More recently, some studies questioned the
efficacy of these procedures on the inactivation of C. burnetii (Heinzen et al., 1999;
Cerf and Condron, 2003). Also, in the United States, viable C. burnetii have been

detected in commercial unpasteurized milk samples; but the viability of bacteria by oral
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administration in mice was not confirmed which raised some doubts about the infection
by ingestion of milk (Loftis e al., 2010). A study conducted in France, showed that
C. burnetii is commonly present in commercially available milk products but because
its viability was not confirmed the transmission of Q fever by consumption of these
products was not considered important (Eldin et al., 2013). Also, in a recent report from
EFSA, concerning the public health risks related to raw drinking milk, C. burnetii is not
mentioned as a biohazard to be transmitted via milk (EFSA, 2015). The pathogen
biologic cycle might explain the low hazard attributed to this intracellular bacterium
which will not grow outside the intracellular environment of the host cell. Thus, for risk
assessment it is assumed that multiplication of the pathogen in milk and milk products
does not occur (Gale et al., 2015). Furthermore, there are insufficient data for a
dose-response model for the oral route in humans (Gale et al., 2015).

Globally, it seems more plausible that clinical Q fever results mainly from inhalation
and sometimes from arthropods bites. The ingestion of C. burnetii contaminated milk or
milk products may result in serological conversion but not necessarily disease.
Furthermore, seroconversion may result from the ingestion of live or inactivated cells

(Cerf and Condron, 2006).

vy ¥y

Vectorial transmission

Indirect transmission

Aeosolsin the environment

Figure 8: Diagram schematizing the transmission forms of C. burnetii.

Transmission among humans through sexual contact was reported rising the

hypothesis of transmission by artificially insemination in animals which was confirmed
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by the isolation of C. burnetii in bull semen (Chmielewski and
Tylewska-Wierzbanowska, 2012). Similarly, the persistence of these bacteria after
washing makes embryo a potential vehicle of transmission of the bacterium during
embryo transfer from infected donor cows to healthy recipients and/or their offspring
(Alsaleh et al., 2014).

Other than sexual transmission from man to man occur sporadically. Such infections
have been described during autopsy from necropsy material, by blood transfusion and
after contact with infected parturient woman (Maurin and Raoult, 1999). Recently, it
was reported one case of C. burnetii contamination by the injection of ovine cells

(foetus and placenta) in the context of cell therapy (Promed, 2014).

1.6.5. Risk factors

A risk factor is considered when its presence increases the likelihood of disease.
Therefore, risk factors may be either casual or non-casual and their knowledge is useful

in identifying populations at which attention should be directed (Thrusfield, 1995).

1.6.5.1. Human populations

C. burnetii infection in humans is mostly associated with infected ruminants
(e.g. cattle, sheep and goats). Thus globally, the risk factors are included in the direct or
indirect contact with virulent materials shed by infected animals (Angelakis and
Raoult, 2010). Certainly, some occupations facilitate the contact with infectious
materials and these called risk occupations will be analysed hereafter. Besides that,
community outbreaks have been described very often. Thus, several investigations have
been conducted, some of them in an outbreak context, to identify risk factors for the

occurrence of Q fever in human population.
Environment

Concerning to the local of residence, adults living on farms (Karki et al., 2015), or

living on rural or sub urban areas (van den Brom et al., 2013) and in the proximity of
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positive farms (Schimmer et al., 2012), are at a substantially greater risk of contracting
Q fever.

Regarding the animals, the exposure to farm animals, their breeding or their
slaughter are also important risk factors (Valencia et al., 2000; Dorko et al., 2011; de
Rooij et al., 2012; Njeru et al., 2016). Interestingly, despite the uncertainties about the
role of pigs in the epidemiology of C. burnetii, the exposure to swine was also
considered a risk factor for Q fever (van den Brom ef al., 2013; Schimmer et al., 2014).
Furthermore, the presence of cats is considered a risk factor (Schimmer et al., 2012),
which agrees with some reports highlighting these animals in the epidemiology of
C. burnetii and even describing them as sources of human outbreaks (Cairns et
al., 2007). Risk factors were also considered the presence of birds, and the direct or
indirect contact with rats or mice (Schimmer et al., 2014). Rats have been already
described as a potential significant reservoir of C. burnetii (Reusken et al., 2011)

Considering the virulent materials previously described (see 6.3.), the contact with
manure was considered a risk factor associated with serological positivity (Dal Pozzo et
al., 2017). Also, the high frequency of refreshing stable bedding (de Lange et al., 2014)
and the work in a dusty environment such as on fields, gardens, stables and construction
sites were also considered risk factors (Dorko et al., 2011).

As previously discussed, (see 6.4. Methods of transmission) the consumption of
unpasteurized cattle milk and fermented milk products were dietary factors associated

with C. burnetii serological positivity (Njeru ef al., 2016).

Individual Determinants

After the infection, in humans, the risk of acute illness appears to depend on age and
gender (Brooke ef al., 2015). In fact, age is considered a risk factor for Q fever (Raoult
et al., 2005). The incidence increases with age and it is mostly reported between the 50
to 60-year age group (Schimmer et al., 2008; ECDC, 2014); and several studies
suggested young age as a protective factor against C. burnetii (Angelakis and
Raoult, 2010).

Gender is also considered a risk factor (Maurin and Raoult, 1999). In children the sex
ratio of clinical cases as well as that of infections is 1:1 (Maltezou and Raoult, 2002;
Leone et al., 2004). Several studies showed that infectivity is equal in both genders,
with no differences in seropositivity rates. However, it is known that the occurrence of

clinical symptoms depends upon gender (Maurin and Raoult, 1999); and the
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male: female ratio ranges from 1.5 to 2.5 in adults (Dupuis et al., 1987; Raoult et
al., 2000; Maltezou and Raoult, 2002; van der Hoek et al., 2010), but in 2012 achieved
2.91 (ECDC, 2014). Males tend to be slightly more susceptible than females which
show a higher estimated dose causing 50% probability of illness (illD50) (Brooke et
al., 2015). The predisposition for infection in males is explained by physiological events
that occur at puberty (Leone et al., 2004). The gender difference is due to a protective
effect of the female sex hormone 17festradiol which control host responses to
C. burnetii infection (Leone et al., 2004). This protective role of 178 estradiol was
demonstrated in mice (Leone et al., 2004). These experimental data show the role of
female hormones in Q fever. This finding could explain why the sex ratio is biased only
after puberty (Maltezou et al., 2004).

Pre-existent cardiac valvular disease, aortic aneurysm, vascular grafts,
immunocompromised state, and pregnancy are reported risk factors for the development

of chronic Q fever (Fennolar et al., 2001; Landais ez al., 2007).

Occupational

Human infections are mostly associated with infections in ruminants (e.g. sheep,
goats and cows) and Q fever is often an occupational hazard. Various professional
groups are occupationally exposed to infection with C. burnetii. The farming workforce
constitutes an occupational risk group with an increased risk for C. burnetii infection
presumably because of their contact with infected livestock, namely during breeding
practices (Cutler et al., 2007; Szymanska-Czerwinska et al., 2015).

Furthermore, veterinarians, laboratory workers and abattoir workers are also at risk
of being infected (Valencia et al., 2000; Dorko et al., 2011; de Rooij et al., 2012; Njeru
et al., 2016; OIE, 2015), as well as workers in wool, tanneries, fur, meat, leather and

timber industries (Szymanska-Czerwinska et al. 2015).

1.6.5.2. Animal populations

The risk of animal infection has been studied mainly for ruminants (dairy and beef)
at the herd level and at the individual level.
At the herd level, and regarding the location of the farm, factors as the proximity

(until 8Km) of an infected farm, in a municipality with high animal density and in areas
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with high wind speed, open landscape, high temperature, increase the risk of infection
(Schimmer et al., 2011; Cardenale et al., 2014; Meadows et al., 2015; Nusinovici et
al., 2015). Considering the herd size, it was shown that the increased size of the herd is
a risk factor for serological positivity (McCaughey et al., 2010; Ryan et al., 2011;
Schimmer et al., 2011; Paul et al., 2012; van Engenlen et al., 2014; Meadows et
al., 2015). Also, among the considered risk factors, at the herd level are: the poor
hygiene and bio-security measures in the farm, the presence of ticks, the presence of
dogs and cats in the farm, the artificial insemination by non-specialized technicians and
the importation of straw of unknown (Cantas et al., 2011; Schimmer ef al., 2011; Agger
et al., 2013; Cardenale et al., 2014; van Engenlen ef al. 2014). And finally, as reported
in humans, the presence of swine on ruminant farm was considered a risk factor for
C. burnetii infection (Meadows ef al., 2015).

At an individual level, the risk factors identified were the age and number of animal
movements. The risk of serological positivity increased with age and with the increasing

number of movements between herds (Paul ez al., 2014).

1.6.6. Synthetic epidemiology

Q fever epidemiology is complex as represented by its wide host range, its capacity
to persist in the environment and its multifactorial air-borne transmission (OIE, 2015).
When investigating outbreaks of Q fever, it is important to consider all possible sources

of infection and to consider all the epidemiological cycles.

1.6.6.1. Infection cycles

The epidemiology of C. burnetii is characterized by the existence of two main cycles

of transmission, one related with domestic animals, mainly ruminants, and the other

related to wild animals. However, these cycles are not completely independent as shown

in Figure 9.
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Figure 9: Diagram schematizing the epidemiological infection cycles of C. burnetii.

Wildlife cycle

Ticks seem to play an important role in the transmission of C. burnetii between wild
vertebrates such as wild boars, cervids and other wild ruminants, rodents, lagomorphs,
marsupials and birds. They are also able to infect domestic vertebrates, but this method
of transmission is not major. The infected wild animals shed bacteria in the environment
where it can survive for several weeks. The contaminated environment becomes a
source of infection to wild species as well as to domestic animals.

The circulation of C. burnetii in wild species allows the persistence of the pathogen

in the nature (Rousset et al., 2003).

Domestic cycle

Domestic animals can be infected eventually by tick bites but the most common is by
the inhalation of infected aerosols. Generally, infected animals are asymptomatic, but
they shed bacteria through the birth products, milk and faeces. This causes a very
important contamination of the environment where bacteria will survive for several
weeks. The transmission between domestic animals would form a cycle which would be

the origin of most of the human infections (Rousset et al., 2003).
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1.6.7. Molecular epidemiology

The development of molecular techniques enabled the study of small genetic
differences between microorganisms at a higher level of discrimination than it has been
possible using conventional serological techniques (Thrusfield, 1995). The molecular
characterisation of C. burnetii is a useful tool: i) to explore the genotypic diversity in an
area and between geographical areas; ii) to determine relationships between variants of
the bacterium; iii) to investigate Q fever outbreaks, particularly to clarify links
regarding source of infection; and iv) to understand the epidemiological emerging
factors and to evaluate control measures (Roest et al., 2011; Sulyok et al., 2014;
OIE, 2015).

The genetic heterogeneity of C. burnetii can be assessed with several molecular
techniques previously described (see 4.4). To date, among the typing methods that can
be used directly on clinical samples, MLVA and MST are the most discriminating
methods for C. burnetii (OIE, 2015). Moreover, databases have been established for
MLVA and MST: http://mlva.u-psud.fi/MLVAnet/ and http:/ifr48.timone.univ-mrs.ft,
respectively enabling easy comparisons. The availability of such databases allows
interlaboratory comparisons to be made easily and this will lead to a better
understanding of the propagation of the C. burnetii isolates or to identify new emerging
strains (OIE, 2015). Table 6 summarizes some of the identified genotypes in several
countries.

Nowadays, molecular methods are a useful tool for genetic surveillance of
C. burnetii from different sources. For instance, in a recent study in Northern Spain, 15
different MLVA genotypes were identified in 36 epidemiologically unrelated dairy
cattle herds, indicating a high genetic diversity of C. burnetii in the region. Some
genotypes worldwide distributed were identified, and only 11% of the overall detections
corresponded to genotypes closely related to those identified in humans, suggesting that
dairy cattle play a limited role in human Q fever infection in this region (Pifiero et

al., 2015).
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Country Origin Samplesize  MSTtype  MLVA type
Amblyomma variegatum 2
Ethiopia b s 1 sTS2 24AH Sulyok ef al., 2014
cohaerens 2 26/AT
L ; 1 [
France Semi-skimmed milk 2 nd. 7 Tilburg et al. 2012a
German TLow-fat and semi-skimmed milk 1 K
Cow / milk 1
! I
ST20
Hungary Cow/placenta 2 - Sulyok et al., 2014
4 ST37 AF
Sheep / placenta : S AT
Human / blood 1 STi6 B
Human urine 1 E
Poland Catle placenta 2 C Chmiclewski et al., 2009
STI8
Catle placenta 1 >
Bull semen 1
1 ST8 T
i Y
1 v
Human / blood : - -
Portual 3 U Santos et ., 2012
ortugal > 2
- 1 STI3 S
Human/ mitral valve : o >
Goat/ abortion 2 STI13 S
Semi-skimmed milk 2 nd. [
Slovak Republic Semi-skimmed milk : nd. =
2 [ Tilburg et al. 2012a
. ! 2 7
. Kimmed
Low-fat and semi-s milk 2 nd <
1 N
2 s
Goat placenta 1 AE
1 T
Catlle/ vaginal swabs 3 [
3 I
Cattle / individual milk 3 T
1 AD
i ]
Spain . ac
Cattle / BTM : S
1 nd 1 Astobiza et al., 2012
1 M
i T
Sheep / Placenta . :
- 4 S
Sheep / vaginal swab : S
2 AA
Sheep / feces : S
Sheep / individual milk i AA
Sheep / aerosol 2 s
Sheep/ envi samples 1 s
Switzerland Semi-skimmed milk 1 nd [ Tilburg et al. 2012
I8 A
) 6 B
Goats / Vaginal Swabs . 2
2 nd L De Bruin et al., 2012
Sheeps / Vaginal Swabs 2 A
6 A
Rats /Spleen ¢ 4
Low-fat and semi-skimmed 1 " [ Tiburg eral, 20122
The Netherland: milk 2 ]
 Netherlands 2 2
i B
i C
1 )
Human biological samples 3 “_d E Tiburg e, 2012
18 G
1 H
13 P
Goat / Placenta 2 G
United Kingdom Semi-skimmed milk 1 nd 0 Tilburg eral. 20122
Individual milk (cattle) ] 5T20
e TSR ! S nd. Pearson et al., 2014
Cattle / Bulk Tank Milk 2 S0 nd. Baver et al., 2015

n.d.- no data available
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In another study, in Belgium, the molecular diversity of strains from goats was
observed and an emerging CbNLO1-like genotype was identified. This strain was
isolated from half of field samples and it matches with MLVA and SNP genotyping of
CbNLO1 isolated from the Dutch outbreak. However, no impact on the number of
human cases was observed (Boarbi et al., 2014).

A systematic genotyping provides a descriptive database enabling to monitor the
temporal and geographical evolution of strains. The possibility of rapid surveillance of
the dispersion of a strain in a host or between different hosts is an added value for an
epidemiological investigation. Furthermore, the genotypic data can help explaining
different scenarios of dispersion as well as to find efficient control measures

(Sidi-Boumedine and Rousset, 2011).
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Q fever is considered an emerging or re-emerging disease in many countries. Since
the decade of 1990, the number of publications on Q fever outbreaks, or even on
retrospective studies of isolated cases or on uncommon clinical manifestations, showed
a remarkable increase (Arricau-Bouvery and Rodolakis, 2005). The increase in the
number of human Q fever cases associated with small ruminant herds, in urban or
residential areas, in Europe (Panaiotov et al., 2009, Medic et al., 2005, Porten et
al., 2006, Gilsdorf et al., 2008) as well as the largest Q fever outbreak ever reported
with 4108 acute human cases notified in the Netherlands between 2007 and 2011 (van
Loenhout et al., 2012), called for special action of the human and animal health
European Authorities.

Following a European Community (EC) demand, the European Food and Safety
Authority (EFSA) in a close collaboration with the European Centre for Disease
Prevention and Control (ECDC), prepared a scientific opinion to determine the
distribution and impact of infection and disease in domestic ruminants and humans, the
risk factors for the maintenance and spillover of C. burnetii and control options in
domestic ruminant populations. In this document, the considerable uncertainty in the
understanding of C. burnetii infection in domestic ruminant populations and the fair
knowledge of its prevalence was highlighted. The harmonized field and laboratory data
collection about C. burnetii infection in animals in European countries was
recommended, to allow comparison of prevalence/incidence estimates over time and
between countries (EFSA, 2010%).

In Portugal, Q fever was described for the first time in 1948. Although the
occurrence of human outbreaks has never been reported in this country, its notification
is mandatory since 1999 (Portaria n°1071/98 de 31 Dezembro). By analyzing the
descriptive epidemiology of human Q fever notifications in Portugal, it is noted that
from 1999 to 2014, the estimated incidence in humans ranged from 0.06 to 0.25 cases
per 100 000 inhabitants (Figure 10), meaning a total of 217 cases notified in 16 years
and an average of 13.6 cases/year (SD=5.9). An increase of the notification rate has
been observed over the last years, mainly since 2011, which is probably explained by

the greater awareness of the medical community after the large outbreak in The
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Netherlands. However, these values may not correspond to the reality and the
epidemiological situation of human Q fever in Portugal might be underestimated. In
fact, the data on the number of diagnostic cases at the National Reference Laboratory,
the “Centro de Estudos de Vectores ¢ Doengas Infecciosas” of the “Instituto Nacional
de Saude Dr. Ricardo Jorge (CEVDI/INSA)”, is significantly higher than the number of
notifications in the same period (Santos et al., 2007). Additionally, the polymorphic
characteristics of the disease may contribute to an under diagnosis of the disease in

humans.
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Figure 10: Incidence of notifications of human Q fever in Portugal from 1999 to 2014
(DGS, 2004, 2008, 2010, 2014, 2015).

The etiological agent and its main characteristics, the receptive hosts and the main
transmission pathways are well established. However, and concerning animal
population, the absence of mandatory notification to National Veterinary Authorities,
the limited number of reports to the World Organization for Animal Health (OIE), the
asymptomatic pattern in most cases of infection and the scarce information about the
prevalence of infection in animals, namely in domestic ruminants, prompted us to
develop this study with Portuguese samples.

To our knowledge, only a few reports on the epidemiology of C. burnetii were
published. More than twenty years ago, a serosurvey was performed in dogs from
Setubal (Lisboa region) and 4.8% of the animals evidenced an exposure to C. burnetii
(Bacellar et al., 1995). Later, prevalence studies were conducted in sheep flocks in the

region of Montemor-o-Novo (Alentejo) where a herd prevalence of 57% and a global
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individual prevalence of 8.8% were observed (Fernandes, 2008). Also, the presence of
C. burnetii DNA was evidenced in domestic ruminants and wildlife species (Clemente
et al., 2008, 2009) and these data were supplemented with recent publications (Santos et
al., 2012; Cumbassa et al., 2015).

The limited information concerning the epidemiological status of C. burnetii
infection of Portuguese animals prompted us to develop the research herein presented.
Our main goal was to provide available data in a national and international context on
the epidemiology of C. burnetii in Portugal.

The global objective was to characterize the epidemiology of C. burnetii in animals
from Portugal. First, our aim was to provide information about its prevalence among
diverse animal species, identifying potential reservoirs in urban and rural environment
and vectors (ticks). Second, we aimed to characterize at the molecular level the
circulating strains and compare them with those identified in other countries.

This study was conducted in Center-North region of Portugal, which represents the
second region with the largest number of human notifications (34.3%), following the
Lisbon region and Tagus Valley (49.5%) (DGS, 2004, 2008, 2010, 2014, 2015). To our
best knowledge, an epidemiological study on animal Q fever was never conducted in
this region.

To achieve our global objective, serologic and molecular methods were used to
unravel the potential sources of infection and determine the status of animal infection.
Specific objectives are indicated:

1 —Serologic survey of C. burnetii in domestic and wild animals

e To optimize the ELISA testing to other species than ruminants

e To estimate the prevalence at individual level and at the herd level
2 —Detection of C. burnetii DNA in biological samples collected from domestic and
wild animals

e To optimize a conventional PCR assay to screen DNA samples

e To screen for the presence of C. burnetii DNA in biological samples collected
from domestic and wild animals

e To perform a quantitative assay using real time PCR to estimate the bacterial load
in PCR positive samples
3 —Detection of C. burnetii DNA in ticks

e To perform the morphological identification of ticks
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e To screen for C. burnetii DNA collected from animals
4 —Molecular characterization of C. burnetii strains
e To optimize the genotyping methods namely MLVA
e To provide a fine description of the biodiversity of C. burnetii in relation to host

species, geographical areas and clinical impact.
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2.1

Thesis outline
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The present thesis has been divided into ten chapters and one appendix. Two initial
chapters comprise a general introduction to the subject C. burnetii and Q fever, and an
overview of this subject at the national level; raising some questions that support the study
design and the objectives of this thesis. Following these two intial chapters, the original
research of this thesis is organized in four chapters by animal groups to simplify the
systematization of the results. The seventh chapter includes the genotyping of C. burnetii
by MLVA. Finally, in the eighth and nineth chapters the results are discussed from an
integrated point of view and conclusions are drawn, respectively. Chapter 10 refers to the
references used in this thesis. An Appendix reporting the scientific work published that

supports this thesis is included.

Chapter 1: General introduction

This chapter comprises the state of the art on the biology and epidemiology of
C. burnetii and Q fever.
ABRIDGED CONTENTS: 1.1. A historical approach to Q fever; 1.2. Coxiella burnetii, the
pathogen; 1.3. Strategies of infection; 1.4. Clinical patterns of C. burnetii infection; 1.5.

Diagnostic challenges; 3.6. Epidemiolgy of Coxiella burnetii.

Chapter 2: Objectives

This chapter deals with some aspects of C. burnetii and Q fever in Portugal. Overall,
it puts into context this topic at the national level and raises some questions that support
the study design of this thesis. It also summarizes the motivation of the study of the
epidemiology of C. burnetii in Portugal and the objectives of the thesis.

ABRIDGED CONTENTS: 2.1. Thesis outline
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Chapter 3. Domestic ruminants

In this chapter the exposure to C. burnetii in small ruminants and cattle was evaluated
by specific antibody testing using serum samples. This was followed by the molecular
screening for C. burnetii DNA which was performed in vaginal swabs and individual milk
samples. An exception occurred in dairy herds where Bulk Tank Milk samples were used
for both antibody testing and molecular screening.

ABRIDGED CONTENTS: 3.1. Serological evidence of exposure to Coxiella burnetii in sheep
and goats in central Portugal; 3.2. Serosurvey of Q fever in cattle in central Portugal; 3.3.
Prevalence of Coxiella burnetii antibodies in Portuguese dairy cattle herds; 3.4. Q fever dairy
herd status determination based on serological and molecular analysis of Bulk Tank Milk; 3.5.
Coxiella burnetii is present in milk from dairy cattle herds in the Northwest Portugal; 3.6.

Molecular screening for Coxiella burnetii in seropositive ruminant herds in Portugal.

Chapter 4. Domestic pigs

In this chapter the exposure to C. burnetii in domestic pigs was evaluated by specific
antibody testing using serum samples.
ABRIDGED CONTENTS: 4.1. No evidence of specific anti-C. burnetii antibodies in domestic
pigs.

Chapter 5. Companion animals and ticks

In this chapter the exposure to C. burnetii in companion animals was evaluated by
specific antibody testing using serum samples. This was followed by the molecular
screening for C. burnetii DNA in ticks collected from companion animals.

ABRIDGED CONTENTS: 5.1. C. burnetii in companion animals and ticks: serological and

molecular screening.
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Chapter 6. Wild ungulates

In this chapter the exposure to C. burnetii in wild boar and red deer was evaluated by
specific antibody testing using serum samples. This was followed by the molecular
screening for C. burnetii DNA in serum and feces.

ABRIDGED CONTENTS: 6.1. C. burnetii in wild boar (Sus scrofa): serological and molecular

analysis. 6.2. C. burnetii in wild ungulates at central Portugal.

Chapter 7. Genotyping C. burnetii

In this chapter, molecular characterization of C. burnetii DNA from PCR positive
samples obtained from previous chapters is conducted by MLVA-6 genotyping. Results
are compared with national and international data.

ABRIDGED CONTENTS: 7.1. Genotyping C. burnetii from domestic ruminants.

Chapter 8. Integrated overview

This chapter comprises a general discussion of results from the studies conductive to
the present dissertation. The independent results are combined to allow a contextualized
and critical overview.

ABRIDGED CONTENTS: 8.1. Integrated overview of the obtained results

Chapter 9. Conclusions

This chapter systemathizes the general conclusions that can be taken from the studies

conductive to the present dissertation. The independent results are combined to allow a

conclusion.

ABRIDGED CONTENTS: 9.1. General conclusions. 9.2. Future perspectives.
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Chapter 10. References
This closing part lists all cited references previously.
ABRIDGED CONTENTS: References.

Appendix 1

The following original publications were prepared in the scope of the works

conductive to the present dissertation.

Edition of Books

1. Jodo Carlos Caetano Simoes, Sofia Ferreira Anastacio and Gabriela Jorge da Silva.
The Principles and Practice of Q Fever: The One Health Paradigm. New York: Nova
Science Publishers, 2017. [427pp]

Book Chapters

1. Anastécio S, Sidi-Boumedine K, da Silva GJ. Chapter 2: A Historical Approach to
Q Fever. In: The Principles and Practice of Q Fever: The One Health Paradigm. Ed.
Simdes J., Anastacio S., da Silva GJ. New York: NovaSciencePublishers, 2017. [ 25-34]

Articles in international peer-reviewed journals

1. Anastacio S, Carolino N, Sidi-Boumedine K, da Silva GJ. Q fever dairy herd status
determination based on serological and molecular analysis of bulk tank milk.
Transboundary and Emerging Diseases, 2016; 63: €293—-e300.

2. Anastacio S, Pimenta L, Simdes J, Alegria N, Rabico A, Sidi-Boumedine K, da
Silva GJ. Coxiella burnetii is present in milk from dairy cattle herds in the Northwest
Portugal. Experimental Pathology and Health Sciences, 2016; 8 (1): 13-14.

3. Pimenta L, Alegria N, Anastacio S, Sidi-Boumedine K, da Silva GJ, Martins A,
Simdes J. Prevalence of Coxiella burnetii antibodies in Portuguese dairy cattle herds.
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Serological evidence of exposure to
Coxiella burnetii in
sheep and goats in central Portugal
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Abstract

The recent outbreak of Q fever in The Netherlands warned European health
authorities of the need of studying Coxiella burnetii. In Portugal, little is known about
C. burnetii infection in animals. A cross-sectional study was designed to investigate the
exposure to C. burnetii in sheep and goats in the Central region of Portugal, estimating
the herd and individual prevalence. A serosurvey was conducted in a two levels random
sampling of 89 herds and 460 animals. Individual blood samples were collected from
animals older than 6 months, and specific antibodies anti-C. burnetii were detected by
ELISA testing.

Results showed a global herd prevalence of 32.6% (95% CI: 23.1 to 42.1%). Herd
prevalence was higher in mixed herds (38.5%; 95% CI: 12 to 65%) and in sheep herds
(37.5%; 95% CI: 21 to 54%) than in goat herds (28.8%; 95% CI: 17 to 41%). Global
individual prevalence was estimated at 9.6% (95% CI: 6.9 to 12.2%), and it was higher
in goats (10.4%; 95% CI: 7.8 to 13%) than in sheep (8.6%; 95% CI: 5.8 to 11.4%).
Sample positive percentages (S/P) ranged from 41.5 to 185.9%. S/P percent higher than
100 was found in 18.2% (8/44) of sera from distinct herds. Positive results were
significantly associated with goats, older animals and larger herds. These results
revealed the presence of C. burnetii in small ruminants evidencing their potential role in

the infection cycle.

Keywords: Coxiella burnetii, epidemiology, seroprevalence, zoonosis.

Introduction

Q fever is a zoonotic infection caused by Coxiella burnetii, an obligate intracellular
bacterium. It was described in Australia in 1937 for the first time (Maurin and
Raoult, 1999). Currently, this disease presents a worldwide distribution, affecting a
wide range of domestic and wildlife animals (Arricau-Bouvery and Rodolakis, 2005;

Rousset et al., 2010).
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The clinical signs of Q fever are not pathognomonic neither in humans nor in
animals. This lack of specificity is the first major obstacle to its diagnosis
(Arricau-Bouvery and Rodolakis, 2005; Angelakis and Raoult, 2010). In humans, acute
Q fever can be asymptomatic, or it can manifest as a nonspecific flu-like illness.
Complications associated with pneumonia or hepatitis requiring hospitalization may be
observed in about 2% of patients. Chronic Q fever may appear as an endocarditis, an
osteoarticular infection, a chronic hepatitis or as a chronic pneumonia in patients with
predisposing factors and/or inappropriate antibiotherapy. The infection during
pregnancy may lead to abortion (Maurin and Raoult, 1999; ECDC, 2010). Also, cases of
chronic fatigue syndrome have been described infrequently following C. burnetii
infection (Angelaskis and Raoult, 2010; van Asseldonk et al., 2013). In animals,
Q fever is mainly reported in livestock ruminants and occurs, usually, as an
asymptomatic infection (Woldehiwet, 2004; Arricau-Bouvery and Rodolakis, 2005;
Rousset et al., 2010). In small ruminants, abortions, premature delivery, delivery of
weak offspring and stillbirth are reported (Rodolakis, 2006). In cattle, clinical signs of
Q fever can be less obvious than in small ruminants. However, a very recent study
demonstrated that abortion and irregular repeat breeding are important risk indicators in
cattle dairy herds (Saegerman et al., 2013). Also, an association of Q fever with metritis
and infertility has been suggested (To ef al., 1998, Woldehiwet, 2004, EFSA, 2010%).

Epidemiological studies have demonstrated a relationship between the infection in
humans and ruminants (Gilsdorf ef al., 2008, Schimmer et al., 2010, van den Brom et
al., 2012). However, the Q fever prevalence and incidence are not well known, and have
been underestimated for many years (EFSA, 2010%). Shedding of bacteria occurs by
secretions and excreta from infected animals, namely vaginal secretions, milk, faeces
and urine. During birthing and/or abortion the bacterium is excreted massively in genital
secretions, placenta and fetal fluids (Berri et al., 2001, Berri et al., 2002, Berri et
al., 2005, Arricau-Bouvery et al., 2003, Guatteo et al., 2006). Because of the existence
of fecal shedders and the high resistance of C. burnetii, bedding material must be
considered as a source of infection (Rodolakis, 2006, Guatteo et al., 2007, Rousset et
al., 2010).

Recently, the European Commission (EC) formulated concerns about the increase
number of human Q fever cases associated with small ruminant herds, in urban or
residential areas, in Europe (Panaiotov e al., 2009; Medic et al., 2005; Porten et

al., 2006; Gilsdorf et al., 2008). In the Netherlands, 4108 acute human cases were
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notified between 2007 and 2011 (van Loenhout et al., 2012). Typing of bacteria by
multiple-locus variable number tandem repeat analysis (MLVA) showed a genetic
similarity of isolates recovered from human and animal samples, indicating a
relationship between human cases and the occurrence of infection in ruminant herds
(Klaassen et al., 2009; van der Hoek et al., 2010; Roest et al., 2011%P).

Following the EC’s demand to assess the risk for humans and animals associated
with Q fever, the European Food Safety Authority (EFSA), in a scientific opinion,
highlighted the considerable uncertainty that still exists in the understanding of
C. burnetii infection in domestic ruminant populations and the knowledge of its
prevalence (EFSA, 2010%).

In Portugal, Q fever is a notifiable disease since 1999, and the average number of
notifications is 0,10 cases per 10° inhabitants. However, these data might be
underestimated. Between 2004 and 2005, 32 cases were diagnosed in the Centre for
Vectors and Infectious Diseases at the National Health Institute but only 12 were
notified, clearly suggesting an under-notification (Santos et al., 2007). Despite the
zoonotic pattern of Q fever, the information about the occurrence of infection in animals
is scarce. A few studies demonstrated the presence of bacteria in clinical samples from
zoo animals and from ruminants (Clemente et al., 2008, 2009). Also, our previous
results on screening bulk tank milk indicated the presence of C. burnetii in ruminant
herds originated from different regions (Anastacio et al., 2012). A genotypic diversity
among C. burnetii isolates from animals and human clinical samples was shown (Santos
et al., 2012). These studies were based on a limited number of samples obtained from
clinical cases. They highlighted the need of epidemiological study of C. burnetii in
other geographical regions, increasing the number of samples randomly sampled. In this
context, the present study aimed to understand the current status of small ruminants to
the exposure of C. burnetii in the Center of Portugal. A cross-sectional study was
designed to estimate the herd and the individual apparent prevalence of specific

antibodies anti-C. burnetii.

Material and Methods
Study design and sampling approach
A cross-sectional survey was carried out during the 4® trimester of 2011 in small

ruminant herds from the central region of Portugal.
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The number of herds used in the study was calculated taken into account the regional
census (N=1527 small ruminant’s herds), obtained from the Official Regional
Veterinary Services. The sample size calculation was performed using the program
WinEpiscope version 2,0 based on the formula n=/1> Pes (I1-Pes)]/d’, considering n the
required size sample, ¢ the student value for a 95% confidence level (1,96), Pes the
expected prevalence and d the desired absolute precision. Taking into account that the
study population (N) was small (/N > 5%), the required sample size was adjusted by
the formula nag=(N*n)/(N+n) (Thrusfield, 1995).

It was considered an expected herd prevalence of 57% (Fernandes, 2008) a desired
absolute precision of 10%, and a 95% confidence interval, resulting in an estimated
sample of 89 herds. The list of total herds was used for a simple random sampling,
using the program Microsoft Excel®.

In each herd, the sample size was calculated to detect the presence of infection using
the WinEpiscope version 2,0 based on the formula n=/1-(1-p;)"*][N-d/2]+1 in which n
is the required sample size, N is the population size, d is the minimal number of affected
animals in the population and p! is the probability of finding at least one case in the
sample (Thrusfield, 1995). For this purpose, the herd size was considered, the expected
proportion of seropositive animals was established in 15% (Guatteo et al., 2011) and a
95% confidence level was considered. On farms sized < 10 animals, samples were taken
from all the animals. The list of animals in each herd was used for a simple random
sampling using the program Microsoft Excel®.

Blood samples were collected from selected animals simultaneously undergoing
statutory routine brucellosis testing (animals aged > 6 months), by the veterinary
practitioner group, in charge of the Official Sanitary Campaign. Individual apparent
prevalence was calculated globally considering the total amount of samples. The serum
obtained by centrifugation of blood samples was stored at -20°C until serological
testing. A questionnaire was filled up on the surveyed herds by interviewing farmers,

during sample collection.

Serological analyses

Sera were tested for the presence of specific antibodies anti-Coxiella burnetii using
an indirect commercial ELISA kit, LSIVET Ruminant Milk/Serum Q Fever® (LSI,
France). Optical density (OD) values were measured at 450 nm. Sample/positive

percentages (S/P percent) were calculated by the adjustment with the negative control,
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using the formula (ODsampte — ODnegative) / (ODpositive — ODnegative) X 100. The resulting
S/P percent were divided in different classes, according to manufacturer’s instructions:
negative (Neg; S/P per cent < 40), low positive (LP; 40 < S/P < 100), positive (Pos; 100
< S/P < 200), high positive (HP; 200 < S/P < 300) and very high positive (VHP; S/P >
300).

Statistical analysis

For statistical analysis purposes, it was considered the herd size (continuous), species
in the herds (categorical nominal: sheep, goats or mixed herds) or species individually
(categorical nominal: sheep/goats), productive system (categorical nominal: intensive,
extensive, semi-extensive), age (continuous), geographic distribution (categorical
nominal: counties), co-habitation with other species (categorical nominal: yes/no), and
reports of reproductive disorders within the previous year (ie, at least one of the
following disorders: abortion, premature delivery, infertility, metritis and/or placentary
retention) (categorical nominal: presence/absence).

The response variables were the S/P percent (continuous) obtained in each individual
serum by ELISA testing and its categorization in positive or negative (categorical
nominal: positive/negative). So, herds were categorized as positive or negative,
according to the results obtained for individual serum. A herd was considered positive
when at least one serum showed a positive result to ELISA testing. The apparent
prevalence of anti-C. burnetii antibodies was calculated at herd and at individual level.
Statistical uncertainty was assessed by calculating the 95% confidence interval for each
of the proportions according to the expression S.E. 95% C.I. = 1.96 [p (1 — p) /n]'*?
(Thrusfield, 1995) and using WinEpiscope version 2.0.

Statistical analyses were performed using SAS® (version 9.1.2). Simple logistic
regression test was performed to assess individually the main factors associated with
C. burnetii seropositivity at herd and individual level. After evaluating these factors
with significant influence (p< 0.05) on positive results, a multiple logistic regression
analysis was conducted to assess the joint relationship between several independent
factors and C. burnetii seropositivity. Also, a multiple logistic regression analysis was
used to evaluate the combined effect of multiple variables in S/P percent (continuous)
(p< 0.05).
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Results

Descriptive analysis

Of all 1527 eligible herds, 89 (5.8%) were selected to this study. The mean herd size
was 6.7 animals (SD=11.305, range 1-104) and 46 herds (51.7%) had less than 4
animals. Goat herds were predominant (n=52, 58.4%) followed by sheep herds (n=24,
27%) and mixed herds (n=13, 14.6%). It was also observed a predominance of meat
producing herds (n=79, 88.8%), a semi-extensive grazing system (n=89, 100%) and
herd localization at the county of Coimbra (n=58, 65.2%). In these herds, 460 animals
were sampled (mean age 45.6 months) (SD=29.9, range 9-167).

Table 7 summarizes the descriptive characteristics and seroprevalence results of the

ELISA test in herds.

Table 7: Descriptive characteristics and seroprevalence results in sheep and goat herds.

Variable Frequency (n) Seroprevalence (%) 2CI 95%
Selected 89 32.6 23.2-42.1
Herd size

<10 80 28.8 19.1-38.5
>10 9 66.7 36-974
Herd species

Goat 52 28.8 16.7-40.1
Sheep 24 375 18.3-56.7
Mixed 13 384 12.2-64.8
Type of production

Meat 79 342 24.1-45.8
Milk 3 333 1.8-87.5
Mixed 7 143 1-58
Productive system

Intensive 0 0 nab
Extensive 0 0 nab
Semi-extensive 89 32.6 23.2-42.1
County

Coimbra 58 3238 21.4-46.5
Miranda do Corvo 10 30 8.1-64.6
Lousd 1 0 nab
Pencova 4 0 naP

Vila Nova de Poiares 16 43.8 20.8-69.5
Cohabitation with other species

Yes 61 344 23-47.8
No 28 28.5 14-48.9
Cohabitant species

Pets 7 28.6 5.1-69.7
Farm animals 30 36.7 20.6-56.1
Pets and farm animals 20 40 20-63.6
Reproductive disorders

Yes 6 333 6-75.9
No 83 325 22.9-43.8

*Confidence interval (range within which is reasonably confident to find the real prevalence)

®not aplicable
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Global prevalence in herds was estimated on 32.6% (CI 95%: 23.1 to 42.1%). Herd
prevalence was higher in mixed herds 38.5% (95% CI: 12 to 65%) and in sheep herds
37.5% (C195%: 21 to 54%) than in goat herds 28.8% (95% CI: 17 to 41%). Geographic
distribution of positive herds showed a frequency of 32.8% (19/58) in Coimbra, 42.8%
(7/16) in Vila Nova de Poiares, 30% (3/10) in Miranda do Corvo, 0% (0/1) in Lousa and
0% (0/4) in Penacova.

Co-habitation with other species was observed in 64% (57/89) of herds, and a
positive result was obtained in 36.8% (21/57). Pets (dogs and/or cats), alone or together
with farm animals, were reported in 47.4% (27/57) of herds, amongst which 37%
(10/27) showed a positive result.

The occurrence of previous reproductive disorders was reported in 6.7% (6/89) of
herds particularly abortion in 2.2% (2/89) and infertility in 4.5% (4/89).

In 27.6% (8/29) of positive herds at least one serum presented a high S/P per cent
(>100), and in 31% (9/29) more than one serum was classified as positive (S/P per
cent >40).

Table 8 shows the descriptive statistic of results at individual level. Global individual
seroprevalence was estimated on 9.6% (CI 95%: 6.9 to 12.2%), but considering the
ruminants species, seroprevalence was estimated on 10.4% (CI 95%: 7.8 to 13%) in
goats and 8.6% (CI 95%: 5.8 to 11.4 %) in sheep. Mean age of positive animals was 50
months (SD 28.4, range 14-135), and 44 months for the negative animals (SD 30.2,
range 9-167). S/P per cent ranged from 41.5 to 185.9 (mean 75.6, SD 34.07), and 18.2%
(8/44) of samples were classified as positive (100 < S/P < 200), all of them from
different herds.

Table 8: Descriptive statistics of C. burnetii antibodies in sheep and goats individually.

Test Nr of Mean age of Apparent Range of Mean S/P

0, a
Category animals  animals (months)  prevalence 95% CI* (p) S/P° value
Positive 44 50 0,096 [0,07;0,12] 41,5-1859 75,6
Negative 416 44 0,904 [0,88;0,93] 0-38,82 42

®Confidence Interval (range within which is reasonably confident to find the real prevalence)

b S/P - Sample positive percentage
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Univariable analysis

Individual factors were tested to find associations with positive results in herds and
in animals individually. The variable production system was not included as the
reference. Categories were inexistent as almost all the herds had a semi-extensive
grazing system. Univariable analysis identified three factors with significant effect on
C. burnetii seropositivity at herd or animal levels. At the herd level, only the herd size
evidenced an association with seropositivity (p< 0.01), using the logistic regression test
(Figure 11). Indeed, it was observed that all the herds with more than 14 (6.8%) animals
were classified as positive. Individually, the logistic regression test evidenced an
association between the increase of animal’s age and seropositivity (p< 0.01). Also, it
was observed that the probability of having a positive result is higher in goats than in

sheep (p< 0.05), using the same statistic model.
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Figure 11: The probability of a positive result for C. burnetii antibodies increases with the

number of animals in herds (Intercept= -1.7009+0.4459; B,= 0.1644+0.0668).

Multivariable analysis
A multivariable model was performed to test simultaneously variables found to be
associated in univariable analysis. A multiple logistic regression test confirmed that

species and age were both associated with positive results (p< 0.05) (Figure 12).
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Also, a linear regression model tested the effect of multiple variables in S/P per cent.
The age of the animal was the only factor evidencing an influence with S/P per cent
(p<0.01).

M,
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—&— caprine

Probability of a positive result
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Figure 12: The probability of positive results for C. burnetii antibodies increases with age, in
each month, by species using a logistic regression model (Ovine: Intercept= -1.5037+0.3204;

Caprine: Intercept= -0.6783+0.3552; ;= 0.0214+0.0084).

Discussion

Q fever is recognized as zoonotic disease worldwide with multiple animals acting as
C. burnetii reservoirs. The present study was designed as an approach to evaluate the
exposure of small ruminants to C. burnetii in the center of Portugal. A commercial
ELISA test was used to detect IgG anti-C. burnetii (phase I and phase II).

Our results indicate a global herd prevalence of 32.6%, higher in mixed herds
(38.4%) and in sheep herds (37.5%) than in goat herds (28.8%). These data are similar
to those reported in sheep herds from Sardinia, Italy (38%) (Masala et al., 2004).
However, higher values of seroprevalence (74%) were reported in sheep herds from
Spain (Ruiz-Fons et al., 2010) and Turkey (83%) (Kennerman et al., 2010), while in
Germany, sheep herd seroprevalence was shown to be lower (28%) (Hilbert et
al.,2012). According the data from goat herds in other European countries, a higher
seroprevalence was reported compared to this study, namely in The Netherlands
(43.1%) (Schimmer et al., 2011), in Northern Ireland (42.9%) (McCaughey et
al., 2010), in Spain (45%) (Ruiz-Fons et al., 2010) and in Sardinia, Italy (47%) (Masala
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et al., 2004). Among these studies, only Ruis-Fonz et al. (2010) and Schimmer et
al. (2011) performed the serologic test with the same commercial ELISA used in our
study. Overall, it can be suggested that the herd prevalence in our study was lower than
the range of herd prevalence described in other European countries.

The global individual seroprevalence was 9.6%. Goats were significantly related
with seropositivity at animal level (p< 0.05). Indeed, individual seroprevalence was
slightly higher (10.4%) in goats than in sheep (8.6%). These results are similar to those
obtained in other European seroprevalence studies such as Spain, Ireland, Greece and
Sardinia, Italy, in which values ranged from 6.5% and 13% (Ruiz-Fons et al., 2010;
McCaughey et al., 2010; Pape et al., 2009; Masala et al., 2004). A higher individual
seroprevalence (17.2%) was reported in The Netherlands, in 2008, during the Q fever
epidemic outbreak (van den Brom et al., 2012).

The increase of the age of the animal was associated with seropositive results
(p<0.01). This is consistent with the report from Schimmer and collaborators, in The
Netherlands, where they also found an increase of seroprevalence with age (Schimmer
et al., 2011). This finding suggests the occurrence of horizontal transmission among
animals and the maintenance of infection within adult populations (Garcia-Perez et
al., 2009; Ruiz-Fons et al., 2010; Astobiza et al., 2012). It may be explained by the
increase rate of contagion as a consequence of a higher probability of contact during
lifetime (Ruiz-Fons et al., 2010). Furthermore, an IgG based antibody test was used,
thus possibly evidencing past exposure to C. burnetii (McCaughey et al., 2010). The
presence of such antibodies cannot be associated exclusively to a current infection,
since animals can remain seropositive for years after the acute infection have been
resolved (McQuiston et al., 2002). The high mean age of animals in our study
(3.9 years) might be related to regional cultural habits and the traditional consumption
of meat from older animals. Indeed, most of the sampled animals came from meat
production herds in a semi-extensive grazing system.

The long-time contact with C. burnetii in the surveyed herds together with the
random selection of sampled herds and animals can explain the lack of association
found between reproductive disorders and seropositivity (Garcia-Perez et al., 2009;
Ruiz-Fons et al., 2010; Astobiza et al., 2012). However, the presence of an
asymptomatic infection in herds cannot be excluded. In fact, our previous results
showed the presence of specific antibodies (Anastacio et al., 2012) and DNA of
C. burnetii, detected by qPCR (unpublished data), in bulk milk tank from dairy
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ruminant farms with reports of reproductive disorders. Indeed, an association between
reproductive disorders and C. burnetii prevalence in ruminants has been reported in
some studies (Cabassi et al., 2006; Garcia Perez et al., 2009).

Despite the significant association between goats and positive results (p<0.05), from
an individual perspective, it was found a lower herd prevalence in goats than in sheep,
which is in agreement with data from a study conducted in Northern Spain (Ruiz-Fons
et al., 2010). The higher individual prevalence together with the lower herd prevalence
may suggest that the within-herd prevalence is high in goats. Nevertheless, this could
not be assessed in this study because sample size calculation in herds aimed the
detection of infection, not the estimation of within-herd prevalence. Moreover,
differences of prevalence between sheep and goats cannot be explained by different
sampling periods in relation to the lambing season. Sample collection occurred in early
pregnancy in both species and the reproductive cycle is similar among both species in
this region.

The herd size was associated to seropositive results (p< 0.01), thus the probability of
a positive result increases with the number of animals per herd. Other studies in goats
(Schimmer e al., 2011; Schimmer ef al., 2012) and in cattle (McCaughey et al., 2010)
support our findings. The increased risk of introduction and/or transmission of
pathogens in a large population is probably related with the increased number lambing
females at lambing season (Woldehiwet, 2004) and by other management factors like
larger amounts of feed, animal supply and a higher number of professionals working at
or visiting the farm (Schimmer et al., 2011). Therefore, larger herds are more prone to
acquire and develop Q fever, and the number of animals must be considered a risk
factor to C. burnetii dissemination.

In conclusion, this study confirms the presence of specific anti-C. burnetii antibodies
in goats and sheeps in Portugal. To our knowledge, this is the first seroprevalence
survey performed in small ruminants in this country. To clarify the infection status in
these herds, namely the presence of an active infection, the shedding of bacteria must be
assessed. Also, a better elucidation of the epidemiology of Q fever in Portugal requires

the inclusion of other animal species from a large geographical area.
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Abstract

Following the EC’s demand, the European Food Safety Authority (EFSA)
highlighted the need of studying Coxiella burnetii in European countries. Recently, we
reported the exposure of C. burnetii in small ruminants evidencing their potential role in
the infection cycle. But little is known about the exposure in cattle in Portugal. This
study aimed to evaluate the status of cattle to the exposure of C. burnetii in central
Portugal.

A serosurvey was developed in cattle herds (n=17) from November 2011 to
December 2012. A total of 166 blood samples were collected and tested for the presence
of specific antibodies anti-C. burnetii using a commercial ELISA. Laboratory results
were expressed in S/P per cent and a positive herd was considered when at least one
serum showed a positive result on ELISA testing.

The proportion of positive herds was estimated in 23.5% (CI 95%: 7.8 to 50.2%).
and the proportion of positive animals was 15.1% (CI 95%: 10.2 to 21.6%). Also, it was
observed that all the positive herds were dairy herds, in intensive production system and
larger than 50 animals. Moreover, all the positive herds reported the occurrence of
reproductive disorders in the previous year, and infertility, metritis and placentary
retention were factors significantly associated with positive results (p<0.05). The results
presented herein confirm the presence of specific antibodies anti-C. burnetii in cattle

highlighting their potential role as reservoirs of C. burnetii in Portugal.

Keywords: Coxiella burnetii, ELISA, epidemiology, zoonosis.

Introduction

Q fever is a zoonotic infection caused by Coxiella burnetii, an obligate intracellular
bacterium (Maurin and Raoult, 1999). Currently, this disease presents a worldwide
distribution, affecting a wide range of domestic and wildlife animals (Arricau-Bouvery

and Rodolakis, 2005; Rousset et al., 2010). Infected animals shed the organism mostly
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in placental membranes and birth fluids (Arricau-Bouvery ef al., 2003; Roest et
al., 2012). Bacteria are also excreted in milk (Roest et al., 2012; van den Brom et al.,
2012), feces and vaginal mucus (Guatteo et al., 2006, 2007). After shedding, in the
environment, bacteria can be easily aerosolized and then can infect susceptible hosts
(Maurin and Raoult 1999; Arricau-Bouvery and Rodolakis, 2005; Schimmer et
al.,2010).

Because the clinical pattern of Q fever in animals is pleomorphic and mostly
asymptomatic (EFSA, 2010%), the infection is usually recognized in livestock by the
presence of seropositive animals (Agerholm, 2013). Some clinical signs decribed in
cattle include reproductive disorders and occasionally pneumonia (Arricau-Bouvery and
Rodolakis, 2005). The occurrence of late abortion (Agerholm, 2013), infertility (To et
al., 1998; Lopez-Gatius et al., 2012), placental retention, post-partum metritis
(Martinov, 2008; Garcia-Ispierto et al., 2010; Lopez-Gatius et al., 2012) and even
mastitis (Barlow et al., 2008) have also been described. According to EFSA
recommendations, the major warning sign of Q fever to be taken into account is the
number of abortions and calves with low birth weight in cattle herds (e.g. three
abortions in the year for herds with less than 100 cows and more than 4% of cows
aborting during the course of the year for herds of more than 100 cows) (EFSA, 2010P).
This lack of clinical specificity is a major obstacle to its diagnosis (Arricau-Bouvery
and Rodolakis, 2005; Angelakis and Raoult, 2010).

Following the EC’s demand to assess the risk for humans and animals associated
with Q fever, the European Food Safety Authority (EFSA), in a scientific opinion,
highlighted the considerable uncertainty that still exists in the understanding of
C. burnetii infection in domestic ruminant populations and the knowledge of its
prevalence (EFSA, 2010%).

In Portugal, the notification of Q fever in animals is not mandatory. Cases of Q fever
in humans are regularly notified, but the information about the occurrence of infection
in animals, namely in cattle, is very limited. A few studies demonstrated the presence of
bacteria in clinical samples from zoo animals and from ruminants (Clemente et
al., 2008, 2009). Also, our preliminary results on screening bulk tank milk indicated the
presence of C. burnetii in ruminant herds originated from different regions (Anastacio et
al., 2012). The present study aimed to extend the study and to screen for specific

antibodies anti-C. burnetii in cattle, in the Centre of Portugal.
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Material and Methods

Study design and sampling approach

A cross-sectional study was developed in cattle herds from November 2011 to
December 2012, in the central region of Portugal (40°15°N 8°27°W). A serosurvey was
performed (animals aged > 6 months) taking advance of undergoing statutory routine
brucellosis testing. Blood samples were collected by the veterinary practitioner group,
in charge of the Official Sanitary Campaign. In the study region (Coimbra), cattle
population consists in 750 cattle in 65 herds, according to data obtained from the
regional census of the Official Regional Veterinary Services. For sample size
calculation purpose, the program WinEpiscope version 2,0 used. Briefly, it was based
on the formula n=/# Pey (I-Pes)]/d, considering n the required size sample, ¢ the
student value for a 95% confidence level (1,96), Pesp the expected prevalence and d the
desired absolute precision. Taking into account that the study population (N) was small
(/N > 5%), the required sample size was adjusted by the formula n.g=(N*n)/(N+n)
(Thrusfield, 1995).

It was considered an expected herd prevalence of 30% (Alvarez et al., 2012) in
cattle, a desired absolute precision of 10%, and a 95% confidence interval, resulting in
an estimated sample of 39 cattle herd. The list of total herds was used for a simple
random sampling, using the program Microsoft Excel®.

In each herd, the sample size was calculated to detect the presence of infection using
the WinEpiscope version 2,0 based on the formula n=/1-(1-p;)"?][N-d/2]+1 in which n
is the required sample size, N is the population size, d is the minimal number of affected
animals in the population and p/ is the probability of finding at least one case in the
sample (Thrusfield, 1995). For this purpose, the herd size was considered, the expected
proportion of seropositive animals was established in 6.7% (Alvarez et al., 2012) and a
95% confidence level was considered. On farms sized < 10 animals, samples were taken
from all the animals. The list of animals in each herd was used for a simple random
sampling using the program Microsoft Excel®.

The serum obtained by centrifugation of blood samples was stored at -20°C until
serological testing. A questionnaire was filled up on the surveyed herds by interviewing

farmers, during sample collection.
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Serological analyses

Sera were tested for the presence of specific antibodies anti-Coxiella burnetii using
an indirect commercial ELISA (LSIVET Ruminant Milk/Serum Q Fever®,
Lifetechonogies). Optical density (OD) values were measured at 450 nm.
Sample/positive percentages (S/P percent) were calculated by the adjustment with the
negative control, using the formula (ODsample — ODnegative) / (ODpositive — ODnegative) X 100.
The resulting S/P per cent were divided in different classes, according to manufacturer’s
instructions: negative (Neg; S/P per cent < 40), low positive (LP; 40 < S/P < 100),
positive (Pos; 100 < S/P < 200), high positive (HP; 200 < S/P < 300) and very high
positive (VHP; S/P > 300).

Statistical analysis

For statistical analysis purposes, the herd’s explanatory variables were the herd size
(continuous and categorical nominal: <50 or >50), production type (categorical
nominal: dairy or beef), co-habitation with other species (categorical nominal: yes/no)
and reports of reproductive disorders within the previous year (ie, at least one of the
following disorders: abortion, premature delivery, infertility, metritis and/or placentary
retention) (categorical nominal: presence/absence). The individual’s explanatory
variables were gender (categorical nominal: male/female) and age (continuous).

The response variables were the S/P percent (continuous) obtained in each individual
serum by ELISA testing and its categorization in positive or negative (categorical
nominal: positive/negative).

A herd was considered positive when at least one positive result was obtained in the
ELISA testing. The antibody positivity rate (anti-C. burnetii antibodies) was calculated
at herd and at individual level. Statistical uncertainty was assessed by calculating the
95% confidence interval for each of the proportions according to the expression
S.E. 95% C.I. = 1.96 [p (1 — p) /n]"? (Thrusfield, 1995) and using WinEpiscope version
2.0.

Statistical analyses were performed using Epilnfo (version 3.5.4). Simple logistic
regression test was performed to assess individually the main factors associated with
C. burnetii seropositivity at herd and individual level. Also, a linear regression analysis
was used to evaluate the combined effect of age (continuous) in S/P percent

(continuous). Significant results were considered when p<0.05.
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Results

Table 9 summarizes the descriptive characteristics and seropositive results in herds.
A total of 166 animals from 17 herds were screened. The mean herd size was 75
animals (SD=125.5, range 1-400). The occurrence of previous reproductive disorders
was reported in 47.0% (8/17) of herds particularly abortion in 41.2% (7/17). The global
rate of positivity in herds was estimated on 23.5% (CI 95%: 7.8 to 50.2%).

Table 9: Descriptive characteristics and seroprevalence results in cattle herds.

Variable Frequency (n) Seropositivity (%) 2CI 95%
Selected 17 23.5 7.8-50.2
Herd size

<50 12 0 na®

>50 5 80.0 29.9-98.9
Type of production

Meat 6 0 na®

Milk 11 36.4 12.4-68.4

Productive system
Intensive 8 50.0 17.5-82.5

Extensive 9 0 na®

Cohabitation with other species

Yes 4 25.0 1.3-78.0
No 6 0 na®
Missing 7 na® na®

Reproductive disorders

Yes 8 50.0 17.5-82.5
No 7 0 na®
Missing 2 na® na®

®Confidence Interval (range within which is reasonably confident to find the real prevalence)

®not aplicable

Table 10 shows the descriptive statistic of seropositive results at individual level. The
global rate of positivity in animals was estimated on 15.1% (CI 95%: 10.2 to 21.6%). In
seropositive animals, the mean age was 47 months (SD 17.5, range 29-85) against 58
months in seronegative animals (SD 24.6, range 31-120). S/P per cent in positive

samples ranged from 44.9 to 231.4 (mean 125.5, SD 64.7).
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Table 10: Descriptive statistics of C. burnetii antibodies individually.

Test Nr of Mean age of o/ (Ta Range of Mean S/P
Category animals  animals (months) Frequency 9% CI* (p) S/p® value
Positive 25 47 0,151 [0,102;0,216] 44,9-231.4 125.5
Negative 141 58 0,848 [0,783;0,898] 0-29.2 4.8

2 Confidence interval (range within which is reasonably confident to find the real prevalence)

b S/P - Sample positive per cent

Individual factors were tested to find associations with positive results in herds and
in animals individually. At the herd level, the report of infertility, metritis and
placentary retention revealed an association with seropositivity (p< 0.05). Individually,
a linear regression model tested the effect of age in S/P per cent showing that the

increase of age might be a protective factor for the increased antibody titer (p<0.05).

Discussion

Q fever is a zoonotic disease and a multiple-host pathogen with worldwide
distribution (Angelakis and Raoult, 2010). The present study was designed as an
approach to evaluate the exposure of cattle to C. burnetii in the center of Portugal. The
number of herds selected for the study was lower than the expected and exact error in
the estimation of the herd prevalence was established in 18,72% (WinEpiscope version
2.0). Thus, the results are described in terms of positivity rate.

The global herd positivity rate was established in 23.5%. These data are lower to
those reported in other countries using similar methodology such as Northern Ireland
(48.4%) (McCaughey et al., 2010); Spain (30%) (Alvarez et al., 2012) and Ecuador
(46.9%) (Carbonnero et al., 2015). Only one study conducted in the Republic of Ireland,
reported a herd prevalence of 6.9% being suggested that it could be associated by the
sampling procedure, as only 5 samples per herd were collected (Ryan et al., 2011).

The global individual antibody positivity was estimated in 15.1%. Despite an even
higher individual seroprevalence was reported in Iran (22.3%) (Azizzzadeh et
al., 2011), this result might reproduce a slightly imprecision caused by the small size of
the sample. In fact, in other reports from other European countries the individual
seroprevalence in cattle is lower, such as 1.8% in the Republic of Ireland (Ryan et

al.,2011), 5.5% in Denmark (Paul et al., 2014), 6.2% in Northern Ireland (McCaughey

128



Chapter 3
Domestic Ruminants

et al., 2010), 6.7% in Spain (Alvarez et al., 2012) and 16% in the Netherlands (Muskens
etal.,2011).

The increase of the animal’s age appeared to be related to a decrease of the S/P per
cent (p< 0.05). This finding is somewhat unexpected because usually seropositivity is
associated with aged animals (Schimmer ez al., 2011). The rate of contagion increases
as a consequence of a higher probability of contact during lifetime (Ruiz-Fons et
al.,2010). In this study, all of the positive herds were dairy herds in an intensive
production system which is considered a closed system. In these herds, the entry of
C. burnetii occurs most likely by the introduction of new infected animals. On the other
hand, in dairy cattle the average lifetime is high, which might explain these results if an
exposure occurred for a long time.

A significant association was found between antibody positivity and reproductive
disorders such as infertility (p<0.05), metritis (p<0.05) and placentary retention
(p<0.05). Despite the frequent asymptomatic pattern of infection in cattle, these
reproductive disorders have been reported (To et al., 1998; Arricau-Bouvery and
Rodolakis, 2005; Lopez-Gatius et al., 2012).

In conclusion, this study confirms the presence of specific anti-C. burnetii antibodies
in cattle in Portugal. To clarify the infection status in these herds, namely the presence

of an active infection, the shedding of bacteria must be assessed.
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Abstract

Q fever is an important zoonotic disease which has been recently diagnosed, mainly
in sheep and goats, in Portugal. The aim of the present study was to determine the
prevalence of bovine Coxiella burnetii antibodies in dairy farms from the northwest of
Portugal. Bulk tank milk samples were randomly obtained, on November 2013, from 90
dairy farms and assayed using an ELISA kit. The apparent prevalence was 61.1 %
95 % C.I from 50.8 to 70.5 %). The proportion of negative and intermediate
(inconclusive) herds was 34.5 % (25.5 to 44.7 %) and 4.4 % (1.7 to 10.9 %),
respectively. In conclusion, a high level of exposure to Coxiella burnetii was observed
in Portuguese dairy cattle herds, highlighting the needs to better understand the
epidemiology of Q fever in Portugal by the implementation of a monitoring program
based on harmonized serologic and molecular methodologies and elucidation of the

infection status of the herds.

Keywords: Cows, ELISA, Milk, Q fever, Survey

Introduction

The Q fever is a disease caused by Coxiella burnetii, an intracellular bacterium
affecting a large range of domestic and wildlife animals. Livestock is the main
vertebrate reservoir associated to human disease (Rousset ef al., 2010).

The human Q fever outbreak in the Netherlands (2007-2011) raised the awareness of
the European health authorities about the lack of scientific knowledge, concerning this
worldwide spread zoonotic infection, in European countries (EFSA, 2010%).

The C. burnetii genotypes identified in the Dutch human outbreak were mostly
associated with those recovered from sheep and goats (Klaassen et al., 2009; Roest et
al., 2011 Tilburg et al., 2012%°). Nevertheless, cattle have also been described as an
important reservoir (Rousset et al., 2010). Moreover, high prevalence of C. burnetii

antibodies in bulk tank milk samples from bovine dairy herds were reported in several
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countries such as Denmark (59.0 %) (Agger et al., 2010), Iran (45.4 %) (Khalili et
al.,2011), and USA (>94 %) (Kim et al., 2005). More recently, Pearson et al. (2014)
observed a high prevalence of C. burnetii associated with a lack in genotypic diversity
(mostly two genotypes were identified) and a segregation of the genotypes between
cows and goats, suggesting species-specific adaptations or interspecies dissemination
barriers.

In Portugal, a recent serosurvey carried out in sheep and goats showed a herd
seroprevalence of 32.6 % (Anastacio et al., 2013%). Furthermore, the shedding of
C. burnetii in sheep and goat herds was confirmed using qPCR assays (Anastacio et
al.,2013P). Concerning dairy cattle herds, the seroprevalence remains unreported in
scientific literature and, unlike brucellosis, there is no national surveillance for Q fever
in cattle or small ruminants. The availability of Q fever vacines in Portugal is very
recent and under veterinary control. The aim of the present study was to assess the
prevalence of Q fever in bovine dairy herds, and thus their exposure to C. burnetii, in

the county of Barcelos, an important region of dairy industry in North Portugal.

Material and methods

Herd and milk sampling

A cross-sectional study was designed at herd level, in Barcelos, a county located in
the north of Portugal (41°53N latitude and 08°61W longitude).

The sample size calculation considered the total number of herds (n=887) and adult
dairy (n=23487) or beef (n=7641) cows registered in the Barcelos Agricultural
Cooperative Society (http://www.agribar.pt/), on November 2013, according to the
National Bovine Brucellosis Surveillance Plan of the Portuguese General Directorate
for Food and Veterinary (http://www.dgv.min-agricultura.pt/).

The criteria for inclusion were the following: (1) only dairy herds were selected, (2)
the existence of a bulk tank milk (BTM) sample delivered daily to dairy industry; and
(3) the absence of vaccinated animals in each herd. The formula n=Z2pq/I?
(Thrusfield, 1995) was applied to calculate the sample size. A sample size n=90 was
obtained considering an expected prevalence of 65 % (Agger et al., 2010), the desired
precision of 0.10 at the 95 % confidence level, and Z=1.96 (95 % confidence interval

for standardized normal distribution).
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The random assignment for the determination of the 90 herds was performed in
Microsoft Excel® 2013 using the “=RAND ()” function.

During the month of November 2013, BTM samples of each randomly selected herd
were collected into a sterile 10-ml plastic tube and taken to the laboratory under
refrigerated conditions. In each herd, the number of lactating cows was registered at the
time of sampling. At the laboratory, the samples were centrifuged, and the non-fat

fraction was frozen (—20 °C) until analysis.

Antibody ELISA analysis

All samples were tested in duplicate for the presence of specific antibodies to
C. burnetii by using the commercial CHEKIT® Q-Fever Antibody ELISA Test
(IDEXX, Liebefeld-Bern, Switzerland). This test is based on inactivated C. burnetii
phase 1 and phase 2 antigens obtained from the reference Nine Mile strain (isolated
from ticks).

The optical density (OD) of each sample was corrected by subtraction of the OD of
the negative control included in the test kit. The results were estimated as the ratio of
OD of the sample (S) versus OD of the positive control (P), also included in the test kit,
and were expressed as S/P values.

A sample was considered positive for a S/P>40 %, negative for a S/P<30 %, and
intermediate (suspect) for a 30%<S/ P<40 %, according to the manufacturer’s

instructions.

Statistical analysis

Descriptive statistics of antibody S/P values and apparent prevalence of C. burnetii
and their corresponding 95 % confidence intervals were estimated using the software
JMP® version 7 (SAS Institute Inc. 2007). A Spearman’s correlation between the

number of lactating females in the herd and the S/P values of each herd was tested.

Results and discussion
The number of lactating cows per herd contributing to BTM ranged from 25 to 580,
and the total number of lactating cows represented 30.9% (9610/31,128) of the total

number of adult cows in the county.
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The apparent prevalence of antibodies was 61.1 %. The proportion of negative and
intermediate (inconclusive) herds was 34.5 and 4.4 %, respectively. The estimated 95 %

confidence intervals are reported in Table 1.

Table 11: Descriptive statistic for S/P values of anti-Coxiella burnetii antibodies in positive,

intermediate and negative farms.

Farm Positive Intermediate Negative
Number 55 4 31

Apparent prevalence 61.11 % 4.44 % 34.45%

95 % confidence interval 50.78 to 70.53 % 1.74 t0 10.88 % 25.45t0 44.72 %
Mean of S/P values 95.25 34.46 11.97

Range of S/P values 40.31 - 147.49 32.23-39.13 0.80 - 29.65

The S/P values ranged from 0.8 to 147.5 (Figure 13).
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Figure 13. Array of antibody S/P values to Coxiella burnetii in bulk tank milk samples from
90 Portuguese dairy farms in November 2013.

The infection caused by C. burnetii has been reported in Portugal in recent years,
especially in the south and center of the country. Few studies demonstrated the presence
of the bacteria in clinical samples from zoo animals and ruminants (Clemente et
al., 2008, 2009), and surveys were carried out on serum or BTM samples from
ruminants in central Portugal using the LSIVet Ruminant Milk/Serum Q Fever® (LSI;
Lissieu, France) (Anastacio et al., 2012, 2013%). However, some questions are still
unclear, particularly whether the prevalence of infection differs among regions and in
that case which factors may be involved. Milk production is an important economic

activity in the coastal region of the northern and central Portugal, and in dairy herds,
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BTM is a suitable sample to screen for C. burnetii exposure at the herd level. The
present study was designed as an approach to estimate the apparent seroprevalence of
C. burnetii in the dairy cattle from the northwest of Portugal.

Our study shows a relatively high apparent prevalence (61.1 %) of antibodies in
cattle BTM samples. These results are similar to those obtained in other European
countries such as Belgium (57.8 %) (Czaplicki et al., 2012), Denmark (59 %) (Agger et
al., 2010), and Spain (66.9%) (Astobiza et al., 2012). Notwithstanding, they are slightly
higher than those obtained in a survey performed at the center of Portugal (50 %)
(Anastacio et al., 2012). However, different methodologies and study designs were
used. Indeed, in the latter study, a convenience sampling was performed with the
selection of herds with reports of reproductive disorders, and the lower seropositivity
was somewhat unexpected. Furthermore, the antibody testing was performed using an
ELISA based on antigens obtained from a European C. burnetii bovine strain. This
ELISA is considered more sensitive than the ELISA using antigens prepared from the
reference strain Nine Mile, isolated from ticks (EFSA, 2010°). In a very recent study,
Paul et al. (2013) estimated a sensitivity of 86%and a specificity of 99% using milk
antibody CHEKIT Q-Fever Antibody ELISA Test Kit (IDEXX®, Switzerland) in a
Bayesian framework.

The correlation between the number of tested animals and antibody S/P values was
rho=0.20 (P=0.055). The correlation between the number of tested animals and antibody
S/P values in each herd did not reach, in limit, the statistical significance, suggesting the
absence or a tendency for a low herd size effect.

However, an effect of the increase of the herd size on BTM antibody positivity to
C. burnetii has been reported in some studies (Ryan et al., 2011; Agger et al., 2013).
Thus, the infection status and specific risk factors on each herd, including the number of
infected animals probably affect the rate of seropositivity (Agger ef al., 2013; Paul et
al.,2014).

It is concluded that there is a high level of exposure to C. burnetii in dairy cattle
herds in the northwest of Portugal. Further studies are needed to investigate the status of
the herds by assessing the shedding prevalence infection and to characterize the
circulating genotypes in the herds. These data are crucial to characterize the

epidemiology of infection and to decide the most appropriate control strategies to adopt.
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These results, together with other published work in Portugal, highlight the need to

implement a monitoring program for Q fever based on harmonized methodologies.
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Abstract

Ruminants are recognized as the main reservoirs of Coxiella burnetii. EFSA
highlighted the lack of knowledge about Q fever prevalence in many European
countries. A cross-sectional study was carried out in randomly selected dairy herds
(n=109) from central Portugal to screen for C. burnetii infection and to correlate it with
herd factors. Bulk tank milk (BTM) samples from cattle (n=45) and small ruminant
(n=64) herds were tested by ELISA and PCR. The apparent seroprevalence of Q fever
was estimated in 45.9% (95%CI: 36.3-55.7) being higher in small ruminants (51.6;
95%CI: 39.6-63.4) than in cattle (37.8; 95%CI: 25.1-52.4). The shedding of C. burnetii
in BTM was detected in 11.9% (95%CI: 7.1-19.4) of BTM and it was higher in cattle
(20%; 95% CI: 10.9-33.8) than in sheep and mixed herds (6.3%; 95% CI: 2.5-15). A
high bacterial load (>3x10° bacteria/mL) was observed in 85% of PCR positive BTM. A
significant correlation was found between the bacterial load and positive samples on
ELISA (p<0.001). Antibody positivity was significantly associated with the increased
herd size (p<0.01) and the occurrence of abortion (p<0.05) whereas the shedding of
C. burnetii was significantly associated with the report of infertility (p<0.05). The
results highlight that serological and molecular methods in combination are a useful tool
to screen for Q fever and to clarify the herd infection status. The shedding of C. burnetii
through milk is important, especially in dairy cattle, and thus the role of milk as a
potential source of infection among dairy workers should not be neglected. To our
knowledge, this is the first study reporting C. burnetii infection in dairy livestock in
Portugal showing that Q fever is significant in dairy herds, leading to economic losses
and being a risk for public health, which highlights the need of implementation of

control measures.

Keywords: Coxiella burnetii, dairy ruminants, qPCR, ELISA, epidemiology
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Introduction

Over the last years there has been an increased interest for Q fever and its causative
agent Coxiella burnetii (Khalili et al., 2011; Muskens et al., 2011; Ryan et al., 2011;
Astobiza et al., 2012; Czaplicki et al., 2012). The large-scale epidemic of human
Q fever that occurred in The Netherlands between 2007 and 2011 (van Loenhout et
al.,2012) has contributed to an increased awareness and case detection in diverse
European countries (ECDC, 2011). Also, the scientific opinion issued by the European
Food and Safety Agency (EFSA) encouraged the investigation in many countries since
the control of the infection in animals is considered as the first step to prevent human
exposure (EFSA, 2010%).

Some previous studies reported an association between human Q fever cases and
infected ruminant herds (Porten et al., 2006; Gilsdorf et al., 2008). For this reason,
domestic ruminants are generally considered the primary animal reservoir of C. burnetii
(EFSA, 2010%),

Infected ruminants can be asymptomatic, but Q fever can cause abortion, stillbirth,
delivery of weak offspring and premature delivery. These clinical manifestations are
more often expressed in sheep and goats. In cattle clinical signs of Q fever can be less
obvious (Rodolakis et al., 2007; EFSA, 2010°). The shedding of C. burnetii in infected
ruminants occurs mainly during and after parturition or abortion, in birth products and
vaginal mucus, but the shedding in urine, feces and milk are also documented (Guatteo
et al., 2007°% Rousset et al., 2009; EFSA, 2010°). The impacts on public and animal
health make Q fever a disease of interest for public policy makers and food industries,
mainly dairy production (Guatteo ef al., 2011).

In dairy herds, bulk tank milk (BTM) has been shown to be a suitable sample to
screen for C. burnetii infection on lactating animals (Kim et al., 2005; Agger et
al., 2010; Muskens et al., 2011; van den Brom ef al., 2012). The milk antibody analysis
by ELISA testing can provide information about the exposure to C. burnetii (Guatteo et
al., 2007%) and the results are comparable to those obtained in serum samples because
immunoglobulins are transferred from blood to milk in lactating females (Nielsen et
al.,2011). However, to control the spread of bacteria among animals and from animals
to environment and humans, detection of C. burnetii is a crucial step (Guatteo et
al., 2007%). Nowadays, PCR is recognized as the most suitable tool for C. burnetii
detection (Berri ef al., 2000) and quantitative PCR (qPCR) allows quantification of the
bacterial load (Guatteo et al., 2007%, Czaplicki et al., 2012).
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The aims of the present study were: 1) to investigate the exposure to C. burnetii in
dairy ruminant farms by testing the presence of specific anti-C. burnetii antibodies ii) to
evaluate the infection status of dairy ruminant farms by assessing the prevalence of
shedding in BTM samples iii) to evaluate the degree of bacterial excretion in shedding
herds and iv) to identify associations between C. burnetii infection with herd factors and

reproductive disorders.

Materials and methods

From February 2009 to July 2013, a cross-sectional survey was developed among
dairy ruminant herds (n= 480502, Official Regional Veterinary Services) from the
center region of Portugal. The number of herds to be studied was calculated using the
program WinEpiscope version 2.0 and it was based on the formula
n = [t2 Pesp (1-Pesp)]/d2, considering n the required size sample, ¢ the student value for
a 95% confidence level (1,96), Pesp the expected prevalence and d the desired absolute
precision (Thrusfield, 1995). For that purpose, an expected herd prevalence of 32.6%
(Anastacio et al., 2013%), a desired absolute precision of 10% and a 95% confidence
interval were considered, resulting in an estimated sample of 85 herds. The list of herds
in databases of 8 collaborating livestock veterinarians from different locations of the
region was used for a simple random sampling, using the program Microsoft Excel®.
The registration of the official herd code ensured the non-duplication of herds. To each
collaborator it was asked the collection of 50 mL of bulk tank milk (BTM) into sterile
plastic tubes per herd, after the agreement of the farmer in a maximum of 15 herds.
Also, it was asked to complete a short questionnaire containing some herd level
variables (farm demographics, management practices and observed reproductive
disorders during the 12 previous months) (Czaplicki et al., 2012).

A total of 109 samples were collected by the 8 collaborating veterinarians. These
were tested for the presence of specific anti-C. burnetii antibodies using the commercial
ELISA (LSIVET Ruminant Milk/Serum Q Fever, LSI) with a cut-off Sample/Positive
percentage (S/P per cent) of 30% as recommended by the supplier. This test is based on
antigens obtained from a European ovine strain of C. burnetii and gives a positive result
on BTM samples when at least 10% of lactating cows in the herd are specific antibodies

positive. The S/P per cent was categorized in 4 semi-quantitative classes: negative
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(S/P < 30), weak positive (+; 30<S/P<100), positive (++; 100<S/P<200) and strong
positive (+++; S/P>200) and in 2 qualitative classes: negative (S/P<30) and positive
(S/P>30).

DNA was extracted from 200 pL of each BTM sample using the QIAmp DNA Mini
Kit (Qiagen®, Izasa Portugal), following manufacturer’s instructions. Firstly, a
conventional PCR assay targeting IS1111, a transposon-like repetitive region of
C. burnetii, was performed as described by Berri et al. (2000) with some modifications.
Briefly, the amplicons, of 243 bp in size, were obtained using the primers described by
Vaidya et al. (2008). DNA of C. burnetii Nine Mile strain was used as a positive
control. The DNA amplification reaction was performed in a Biometra Thermocycler
(Biometra®, Germany). The amplification products were analyzed by 2% agarose gel
electrophoresis and visualized under UV light. Additionally, the bacterial load in PCR
positive BTM samples was estimated using the commercial real-time qPCR assay
(Tag-Vet™ Coxiella burnetii-Absolute Quantification Kit®, LSI), according to the
manufacturer’s instructions. The PCR assays were performed using a CFX-96
thermocycler (Bio-Rad®, Portugal). Results, expressed in number of bacteria per
milliliter, were categorized in weak positive (+; <300 bacteria/mL), positive (++; 300
bacteria/mL-3x10° bacteria/mL) and strong positive (+++; >3x10* bacteria/mL).

Confidence limits for the proportions were estimated with 95% confidence intervals
(CI) assuming a binominal exact distribution (Epilnfo version 3.5.4). The agreement
between ELISA and PCR results was investigated by the determination of the Kappa
Coefficient using the WinEpiscope version 2.0. A univariable analysis was performed
initially to explore associations between herd factors and reproductive disorders with
the herd infection using the simple logistic regression test. Subsequently, a
multivariable analysis included all the variables showing a p-value below 0.05.
Moreover, associations between ELISA and PCR results were investigated by the Fisher
exact test and by the determination of the Spearman Correlation coefficient. The

analyses were performed using the statistical program SAS® (version 9.1.2).

Results

Descriptive characterization of herds

From the 109 dairy herds (9337 animals) included in this study, cattle herds were
predominant (41.7%; 95% CI: 32.3 to 51.5%) followed by sheep herds (35.2%; 95% CI:

144



Chapter 3
Domestic Ruminants

26.2 to 45.0%), goat herds (12%; 95%CI: 6.6 to 19.7%) and mixed herds (11.1%;
95% CI: 5.9 to 18.6%). An intensive production system was reported in 38% (95% CI:
28.8 to 47.8%) of the herds, most of them cattle herds (97.6%; 95% CI: 87.1 to 99.9%).
The herd mean size was 85.6 animals (SD=101.1, range 5-602) and 69.4% (95% CI:
59.8 to 77.9%) of the herds were under this mean size. Cohabitation with other animal
species was reported in 49.5% (95% CI: 39.7 to 59.4%) of the herds and in 37%
(95% CI: 27.9 to 46.9%) of herds it was reported the occurrence of tick’s infestation at
the time of sampling. Reproductive disorders were reported in 79.6% (95% CI:
70.8 to 86.8%) of the herds. These were significantly associated with cattle herds

(p<0.05) and with an intensive production system (p<0.05).

BTM antibody testing

Fifty BTM samples (45.9%; 95% CI: 36.3 to 55.7%) were positive on ELISA testing;
20 from sheep (18.4%; 95% CIL: 12.2 to 26.7%), 17 from cattle (15.6%; 95% CI:
10 to 23.6%), 7 (6.4%; 95% CI: 3.1 to 12.7%) from mixed herds and 6 (5.5%; 95% CI:
2.5 to 11.5%) from goat herds. In the whole positive results, 34 (31.2%; 95% CI:
23.5 to 41.7%) were weak positive (+), whereas 14 (12.8%; 95% CI: 7.2 to 20.6%) were
positive (++) and 2 (1.8%; 95% CI: 0.2 to 6.5%) were classified as strong

positive (+++).

BTM PCR testing

Thirteen BTM samples were PCR positive (11.9%; 95% CIL: 7.1 to 19.4%). Cattle
herds showed a high proportion of positive results (8.3%; 95% CI: 4.4 to 15%) followed
by mixed and sheep herds with 2 (1.8%; 95% CI: 0.5 to 6.4%) positive BTM samples in
each group. No PCR positive results were obtained in goat herds. Table 12 summarizes
the results obtained by ELISA and PCR testing considering the species in herds.

In PCR positive BTM samples the bacterial load was estimated by qPCR and ranged
from 195 bacteria/mL to 288001 bacteria/mL (mean = 37512.77 and SD=77865.23).
Most of the BTM samples (11/13, 84.6%; 95% CI: 53.7 to 97.3%) evidenced a strong

positive (+++) result corresponding to > 3x103 bacteria/mL.
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Table 12: Distribution of positive and negative results

considering the species in herds.

on ELISA and PCR testing

Species  Number of herds Eg;is;gsgzsgge PCR positive (%; 95% CI)
Mixed 12 7 (58.3%; 32 t0 80.7) 2 (16.7%; 4.7 to 44.8)
Goat 13 6 (46.2%; 23.2 to 70.9) 0
Sheep 39 20 (51.3%; 36.2 to 66.1) 2 (5.1%; 1.4 t0 16.9)
Cattle 45 17 (37.8%; 25.1 to 52.4) 9 (20%; 10.9 10 33.8)
Total 109 50 (45.9; 36.8 10 55.2) 13 (11.9%; 7.1 to 19.4).

PCR versus ELISA results

Table 13 shows the results obtained by ELISA and qPCR results considering
categories. A high proportion (38/96) of BTM PCR negative samples were antibodies
positive by ELISA testing (39.6%; 95% CI: 29.9 to 50.1%), whereas only 7.7% (1/13;
95% CI: 0.4 to 37.9%) of BTM PCR positive samples were negative on BTM ELISA.
Although this discrepancy, it was observed that 92.3% (12/13; 95% CI: 62.1 to 99.6%)
of PCR positive results were associated with antibody positive results. Globally, the
agreement between ELISA and PCR results was weak (Kappa=0.24, 95% CI:
10.7-36.6) but the Fisher exact test showed a significant association between PCR and
ELISA categorical results (p<0.001). Moreover, a statistically significant correlation
was observed between estimated bacterial load from qPCR and the S/P per cent by

ELISA testing (Spearman's correlation coefficient =0.34, p<0.001).

Table 13: Relationship between ELISA and qPCR results on 109 BTM samples from dairy

ruminant herds

qPCR
ELISA Negative Positive + Positive ++ Positive +++ Total
No (%; 95%CI) No (%; 95%CI)  No (%; 95%CI)  No (%; 95%CI) No (%; 95%CI)
Negative 58 (53.2;43.562.8)  1(0.9; 0.05-5.8) 0 0 59 (54.3; 63.6)
Positive + 27 (24.8; 17.2-34.2) 0 1(0.9;0.05-5.8)  6(5.5;23-12.1)  34(31.2;22.9-40.9)
Positive ++ 9(8.3;4.1-15.5) 0 0 5(4.6;1.7-10.9) 14 (12.8;7.5-20.9)
Positive +++ 2(1.8;0.3-7.1) 0 0 0 2(1.8;0.3-7.1)

Total (%; 95 CI) 96 (88.1;80.1-93.2) 1 (0.9; 0.05-5.8)

1(0.9;0.05-5.8)

11 (10.1; 5.4-17.7) 109 (100)
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Effect of herd factors on C. burnetii infection

Individual factors were tested to find associations with positive results. Univariable
analysis by logistic regression test identified only two risk factors significantly
associated with BTM antibody positive results: the increasing of the herd size (p<0.01)
and abortion (p<0.05). A multivariable model was performed to test simultaneously
variables found to be associated in univariable analysis. The multiple logistic regression
test confirmed that the increasing of the herd size and the occurrence of abortion were
both associated with antibody positive results on BTM (p<0.05) as represented in Figure
14.
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Figure 14: Association between the probability of positive results for C. burnetii antibodies
with herd size and the occurrence of abortion or no abortion using a logistic regression model.
[Abort (abortion): Intercept £SE = -0.7889+0.3707, NAbort (no abortion): Intercept +SE = -
1.2528+0.4161, Logistic regression coeficient=SE = 0.00713+0.00274].

The detection of C. burnetii by PCR was higher in herds reporting reproductive
disorders (14%) than in those that did not report reproductive disorders (0%; p>0.05)
but only infertility evidenced a significant association with PCR positive results

(p<0.05).
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Discussion

C. burnetii is the etiologic agent of Q fever, an infection that affects both animals and
humans (EFSA, 2010%). The prevalence of C. burnetii infection in ruminant herds in
most of Portuguese regions is poorly known and the vaccination is very recent in
Portugal, and not mandatory. The knowledge of the status of infection in herds
contributes to a better understanding of the epidemiology of this pathogen. In this
context, this study was designed as an approach to describe simultaneously at the herd
level the exposure to C. burnetii and the milk shedding of this bacterium in dairy
ruminant herds in central Portugal, which is unknown.

The results of antibody detection in BTM showed that almost half of the 109 dairy
herds tested have been exposed to C. burnetii (global antibody apparent prevalence of
45.9%). At the time of the study, 11.9% of the herds showed an active infection
illustrated by the detection of C. burnetii in BTM. These results confirm that this
pathogen is endemic throughout the region. The antibody positivity was higher in sheep
and goat herds (51.6%) than in cattle herds (37.8%) but the detection of C. burnetii in
BTM was higher in cattle herds (20%) than in sheep and goat herds (6.3%). The ELISA
results contrast with a recent report on C. burnetii infection in domestic ruminants that
suggested a higher seroprevalence in cattle compared to goats and sheep (Guatteo et
al.,2011). However, they are in accordance with the observations compiled in other
countries evidencing that Q fever human outbreaks are more often related to small
ruminants than to cattle (EFSA, 2010%). The results showing a higher detection of
C. burnetii in cattle BTM than in small ruminants are identical to those obtained in the
Netherlands, despite their higher global prevalence. In fact, in the Netherlands a higher
prevalence of bacterial DNA was found in cattle BTM (56.6%) (Muskens et al., 2011),
comparing to goat BTM (24.4%) (Schimmer et al., 2011).

Regarding dairy cattle herds, the antibody apparent prevalence in this study was very
similar to that obtained in Ireland (37.9%) (Ryan et al., 2011), but it was lower than the
obtained in other countries which ranged from 45.4 to 78.6% (Agger et al., 2010;
Khalili et al., 2011; Muskens ef al., 2011; Astobiza et al., 2012; Czaplicki et al., 2012).
The antibody testing of BTM was performed using the same commercial ELISA test
among the mentioned studies, with the exception of Agger et al. (2010) and Khalili et
al. (2011). These results show that animals are exposed to C. burnetii in a significant

percentage of dairy herds from several European countries, including Portugal.
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Moreover, in our study 20% of dairy cattle herds shed C. burnetii through milk
which is slightly lower than the results obtained in other countries, ranging from 29.6 to
94.3% (Kim et al., 2005; Fretz et al., 2007; Muskens et al., 2011; Astobiza et al., 2012;
Czaplicki et al., 2012). All these results show that the shedding of C. burnetii through
milk is widespread in dairy cattle herds in different countries. This might be explained
by the fact that milk is the most frequent shedding route of C. burnetii in cows (Guatteo
et al., 2012) and a longtime excretion through milk can extend for several months even
in asymptomatic animals (Kim et al., 2005; Guatteo et al., 2007°, 2011).

In sheep and goat dairy herds, the antibody apparent prevalence was estimated in
51.6%. Other studies assessing herd antibodies prevalence in sheep and goat herds
found rates between 28% and 67.6% (Garcia-Perez et al., 2009; Hilbert et al., 2012; van
den Brom et al., 2012). A discrepancy was observed between these BTM antibody
results (51.6%) and the serum antibody results (32.6%) obtained in a recent serologic
survey conducted in sheep and goats from the same Portuguese region (Anastacio et
al., 2013%). This might be somewhat unexpected because the criterion for positivity in
the serosurvey was set as at least one positive animal per herd and it is known that a
positive result on BTM ELISA occurs when at least 10% of lactating females are
seropositive. Notwithstanding, several factors may have influenced this difference. It is
known that the herd size is correlated with antibody positivity (Ryan et al., 2011;
Anastacio et al., 2013%). In this study the mean herd size for sheep and goat herds was
56 animals (data not shown), whereas in the serologic survey the mean herd size was
6.7 animals. So, the increased size of herds in this study might explain the increased
antibody positivity. Moreover, an association between antibody positivity and dairy
production has been described (Ryan et al., 2011; van den Brom et al., 2013). In the
previous serologic survey there was a predominance of meet herds (88.8%). In this
study only dairy herds were included. Also, the proportion of sheep and goat dairy herds
reporting reproductive disorders was higher (67.2%) than in the previous serosurvey
(6.7%). Higher antibody positivity has been described in herds reporting reproductive
disorders (Bildfell et al., 2000; Garcia-Perez et al., 2009; Khalili ef al., 2011; Muskens
etal.,2011).

Despite the higher percentage of antibody positive dairy sheep and goat herds, only
6.3% of them shed DNA of C. burnetii through milk. Other studies assessing the

shedding of C. burnetii in BTM from small ruminant herds obtained results ranging
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from 0% to 32.9% (Fretz et al., 2007; Garcia-Perez et al., 2009; van den Brom et
al., 2012). No positive PCR BTM samples were obtained in goat herds and similar
results were obtained in Switzerland (Fretz et al., 2007) and in Iran (Abbasi et
al., 2011). This might be due to the absence of the bacterium in goat farms at the time of
sampling since, as in cattle, milk is considered the main route of bacterial shedding in
the goat herds although for shorter periods. However, the presence of C. burnetii in
other matrices than milk should not be excluded (Rodolakis ef al., 2007). Moreover, it
was described a discontinuous C. burnetii shedding in goats (Berri et al., 2007) and
thus, false-negative results may be obtained in single samples (Rousset et al., 2009).
Considering ewes, the low PCR positivity rate probably occurs because the shedding of
C. burnetii in milk seems to be less important (Rodolakis et al., 2007) and thus the
bacterium could be present in other matrices. In small ruminants C. burnetii is mainly
shed after parturition or abortion in birth products (van den Brom et al., 2012). This
discontinuous shedding might have contributed to the low shedding prevalence obtained
in our study.

The estimation of the bacterial load allows the knowledge of the shedding pattern of
infected animals. The qPCR targeted the repetitive sequence region (IS/7117) present in
different copy numbers in the genome of different C. burnetii strains (Klee et al., 2006).
However, the low genetic diversity of C. burnetii strains found in Portuguese ruminants
(Santos et al., 2012) was considered for quantification purposes. So, the estimated
values presented herein were obtained assuming that the copy number of 1S7/77 was
the same in C. burnetii strains in all the herds. This methodology was also used in other
studies (Guatteo ef al., 2007%; Astobiza ef al., 2012).

In 34.8% BTM specific antibodies were present but C. burnetii was not detected,
suggesting a past infection by the absence of shedders among lactating females. A BTM
sample from a cattle herd (0.9%) was antibodies negative but PCR positive with the
estimated bacterial load being low (195 bacteria/mL). This finding suggests the
presence of a small number of C. burnetii milk shedding cows with low antibody
response (Guatteo et al., 2007°), or the presence of animals in an initial phase of
infection which antibodies anti-C. burnetii were not yet detectable on ELISA.

Globally, a discrepancy between ELISA and PCR results was observed in 37.6% of
BTM samples and similar findings were described in other studies (Schimmer et
al., 2011; Czaplicki et al., 2012). Notwithstanding, most of PCR positive results were
associated with antibody positive results. Actually, 84.6% of the PCR positive herds
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were strong positive on gPCR and all of them were antibodies positive (mean S/P per
cent = 97, SD = 29.4). Furthermore, it was found a positive and statistically significant
correlation (p<0.001) between the estimated bacterial load on BTM qPCR and S/P per
cent on BTM ELISA which is in accordance with the results obtained by Astobiza et
al. (2012). Overall these findings support the suggestion that persistent shedder animals
shed a high titer of bacteria and present a higher titer of antibodies (Guatteo et
al.,2007*) and that in presence of negative antibody test, the probability to find a
positive PCR test on BTM is considered low to negligible (Saegerman et al., 2013).

Herd size was significantly associated with antibody positive results, which is in
agreement with previous serosurvey studies (Ryan et al., 2011; Schimmer et al., 2011;
Agger et al., 2013). The increased risk of introduction and/or transmission of pathogens
in a large population is probably related with the increased number of lambing females
at lambing season (de Cremoux et al., 2012) and by other management factors like
larger amounts of feed, animal supply and a higher number of professionals working at
or visiting the farm (Schimmer et al., 2011). Therefore, larger herds are more prone to
acquire and develop Q fever and the number of animals must be considered a risk factor
to C. burnetii dissemination.

An association was found also between abortion and antibody positive results in
BTM samples. However, a careful interpretation should be made because the cause of
abortion in the herds was not clarified and many other infections can cause abortion in
dairy ruminants (Agerholm, 2013) even if the bacterium is in the herd (Saegerman et
al., 2013). So, it is uncertain whether C. burnetii is the sole cause of abortions or acts as
a contributory factor (Cetinkaya et al., 2000). In fact, controversial data have been
reported. An association has been described in some studies (Cetinkaya et al., 2000;
Garcia-Perez et al., 2009) while more recent ones did not find any (Anastacio et
al., 2013%). Similarly, in this study an association between infertility and presence of
C. burnetii in BTM samples was found. It is recognized that C. burnetii can cause
infertility in cattle (Parisi et al., 2006) and interestingly 69% of PCR positive samples
were from cattle herds.

Overall, C. burnetii is endemic in Central Portugal since a high percentage of herds
evidenced an exposure by a positive serology. An active infection was confirmed in a
lower percentage of herds by the shedding of C. burnetii through milk. Thus, milk

should not be neglected as a source of infection to humans namely by the consumption
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of unpasteurized milk or by the inhalation of aerosols in milking rooms (Loftis et
al., 2010). To our knowledge, this is the first study in Portugal screening for C. burnetii
in dairy ruminant herds and evidencing an active infection by the shedding of bacteria
through milk, that was more significant in cattle herds. The cattle trade in Europe may
contribute to the dissemination of C. burnetii. Further research is needed to characterize
at molecular level the circulating strains and to compare them with those from other
countries. Moreover, the economic impact of Q fever in ruminant herds should be
investigated in more detail. This study reinforces the need of a global and harmonized
control policy among European countries towards the prevention of Q fever in regard to

public health and economic impact.
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Coxiella burnetii is present in milk
from dairy cattle herds in the
Northwest Portugal
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Abstract

Ruminants are recognized as the main reservoirs of Coxiella burnetii. EFSA
highlighted the lack of knowledge about Q fever prevalence in many European
countries. A cross-sectional study was carried out in randomly selected dairy herds from
the Northwest of Portugal to screen for C. burnetii infection by PCR testing in antibody
positive Bulk Tank Milk samples (BTM). The proportion of C. burnetii positive BTM
samples was 30.9% of herds and the bacterial load ranged from 600 to 8513800
bacteria/mL. The results highlight that the shedding of C. burnetii through milk is
important, especially in dairy cattle, and thus the role of milk as a potential source of

infection among dairy workers should not be neglected.

Introduction

Q fever is a zoonotic disease whose etiological agent is Coxiella burnetii (Maurin
and Raoult, 1999). In recent years, an increased incidence of human infection in Europe
has been reported (Georgiev et al., 2013), mainly due to the 4173 cases associated to the
Q fever outbreak that occurred in the Netherlands between 2007 and 2012 (Dijkstra et
al., 2012). An association between human Q fever cases and infected ruminant herds
has been referred (van den Brom ef al., 2015). For this reason, domestic ruminants are
generally considered the primary animal reservoir of C. burnetii. The shedding of
C. burnetii in infected ruminants occurs mainly during and after parturition or abortion,
in birth products and vaginal mucus, but the shedding in urine, feces and milk are also
documented in countries other than Portugal (Rousset et al., 2009; EFSA, 2010°). The
impact on public and animal health triggers Q fever a disease of interest for public
policy makers and food industries, mainly dairy production (Guatteo ef al., 2011). This
study aimed 1) to assess the C. burnetii shedding in antibody positive BTM samples and

ii) to determine the bacterial load in C. burnetii PCR positive samples.
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Materials and Methods

The present study was performed using BTM positive samples for anti-C. burnetii
antibodies. These samples were previously detected in a survey conducted at the county
of Barcelos, in the Northwest of Portugal. In this previous study, BTM samples (n=90)
were tested for the presence of specific anti-C. burnetii antibodies by using a
commercial ELISA based on inactivated C. burnetii phase I and phase II antigens,
obtained from the reference Nine Mile strain, isolated from ticks (Pimenta et al., 2015).
Considering that a positive and statistically significant correlation was established
between the bacterial load on BTM qPCR and antibody positive results on BTM, and
that in presence of negative antibody test, the probability to find a positive PCR test on
BTM is considered low or negligible (Saegerman et al., 2015; Anastacio et al., 2016),
the assessment of C. burnetii shedding was performed only in antibody positive BTM.
DNA was extracted from 200 pL of each BTM sample using the QIAmp DNA Mini Kit
(Qiagen®, Izasa Portugal), following manufacturer’s instructions. The DNA samples
were first screened by conventional PCR as previously described (Anasticio et
al., 2016). PCR positive samples were additionally tested to estimate the bacterial load
by a real-time qPCR assay (Taq-VetTM C. burnetii-Absolute Quantification Kit;
Lifetechonologies®, USA), according to manufacturer’s instructions. The real-time
PCR assays were performed on a CFX-96 thermocycler (Bio-Rad®, Amadora,
Portugal). Results were expressed in number of bacteria per milliliter. Confidence limits
for the proportions were estimated with 95% confidence intervals (CI) assuming a

binominal exact distribution (Epilnfo version 3.5.4).

Results

Of the total of 55 BTM samples tested by PCR, 30.9% (17/55; 95% CI: 19.5-45.0%)
were C. burnetii positive. Considering the total of herds, the proportion of PCR positive
herds was estimated in at least 18.9% (17/90; 95% CI: 11.7-28.8%). In PCR positive
BTM samples the bacterial load ranged from 600 to 8513800 bacteria/mL
(mean =2119694 and SD =2944856). It was found that in 88.2% (15/17) of PCR
positive samples the concentration of bacteria was higher than 10 and in 47.1% (8/17)

the concentration was higher than 10°.
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Discussion and Conclusions

C. burnetii is the etiologic agent of Q fever, an infection that affects both animals and
humans (EFSA, 2010*"). The knowledge of the status of infection in herds contributes
to a better understanding of the epidemiology of this pathogen. The shedding of
C. burnetii through milk is widespread in dairy cattle herds in different countries. This
might be explained by the fact that milk is the most frequent shedding route of
C. burnetii in cows and a longtime excretion through milk can last for several months
even in asymptomatic animals (Kim ez al., 2005; Guatteo ef al., 2011). In this context,
this study was designed as an approach to investigate the milk shedding of C. burnetii in
dairy ruminant herds in the Northwest of Portugal.

C. burnetii was detected in the BTM of 30.9% of tested herds. Overall, and
considering the total of studied herds (n=90), an active infection occurred in at least
18.9% of herds which might be slightly underestimated as the antibody negative herds
were not screened by PCR. However, recent findings suggest that in antibody negative
BTM samples the probability of getting a positive PCR is low to negligible (Saegerman
et al., 2015; Anastacio et al., 2016). Thereby the results were similar to that found in
central Portugal (20%) (Anastacio et al., 2016) but were slightly lower than the results
obtained in other countries, ranging from 29.6 to 94.3% (Kim et al., 2005; Fretz et
al., 2007; Muskens et al., 2011; Astobiza et al., 2012; Czaplicki et al., 2012). The
estimation of the bacterial load allows the knowledge of the shedding pattern of infected
animals. The bacterial load of the PCR positive herds was found to be high in most of
the PCR positive herds and these results are in agreement with the findings in central
Portugal (Anastacio et al., 2016).

An active infection was confirmed in some herds where the exposure to C. burnetii
has been showed previously by the presence of specific antibodies. Thus, milk should
not be neglected as a source of infection to humans namely by the possible inhalation of
aerosols in milking rooms (Loftis et al., 2010). Further research is needed to
characterize, at the molecular level, the circulating strains and to compare them with

those from other countries.
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Molecular screening for Coxiella
burnetii in seropositive ruminant
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screening for Coxiella burnetii in seropositive ruminant herds in Portugal. Manuscript
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Abstract

Domestic ruminants are recognized as major sources of infection for Coxiella
burnetii, the Q fever agent. In Portugal, recent surveys showed an individual
seroprevalence of up to 15 % in ruminants. This study aimed to evaluate the shedding of
C. burnetii in milk and vaginal mucus in ruminant females from seropositive non-
vaccinated herds and to estimate their bacterial load. A cross-sectional study was
conducted between February and July 2012. In 24 herds, 142 vaginal swabs and 92 milk
samples were collected from females older than 6 months (n=142). The screening was
performed by PCR, amplifying the IS1111. Bacterial load was estimated by qPCR in
positive samples. C. burnetii shedding was confirmed in 20.8% of the herds and in 9.2%
of females. The proportion of shedding was higher in cattle herds (66.6%) than in mixed
(25.0%) and goat herds (22.2%). It was not found in sheep herds. Individually,
excretion was higher in goats (15.0%), than in cows (10.9%) and ewes (3.6%). The
quantification results categorized 7.7% of samples as strong positive (>3 x 10*
bacteria/ml); the bacterial load ranged from 460 to 600000 bacteria/ml. A significant
association was found between seropositive individuals and bacteria shedding (p<0.05);
a lower risk of excretion (p<0.005) was observed in animals older than 36 months. To
our knowledge, this is the first study confirming the shedding of C. burnetii in
apparently healthy ruminants in Portugal. Overall, the study highlights that the
identification of shedders is central in the assessment for the risk of human infection

and in Q fever control or surveillance schemes.

Keywords: Q fever, domestic ruminants, serology, PCR, public health

Introduction
The intracellular bacterium Coxiella burnetii is the aetiological agent of Q fever, a
zoonotic disease. It has a worldwide distribution, infecting mammals, birds and

arthropods (Angelakis and Raoult, 2011).
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The impact of Q fever on human health has been reported in many countries for
several decades (Selvaggi et al., 1996; Lyytikdinen et al., 1998; Medic et al., 2005,
Porten et al., 2006; Grilc et al., 2007; Gilsdorf et al., 2008; Panaiatov et al., 2009;
Amitai et al., 2010; Wallesten ef al., 2010; Medic et al., 2012; Bellini et al., 2014). But
it was again perceived as a major public health problem when The Netherlands
experienced the largest human Q fever epidemic ever described between 2007 and 2011
(van Loenhout et al., 2012; Georgiev et al. 2013).

Human Q fever has been associated to infected animals (Marrie et al., 1988; Stein
and Raoult, 1999; Klaassen et al., 2009; van der Hoek et al., 2010) and domestic
ruminants are recognized as the most important source of infection (Angelakis and
Raoult, 2011). Infected ruminants are often asymptomatic. The most important clinical
presentations of Q fever in animals, that are relevant to its zoonotic properties, are
abortion and stillbirth that occur in a small percentage of animals within a flock, mainly
in small ruminants (Rodolakis ef al., 2007; EFSA, 2010). Moreover, delivery of weak
offspring and premature delivery have also been reported in small ruminants whereas
metritis and infertility are mostly reported in cattle (Rodolakis, 2009). Pregnant
ruminants are highly susceptible to infection and the abortions occur mainly at the first
parturition after infection. The following gestations usually develop without
reproductive failures (Berri et al., 2007). Infected animals shed bacteria in birth
products and vaginal mucus during and after parturition or abortion; but the shedding
through milk, urine and faeces are also reported (Guatteo et al., 2007% Rousset et
al., 2009). The shedding is normally very high at the first parturition after the infection
but occasionally it occurs at subsequent pregnancies accompanied by a considerable
number of bacteria excreted through placenta (Berri ef al., 2007; Roest et al., 2012). So,
normal deliveries in infected females contribute to the environmental contamination and
should, therefore, be considered as a major zoonotic risk (Roest et al., 2012).

Transmission between animals and from animals to humans occurs mainly by the
inhalation of contaminated aerosol particles generated from infected placenta, body
fluids or dust after desiccation (Angelakis and Raoult, 2011; Nielsen et al., 2012).
Given the high resistance of C. burnetii in the environment, windborne spread of
infective particles occurs. The highest risk of infection was estimated within a radius of
5 Km from the source of infection (Tissot-Dupont et al., 1999; Schimmer ef al., 2010).
Although ingesting contaminated raw milk and derivatives is considered a minor source

of contamination to humans (Fishbein and Raoult, 1992; Arricau-Bouvery and
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Rodolakis, 2005; Angelakis and Raoult, 2010), the risks related to the consumption of
unpasteurised milk and milk products (including fresh cheese) are not negligible, but
they seem to be lower in comparison to transmission via inhalation of aerosols from
parturient products (Gale et al., 2015; Signs et al., 2012).

The asymptomatic pattern in many cases of C. burnetii infection and the lack of
specificity of the clinical signs of Q fever make its recognition difficult. Thus, the real
distribution of animal Q fever is not well established. In some countries,
epidemiological data have been obtained from investigations of defined outbreaks or
from animal surveys (Angelakis and Raoult, 2011).

In Portugal, Q fever is a notifiable disease in humans and is characterized by a low
incidence rate (Santos et al., 2007). In ruminants, our recent studies demonstrate an
individual seroprevalence of up to 15 % (Anasticio et al., 2013% Anasticio et
al., 2013P). However, serological data does not allow to assess the risk of infection
related to animal management practices. The objective of this study was to unravel the
presence of an active infection in seropositive herds and to assess the risk of
transmission of the bacteria, by evaluating the proportion of C. burnetii shedders in milk

and vaginal mucus and estimating the bacterial load in positive samples.

Materials and Methods

Study design and sampling approach

A cross-sectional study was conducted between February and July 2012 in
non-vaccinated ruminant farms located at the Centre of Portugal where a serosurvey
was performed during the 4th trimester of 2011 (Anastacio et al., 2013*®). All the flocks
showing at least one seropositive animal for Q fever were revisited for individual
sampling after farmer’s agreement.

In participating farms, vaginal swabs (VS) and milk samples (MS) were collected
from females older than 6 months. In small ruminants, sampling was conducted during
the kidding season (February and March). Samples were taken from 15 females
randomly selected using the list of animals in each herd and the “=RAND ()” function
of the program Microsoft Excel® (Microsoft Corporation, Redmond, WA, USA). On
farms sized < 15 animals, samples were taken from all the females fulfilling the

inclusion criterion.
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All the samples were stored at — 20°C until analysis. A short questionnaire,
containing some herd level variables (farm demographics and observed reproductive
disorders during the 12 previous months), was filled up during sample collection
(Czaplicki et al., 2012) and the individual results of the previous serological testing

were also recorded in the questionnaire.

PCR testing

DNA was extracted from 200 pl of milk sample or PBS suspension of vaginal swab
using the QIAmp DNA Mini kit (Qiagen, Izasa, Portugal) and following the
manufacturer’s instructions.

All the DNA samples were first screened by conventional PCR as previously
described (Anastacio et al., 2016). PCR positive samples were additionally tested to
estimate the bacterial load by a real-time qPCR assay (Taq-VetTM Coxiella burnetii —
Absolute Quantification kit; Lifetechonologies®, USA), according to manufacturer’s
instructions. The real-time PCR assays were performed on a CFX-96 thermocycler
(Bio-Rad®, Amadora, Portugal). The results were expressed in number of bacteria per
millilitre and categorized in weak positive (+; <300 bacteria/ml), positive (++; 300

bacteria/ml-3 x 10* bacteria/ml) and strong positive (+++; >3 x 10* bacteria/ml).

Statistical analysis

For statistical analysis purpose, it was considered the herd size (categorical
nominal: <15 animals/>15 animals), species in the herds (categorical nominal:
sheep/goats/mixed/cattle herds) or species individually (categorical nominal:
sheep/goats/cattle), productive system (categorical nominal: intensive/extensive/semi-
extensive), type of production (categorical nominal: meat/milk), age (categorical
nominal: 6-36 months/> 36 months), co-habitation with other species (categorical
nominal: yes/no), individual results of the previous serological testing (categorical
nominal: positive/negative) and reports of reproductive disorders (at least one of the
following disorders: abortion, premature delivery, infertility, metritis and/or placental
retention) within the previous year (categorical nominal: presence/absence). The
response variables were the PCR result (categorical nominal: positive/negative)
obtained in each sample and the categorization of the bacterial load (categorical
nominal: negative/weak positive/positive/strong positive). An animal was considered

positive when at least one of the tested samples was positive in PCR testing.
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Herds were also categorized as positive or negative, according to the results obtained
for individual testing. A herd was considered positive when at least one animal showed
a positive result to PCR testing. Simple logistic regression test was performed to assess
individually the main factors associated with C. burnetii PCR positive results at herd
and individual level. After evaluating these factors with significant influence (p<0.05)
on positive results, a multiple logistic regression analysis was conducted to assess the
joint relationship between several independent factors and C. burnetii positivity.
Statistical analyses were performed using Epilnfo (version 3.5.4; Center for Disease
Control and Prevention, Atlanta, GA, USA). Confidence limits for the proportions were
estimated with 95% confidence intervals (CI) assuming a binominal exact distribution

(Epilnfo version 3.5.4; Center for Disease Control and Prevention, Atlanta, GA, USA).

Results

Descriptive analysis

From the total of 106 screened farms, 34 were eligible for the study and 24 farms
agreed to participate. Goat herds were predominant (n=9, 37.5%) followed by sheep
herds (n=8, 33.3%), mixed herds, i.e. sheep and goats (n = 4, 16.7%) and cattle herds
(n=3, 12.5%). The estimated herd mean size was 33.1 animals (SD=59.4, ranging from
3 to 200) and 16 (66.7%) herds had less than 15 animals. A predominance of meat
producing herds (n=20, 83.3%) in a semi-extensive grazing system (n=21, 87.5%) was
observed. Table 14 summarizes the descriptive characteristics in herds and PCR test
results. The shedding of C. burnetii was observed in five (20.8%; 95% CI: 7.1-42.2%)
herds. The proportion of positive herds was higher in cattle herds (2/3; 66.6%; 95% CI:
20.8-93.9%) followed by mixed herds (1/4; 25.0%; 95% CI: 13.2-78.1%) and goat herds
(2/9; 22.2%; 95% CI: 4.0-59.8%). No positive results were found in sheep herds.
Reproductive disorders were reported in three (60.0%; 17.0-92.7) PCR positive herds.
Moreover, all the PCR positive herds reported the cohabitation with other animal

species.
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Table 14: Descriptive characteristics and PCR results in domestic ruminant herds

Variable Number of herds PCR positive (%;*CI 95%)
Selected 24 5(20.8;7.1-42.2)
Herd size
<15 16 3(18.8;5.0-46.3)
>15 8 2(25.0;4.5-64.4
Herd species
Cattle 3 2(66.7;20.8-93.9)
Goat 9 2(22.2;4.0-59.8)
Sheep 8 0 (0.0; na®)
Mixed 4 1(25.0;13.2-78.1)
Type of production
Meat 20 3(15.0; 4.0-38.9)
Milk 4 2(50.0; 9.2-90.8)
Productive system
Intensive 3 2(66.7; 12.5-98.2)
Extensive 0 na®
Semi-extensive 21 3(14.3;3.8-37.4)
Cohabitation with other species
Yes 15 5(33.3;13.0-61.3)
No 9 0 (0.0; na®)
Cohabitant species
Pets 5 2 (40.0; 7.3-83.0)
Farm animals 5 1(20.0; 3.6-62.5)
Pets and farm animals 5 2 (40.0; 7.3-83.0)
Reproductive disorders
Yes 5 3(60.0; 17.0-92.7)
No 19 2(10.5; 1.9-34.5)

“Confidence Interval (range within which is reasonably confident to find the real prevalence)

®not applicable

In the studied herds (794 animals), 142 females (ewes n=56, goats n=40, cows n=46)
were sampled (142 VS and 92 MS) of which 132 (93%) have been previously submitted
to serological testing. The mean age of sampled females was estimated to be 50.3
months (SD = 29.7, range 9-167). The mean age of positive females was 36 months
(SD=26.4, range 11-105) and 51.8 months for negative females (SD=29.7, range 9-167).
A PCR positive result was observed in 13 (9.2%; 95% CI: 5.2-15.5%) females.
Considering species individually, a higher proportion of shedders was observed in goats
(6/40; 15%; 95% CI: 6.3-30.5%) followed by cows (5/46; 10.9; 95% CI: 4.1-24.4) and
ewes (2/56; 3.6%; 95% CI: 0.6-13.4). According to the type of sample, the proportion of
positive results was higher in MS (10/92; 10.9%; 95% CI: 5.6-19.5%) than in VS
(3/142; 2.1%; 95% CI: 0.5-6.5%). The milk shedding was observed in goats (6/23; 26.1;
95% CI: 11.1-48.7%) and in cows (4/46; 8.7%; 95%CI: 2.8-21.7%) whereas vaginal
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shedding was observed in ewes (2/56; 3.6%; 95%CI: 0.6-13.4%) and in cows (1/46;
2.2%; 0.1-13.0).

The quantification results categorized 92.3% of the PCR positive samples as positive
and 7.7% as strong positive. Overall, the bacterial load ranged from 460 bacteria/ml to

600000 bacteria/ml (mean=59.959, SD=163905).

Univariable analysis

Individual factors were tested to find associations with positive results in herds and
in animals individually. Significant associations were found only at the individual level.
Logistic regression test evidenced that animals older than 36 months present a lower
risk of shedding C. burnetii (OR=0.09, 95% CI: 0.012-0.44; p<0.005). Also, a
significant association was found between individual seropositive results and the

shedding of bacteria (OR=3.4, 95% CI: 1.1-11.1; p<0.05).

Multivariable analysis
A multivariable model was performed to test simultaneously variables found to be
associated in univariable analysis. The multiple logistic regression test confirmed that in

animals older than 36 months the risk of shedding C. burnetii is lower (p < 0.005).

Discussion

Q fever outbreaks have a major public health impact when they occur, affecting not
only rural but also urban populations. It has a worldwide significance (Angelakis and
Raoult, 2010), being an OIE (Office International des Epizooties) notifiable disease
(OIE, 2015). More than 30 different animal species are known to be susceptible to
C. burnetii, but domestic ruminants (cattle, sheep and goats) are recognized as the main
sources of infection (EFSA, 2010*) through their contaminated products (Georgiev et
al., 2013). Q fever cases have been reported in many countries but numerous knowledge
gaps in the understanding of C. burnetii epidemiology have been highlighted (Georgiev
et al., 2013). Some human outbreaks were attributed to spill-over infection from goats
and sheep, particularly during breeding season, nevertheless in most cases the sources

of human infection remain unclear (EFSA, 2010*%, Georgiev et al., 2013).

167



Chapter 3
Domestic Ruminants

The shedding of C. burnetii by ruminants is an important public health threat. The
identification of shedders is crucial for monitoring the spread among animals and from
animals to humans. Furthermore, the zoonotic risk also depends on the level of
C. burnetii in the contaminated products of the infected animals (EFSA, 2010
Cardinale et al., 2014).

In Portugal, a recent serosurvey for C. burnetii evidenced an apparent herd
seroprevalence of 32.6 % and 23.5%, as well as an individual seroprevalence of 9.6%
and 15% in small ruminants and cattle respectively (Anastacio et al., 2013*%). However,
in a flock with seropositive animals it is impossible to predict shedders based on
immunologic results because serological tests only indicate exposure to C. burnetii,
which may be due to a current clinical condition or to an earlier infection (Maurin and
Raoult, 1999; Berri et al., 2002). Conventional PCR is a very specific and sensitive
method for detection of C. burnetii DNA in biological samples (Willems et al., 1994;
Berri et al., 2000). Moreover, the real-time PCR technique provides quantifiable
information (Guatteo et al., 2005; Cardinale et al., 2014) which allows to scale the
importance of the sources of bacterium with regards to the risk of transmission of
C. burnetii among animals and from animals to humans (Guatteo et al., 2005).

In the present study, we aimed to evaluate the shedding of C. burnetii in seropositive
ruminant females from non-vaccinated herds by assessing the excretion of C. burnetii in
milk and vaginal mucus; and to estimate the bacterial load in positive samples. To our
knowledge, this is the first screening study conducted in Portugal for the excretion of
C. burnetii in domestic ruminants from seropositive ruminant herds, expanding the
knowledge of C. burnetii epidemiology in this country.

The shedding of C. burnetii DNA was confirmed in 20.8% of the herds and in 9.2%
of females. Recent PCR based studies identified C. burnetii in 9% of tested flocks in
northern Spain (Oporto ef al., 2006), in 15.9% of farms from the southern Italy (Parisi et
al., 2006) and in 5% of sheep herds from Germany (Hilbert et al., 2012). Individual
results showed that 8% of small ruminants were PCR positive in Sardinia (Masala et al.,
2004), 11.1% of domestic ruminants in India (Vaidya et al., 2010), 18.9% of small
ruminants in Italy (Parisi et al., 2006) and in 36% of domestic ruminants in the south of
Portugal (Clemente et al., 2009). All these studies were performed in cases of
reproductive disorders, namely abortions, except the study conducted in Germany
(Hilbert ef al., 2012), which render difficult the comparison of data due to differences in
study design, sampling approaches and applied methods. In the current study, we
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observed that 60% of positive herds reported the occurrence of reproductive disorders
within the previous year. Despite reproductive disorders are considered the main clinical
presentation of Q fever in ruminants, the aetiology of reproductive disorders in the
studied herds was not determined; thus, causality was not established. Additionally, we
did not find a significant association between the report of reproductive disorders and
the shedding of C. burnetii, supporting that C. burnetii infection and consequently its
shedding also occurs in asymptomatic herds (Rodolakis et al., 2007).

The randomly sampling of herds and females for serological and molecular purposes,
demonstrates the role of domestic ruminants in the infection cycle of C. burnetii in
Portugal. An underestimation of the herein presented results should not be excluded. It
is generally accepted that the shedding of C. burnetii occurs mainly during parturition
and lactation (Guatteo et al., 2007). The visit of the herds occurred during the kidding
season of small ruminants and the lactation of cows. However, at the time of visiting
small ruminant herds not all the females had given birth. This explains the smaller
number of milk samples when compared with vaginal swabs and that some negative
results in vaginal swabs can be due to the fact that females were not yet shedding
C. burnetii as it is accepted that the shedding begins mainly after parturition (Roest et
al., 2012).

The proportion of C. burnetii shedding was higher in cattle herds (66.6%) than in
mixed herds (25.0%) and goat herds (22.2%), and it was not found in sheep herds
(0.0%). Somewhat opposite results were obtained in Italy where C. burnetii DNA was
detected in 21.5% of small ruminants and 10.8% of cattle herds (Parisi et al., 2006).
Once again, the study design can affect the results between studies, since the Italian
study was conducted in abortion cases and the abortion caused by C. burnetii is mainly
reported in small ruminants rather than cattle (Rodolakis et al., 2007; EFSA, 2010). At
the individual level, the shedding of C. burnetii was higher in goats (15.0%), followed
by cows (10.9%) and lastly ewes (3.6%). In India, C. burnetii DNA was detected in
12.5% of cattle, 11.6% of sheep and 5.6% of goats (Vaidya et al., 2010), whereas in
Italy, the highest proportion of positive results was found in small ruminants (18.6%)
followed by cattle (11.6%) (Parisi ez al., 2006). Our results are somehow higher than the
expected comparing to above mentioned studies, mainly due to the study design features

that were previously pointed out. These findings suggest that probably different
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epidemiologic scenarios occur among regions reinforcing the importance of harmonized
monitoring schemes.

The recent Q fever outbreaks that occurred in Europe have been mainly associated
with small ruminant herds (EFSA, 2010*°). A higher proportion of shedding was
observed in goats than in ewes whose mean age was estimated to be 49 months (data
not shown), evidencing that they were not primiparous. These findings are supported by
the fact that after a Q fever outbreak in a goat flock more than one-half of goats may
shed bacteria through milk and vaginal mucus at subsequent pregnancies without
manifestation of clinical signs (Berri ef al., 2007; Rousset et al., 2009). Although the
contact with sheep is described as a major zoonotic risk factor for Q fever (Marrie and
Raoult, 1997), infected ewes are highly infective in the first parturition which is usually
accompanied with reproductive failures. Whereas, the shedding of C. burnetii at later
parturitions, usually carried to term with normal deliveries, may not occur (Berri et
al., 2002; Berri et al., 2005). Overall, considering goats as long-term shedders and the
environmental resistance of C. burnetii (Rousset et al., 2009), goats constitute an
important risk of direct or indirect exposure to C. burnetii; explaining why living close
to goat farms has been identified as an important risk factor for Q fever (Schimmer et
al., 2010).

Considering the results obtained by sample type, a higher proportion of excretion
was observed in milk samples (10.9%) compared with vaginal swabs (2.1%) but
differences were observed among animal species. In milk samples a higher positivity
rate was observed in goats and cows, 26.1% and 8.7% respectively, being null in ewes
(0.0%); while in vaginal swabs the opposite was observed, and the positivity rate was
higher in ewes (3.6%) and in cows (2.2%) but null in goats (0.0%). These differences
may occur because the shedding routes differ among animal species (Rodolakis et
al., 2007). The higher proportion of excretion in milk is in accordance with the reports
that milk is the main shedding route of C. burnetii in dairy cattle (Beaudau et al., 2006;
Rodolakis, 2006; Guatteo et al., 2007; Rodolakis et al., 2007; Mohammed et al., 2014).
As well as in goats that, even in the post-partum, excrete C. burnetii DNA for
long-periods (Berri et al., 2007; Rodolakis, 2009; Roest et al., 2012) and perhaps during
successive lactating periods (Arricau-Bouvery et al., 2003). In our study, and
considering the quantification results, one strong positive result (7.7%) was obtained,
corresponding to a milk sample from one cow, which was highly-seropositive on the

ELISA testing. Persistent shedder cows are usually persistently highly seropositive
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probably due to a strong immune stimulation (Guatteo et al., 2007; Courcoul et
al., 2010). However, to confirm that this cow is a heavy-shedder female further milk
samples should have been tested.

The lower proportion of cows shedding through vaginal mucus confirms that this
shedding route is not very important in cattle (Rodolakis, 2006; Rodolakis et al., 2007).
Although it is globally accepted that goats shed C. burnetii via vaginal mucus and milk
(de Cremoux et al., 2012; Rodolakis et al., 2007), even at successive parturitions and
normal deliveries (Berri et al., 2007), in this study there was no evidence of vaginal
shedding in goats. Despite the suggestion that the detection of C. burnetii in vaginal
mucus after parturition possibly results from environmental contamination (Roest ef al.,
2012), it is possible that our findings result from the intermittent shedding of bacteria
described in goats leading to false negative results in cross-sectional studies as
previously referred (Rousset et al., 2009). The evidence of vaginal shedding observed in
ewes in opposition to the absence of milk shedding is in agreement to the reports that
the vaginal mucus is considered the primary shedding route in ewes (Rodolakis et al.,
2007; Rodolakis, 2009) while milk is not the preferred route of C. burnetii shedding in
sheep (Rodolakis, 2006; Mohammed et al., 2014). However, an intermittent shedding in
milk has been reported in ewes (Rodolakis, 2006).

We also observed that all the animals shed bacteria by only one route which is in
accordance with previous reports (Beaudau et al., 2006; Guatteo et al., 2006;
Rodolakis, 2009).

The age seems to be an important factor to limit the environment contamination. The
shedding was significantly lower in females over 36 months, suggesting that antibody
persist for long periods after the bacteria have been cleared from the organism (Berri et
al., 2002). Herds with a high number of younger females are more prone to develop
Q fever and to be a source of infection for humans.

A significant association was found between individual seropositive results and the
shedding of bacteria. Notwithstanding, five shedder females (two ewes and three goats)
were antibody negative, a result also described in a previous study (de Cremoux et
al., 2012). These seronegative results can be explained by the localisation of bacteria
only in the udder, placenta, uterus or vagina of animals without inducing systemic

antibodies (Berri ef al., 2002) or by the fact that C. burnetii antigens used in ELISA kits
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may not be suitable for post-infection antibody response detection (Berri ef al., 2002;

Rodolakis, 2009).

Conclusions

To the best of our knowledge, this is the first screening confirming the shedding of
C. burnetii in vaginal swabs and milk samples of apparently healthy ruminants in
Portugal. In opposition to the serological testing observations where seropositivity was
significantly associated to the increased age, we noticed that the shedding of C. burnetii
is significantly associated with younger females, which represent a higher risk for
environmental contamination. Moreover, it was observed that reproductive disorders
maybe predictive of C. burnetii infection notwithstanding other methods should be used
to confirm the suspicion. Some of our results are not consistent with those obtained in
other countries. This might be explained by different epidemiological scenarios among
regions or by the different methodologies applied. This reinforces the need of
harmonized screening methods and study designs to ease the sharing and comparison of
data leading to a better understanding of the impact of Q fever in animal and public
health. The molecular methods such as qPCR should be considered as a standard
method, for identifying animal shedders, due to their reliability and sensitivity.
Therefore, strategies combining the interests of public and veterinary health should
include the identification of shedders, which is central to any control or surveillance

scheme.
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No evidence of specific
anti-Coxiella burnetii antibodies in
domestic pigs
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Silva. No evidence of specific anti-Coxiella burnetii antibodies in domestic pigs.
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Abstract

Coxiella burnetii is a zoonotic and multiple-host pathogen transmitted mainly by the
inhalation of contaminated aerosols. Among hosts, feral pigs have been described as
reservoirs contributing to the wildlife cycle of infection. However, the role of domestic
pigs in the epidemiology of C. burnetii is unknown however the feral pigs have been
described as reservoirs belonging to the wildlife cycle of infection. This study aimed to
investigate the exposure of domestic pigs to C. burnetii. Blood samples (n=50) were
obtained following a systematic random sampling in a slaughterhouse at the Centre of
Portugal. Sera were tested in duplicate using a commercial ELISA adapted with an anti-
multi-species conjugate (protein AG). The results were negative for antibody anti-
C. burnetii. No evidence of exposure was found in pigs. To our knowledge, this is the
first serosurvey of C. burnetii in domestic pigs in Portugal and it seems that the exposure
to C. burnetii in pigs in intensive production system is very limited or even inexistent.
Considering that the age of the animals is important in the epidemiology of C. burnetii;
further studies including adult animals and different types of production systems
(intensive and extensive) are needed for a better elucidation about the role of suine on the

epidemiology of C. burnetii.

Keywords: Q fever, zoonosis, swine, ELISA

Coxiella burnetii, the etiological agent of Q fever presents a worldwide occurrence. It
is a zoonotic and multiple-host pathogen that infects wild and domestic vertebrates and
ticks. Transmission occurs mainly by inhalation of infected aerosols or dust (Maurin and
Raoult, 1999). So far, domestic ruminants have been considered the main reservoirs of
the pathogen (Angelakis and Raoult, 2010). Pigs have been described has reservoirs of
several zoonotic pathogens as Brucella suis, Trichinella spiralis or Toxoplasma gondii
(Khan et al, 2013). Also, the presence of antibodies in serum after experimental infection
(Marmion and Stocker, 1958) indicates their susceptibility to C. burnetii but, at the

moment there are no reports of an active infection in these domestic animals.
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Therefore, the aim of this study was to investigate the exposure to C. burnetii infection
among domestic pigs.

A cross-sectional study was designed and developed during February 2013. The
sampling procedure included the collection of blood samples by systematic random
sampling in a slaughterhouse located at the Centre of Portugal (39°42' N 8° 17' W). Using
the software Microsoft Excell® the number 8 was randomly selected from 0 to 100; and
thus, it was considered the unit of sampling. A total of 50 blood samples were collected
one day per week and for four weeks. Blood (5 ml) was kept refrigerated at 4°C until
centrifugation and sera were stored at - 20°C until analysis. At the time of collecting blood
samples a small questionnaire containing information about the animals was filled.

Each serum was tested in duplicate using a commercial indirect ELISA, which is based
on the use of an antigen (phase I and II) isolated from domestic ruminants (LSIVET
Ruminant Milk/Serum Q Fever®, Laboratoire Service International, Lissieu, France).
The ELISA was adapted for multi-species detection, using an anti-multi-species
conjugate (protein AG) provided by the manufacturer. Before testing, an assay was
performed to find the best working dilution for protein AG, using the ruminant positive
and negative control sera provided in the kit. Briefly, serial dilutions of the protein AG
were performed (from 1 to 1/100.000) and ruminant positive and negative control sera
were tested in duplicate, using the ruminant conjugate and the protein AG dilutions. The
mean optical densities (OD) of the positive and negative controls of each protein AG
dilutions were compared with the mean OD of the ruminant conjugate and the dilution
with an OD closer to the ruminant conjugate was used (Laboratoire Service International,
personal communication, 2011). For the identification of C. burnetii positive and negative
samples to use as control sera, a prior test is needed according to Cooper ef al. (2011,
2012). Briefly, a screening of samples is carried out using the ruminant positive and
negative control sera provided by the kit. The mean OD of duplicates is calculated, and
samples are not considered if the coefficient of variation (CV) is > 10%. The pool of the
three high-reacting (HR) and the three low-reacting (LR) sera (mean OD HR / mean OD
LR > 4) are then used as positive and negative control sera, respectively.

The ELISA was performed according manufacturer’s instructions. The ruminant
conjugate was replaced by the protein AG. OD values were measured at 450 nm.
Sample/positive percentages (S/P per cent) were calculated by the adjustment with the
negative control [S/P per cent=(ODsample ODnegative)/(ODpositive-ODnegative)x 100]. Sera with

an S/P per cent <50% were considered negative. Samples with an S/P per cent between
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50% and 75% were considered positive and those >75% were considered strongly
positive (Cooper et al., 2011, 2012).

At the preliminary screening of the 50 sera, no significant differences were observed
in the mean OD of the duplicates. This means that it was not possible to identify a positive
serum with a mean OD four-fold higher than the others.

Considering this, it is not possible to assess the exposure to C. burnetii in domestic
pigs.

At the present, the methods described for serological testing in animals are the ELISA,
the Indirect Immunofluorescence (IF) test and the Complement Fixation (CF) test. ELISA
tests are commercially available for domestic ruminants and often used (Rousset et
al., 2010). However, the lack of commercially available and validated ELISA tests for
other species raises some difficulties in their use, namely by the absence of
species-specific antibody and by the lack of reference control sera. The use of the protein
AG has been described as a strategy to solve the problem of the absence of a
species-specific antibody. Since it has a strong ability to bind to IgG of mammalian
species, it has been used in the adaptation of ELISA tests to multiple species (Zhang et
al., 2010; Al-Adhami and Gajadhar, 2014). This strategy was also used in other surveys
for C. burnetii in other species than ruminants (Meredith et al., 2014).

To the best of our knowledge this is the first serosurvey of C. burnetii in pigs in
Portugal. However, it seems that the exposure of domestic pigs to C. burnetii is very
limited or even inexistent. The intensive production system and the high turnover of the
pig population in the farm might explain the obtained results. Further studies are needed
to clarify about the exposure in pigs, namely by the sampling of adult animals used in
reproduction in intensive production systems and by the study of pigs in extensive

production systems.
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Coxiella burnetii in companion
animals and ticks:
serological and molecular screening

S. Anastacio, S. Sousa, M. Almeida, H. Vilhena, M. Portugal, F. Ramalho, K. Sidi-
Boumedine, G.J. da Silva. Coxiella burnetii in companion animals and ticks: serological

and molecular screening.
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Abstract

Dogs and cats are potential sources of infection for some zoonotic diseases such as
Q fever, caused by Coxiella burnetii, a multiple host pathogen. Ticks are considered
C. burnetii vectors in wild and domestic cycles. This study aimed to screen for
C. burnetii in pets and in ticks collected from infested animals. A cross-sectional study
was conducted from 2011 to 2014. Sera obtained from pets (n=180) were tested for
C. burnetii antibodies using a commercial ELISA adapted for multi-species detection.
C. burnetii in ticks was screened by PCR assay targeting IS1111. An exposure to
C. burnetii was observed in 17.2% (95%CI:5.8-35.8%) of cats and in 12.6%
(95%Cl:7.7-19.0%) of dogs. The exposure occurred in cats living in rural habitat, but
there were no differences in the exposure between dogs living in urban or rural habitats.
Ticks (n=91) were identified as Rhipicephalus sanguineus, Ixodes ricinus and
Dermacentor reticulatus, being the former being the most common. None was positive
for C. burnetii DNA. The higher exposure in cats might be explained by their hunting
activities and contact with wildlife. An increase of antibody positivity in dogs was
observed over the last 20 years in Portugal, but we could not associate wild, domestic
animals and ticks as a source of infection. This study revealed that ticks do not seem to
be involved in the transmission of C. burnetii. This highlights the need of more research
to clarify the potential sources of infection in dogs and the role of ticks in C. burnetii

transmission.

Keywords: Q fever, ELISA, PCR, dogs, cats, ticks

Introduction

Coxiella burnetii, a small Gram negative intracellular bacterium, is the causative
agent of Q fever, a zoonotic infection worldwide distributed. The host range of
C. burnetii includes mammals, birds, reptiles and arthropods (Angelaskis and

Raoult, 2010). Domestic ruminants are recognized as the main sources of human
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infection and the shedding occurs mostly at the time of parturition, when the heavily
infected placenta results in aerosolization of C. burnetii (Rodolakis, 2009).

However, human Q fever outbreaks have also been documented from the contact
with dogs and cats (Buhariwalla et al., 1996; Kosaksy, 1984; Marrie et al., 1988?,
1988°; Kopecny et al., 2013). Pets can potentially be infected by inhalation, tick bites,
consumption of placentas or milk from infected ruminants (Porter et al., 2011). The
finding of C. burnetii in vaginal and uterine samples of healthy cats (Nagaoka et
al., 1998; Cairns et al., 2007; Tozer et al., 2014) and dogs (Roest et al., 2013% Mares-
Guia et al., 2014; Tozer et al., 2014) suggest a potential zoonotic risk for humans.
Experimentally, in cat C. burnetii can cause fever, anorexia and lethargy but in the field,
the infection remains asymptomatic and frequently undiagnosed (Egberink ef al., 2013).
In infected parturient dogs, early death of the pups has been reported (Buhariwalla et
al., 1996).

Few reports indicate that ticks, ectoparasites of mammals including pets, can act as
vectors of C. burnetii (Spitalska et al., 2003). Ticks acquire C. burnetii during a blood
meal on infected animals and the infection is maintained in the ticks by vertical
transmission, meaning that transtadically and transovarially transmission may occur.
Transmission from ticks to vertebrate might occur during the next blood meal or by
aerogenic spread of dried tick faecal excretions (Szymanska-Czerwinska et al., 2013).
Over than 40 species of ticks have been found to carry C. burnetii, and eventually they
may serve as indicators of infection in nature (Spitalska et al., 2003).

In Portugal, only one serosurvey of C. burnetii was performed in dogs, using an
indirect fluorescent antibody test (Bacellar ef al., 1995). Moreover, this study was
performed many years before the public concern raised by the European Food and
Safety Authority (EFSA) triggered by the large human Q fever outbreak in The
Netherlands in 2007-2011 (EFSA 2010). Likewise, there is a lack of information about
studies in cats.

This study aimed to determine the seroprevalence of C. burnetii infection in dogs and
cats from central Portugal and to detect the presence of C. burnetii DNA in ticks

collected from the animals.
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Methods

Study design and sampling approach

A cross-sectional study was conducted in central Portugal from 2011 to 2014, in a
region of 1937 Km? in a latitude 40.0° to 40.7° N and a longitude 8.2° to 8.7° W. For
sample size calculation, the size of the domestic dog and cat population in the study
region was estimated according to Alves et al. (2005) and Cooper et al. (2011).
Furthermore, an expected prevalence of 4.8% was considered (Bacellar et al. 1995)
following the method described by Thrusfield (1995), considering a desired absolute
precision of 10% and a 95% confidence interval. The calculation was performed using
the software WinEpiscope version 2.0, resulting in a minimum sample size of 19 dogs
and 19 cats. A convenience sampling was performed in dogs and cats attending on
veterinary clinics and housed at the municipal kennel of Coimbra. Only animals older
than six months were included in the study. At veterinary clinics, only animals
subjected to a blood sampling during the routine procedures of veterinary examination,
were included in the study, after the consent of the owners. In that case, the surplus
blood was centrifuged, and the serum or plasma was stored at -20°C until analysis. At
the municipal kennel, blood samples were collected only from animals that would be
euthanized according to the national legislation (Portugal: DL315/2003). This procedure
was carried out under approval of Portuguese National Authority for Animal Health
(no.C.12.014.UDER).

Additionally, ticks were collected from infested cats and dogs and preserved in 70%
alcohol. Ticks were identified to species level using a standard morphological key
(Zajac and Conboy, 2006) and the data was recorded, including the developmental stage
and the gender.

A small questionnaire was filled-up, containing some individual factors as gender,

breed, age, habitat, and exposure to wildlife or to other domestic animals.

Serological testing

Sera (n=180) were tested using a commercial indirect ELISA, which is based on the
use of an antigen (phase I and II) isolated from domestic ruminants (LSIVET Ruminant
Milk/Serum Q Fever®, Laboratoire Service International, Lissieu, France). The
sensibility and specificity of this Kit were estimated to be 87% and 99.1%, respectively,
by comparison with complement fixation (Laboratoire Service International, Lissieu,

France, personal communication, 2012). This ELISA was adapted for multi-species
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detection, using an anti-multi-species conjugate (protein A/G) provided by the
manufacturer. Before testing, an assay was performed to find the best working dilution
for protein AG, using the ruminant positive and negative control sera provided in the
kit. Briefly, serial dilutions of the protein AG were performed (from 1 to 1/100.000) and
ruminant positive and negative control sera were tested in duplicate, using the ruminant
conjugate and the protein AG dilutions. The mean optical densities (OD) of the positive
and negative controls of each protein AG dilutions were compared with the mean OD of
the ruminant conjugate, and the dilution with an OD closer to the ruminant conjugate
was used (Laboratoire Service International, Lissieu, France, personal communication,
2011). The identification of C. burnetii positive and negative samples, for use as control
sera, was performed prior to testing as recently described (Cooper et al., 2011, 2012). A
previous screening of 92 serum samples from dogs (67) and cats (n=25) was carried out
using the ruminant positive and negative as control sera. The mean OD of duplicates
was calculated, and samples were not considered if the coefficient of variation (CV) was
> 10%. The three high-reacting (HR) and the three low-reacting (LR) sera (mean OD
HR / mean OD LR > 4) were pooled and used as positive and negative control sera,
respectively. These selected samples were re-tested and a CV<15% was required
between assays.

The ELISA was performed according to the manufacturer’s instructions. Each serum
sample was tested in duplicate and the ruminant conjugate was replaced by the protein
AG. OD values were measured at 450 nm. Sample/positive percentages (S/P per cent)
were calculated by the adjustment with the negative control [S/P per
cent=(ODsample-ODnegative )/ (ODpositive=ODnegative)x 100]. Sera with an S/P per cent <50%
were considered negative. Samples with an S/P per cent between 50% and 75% were
considered positive and those >75% were considered strongly positive (Cooper et al.,

2011, 2012).

Molecular analysis

The PCR testing for detection of C. burnetii DNA was performed on ticks after DNA
isolation. Ticks (n=91) were washed three times in 1x phosphate buffered saline, rinsed
with distilled water and dried on sterile filter paper prior to DNA extraction (Reye et
al., 2012). Ticks were crushed individually and aseptically, using surgical scalpel blades
in sterile Petri dishes and 25 mg of homogenate was used for lysis using Qiamp DNA

Mini Kit (Qiagen®, Isaza, Portugal) according to manufacturer’s instructions.
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A conventional PCR assay targeting IS1111, a transposon-like repetitive region of
C. burnetii, was performed as described previously (Anastacio et al., 2016). To discard
the presence of Tag Polymerase inhibitors, DNA samples were tested in duplicate,
adding 2.5 pL of positive control (C. burnetii RSA 493) to each DNA sample duplicate
(2.5 pL). The DNA amplification was performed in a Biometra Thermocycler
(Biometra®, Germany). The expected amplicons (243 bp) were separated by
electrophoresis on 2% agarose gel and observed under UV light. In case of positive
results, a real time PCR testing, conducted on a CFX-96 thermocycler (Bio-Rad®,
Portugal) and using the commercial Taq-Vet™ Coxiella burnetii kit
(LifeTechnologies®, USA) enabled the confirmation of the positive results and the

determination of Ct values for comparisons.

Statistical analyses

For statistical analyses purposes, simple logistic regression analysis was performed
to explore associations between individual factors and response variables. Confidence
limits for the proportions were estimated with 95% confidence intervals (CI) assuming a
binominal exact distribution (Epilnfo version 3.5.4; Center for Disease Control and

Prevention, Atlanta, GA, USA).

Results

ELISA testing

A total of 180 surveyed serum samples were obtained from 151 dogs and 29 cats.
Table 15 shows the descriptive characteristics and serological results in both species.

The calculated mean age was 63.6 months (range: 6 to 192 months, SD=60.8) for
cats and 71 months (range: 6 to 168 months, SD=51) for dogs. Male gender was slightly
predominant in both species: 55.2% in cats (95% CI: 36-73%) and 62.9% in dogs
(95% CI: 53.7-71.3%); as well as the rural habitat: 58.6% of cats (95% CI: 39.1-75.9%)
and 54.9% of dogs (95% CI: 46.0-63.6%) lived in a rural area.

An exposure to C. burnetii was evidenced in five cats (17.2%; 95% CIL
5.8t0 35.8%). The proportion of positive results was slightly higher in female cats
(10.3%, 95% CI: 2.7-28.5%) and in cats younger than 24 months (10.3%, 95% CI:
2.7-28.5%). All the positive cats lived in rural area. Among them, 80% (95% CI:
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29.9-98.9%) referred the exposure to wildlife and 20% (95% CI: 1.1-7.0%) cohabited
with other domestic animal species.

In dogs the exposure to C. burnetii was evidenced in 19 animals (12.6%; 95% CI:
7.7-19.0%). Despite the lack of data in some animals, the proportion of positive results
was equal in both genders as well as in rural or urban habitat. A higher proportion of
positive results was found in animals older than 24 months (5.3%; 95% CI: 2.7-10.1%),
in animals with owner (8%; 95% CI: 4.4-13.8%), without cohabiting with domestic
animals (4%; 95% CI: 1.6-8.8%) but exposed to wildlife (4%; 95% CI: 1.6-8.8%).

Table 15: Descriptive characteristics and seropositive results (cats and dogs).

Cats Dogs
Variables Frequency Positivity a Frequency Positivity a
(n) (%) CI 95% (n) (%) CI95%
Gender
Male 16 6.9 1.2-242 78 4.0 1.6 -8.8
Female 13 10.3 2.7-28.5 49 4.0 1.6-8.8
Missing 0 0 na® 24 4.6 2.1-9.7
Age
< 24 months 10 10.3 2.7-28.5 7 1.3 0.3-4.7
> 24 months 16 6.9 1.2-242 100 53 2.7-10.1
Missing 3 0 na® 44 6.0 3.2-11.0
Habitat
Rural 17 17.2 5.8-35.8 72 5.3 2.5-10.5
Urban 12 0 na® 59 53 2.5-10.5
Missing 0 0 na® 20 2.0 0.5-6.1
Origin
Owner 28 17.2 5.8-35.8 71 8.0 4.4-13.8
Kennel 1 0 na® 80 4.6 2.1-9.7
Cohabitation with other species
Yes 10 3.5 0.2-19.6 11 0 na®
No 13 10.3 2.7-28.5 40 4.0 1.6-8.8
Missing 6 35 0.2-19.6 100 9.9 5.9-16.1
Exposure to wildlife
Yes 13 13.8 4.5-32.6 63 4.0 1.6-8.8
No 16 35 0.2-19.6 37 2.7 0.9-7.1
Missing 0 0 na® 51 6.0 29-11.4
Total 29 17.2 5.8-35.8 151 12.6 7.7-19.0

®Confidence Interval (range within which is reasonably confident to find the real prevalence)

not applicable

Table 16 describes the categories of ELISA results in relation with the origin of

animals.
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Table 16: Categories of ELISA results in relation with the origin of the animals.

Negative Positive Strong positive

n (%; 95% CI) n (%3 95% CI) n (%; 95% CI)
Dogs
With owner 59 (39.1%; 31.3-47.45%) 7 (4.6%; 2.1-9.7%) 5(3.3%; 1.2-8.0%)
Kennel 73 (48.3%; 40.2-56.6%) 2(1.3;0.2-5.2%) 5(3.3%; 1.2-8.0%)
Cats
With owner 23 (79.3%; 59.7-91.3%) 2 (6.9%; 1.2-24.2) 3 (10.3%; 2.7-28.5%)
Kennel 1(3.5;0.2-19.6%) 0 0

Ticks identification

Table 17 summarizes the data about tick identification and PCR results. A total of 91
hard ticks comprising 88 adults (96.7%) and 3 nymphs (3.3%) were collected. Among
those, 77 (84.6%) were collected from dogs and 14 (15.4%) from cats. In the adult
forms, females were predominant (61; 69.3%) and most of them (40/61; 65.6%) were
engorged. The most common species in both dogs and cats was
Rhipicephalus sanguineus, followed by Ixodes ricinus. Dermacentor reticulatus was

only identified in one dog.

Table 17. Characterisation of the ticks and PCR results in each animal species.

Stage / Sex

Tick species Engorged Non- Male Nymph Larva Neticks  N° hosts PCR

female engorged result

female

Dogs
R. sanguineus 34 16 23 1 0 74 14 Negative
1L ricinus 0 0 1 1 0 2 2 Negative
D. reticulatus 0 0 1 0 0 1 1 Negative
Cats
R. sanguineus 6 3 1 0 0 10 6 Negative
L. ricinus 0 2 1 1 0 4 3 Negative

Molecular testing
No positive results were obtained in ticks by molecular analysis (Table 17).

Furthermore, no inhibitions of the Tag Polymerase were observed on PCR.

Discussion
Dogs and cats are very common as companion animals over the world. However,
these animals can serve as sources of infection for human bacterial diseases, even when

they are asymptomatic (Skerget et al., 2003). Q fever is a zoonotic disease characterized
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by an acute febrile illness with nonspecific clinical signs in humans, whose non-specific
manifestations include hepatitis and atypical pneumonia in severe cases, and in a small
proportion of infected people a chronic infection with life-threatening valvular
endocarditis may occur (Angelakis and Raoult, 2010). Both cats and dogs have been
referred as sources of infection (Pinsky et al., 1991; Marrie et al., 1988*%; Buhariwalla
et al., 1996) and the role of ticks in bacterial transmission in wild and peridomestic
cycles is described (Mancini ef al., 2014). Establishing the seroprevalence of C. burnetii
in dogs and cats is essential to obtain an overview of the exposure to this bacterium, to
gauge the likelihood of C. burnetii being an agent of disease in these species and to
determine the risk of infection to veterinary personnel, professional breeders and pet
owners (Shapiro et al., 2015). Moreover, the detection of C. burnetii DNA in ticks
provides information about their role in the peridomestic cycle and whether this
screening is needed in surveillance studies.

In this study the proportion of positive results was 17.2% and 12.6% in cats and
dogs, respectively. Previous studies conducted in cats reported positivity rates of 14.2%
in Japan (Komiya et al., 2003), 9% in California (Willeberg et al., 1980), 13% in
Zimbabwe and 2% in South Africa (Matthewman et al., 1997). A serosurvey conducted
in Canada - Nova Scotia, where an outbreak of human Q fever was reported (Marrie et
al., 1988%), revealed a seroprevalence of 6% in cats (Marrie et al., 1985). Interestingly,
in a similar study performed in the region of Ontario, no seropositive results were found
in cats (Lang et al., 1992) revealing that the patterns of infection may differ
geographically. A higher seroprevalence (61.5%) was obtained in cats from United
Kingdom but the sampling strategy included cats with owner living outdoor with
hunting habits which might have biased results by the exposure to wildlife (Meredith et
al., 2014). Overall, this agrees with our findings in which all the positive cats lived in
rural area and among them, 80% (95% CI: 29.9-98.9) were exposed to wildlife (data not
shown). This can be explained by the predatory activity of cats in wildlife, living close
to prey animals or even to livestock (Marrie et al., 1988%; Meredith et al., 2014). This
suggestion is also supported by the results obtained in Japan, where a seropositive rate
of 41.7% in stray cats was reported, being higher than the seropositivity in domestic
cats (14.2%) (Komiya et al., 2003). These findings demonstrate that the feline
environment influences the exposure to C. burnetii.

The increased seropositivity in dogs (12.6%) compared to the last serosurvey in

Portugal (4.8%) (Bacellar et al., 1995) suggests a change in the scenario of C. burnetii
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infection in dogs over the last 20 years, but the different sensibility and specificity of
methods applied should not be neglected. Previous surveys of C. burnetii in dogs have
reported a seropositivity of 21.8% in Australia (Cooper et al., 2011), 66% in California
(Willeberg et al., 1980), 59.3% in Bulgaria (Martinov et al., 1989°), 12% in Croatia
(Punda-Polic ef al., 1995), 9.8% in France, 11.6% in Senegal (Boni et al., 1998), 1% in
Italy (Baldelli et al., 1992) and in Canada no antibodies were detected in dogs (Marrie
et al., 1985). Differences on seroprevalence may occur during time and between
geographic locations. Nevertheless, the comparison of data of published studies must be
done carefully due to differences in study design, sampling approach and methods
applied.

Interestingly, we found higher antibody positivity (8.0%) in dogs with owner than in
dogs from the municipal kennel (4.6%), which is opposite to that found in California,
where a higher positivity was observed in stray dogs than in dogs with owner
(Willeberg et al., 1980). Moreover, we obtained similar antibody positivity in dogs from
rural (5.3%) and from urban (5.3%) areas. These findings are somewhat unexpected.
Most of the animals kept at the municipal kennel were captured from the streets
suggesting a higher chance of exposure to C. burnetii by the contact with wildlife, and
then a higher positivity would be expected in stray dogs than in dogs with owner.
Besides, in rural areas a higher positivity would be expected, due to contact with
livestock and wildlife that might favour the exposure to C. burnetii (Maurin and
Raoult, 1999; Anastacio ef al., 2014). Q fever outbreaks in urban areas might be related
to windborne spreading of C. burnetii (Popescu et al., 2014) but questions about the
potential sources of infection in urban areas remain unclear.

Ticks are important vectors of infectious agents, playing an essential role in the eco-
epidemiology of diseases, such as Lyme borreliosis, rickettsiosis, babesiosis,
ehrlichiosis or tularaemia (Parola and Raoult, 2001). The transmission of C. burnetii by
vector route has also been referred (Psatouraki et al., 2014). These arthropods are
ubiquitous both in rural and urban areas and the possibility of ticks being a source of
infection in dogs should not be excluded.

Among the 850 species of ticks identified all over the world (Silva et al., 2006%),
more than 40 species of ticks have been found to carry C. burnetii (Angelaskis and
Raoult, 2010). Ticks show some geographical and host specificity (Duron et al., 2014),
and pathogen diversity differs among tick species (Reye et al., 2013). Moreover, a

host-specific adaptation of C. burnetii has been hypothesized (Sulyok et al., 2014). In
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this context, the identification of ticks was a substantial objective in this study, so it
enables us to relate tick species to their hosts as well as an association with C. burnetii
infection

In Portugal, the climatic and ecological conditions are favourable for the
development of several species of ticks and 24 species have been identified so far (Silva
et al., 2006%). We found Rhipicephalus sanguineus as the predominant tick species
which agrees with other studies in Portugal (Maia et al., 2014). Dogs are recognized as
major hosts of R. sanguineus however a wide range of domestic and sylvatic animals
can be infected by this tick. Ixodes ricinus, the second most frequent tick in our study, is
mainly found in regions rich in vegetation and presents an exceptional ability to infect
several hosts, like birds, mammals and even humans. Only one specimen of
Genus Dermacentor was found in a dog, the less frequent genus found in Portugal, but
also presenting a large broad of hosts, including humans (Silva et al., 2006%).

In our screening for C. burnetii in ticks collected from dogs and cats, all the DNA
samples were negative. Therefore, it was not possible to associate a tick species with the
transmission of C. burnetii. Similar results were obtained recently in The Netherlands
(Sprong et al., 2012) and in Japan (Andoh et al., 2013). However, positive results were
obtained in Belarus (1%) (Reye ef al., 2013), in Slovakia (3%) (Rehacek et al., 1991), in
Poland (15.9%) (Szymanska-Czerwinska et al., 2013), in Italy (22%) (Mancini et
al.,2014) and in pools of ticks from Kenya (50%) (Knobell et al., 2013). In these
studies C. burnetii was found in the genus Rhipicephalus, Ixodes, Dermacentor and
Haemaphisalis collected in dogs or in the environment (Rehacek et al., 1991; Knobell et
al., 2013; Reye et al., 2013; Szymanska-Czerwinska et al., 2013; Mancini et al., 2014).
Based on the results obtained from this study, currently the risk of acquiring C. burnetii
from ticks is negligible. However, the recent identification of a hotspot of C. burnetii in
ticks at a regional level in Belarus (Reye e al., 2013) and the high prevalence of
C. burnetii in ticks collected in a public park in Rome, suggest their potential role in the
maintenance of infection in some regions (Mancini et al., 2014). In this context,
monitoring of vectors should be performed on a regular basis.

The exposure to C. burnetii was confirmed in both cats and dogs. Overall, cats seem
to be more prone to be infected by C. burnetii, which might be related to their living
habits since indoor cats having frequently free access to the backyard where they
express their hunting instinct, and possibly being exposed to potential infected wildlife

prey. In dogs, the potential sources of infection need to be clarified. Ticks cannot be
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discarded as a source of transmission, but in this study, we could not establish an
association between pets and ticks taken from infested animals. This reinforces the need
of more investigation to really clarify the role of ticks in transmission of C. burnetii,

namely at species level and their habitat.

Acknowledgements
Authors are very grateful not only to owners by their agreement in participating in
the study but also to the animals included in this study and the veterinary clinics by their

kind collaboration.

Financial support
S. Anastacio is supported by the grant SFRH/BD/77823/2011 from Fundagdo para a
Ciéncia e a Tecnologia, Lisbon, Portugal. This work was supported financially by the

Center for Neuroscience and Cell Biology (CNC), University of Coimbra.

Conflict of Interest

The authors declare that they have no conflict of interest.

195



Chapter 5
Companion animals ans ticks

196



Wild ungulates




198



Chapter 6
‘Wild ungulates

6.1

Coxiella burnetii in
wild boars (Sus scrofa):
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Abstract

The role of wild boars in the epidemiology of Q fever is poorly understood. This
study aimed to investigate their exposure to C. burnetii and to determine the presence of
C. burnetii DNA in sera and faeces. In a cross-sectional study, the screening for specific
antibodies was performed by a modified ELISA and C. burnetii DNA was detected by
PCR. Results showed an exposure in five animals (5.6%; 95%CI: 1.8-12.6%) but
C. burnetii DNA was not detected. The risk of wild boar as sources of infection for both

animals and humans, especially during hunting activities, must not be neglected.

Keywords: Q fever, feral swine, epidemiology, serosurvey, PCR

Coxiella burnetii is a multiple-host pathogen and the causative agent of Q fever, a
worldwide zoonosis. Transmission to humans occurs by inhalation of infected aerosols
or dust when working with or near infected animals, animal tissues, secretions and
excreta, mostly associated with birth (Maurin and Raoult, 1999).

In Europe, Q fever has been reported mainly in domestic ruminants and the role of
other animal species in Q fever epidemiology is not well understood (EFSA, 2010?).
C. burnetii antibodies were found in serum of pig after experimental infection
(Marmion and Stocker, 1958) but there are no reports of an active infection in domestic
swine so far. Only one study reports an active infection in wild boars by the detection of
C. burnetii in tissues (Astobiza et al., 2011).

Wild species can be infected by livestock pathogens and, simultaneously, be a risk
for the re-infection of livestock (Conner et al., 2008; Meng et al., 2009). They are
known (e.g. wild boar) to be the source of infection of zoonotic pathogens such as
Brucella suis (Giovannini et al., 1988; Pilo et al., 2015), Leptospira interrogans,
Mycobacterium bovis (Meng et al., 2009), Trichinella spiralis (Baradel et al., 1988;
Moskwa et al., 2015) or even Toxoplasma gondii (Clark et al., 1983; Racka et
al., 2015).
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Wild boar is the main large game species hunted in Portugal. Hunting activities
might favour the exposure to C. burnetii by handling fresh meat or body fluids from
infected animals and contact with contaminated environment (Maurin and Raoult,
1999). Moreover, the need of studying and monitoring C. burnetii infection in wildlife
to ensure a broader evaluation of their epidemiological role as a source of infection for
domestic animals and humans has recently been highlighted (Rijks et al., 2011; Billinis,
2013; Ciliberti et al., 2015). The aims of this study were to investigate the exposure to
C. burnetii infection among wild boars and to determine the presence of C. burnetii
DNA in their sera and faeces.

A cross-sectional study was conducted in the Northeast of Portugal during the
hunting season 2011/2012 (October 2011 to February 2012). Samples were collected
from 89 hunted wild boars in two districts (Braganga and Vila Real). Blood (5 ml) was
collected directly from the thoracic cavity upon evisceration and kept at 4°C until
centrifugation. Faeces were collected into sterile containers. Sera and faeces were stored
at -20°C until analysis. The specific region where animals were hunted (Nordeste
Transmontano, Douro, Tamega and Barroso-Padrela), gender and age (determined on
the tooth eruption patterns) were registered. Animals were categorized as juveniles
(6-14 months) and sub-adult/adult (>15 months) (Saenz de Buraga et al., 1991).

Sera (n=89) were tested using a commercial indirect ELISA which is based on the
use of an antigen (phase I and II) isolated from domestic ruminants (LSIVET Ruminant
Milk/Serum Q Fever®, Laboratoire Service International, Lissieu, France). This ELISA
was adapted for multi-species detection, using an anti-multi-species conjugate (protein
AG) provided by the manufacturer. Before testing, an assay was performed to find the
best working dilution for protein AG. The optical densities (OD) of the positive and
negative control sera of each protein AG dilutions were compared to those obtained
with the ruminant conjugate. The dilution with an OD closer to the ruminant conjugate
was used (Laboratoire Service International, personal communication, 2011). Also,
prior testing was performed to identify C. burnetii positive and negative samples to use
as control sera, as described by Cooper ef al. (2012). Each serum sample was tested in
duplicate following the manufacturer’s instructions and Sample/Positive per cent
(S/P%) was calculated. As the ELISA used in this study has only been validated for
ruminants which may develop different immune responses to C. burnetii compared to
wild boar, the results were analyzed following two methods. A cut-off of 50% was

considered to differentiate positive and negative samples (Cooper et al., 2011, 2012).
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Additionally, a statistical approach of the S/P% results was performed. Assuming that
the sampled population includes a mixture of seropositive and seronegative animals, the
frequency distribution of S/P% should show two components. A bi-modal normal
distribution was fitted to the observed S/P%, using Bayesian Markov chain Monte Carlo
model implemented using “rjags” package from R (R Core Team, 2015) and the results
were analyzed according Meredith ef al. (2014). The agreement between the two
methods was investigated by the determination of the kappa coefficient using the
WinEpiscope version 2.0 (University of Edinburgh, Roslin, UK).

C. burnetii DNA screening was performed in serum (n=28) and faeces (n=57) by
PCR. A randomly sampling of 25% of the 89 tested sera (n=23) was performed. Then, a
convenience sampling was performed to add five seropositive sera. All the collected
faeces samples were tested, and they consisted of 53 seronegative and 4 seropositive
animals. DNA was isolated from 200 pL of serum and 220 mg of faeces using the
QIAamp DNA Mini Kit and QIAamp DNA Stool Kit (Qiagen®, Izasa, Portugal),
respectively. A PCR assay targeting IS1111was performed (Anastacio et al., 2016).
PCR positive samples were confirmed by real time PCR, using the commercial
Taq-Vet™ Coxiella burnetii kit (LifeTechnologies®, USA). PCR inhibitors were
controlled by testing each DNA sample (2.5 pL) added with 2.5 pL of positive control
(C. burnetii RSA 493).

A simple logistic regression analysis was performed to explore associations between
individual factors and response variables. Confidence limits for the proportions were
estimated with 95% confidence intervals (CI) assuming a binominal exact distribution
(Epilnfo version 3.5.4; Center for Disease Control and Prevention, Atlanta, GA, USA).

The lack of validated tests for wild species raises some difficulties, namely by the
absence of species-specific antibody and reference control sera (Rousset ef al., 2010).
The protein AG has a strong ability to bind IgG of mammalian species and has been
used in ELISA tests to multiple species (Zhang et al., 2010, Al-Adhami and Gajadhar,
2014, Meredith et al., 2014). This strategy was used in this study. To overcome the lack
of species-specific reference control and to set the cut-off value for the ELISA, we
followed the method of Cooper et al. (2011, 2012).

The descriptive characteristics and the seroprevalence results are summarized on
Table 18. From the 89 tested animals, five (5.6%, 95% CI: 1.8 to 12.6%) evidenced an

exposure to C. burnetii. Data from other countries are variable. In Japan (Ejercito et
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al., 1993), Italy and France (Giovanni et al., 1988; Baradel et al., 1988) there was no
evidence of exposure. In Czech Republic and in United States (California), 6% and 50%
of the animals were positive, respectively (Hubalek et al., 1993; Clark et al., 1983).

Table 18: Descriptive characteristics and seroprevalence results in hunted wild boars in the

North region of Portugal.

Number of animals Seropositivity n (%) CI 95%*
Selected 89 5(5.6) 1.8—-12.6
A. Distribution according to the geographic area
Nordeste Transmontano 42 2(4.8) 0.8-174
Douro 37 2(5.4) 09-195
Tamega 4 1(25) 1.3-78
Barroso — Padrela 6 0 na®
B. Distribution according to the animal’s category
Gender
Male 28 0 na®
Female 61 5(8.2) 3.1-188
Age
6-14 months 24 0 na®
>15 months 65 5(1.7) 29-17.8

* CI - Confidence interval
®— Not applicable

However, comparison of data may not be feasible. The above-mentioned studies
were conducted in various geographical areas, using different methods, and changes in
the epidemiology throughout the years might have occurred. The harmonization of
serological tools is critical to compare data (Rousset et al., 2010; EFSA, 2010). So, we
additionally performed a statistical approach of S/P% values as referred by Meredith et
al. (2014). The proportional frequency of S/P% showed a bi-modal normal distribution
(Figure 15) obtained by the MCMC model, representing two subpopulations. The mean
S/P% was estimated in 6.0 (SD=7.9) and 40.4 (SD=8.2) for the negative and positive
sub-population, respectively, and a statistically significant difference was observed in
the estimated means of the two groups (p<0,001). Two S/P% values (92 and 146) were
excluded to improve convergence of distributions since it would not interfere in
threshold determination. The threshold was estimated in 35% resulting in a slight
increase of the apparent prevalence (12.3%; 95% CI: 6.6 to 21.5%) comparing with the
method of Cooper et al. (2012) and the sensitivity and specificity were calculated in

100% and 92.8%, respectively.
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Figure 15. Frequency distribution of observed S/P% values (grey bars) in the modified

indirect ELISA for wild boar (n=89). Solid curves correspond to the fitted distributions using

the mean and variance of the two distributions from the MCMC analysis.

The agreement between the two methods was calculated and classified in fair to good
(kappa=0.59; 95% IC: 0.40-0.78), leading us to conclude that the cut-off of 50%
decreases the sensitivity of the test.

It was found that the seropositivity occurred only in females older than 15 months,
but none of the explanatory variables was identified as a risk factor for C. burnetii
exposure. This finding is similar to that described in Spain, where only female wild boar
older than 15 months presented C. burnetii DNA in tissues (Astobiza et al., 2011). This
suggests that postpubescent wild boar females are more prone to be infected, as reported
for ruminants (Arricau-Bouvery and Rodolakis, 2005; Anastacio et al., 2013%).
C. burnetii replicates strongly in the reproductive tissues and birth products (Rousset et
al., 2010). The gregarious habits of wild boar living close in small groups of females
may favour the infection. Beyond the intra-species transmission, the occurrence of
indirect or vector-borne interspecies transmission might happen. The proximity between

domestic ruminants and wild species in areas of pasture where livestock were being
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grazed enables the occurrence of a spillover event (Rijks et al., 2011; Meredith et
al.,2014), which can be confirmed by genotyping the strains circulating among wild
and domestic animals (Rijks et al., 2011).

No positive results were obtained in serum and faeces by PCR, suggesting that no
active infection was present at the time of sample collection. No inhibition of
Tag Polymerase was observed. Serum has been described as a suitable sample for
detection of bacterial DNA. In humans, C. burnetii is found in the blood during the
acute phase of infection (Angelakis and Raoult, 2010) but it is expected that DNA
becomes undetectable as the immunological response develops (Zhang et al., 1998;
Schneeberger et al., 2010). In domestic ruminants, the shedding of C. burnetii occurs
mainly in birth products but also in milk, faeces and urine. The contaminated dust
resulting from contaminated excrements can lead to the inhalation of infected aerosols
by other animals or humans as C. burnetii is a very resistant bacterium
(Arricau-Bouvery and Rodolakis, 2005). Among the studied animals, there was no
evidence of faecal shedding. Faeces might not be a privileged shedding route in wild
boars as occurs in cattle. The evidence of specific antibodies indicates a previous
exposure which is partially supported by the PCR negative results in sera. To clarify the
potential sources of infection among wild boar population further studies with a large
diversity of biological samples are surely needed.

To our knowledge this is the first report of the exposure of C. burnetii in wild boar in
Portugal. Wild boar may be a potential source of infection, highlighting the importance
of monitoring this population. Furthermore, and considering the low infectious dose for
humans (Maurin and Raoult, 1999) and the finding of the same C. burnetii genotype in
a wild boar and humans, suggesting transmission (Jado et al., 2012), the zoonotic risk
associated with hunting activities especially when handling hunted wild boars should

not be neglected.
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Abstract

Q fever, caused by Coxiella burnetii, is a zoonotic infection worldwide distributed.
The role of wild animals in the transmission of the infection is recognized but little
known. This study aimed to investigate the exposure to C. burnetii infection among
wild boars and red deers.

A cross-sectional study was conducted during the hunting season 2014/2015 in the
center of Portugal. Blood samples were collected from wild boar (n=47) and red deer
(n=46) and tested, using a commercial ELISA, for specific antibodies anti-C. burnetii
using a multi-antispecies conjugate.

Of the tested animals, an exposure to C. burnetii was shown in 6.4% (95% CI:
1.7 to 18.6%) of wild boars and 30.4% (95% CI: 18.2 to 45.9%) of red deers.

This study revealed a rate of exposure to C. burnetii in wild boars similar to that
found in a previous study (5.6%) in the North of Portugal. The exposure in red deers
was higher than in wild boars. Ruminants seem to play a major role in the infection
cycle of C. burnetii. The large resistance of this bacterium in the environment enables
the infection to other species as wild boars. Notwithstanding, and considering that only
1-10 bacteria are needed to infect humans, the zoonotic risk when handling hunted

animals should not be neglected.

Keywords: Q fever, serosurvey, wild boar, red deer

C. burnetii has an impressively broad host range being present in virtually all animal
kingdoms, including arthropods. Domestic ruminants are considered the main reservoirs
of C. burnetii, but cats, dogs, rabbits, birds and others, have also been reported to be
implicated in human disease/infection (OIE, 2015).

After the large Q fever outbreak occurred in the Netherlands (2007-2011) the role of
wild animals as sources of Q fever in humans has been questioned (EFSA, 2010%).
Some studies have been conducted and the detection of C. burnetii DNA in wild

animals has been investigated in several countries. In the Netherlands, the bacterium
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was found in free living roe deer (Rijks ef al., 2011). In Spain, it was found in roe deer
(Capreolus capreolus), wild boar (Sus scrofa), European hare (Lepus europeus)
(Astobiza et al., 2011). Very recently, the complexity of C. burnetii ecology was
highlighted. It was proposed that red deer (Cervus elaphus) can maintain C. burnetii
circulating in a region without third species. However, it is thought that most probably
other wild and domestic host species are involved (Gonzalez-Barrio ef al., 2015b). This
study aimed to investigate the exposure to C. burnetii infection among wild boars and
red deers from the Centre of Portugal.

A cross-sectional study was conducted during the hunting season 2014/2015 in the
region of Idanha-a-Nova (39°55'N; 7°14'W) of Portugal. Blood samples were collected
from wild boars (n=47) and red deers (n=46) using a convenience sampling strategy.

Each serum was tested in duplicate using a commercial indirect ELISA which is
based on the use of an antigen (phase I and II) isolated from domestic ruminants
(LSIVET Ruminant Milk/Serum Q Fever®, Laboratoire Service International, Lissieu,
France). The ELISA was adapted for multi-species detection, using an anti-multi-
species conjugate (protein AG) provided by the manufacturer. Before testing, an assay
was performed to find the best working dilution for protein AG, using the ruminant
positive and negative control sera provided in the kit. Briefly, serial dilutions of the
protein AG were performed (from 1 to 1/100.000) and ruminant positive and negative
control sera were tested in duplicate, using the ruminant conjugate and the protein AG
dilutions. The mean optical densities (OD) of the positive and negative controls of each
protein AG dilutions were compared with the mean OD of the ruminant conjugate and
the dilution with an OD closer to the ruminant conjugate was used (Laboratoire Service
International, personal communication, 2011). For the identification of C. burnetii
positive and negative samples to use as control sera, a prior test is needed according to
Cooper et al. (2011, 2012). Briefly, a screening of samples is carried out using the
ruminant positive and negative control sera provided by the kit. The mean OD of
duplicates is calculated, and samples are not considered if the coefficient of variation
(CV) was > 10%. The pool of the three high-reacting (HR) and the three low-reacting
(LR) sera (mean OD HR / mean OD LR > 4) are then used as positive and negative
control sera, respectively.

The ELISA was performed according to manufacturer’s instructions. The ruminant
conjugate was replaced by the protein AG. OD values were measured at 450 nm.

Sample/positive percentages (S/P per cent) were calculated by the adjustment with the
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negative control [S/P per cent=(ODsample—ODnegative)/(ODpositive=ODnegative) X100]. Sera
with an S/P per cent <50% were considered negative. Samples with an S/P per cent
between 50% and 75% were considered positive and those >75% were considered
strongly positive (Cooper et al., 2011, 2012).

In the total of 47 wild boars, three (6.4%; 95% CI: 1.7 to 18.6%) evidenced an
exposure to C. burnetii and only one serum evidenced a strong positive result (S/P per
cent = 138.6). There are only a few studies referring to the infection by C. burnetii in
wild boars. In Japan, there was no evidence of exposure (Ejercito et al., 1993) while in
Czech Republic, six percent (6%) of animals showed a seropositive result (Hubalek et
al., 1993). But the herein obtained results are similar to that found in a previous study in
the Northeast of Portugal (5.6%) (see 6.1).

Concerning red deers, the estimated rate of exposure was 30.4% (95% CI:
18.2 t0 45.9%) of red deers and 8 sera (57.1%) evidenced a strong positive result (S/P
per cent > 75%). The exposure in red deers appear to be higher than in wild boars and
even higher to that found in Spain (14.1%) (Gonzalez-Barrio et al., 2014). Similar
results were obtained in other studies, such as in Czech Republic (25%) (Hubalek et
al., 1993) but the use of different methodology (MAT) compromises comparison.
Results similar to those here presented were obtained in farmed red deer in Spain (32%)
but once again the methodology (IFA) differs (Ruiz-Fons et al., 2008). Globally,
ruminants seem to play a major role in the infection cycle of C. burnetii which is
supported by the evidence of C. burnetii shedding by naturally infected red deer
pointing this wild ungulate as a true reservoir for C. burnetii (Gonzalez-Barrio et
al., 2015Y).

In the present study, it should be noted that the convenience sampling might
compromise the representativity as well as the low sample size that increases the
imprecision of the determination. Notwithstanding, the circulation and the exposure to
C. burnetii was evidenced among wild ungulates in the centre region of Portugal.
Further research should be done, by increasing the number of samples and by the
detection of C. burnetii in organs such as spleen, feces, and vaginal swabs of the

animals.
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Abstract

Molecular epidemiology is essential in surveillance of C. burnetii. Multiple-Locus
Variable Number Tandem-Repeat Analysis (MLVA) is one of the most discriminating
methods for C. burnetii and it can be used directly from clinical samples. A
cross-sectional study was conducted, between 2010 and 2013, in Coxiella burnetii
seropositive ruminant herds, from the Northwest and Center of Portugal, to genotype
C. burnetii DNA recovered from cattle, sheep and goats, to analyze the host and
geographic distribution of the identified genotypes and to compare results with genotypes
previously reported in Portugal and abroad. After a C. burnetii PCR testing in milk
samples and vaginal swabs from dairy and meat herds, only PCR positive samples
showing a Ct value <34 were selected for genotyping (n=31). A panel of six MLVA
markers was used for genotyping using two different sets of primers. The results showed
a strong consistency between the two sets of primers on the calcultion of the number of
repeats. Seven MLV A-6 complete genotypes were obtained in this study and six were
identified for the first time. All the profiles were obtained from milk samples originated
from dairy ruminant farms. One genotype was identified in one cattle herd from the
Northwest Portugal, showing a close relation with the other ones identified in the Center
Portugal. These genotypes clustered with genotypes recently described in cattle from
Spain and from several European countries, and also showed a close relation with

genotypes previously identified in acute human infections in Portugal.

Keywords: MLVA-6, Q fever, ruminants, milk

Introduction

Coxiella burnetii, an intracellular bacterium with worldwide occurrence, is the
causative agent of Q fever. The high resistance of C. burnetii makes Q fever as an
important public health issue that should be considered worldwide, even in regions where
it is unrecognized (EFSA, 2010% OIE, 2015). A large range of domestic and wild animal

species are receptive hosts of this bacterium. Infected animals usually develop a specific
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serological response but often the infection remains asymptomatic (Maurin and
Raoult, 1999). In humans, besides the existence of non-aparent infections, an acute illness
may occur, and in a low proportion of cases long-term complications can develop (Million
and Raoult, 2017). Q fever in humans is usually reported by the occurrence of outbreaks
mainly in areas with infected livestock herds (ECDC, 2014; OIE, 2016).

Nowadays, molecular epidemiology is essential in surveillance of C. burnetii and in
the investigation of Q fever outbreaks. A systematic genotyping provides a descriptive
database enabling to monitor the temporal and geographical evolution of strains, thus
helping to trace the origins of the outbreaks and to identify interspecies transmission.
These data can help to explain different scenarios of dissemination and contribute to find
efficient control measures (Roest et al., 2011%; Sidi-Boumedine and Rousset, 2011;
Massung et al., 2012; Sulyok et al., 2014; OIE, 2015; Pifiero et al., 2015).

The genetic heterogeneity of C. burnetii can be assessed by several molecular
techniques. To date, among the typing methods that can be used directly on clinical
samples, Multiple-Locus Variable Number Tandem-Repeat Analysis (MLVA) is one of
the most discriminating methods for C. burnetii (Arricau-Bouvery et al., 2006; Svraka et
al., 2006) (also see 1.5.2.1. Identification of the agent — Molecular methods). So far, two
C. burnetii MLVA genotyping schemes have been described, one uses two panels of
markers comprising a totality of 17 loci (Arricau-Bouvery ef al., 2006) and the other one
uses seven loci (Svraka et al., 2006). Overtime, some modifications have been proposed
to the previously described schemes. For example, during the Q fever outbreak in The
Netherlands, alternative strategies to the scheme described by Arricau-Bouvery et al.
(2006) were developed, using a lower number of markers to simplify the analysis, and
selecting different primers focusing short repeat units to increase the chance of successful
amplification (Klaassen et al., 2009; de Bruin 2009, Tilburg et al., 2012°). Globally,
MLVA genotyping proved to be discriminatory, useful to be used directly from clinical
samples and thus a valuable tool in epidemiological studies. Furthermore, the availability
of a free-access database at the internet, increased the interest in this method to
characterize C. burnetii strains circulating in a given region in a normal context or in case
of outbreak (Tilburg et al., 2012°; Boarbi et al., 2014; Sulyok et al., 2014%). However, a
lack of standardization and harmonization occurs because few studies used the same
MLVA typing scheme or marker panels, hampering the comparison of results

(Sidi-Boumedine ef al., 2015).
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In Portugal, evidence of C. burnetii infection based on detection of DNA has been
reported in domestic (Clemente et al., 2009; Santos et al., 2012; Cumbassa et al., 2015;
Anastacio et al., 2016), in wild and in captive animals (Clemente ef al., 2008; Cumbassa
et al., 2015). Nonetheless, the data on the genotypes that circulate in the country are
limited regarding the host and geographical origin (Santos et al., 2012; Cumbassa et al.,
2015).

The present study aimed: i) to genotype C. burnetii DNA recovered from cattle, sheep
and goats, ii) to compare the MLVA typing results using two different sets of primers
described in the literature, iii) to analyze the host distribution of the identified genotypes,
iii) to evaluate the geographic distribution of genotypes from the Northwest and Center
Portugal and iv) to compare results with genotypes previously reported in Portugal and

abroad.

Materials and Methods
Samples collection
A cross-sectional study was conducted in 140 Coxiella burnetii seropositive ruminant
herds tested between 2010 and 2013, located in the Northwest (n=62) and in the Center
(n=78) regions of Portugal. Sampling was performed under the agreement of farmers. The
sample collection strategy was different in dairy (n=108) and in meat herds (n=32). In
dairy herds, one bulk tank milk sample was collected per herd, while in meat herds,
random individual samples (i.e. vaginal mucus and milk) were collected from a maximum
of 15 females per herd.
The DNA isolation was performed using the QIAmp DNA Mini kit (Qiagen, Izasa,
Portugal), according to manufacturer’s instructions. All the DNA samples were screened
firstly by conventional PCR. Then, PCR positive samples were further tested by
quantitative real-time qPCR assay to confirm positive results and to obtain the Ct value
as previously described (Anastacio et al., 2016).
The bacterial load and the quality of the DNA influence genotyping results (de Bruin,
2009). It has been observed that samples showing PCR cycle threshold (Ct) values <32
yield complete genotypes, Ct values of 32-34 give only partial genotypes are obtained
and Ct values >34 are poorly typable (Roest et al., 2011%). So, a Ct value <34 was the
criterion to select PCR positive samples for genotyping.
From the 32 antibody positive meat herds, PCR positive results were obtained in five

herds: milk samples from cattle (n=4) and goats (n=6) and vaginal swabs from cattle (n=1)
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and sheep (n=2). Among these, only ten samples accomplished the inclusion criterion:
cattle milk samples (n=2), goat milk samples (n=6) and sheep vaginal swabs (n=2).
Regarding the 108-antibody positive dairy herds, 39 showed a PCR positive result and 21

accomplished the inclusion criterion: cattle (n=18), sheep (n=2) and sheep-goat (n=1).

Multiple-Locus Variable number tandem repeats Analysis (MLVA)

MLVA genotyping was performed by single PCRs targeting six microsatellite markers
(MLVA-6) belonging to the panel two described by Arricau-Bouvery et al. (2006), as
performed in other studies (Astobiza et al., 2012; Santos et al., 2012; Ceglie et al., 2015):
Ms27, Ms28 and Ms34 contain repeat units of six base pairs and Ms23, Ms24 and Ms33
contain repeat units of seven base pairs (Arricau-Bourvery et al., 2006). Each one of the
above-mentioned microsatellite was tested twice, using two different sets of primers: set 1
described by Arricau-Bourvery et al. (2006) and set 2 indicated by Klaassen et a/. (2009)
and Tilburg et al. (2012°) (Table 19).

Table 19: Sets of primers targeting six microsatellite markers in MLVA

Set  Microsatellite ~ Primer (Forward) Primer (Reverse) Repeat Unit
R Reference
Size (pb)
Ms27 TTTTGAGTAAAGGCAACCCAAT  CAAACGTCGCACTAACTCTACG 6
Ms28 TAGCAAAGAAATGTGAGGATCG  ATTGAGCGAGAGAATCCGAATA 6 )

Ms34 TGACTATCAGCGACTCGAAGAA  TCGTGCGTTAGTGTGCTTATCT 6 Aurricau
LEEVES GGACAAAAATCAATAGCCCGTA  GAAAACAGAGTTGTGTGGCTTC 7 Bouvery et al,
Ms24 ATGAAGAAAGGATGGAGGGACT — GATAGCCTGGACAGAGGACAGT 7 2006

Ms33 TAGGCAGAGGACAGAGGACAGT — ATGGATTTAGCCAGCGATAAAA 7
Ms27 TCTTTATTTCAGGCCGGAGT GAACGACTCATTGAACACACG 6
Ms28 AGCAAAGAAATGTGAGGATCG GCCAAAGGGATATTTTTGTCCTTC 6 Klaasen et al.,
Ms34 TTCTTCGGTGAGTTGCTGTG GCAATGACTATCAGCGACTCGAA 6 2009

2 Ms23 CGCMTAGCGACACAACCAC GACGGGCTAAATTACACCTGCT 7 )
Ms24 TGGAGGGACTCCGATTAAAA GCCACACAACTCTGTTTTCAG 7 Tilburg o al,
Ms33 TCGCGTAGCGACACAACC GTAGCCCGTATGACGCGAAC 7 2012

PCR amplifications occurred in a total volume of 25 pl containing 1 ng of DNA, 1x PCR
reaction buffer (Invitrogen®), 1 U of Tag DNA polymerase (Platinum 7ag DNA
Polymerase, Invitrogen®),

(ThermoScientific®), 3

200 uM of each deoxynucleotide triphosphate
mM  MgCI2 0.1 mL BSA
(ThermoScientific®) and 0.3 puM of each flanking primer. The DNA amplification

(Invitrogen®), mg/

reaction was performed in a Biometra Thermocycler (Biometra®, Gottingen, Germany).
Initial denaturation at 94°C for 5 minutes was followed by 40 cycles consisting of

denaturation at 94°C for 30 s, primer annealing at 60°C (Setl: Ms27, Ms28; Set2: Ms24,
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Ms27) or 62° (Setl: Ms23, Ms24, Ms33, Ms34; Set 2: Ms23, Ms28, Ms33, Ms34) for 30
s, and elongation at 70°C for 1 min. The final extension step was at 72°C for 10 min. Five
microliters of amplification product were loaded on a 4% standard agarose gel (MetaPhor,
Lonza®) stained with ethidium bromide and submitted to 3,5V/cm for three hours. Gels
were visualized under UV light, and photographed (Vilber Lourmat®, Marnes-la-Vallée,
France).

DNA from the Nine Mile phase II strain (RSA 493 isolate) was used as reference in all
the experiments to normalize the number of repetitions in each assay and to compare the
MLVA-6 profiles. For each MLVA marker, the number of repeats was determinated by
extrapolation by using the fragment length of the sample and the fragment length of the
reference strain. According to in silico analysis, the genotype of the Nine Mile strain is
9-27-4-6-9-5 for markers Ms23-Ms24-Ms27-Ms28-Ms33-Ms34, respectively (Available
online: http://mlva.u-psud.fr/MLV Anet/spip.php?rubrique50 accessed on 01/2015). The
MLVA codification of the results was based on the methodology used by
Arricau-Bouvery and colleagues (Arricau-Bouvery ef al., 2006) and the new MLVA
recommendations issued by Universit¢ de Paris-Sud (Available online:
http://mlva.u-psud.ft/MLV Anet/spip.php?rubrique50).  Distinct ~ genotypes  were
considered when the number of repeats of at least one of the 6 markers differed, as

indicated by Svraka et al. (2006) and recommended on the above-mentioned website.

Data analysis

Data obtained from MLVA-6 typing was imported into Multi-Variate Statistic Package
v3.22 (Kovach Computing Services, Anglesey, Wales, United Kingdom), together with
published C. burnetii genotypes from different countries that used the same MLVA-6 C.
burnetii typing. The latest data were obtained by accessing the International C. burnetii
Cooperative Database (http://mlva.u-psud.fr/mlvav4/genotyping/). A cluster analysis
was performed by Unweighted Pair Group Method with Arithmetic mean clustering
(UPGMA) to determine genetic similarity among DNA (Multi-Variate Statistic Package
v3.22). Also, the discriminatory ability of the MLV A method of each marker individually

was calculated using Simpson’s index of diversity.

Results
Among the 31 DNA samples used for MLVA-6 typing, a complete genotype was
achieved in seven samples (22.6%; CI195%: 10.3-41.5%); a partial genotype was obtained
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in 15 samples (48.4%; CI 95%: 30.6-66.6%) and in nine samples (29.0%; 95% CI:
14.9-48.2%) none of the markers was amplified. The mean of Ct values was lower in
samples showing a complete genotype (30.3; range from 26.1 to 31.9) comparing with

those showing a partial genotype (31.9; range from 30.7 to 33.5) or those with no

amplifications (32.36; range from 30,89 to 33.78) (Table 20).

Table 20: Positive C. burnetii DNA samples used for MLVA typing. Geographical origin,

year of collection, host, Ct value and typing result are indicated.

Sample ID Origin Year Host Sample type Ct GZ:?‘E’SPQ
09-05 Portugal — Center 2009  Goat/Sheep Bulk Tank Milk 32,64 ND*
09-10 Portugal — Center 2009 Sheep Bulk Tank Milk 33,78 ND*
10-04 Portugal — Northwest 2010 Cattle Bulk Tank Milk 31,9 Complete
10-09 Portugal — Northwest 2010 Cattle Bulk Tank Milk 31,13 Partial
11-26 Portugal — Center 2011 Cattle Bulk Tank Milk 31,16 Complete
1129 Portugal — Center 2011 Cattle Bulk Tank Milk 32,69 Partial
11-31 Portugal — Center 2011 Cattle Bulk Tank Milk 27,7 Complete
11-34 Portugal — Center 2011 Cattle Bulk Tank Milk 32,76 Partial
11-36 Portugal — Center 2011 Cattle Bulk Tank Milk 32,08 Partial
11-40 Portugal — Center 2011 Cattle Bulk Tank Milk 32,88 Partial

12-1035 Portugal — Center 2012 Sheep Vaginal swab 32,5 ND*
12-1036 Portugal — Center 2012 Sheep Vaginal swab 31,4 ND*
12-1038 Portugal — Center 2012 Goat Milk 30,89 Partial
12-1039 Portugal — Center 2012 Goat Milk 31,37 Partial
12-1041 Portugal — Center 2012 Goat Milk 31,37 Partial
12-1043 Portugal — Center 2012 Goat Milk 32,64 Partial
12-1092 Portugal — Center 2012 Cattle Bulk Tank Milk 31,59  Complete
12-1107 Portugal — Center 2012 Cattle Milk 31,75 ND*
12-1243 Portugal — Center 2012 Cattle Milk 26,1 Complete
12-1040 Portugal — Center 2012 Goat Milk 30,89 ND?*
12-1042 Portugal — Center 2012 Goat Milk 33,78 ND*
13-1215 Portugal — Center 2013 Cattle Bulk Tank Milk 31,87 Complete
13-JT Portugal — Center 2013 Sheep Bulk Tank Milk 31,88  Complete
13-01 Portugal — Northwest 2013 Cattle Bulk Tank Milk 335 Partial
13-19 Portugal — Northwest 2013 Cattle Bulk Tank Milk 31,2 Partial
13-52 Portugal — Northwest 2013 Cattle Bulk Tank Milk 30,7 Partial
13-59 Portugal — Northwest 2013 Cattle Bulk Tank Milk 33,07 Partial
13-72 Portugal — Northwest 2013 Cattle Bulk Tank Milk 30,75 Partial
13-79 Portugal — Northwest 2013 Cattle Bulk Tank Milk 32,51 ND?*
13-82 Portugal — Northwest 2013 Cattle Bulk Tank Milk 31,61 Partial
13-90 Portugal — Northwest 2013 Cattle Bulk Tank Milk 33,46 ND*

“ND — Not determined due to no amplification

PCR amplification with the Set 1 primers was not successful for Ms23 locus, while for
the other Joci it was possible to determine the number of repeats for Ms24 (51.6%), Ms27
(54.8%), Ms28 (45,2%), Ms33 (29.0%) and Ms34 (51.6%). By using the Set 2, it was not

possible to determine the number of repeats for Ms27 locus. However, the number of
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repeats was achieved for Ms23 (45.2%), Ms24 (61.3%), Ms28 (58.1%), Ms33 (35.5%)
and Ms34 (19.3%) (Table 21).

Table 21: Results on MLVA-6 gentotyping using the two different sets of primers.

Set 1 Set 2

Ms23  Ms24 Ms27 Ms28 Ms33  Ms34 Sample ID Ms23  Ms24 Ms27 Ms28 Ms33 Ms34

9 27 4 6 9 5 NM RSA 493 9 27 4 6 9 5
ND* ND* 2 6 ND* 9 10-04 8 15 ND* 6 9 ND*
ND* 15 ND* 6 ND* 9 10-09 7 15 ND* 6 ND* 9
ND* 15 2 6 9 9 11-26 7 15 ND* 6 9 9
ND* ND* ND* 8 ND* 8 11-29 ND* 14 ND* 8 ND* 8
ND* 15 2 8 9 8 11-31 8 15 ND* 8 9 8
ND* ND* 2 8 ND* 8 11-34 7 ND* ND* ND* ND* ND*
ND* 14 ND* 8 9 ND* 11-36 7 14 ND* 8 9 ND*
ND* 15 2 ND* ND* 8 11-40 8 ND* ND* 8 ND* ND*
ND* 19 4 ND* ND* 2 12-1038 ND* ND* ND* 4 ND* ND*
ND* 15 2 6 9 8 12-1039 ND* 15 ND* 6 ND* 8
ND* ND* 2 ND* ND* 8 12-1041 ND* 15 ND* 8 ND* ND*
ND* ND* 2 ND* 9 8 12-1043 ND* 14 ND* ND* ND* ND*
ND* 15 2 8 9 8 12-1092 7 15 ND* 8 ND* ND*
ND* 15 2 6 9 8 12-1243 7 15 ND* 6 9 8
ND* 14 2 ND* 9 9 13-1215 7 14 ND* 8 9 ND*
ND* 15 2 ND* 9 8 13-JT 7 15 ND* 8 9 ND*
ND* 14 ND* ND* ND* ND* 13-01 ND* 14 ND* ND* ND* ND*
ND* 14 2 ND* ND* ND* 13-19 7 14 ND* 8 9 ND*
ND* 14 2 8 ND* ND* 13-52 7 14 ND* 8 9 ND*
ND* 14 2 8 ND* 7 13-59 ND* 14 ND* ND* ND* ND*
ND* 15 2 8 ND* ND* 13-72 7 15 ND* 8 9 ND*
ND* ND* ND* 8 ND* ND* 13-82 ND* 14 ND* 8 11 ND*

“ND — Not determined due to no amplification

Globally, a higher percentage of amplifications occurred using Set 2 except for
locus Ms34. Despite the differences regarding the success of PCR amplification, the
calcultion of the number of repeats revealed a strong consistency between the two sets of
primers. This consistency allowed a global interpretation, considering the missing results
from the two sets (Ms23 and Ms27) (Table 22).

On this basis, considering the six markers used to characterize genotypically C. burnetii,
it was observed that Ms24, Ms27, Ms28 and Ms34 allowed the characterization of a
higher percentage of samples (67.7%, 54.8%, 64.5% and 51.6% respectively) than Ms23
and Ms33 (45.16% in each one). The Simpson’s index of diversity calculated for each

marker ranged from 0.928 for Ms23 and Ms33, to 0.952 for Ms24, as displayed in
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Table 22. Seven complete genotypes were found in cattle (n=6) and sheep (n=1) and 15
partial genotypes were obtained in cattle (n=11) and goats (n=4) (Table 19 and 21).

Table 22: Global partial and complete profiles on MLVA-6 typing.

Ms23 Ms24 Ms27 Ms28 Ms33 Ms34

Reference strain

NM RSA 493 9 27 4 6 9 5
Samples
10-04 8 15 2 6 9 9
10-09 7 15 - 6 - 9
11-26 7 15 2 8 9 9
11-29 - 14 8 - 8
11-31 8 15 8 9 8
11-34 7 - 2 8 - 8
11-36 7 14 - 8 9 -
11-40 8 15 2 8 - 8
12-1038 - 19 4 4 - 2
12-1039 - 15 2 6 9 8
12-1041 - 15 2 8 - 8
12-1043 - 14 2 - 9 8
12-1092 7 15 2 8 9 8
12-1243 7 15 2 6 9 8
13-1215 7 14 2 8 9 9
13-JT 7 15 2 8 9 8
13-01 - 14 - - -
13-19 7 14 2 8 9
13-52 7 14 2 8 9
13-59 - 14 2 8 - 7
13-72 7 15 2 8 9
13-82 - 14 8 11
Number of alleles 2 3 2 3 2 4
Number of samples with results 14 21 17 20 14 16
Simpson’s index of diversity 0,928 0,952 0,938 0,949 0,928 0,935

Of the complete genotypes, only one profile (7-15-2-8-9-8) occurred simultaneously in
two dairy herds (cattle and sheep), both from the center of Portugal. Among the
remaining, a discrepancy was observed in one or two /oci. Considering all the profiles, an
exception was observed in one goat milk sample, regardless the partial profile obtained.
This sample revealed a different number of repeats in the four loci that it was possible to
characterize: Ms24, Ms27, Ms28 and Ms34 showed 19, 4, 4 and 2 tandem repeat units,
respectively (Table 22).

Regarding the geographical distribution of genotypes, DNA samples were selected from
the Northwest (n=10) and from the Center (n=21) of Portugal. In both regions, complete
(one and six, respectively) and partial (seven and eight, respectively) genotypes were

observed as well as an absence of amplification in all the loci (two and seven,
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respectively). One complete genotype identified in the Northwest showed a discrepancy
from the others in two or three /oci (Figure 16). Figure 1 displays an UPGMA cluster

analysis that includes all the complete and partial profiles lacking only one marker.

M3 Ma4 M7 M8 M3 M4 Hot Region  Year  Sample Genotype Ct
s m 4 & 9 5 Tk UsA 195 na ne ns
§ 15 2 8 0 8  Catle  Cemer 201  BukTakMilkparial 3288
715 2 s 9 0 came 013 BulkTank Mk partal 3075
7w 2 s 9 0 Came (013 BulkTemkMilk parial 307
7w 2 8 9 o came boi3 BulkTamkMilk paril 312
o 15 2 6 5 & G Cmer 2012 Mk putal 3137
7w 2 s 9 9 came Cemer 2013 BulkTankMik complete 3187
s 15 2 8 9 8 Cae Cemter 2011 BulkTank Milk complete 277
75 2 8 9 8 shep Ceer 2013 BulkTankMilk complete 31,88
715 2 8 9 8 cate Cemter 2012 Bulk Tank Milk complete 31,59
715 2 s 9 9 came Ceer 2011 Bulk TankMik complete 3116
—7 15 2 6 9 & cae Cater 2012 Mik complete 26,1
L 15 6 9 9 Catile | Bulk Tank Milk complete 319
i3 s0 8 s e 96 100

Percent similarity

Figure 16: UPGMA cluster analysis of C. burnetii genotypes obtained in this study using
multiple-locus variable-number tandem-repeat analysis. Only partial genotypes lacking one
marker were considered (scheduled with 0). Number of repeats per locus, hosts, geographical
origin, year of collection, type of genotype, and Ct values are indicated. (Yellow: Portugal-Center;
Blue: Portugal-Northwest).

The complete profiles herein identified were compared with those from other studies
conducted in Portugal, and it was found that none have been previously described
(Table 23).

Table 23: C. burnetii genotypes described in Portugal.

Host Origin Ms23  Ms24  Ms27 Ms28 Ms33  Ms34 Source
Cattle Northwest 8 15 2 6 9 9 this study
Cattle Center 8 15 2 8 9 8 this study
Cattle Center 7 15 2 6 9 8 this study
Cattle Center 7 15 2 8 9 9 this study
Cattle Center 7 15 2 8 9 8 this study
Sheep Center 7 15 2 8 9 8 this study
Cattle Center 7 14 2 8 9 9 this study
Sheep Center 3 9 4 5 7 2 Cumbassa et al. 2015
Goat Azores 6 13 2 7 9 9 Cumbassa et al. 2015
Goat Center 8 9 4 5 7 2 Cumbassa et al. 2015
Goat Center 1 11 2 3 7 3 Santos et al. 2012
Mongoose Northeast 0 16 3 7 7 2 Cumbassa et al. 2015
Mongoose South 0 24 3 7 8 2 Cumbassa et al. 2015
Mongoose Center 0 15 3 7 7 2 Cumbassa et al. 2015
Human Center 3 9 4 5 7 2 Santos et al. 2012
Human and goat Center 1 11 2 3 7 3 Santos et al. 2012
Human Center 3 14 3 7 7 2 Santos et al. 2012
Human South 3 16 3 7 7 2 Santos et al. 2012
Human South 3 16 2 7 7 2 Santos et al. 2012
Human Center-South 2 14 3 7 6 2 Santos et al. 2012
Human Center 3 18 3 7 7 2 Santos et al. 2012
Number of alleles 8 8 3 5 4 5 n.a.

n.a. — Not applicable
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Furthermore, the consultation of the International Coxiella burnetii Cooperative Database
(http://mlva.u-psud.fr/mlvav4/genotyping/ - accessed on the 24™ February 2018) did not
show a complete compatibility between the genotypes found in this study and those
published. For comparison purposes, an analysis was conducted accepting a maximum
difference of three markers between our profiles and those published in the international

database. Results are displayed in Table 24.

Table 24: Complete profiles of this study are compared with published genotypes (Source:

International Coxiella burnetii Cooperative Database, accessed on 24™ February 2018)

Sample Profile D::sg?;e leiecriem oNf:‘;z:trs Geographical origin Host Year
6-15-2-7-9-12 3 1 Spain Cattle 2011
5-13-2-7-9-9 3 1 Spain Cattle 2010
6-13-2-6-9-10 3 1 Germany Cattle 2010
Hungary,
Netherlands, Italy, Cattle,
10-04 8-15-2-6-9-9 Switzerland, France, sheep, 1994-
6-13-2-7-9-9 3 31 Spain, and Portugal  goatand 2012
(mainland and human
Azores)
6-12-2-799 3 7 France Cattle o
Goat
5-13-2-7-9-9 3 1 Spain Cattle 2010
6-15-2-7-9-12 3 1 Spain Cattle 2011
Hungary,
Netherlands, Italy, Cattle,
Switzerland, France, sheep, 1994-
11-26 7-15-2-8-9-9 6-13-2-7-9-9 3 3 Spain, and Portugal ~ goatand 2012
(mainland and human
Azores)
6-12-2-8-9-8 3 2 France Cattle n.a.
6-12-2-7-99 3 7 France Catle
Goat
6-12-2-8-9-8 2 2 France Cattle n.a.
1131 8-15-2-8-9-8 6-13-2-7-9-8 3 1 Netherlands Cattle 2011
6-15-2-7-9-12 3 1 Spain Cattle 2011
6-13-2-7-9-8 3 1 Netherlands Cattle 2011
6-15-2-7-9-12 3 1 Spain Cattle 2011
12-1243 7-15-2-6-9-8 6-13-2-6-9-10 3 1 Germany Cattle 2010
9-7-4-6-9-8 3 1 Sweden Sheep n.a.
6-12-2-8-9-8 3 2 France Cattle n.a.
12-1092 6-12-2-8-9-8 2 2 France Cattle n.a.
and 7-15-2-8-9-8 6-13-2-7-9-8 3 1 Netherlands Cattle 2011
13-JT 6-15-2-7-9-12 3 1 Spain Cattle 2011
5-13-2-7-9-9 3 1 Spain Cattle 2010
6-14-2-7-9-11 3 2 Ttaly Cattle 2011
Hungary,
Netherlands, Italy, Cattle,
13-1215 7-14-2-8-9-9 Switzerland, France, sheep, 1994-
6-13-2-7-9-9 3 31 Spain, and Portugal ~ goatand 2012
(mainland and human
Azores)
6-12-2-8-9-8 3 2 France Cattle n.a.

n.a. — not available

Overall, the profiles herein identified differed in three or more markers from those

published at the international Coxiella burnetii cooperative database. Profiles differing in
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three markers have been reported in Portugal (mainland and Azores) and in other
European countries such as Hungary, the Netherlands, Sweden, Switzerland, Italy, France
and Spain. An exception was observed in two genotypes (7-15-2-8-9-8 and 8-15-2-8-9-
8) from three samples (BTM-12-1092, BTM-13-JT and BTM-11-31) which differed in
only two markers from the genotype 6-12-2-8-9-8 previously identified in France
(Arricau-Bouvery et al., 2006).

Figure 17 shows an UPGMA cluster analysis comparing MLVA-6 C. burnetii profiles
identified in Portugal so far and others available on the online International Coxiella

burnetii Cooperative Database.

L A R T Ty
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Percent similarity

Figure 17: UPGMA cluster analysis of C. burnetii genotypes using multiple-locus
variable-number tandem-repeat analysis. Hosts, number of repeats per locus,
geographical origin and year of collection are indicated. *Genotypes obtained in this
study.

This analysis shows C. burnetii MLVA profiles clustering in two main groups (I and II)
(Figure 17). Group I appear genetically more homogeneous than group II, with the
majority of the samples showing >90% of genetic similarity and including most of the
Portuguese C. burnetii DNA. Within group I, two subgroups can be recognized: one

subgroup comprises some of the MLVA profiles previously described in Portugal, in
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human acute infections and in mongoose. The other includes all the profiles identified in
this study, the profiles identified in cattle from several European countries such as Spain,
France, Italy, United Kingdom, Russia and Slovak Republic, one profile identified in
sheep from Sweden, and two profiles identified in ticks from Ethiopia. Group II shows a
higher genetic heterogeneity and have been associated mainly with sheep and goats in

several countries (Europe and other continents).

Discussion

Molecular epidemiology plays a crucial role on the study of genetic surveillance of
C. burnetii. In Portugal, information about the genetic diversity of C. burnetii is scarce.
To our best knowledge, only two studies describe C. burnetii genotypes from a few
clinically affected cases in humans and domestic ruminants, and from wild species at the
Center-South Regions (Santos ef al., 2012; Cumbassa et al., 2015).

The present study was part of a whole project developed in apparently healthy herds
to screen for C. burnetii. Genotyping was performed in C. burnetii DNA positive samples
collected from antibody positive ruminant farms. A complete genotype was achieved in
a low percentage of samples (22.6%), which is probably due to a poor quality of
C. burnetii DNA in samples and/or a low bacterial load leading to failures in PCR
amplification (de Bruin, 2009). In fact, the non-typeable samples showed Ct values above
30.7 and it has been recognized that typeability might be compromised in samples
showing a Ct>31 (Roest ef al., 2011%, de Bruin et al., 2012). The misidentification of
complete genotypes has been commonly reported regardless the markers or the primers
used for genotyping purpose (Roest et al., 2011%, Astobiza et al., 2012; Santos et al.,
2012; Tilburg et al., 2012 Sulyok et al., 2014% Ceglie et al., 2015).

Since the first description of MLVA schemes for C. burnetii genotyping
(Arricau-Bouvery et al., 2006; Svraka et al., 2006), alternative approaches have been
developed, to simplify analysis or to overcome technical difficulties subsequently
identified (Klaassen et al., 2009; Roest et al., 2011%). Nowadays, a panel of six loci
(MLVA-6) is frequently used (Astobiza et al., 2012; Santos et al., 2012; Sulyok et al.
2014%; Ceglie et al., 2015) but different primers for the same loci have been described
(Klaassen et al., 2009; de Bruin, 2009; Roest ef al., 2011?%; de Bruin ef al., 2012; Vincent
et al.,2016). This study was performed with the MLV A-6 panel using two sets of primers:
one set (Set 2) used in previous national studies (Santos et al., 2012; Cumbassa et al.,

2015) described by Klaassen et al. (2009) and Tilburg et al. (2012°), which would be
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useful for comparison of our data; and a second set of primers (Set 1) described by
(Arricau-Bouvery et al., 2006) used to overcome the non-amplification of the locus Ms27
with the former set.

Indeed, we observed that PCR amplification was not successful for locus Ms23 with
Set 1 and for Ms27 with Set 2. For the remaining markers, the results were consistent and
an identical profile was obtained. The consistency of the results obtained with both sets
indicated that results of the alternative set could be accepted. A higher percentage of
amplification was obtained in Set 2 than in Set 1, except for Ms34, that might be due to
the use of primers targeting short repeat units, which may increase the chance of
successful amplification (Klaassen et al., 2009; de Bruin 2009, Tilburg et al., 2012°).
Furthermore, the lower percentage of amplification observed in markers Ms23 and Ms33,
was also reported in other studies (Sidi-Boumedine ef al., 2015°; Aurélien et al., 2017).

Our data showed that the two primer sets used in parallel can complement the profiles
obtained; neverteless, some samples did not amplify and complete/partial profiles were
only achieved with a Ct<32, sustaining previous suggestion that the amount and quality
of DNA is a key component on successful MLVA genotyping (Roest ef al., 2011%, de
Bruin et al., 2012). Seven MLV A-6 complete genotypes were obtained in this study and
six were identified for the first time. The limited data on C. burnetii genotypes in Portugal
turns the report of novel genotypes predictable (Frangoulidis et al., 2014; Sulyok et al.,
2014). All the profiles were originated from dairy ruminant farms, due to the non-
detection or non-typeability of C. burnetii DNA in meat farms or in other animal species
(see chapters 3, 4, 5 and 6). All the genotypes herein identified were obtained from milk
samples. Milk is considered an important shedding route in ruminants, but small
ruminants show an intermittent shedding beginning mostly after parturition (Guatteo et
al., 2007; Roest et al., 2012), which might explain the identification of genotypes mainly
in dairy cattle (one common genotype in sheep and in cattle).

Regarding the geographical distribution, one genotype was identified in one cattle herd
from the Northwest Portugal. This genotype seems to be closely related with the other
ones, but the low number of genotypes hinders the regional comparison and a regional
geographical nidality of genotypes.

MLVA is considered a high discriminatory method (Arricau-Bouvery et al., 2006).
The genetic diversity of C. burnetii circulating in domestic ruminants was demonstrated
by the finding of six novel genotypes, despite their close genetic relationship. Also, they

were closely related with genotypes recently described in cattle from Spain and from
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several European countries (Arricau-Bouvery et al., 2006; Astobiza et al., 2012; Tilburg
etal.,2012% Ceglie et al., 2015; Pifiero et al., 2015; International C. burnetii Cooperative
Database), suggesting a host specificity and circulation of closely genetic related
C. burnetii in cattle from European countries. This finding is supported by other studies
(Pifiero et al., 2015; Aurélien et al., 2017). Additionally, the concept of geographical
nidality also might occur in a wider perspective since European countries seem to act as
one single region with no borders. This might be explained by cattle circulation between
countries, and a clone might disseminate by the introduction in the herds of asymptomatic
C. burnetii infected animals (Tilburg et al., 2012°). The hypothesis that C. burnetii may
undergo species-specific adaptations showing an association with a specific host has been
recently proposed since C. burnetii genotypes seem to cluster by host species
(Frangoulidis et al., 2014; Aurélien et al, 2017). In this context, a common pool of
C. burnetii strains infecting cattle seems to exist in Europe (Pifiero et al., 2015).

The genotypes herein identified showed a close relation with genotypes previously
identified in acute human infections in different regions of Portugal (Santos et al., 2012).
This finding suggests that a link might occur between human and cattle infection, but also
reinforces the hypothesis that C. burnetii may evolve genetically and adapt to different
hosts reinforcing the hypothesis of host specificity of C. burnetii genotypes circulating in
a large geographic region.

Finally, special attention should be given to occupational activities requiring contact
with animals, and manipulation of milk and milk products in inefected herds, or even the
consumption of unpasteurized milk that should not be neglected as a source of infection

to humans (Loftis et al., 2010).

Conclusions

In conclusion, a close genetic relationship was observed among C. burnetii from
unrelated dairy ruminant farms in North and Center of Portugal. Yet, six novel genotypes
were identified mainly in cattle herds. These genotypes are closely related to those
identified in cattle from other European countries and in acute human infections from
Portugal, suggesting that a common pool of C. burnetii strains that infect cattle exists in
Europe and may play a role in human infection. As one of these genotypes was also found

in one sheep dairy farm in the same region, further studies on C. burnetii genotyping in
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Portugal are required, to better elucidate the host specificity and the geographical nidality

of particular C. burnetii genotypes.
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Q fever is a disease shared by human and animal population. In humans the infection
could be appointed as an accidental occurrence, as humans are not described as
reservoirs of infection and the transmission between humans has been reported as
occasional (Maurin and Raoult, 1999). So, it is globally accepted that Q fever is centred
in animal population. The main objective of this research was to characterize the
epidemiology of C. burnetii in animals in Portugal, which is barely known, and
consequently, to provide useful data in the context of One Health approach. Serologic
and molecular methods were used to unravel the potential sources of infection and
determine the status of infection in animals. The study was conducted with the concern
of using standardized methodologies to enable comparison with other international

studies.

Domestic ruminants have been recognized as important reservoirs of C. burnetii
(OIE, 2015). Therefore, initially a serologic survey was conducted in these species to
screen for specific antibodies anti-C. burnetii, namely in cattle and small ruminants
from the Centre region, and cattle from the Northwest region of Portugal.

At the Centre region, the herd prevalence was higher in small ruminants (32.6%)
than in cattle (23.5%). Results obtained for antibodies screening in BTM are
comparable to those obtained in serum samples (Guatteo et al., 2007%; Nielsen et
al.,2011; van den Brom et al., 2012), so BTM samples were also used in dairy herds.
Antibody positivity in BTM was higher in small ruminant herds (51.6%) than in cattle

herds (37.8%), which was consistent with the serosurvey results obtained in both herds

type.

Notwithstanding, a discrepancy was observed: as antibody positivity appeared to be
higher in the BTM survey than in the serosurvey. This might be explained by the mean
herd size, which was higher in the BTM survey than in the serologic survey. Our results
(Chapter 3) showed that in domestic ruminants the exposure to C. burnetii increases

with the herd size, as reported in other studies (McCaughey et al., 2010; Schimmer et
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al., 2011; Schimmer et al., 2012). Therefore, larger herds are more prone to acquire and
develop C. burnetii infection, which might be related with the larger number of
parturient females in birth season (Woldehiwet, 2004). Furthermore, an association
between antibody positivity and dairy production has been reported (Ryan et al., 2011,
van den Brom et al., 2013). In the serosurvey, a predominance of meet herds was
observed and in the BTM survey exclusively dairy herds were studied. Finally, the
proportion of reports of reproductive disorders, namely abortion, was higher in the
BTM survey than in the serosurvey; and higher antibody positivity has been described
in herds reporting reproductive disorders (Bildfell et al., 2000; Garcia-Perez et al., 2009;
Khalili et al., 2011; Muskens et al., 2011). However, a careful interpretation should be
done regarding the occurrence of reproductive disorders, because many other infections
can cause reproductive disorders in dairy ruminants (Agerholm, 2013) and the cause
should be clarified, even if C. burnetii is present in the herd (Saegerman et al., 2013). In
fact, controversial data have been reported. Although an association has been reported
in some studies (Bildfell et al., 2000), others did not find any (Cetinkaya et al., 2000;
Garcia-Perez et al., 2009).

In the BTM survey conducted in dairy cattle herds from the Northwest region, a
higher antibody positivity (61.1%) was observed comparing within the Centre region.
So, the exposure to C. burnetii seems to be higher in dairy cattle herds from the
Northwest region.

Comparing our results with other studies, the herd seroprevalence in small ruminants
fits in the wide range reported in small ruminants (3% to 83%) but is lower in cattle
(30% to 48.4%) (Kennerman et al., 2010; McCaughey et al., 2010; Ruiz-Fons et
al., 2010; Schimmer et al., 2011, Alvarez et al., 2012; Lambton et al., 2016).

In the BTM survey in the Centre region, the exposure in dairy small ruminant herds
and in dairy cattle herds fits in the range reported in other countries (0.6% to 67.6% and
8.2% to 78.6%, respectively) (Garcia-Perez et al., 2009; Hilbert et al., 2012; van den
Brom et al., 2012; Agger et al., 2010; Khalili et al., 2011; Muskens et al., 2011; Ryan et
al., 2011; Astobiza et al., 2012; Czaplicki et al., 2012; Ohlson et al., 2014). Despite the
higher exposure rate observed in dairy cattle herds from the North Region comparing

with the Centre Region, it fits in the range reported in other countries.
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The results of the serosurvey at the individual level showed that individual
seroprevalence in small ruminants (9.6%) fits in the range of results (1.8% to 13%)
described in other European countries (Masala et al., 2004; Ruiz-Fons et al., 2010;
McCaughey et al., 2010; Pape et al., 2009; Magouras et al. 2017). Goats (10.4%)
appeared to be more prone to evidence an exposure to C. burnetii (p<0.05) compared to
sheep (8.6%).

The antibody positivity in cattle (15.1%) was higher than reported in other European
countries (1.8% to 6.7%) (McCaughey et al., 2010; Ryan et al., 2011; Alvarez et
al., 2012; Paul et al., 2014) but the small size of the sample should be considered a

possible cause of imprecision of the results.

All together, these results evidenced that the exposure to C. burnetii in domestic
ruminants is important in Portugal. Although regional variations may occur, this

pathogen is circulating amongst Portuguese domestic ruminants.

It is not possible to predict shedders in seropositive flocks by their antibody response
because animals can remain seropositive for years after the acute infection has been
resolved (Berri et al., 2002; McQuiston et al., 2002). Thus, the shedding of C. burnetii
was investigated in seropositive herds to assess the risk of transmission of the bacteria.
This was achieved individually by testing individual milk samples and vaginal swabs
collected from females in identified seropositive herds from the centre region. Moreover,
BTM obtained from dairy herds from the Centre and Northwest regions were also tested
to assess the milk shedding in a herd level. The detection of C. burnetii DNA was
performed by molecular methods such as conventional PCR, a sensitive method for
detection of C. burnetii DNA (Berri et al., 2000) and real-time PCR, which enabled the
confirmation of previous results and, especially the quantification of the bacterial load
(Guatteo ef al., 2005). This approach allowed scaling the importance of the sources of
bacterium with regards to the risk of transmission of C. burnetii among animals and

from animals to humans through direct contact or environment contamination.

Considering the results from individual testing of the animals, the shedding was
confirmed in 20.8% of the seropositive herds and 9.2% of the females. The main
shedding route was milk (10.9%) followed by vaginal swabs (2.1%). However,

differences were observed among animal species as already reported (Rodolakis et

237



Chapter 8
Integrated Overview

al.,2007). A higher proportion of shedders were observed in goats (15%) followed by
cattle (10.8%) and then sheep (3.6%).

In goats, after a Q fever outbreak, most of the females shed bacteria at subsequent
pregnancies without manifestation of clinical signs (Berri et al., 2007; Rousset et
al., 2009). The only shedding route observed in goats was milk. Milk is the main
C. burnetii shedding route described in goats that, even in the post-partum, excrete
C. burnetii DNA for long-periods intermittently (Berri et al., 2007; Rodolakis, 2009;
Roest et al., 2012) and perhaps during successive lactating periods (Arricau-Bouvery et
al., 2003). Vaginal mucus is also considered an important shedding route in goats,
although our results did not confirm it, probably due to the intermittent shedding that
might lead to false negative results (Rousset et al., 2009).

In cattle, after infection the shedding occurs at any stage of lactation and not only
focused on periparturient and aborted cows (Guatteo et al., 2007). We observed the
shedding in milk and in vaginal swabs, but proportionally it was higher in milk. Milk is
considered the main shedding route in dairy cattle (Beaudau et al., 2006; Rodolakis et
al., 2006; Guatteo et al., 2007; Rodolakis et al., 2007, Mohammed et al., 2014), and
vaginal mucus is not so important (Rodolakis et al., 2006; Rodolakis et al., 2007).

In sheep, after an outbreak, infected ewes are highly infective in the first parturition
and the shedding of C. burnetii at later parturitions, usually carried to term with normal
deliveries, may not occur (Berri et al., 2002, 2005). In this study, the shedding in ewes
was lower than in cattle and in goats, and it was only observed in vaginal swabs. In fact,
vaginal mucus is considered the primary shedding route in ewes (Rodolakis et al., 2007,
Rodolakis, 2009) and milk it is not the preferred one, but an intermittent shedding has
been reported (Rodolakis et al., 2007, Mohammed et al., 2014). We observed that most
of the studied females were multiparous which might have contributed to the lower

proportion of shedders observed in ewes.

With regards to the PCR screening of BTM in the Centre region, the shedding was
evidenced in 11.9% of the herds being higher in cattle herds (20%) than in small
ruminant herds (6.3%). This higher detection of C. burnetii in cattle BTM comparing to
small ruminants as also been reported in other countries (Muskens et al., 2011;
Schimmer et al., 2011).

Despite the higher exposure observed dairy small ruminant herds, the shedding in

BTM was observed only in 6.3% of herds being null in goat herds. Other studies
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assessing the shedding of C. burnetii in BTM from small ruminant herds obtained
results ranging from 0% to 32.9% (Fretz et al., 2007; Garcia-Perez et al., 2009; van den
Brom et al., 2012). The reduced shedding in sheep BTM probably occurred because the
shedding of C. burnetii in milk seems to be less important in ewes (Rodolakis et
al., 2007). The absence of shedding in BTM from goat herds was also reported in
Switzerland (Fretz et al., 2007) and in Iran (Abbasi et al., 2011). This might be due to
the absence of the bacterium in goat farms at the time of sampling but considering that
milk is an important route of shedding in goats, an intermittent shedding might cause
false-negative results (Berri et al., 2007; Rousset et al., 2009, van den Brom et

al., 2012).

In the Northwest region, the shedding was confirmed in 18.9% of the herds which is
identical to that found in the Centre. Together these results were slightly lower than the
results obtained in other countries, ranging from 29.6 to 94.3% (Kim et al., 2005, Fretz
et al., 2007, Muskens et al., 2011, Astobiza et al., 2012, Czaplicki et al., 2012).

All these results show that the shedding of C. burnetii through milk is widespread in
dairy cattle herds in different countries. This might be explained by the fact that milk is
the most frequent shedding route of C. burnetii in cows (Guatteo et al., 2012) and a
long-time excretion through milk can extend for several months even in asymptomatic
animals (Kim e al., 2005; Guatteo et al., 2007°; Guatteo et al., 2011).

The bacterial load was moderate in 92.3% of the individual positive samples, with no
differences between types of samples or species. Regarding BTM, the bacterial load was
considered high in more than 85% of the herds and no differences were observed

between regions.

Another interesting finding was that concerning the exposure, a positive association
was found between the increase of the age and seropositivity (p< 0.01). This was
already reported in other studies (Schimmer et al., 2011). Particularly, in this study most
of the animals were old (3.9 years) and from small meat production herds. These
characteristics are probably related with regional cultural habits involving the traditional
consumption of goat meat from old animals. But regarding the shedding, the increase of
the age appears as an important factor to limit the environment contamination. The

shedding was significantly lower in females over 36 months. This suggests that herds
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with a high number of younger females (primiparous) are more prone to develop
Q fever and to be a source of infection for humans. Furthermore, it can be concluded
that antibodies persist for long periods after the bacteria have been cleared from the

organism (Berri et al., 2002).

It was also observed that most of BTM PCR positive results were associated with
antibody positive results. A positive and statistically significant correlation (p<0.001)
between the bacterial load on BTM gqPCR and S/P per cent on BTM ELISA was
obtained, which is in accordance with the results reported by Astobiza et al. (2012).
Overall, these findings suggest that persistent shedders shed a high titre of bacteria and
present a higher titre of antibodies (Guatteo et al., 2007%) and in the presence of BTM
negative antibody test, the probability to find a positive PCR test on BTM is considered
low or negligible (Saegerman et al., 2013). This information might be useful when

monitoring programs to be implemented on dairy herds.

Globally, considering the serosurvey and the screening for C. burnetii in recognised
shedding routes, it was possible to observe that the shedding of C. burnetii is an
important threat even in apparently healthy domestic ruminant populations. The
three-investigated species demonstrated to have an active role in the domestic cycle of
C. burnetii. Small ruminants showed a higher exposure compared to cattle, but the
shedding seemed to be more important in cows and goats. The proportion of shedding at
the herd level and at the individual level should be retained not only by the risk of direct
transmission to other animals or even to humans but also by environmental
contamination, which is important given the high resistance and the low infectious dose
reported for this pathogen (Maurin and Raoult, 1999).

The milk as an individual sample or as a herd sample appeared as the most important
shedding route. The controversial data about the risk of infection by the consumption of
unpasteurized milk needs clarification. However, besides the risk of transmission by
ingestion, it should not be forgotten the risk of infection by the inhalation of aerosols in
milking rooms (Loftis et al., 2010). Thus, special attention should be given not only to
occupational activities requiring contact with lactating domestic ruminants but also to
those requiring the manipulation of milk and milk products as aerosol transmission may

occur from infected milk.
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Furthermore, it is important to note that this screening was conducted in apparently
healthy herds thus reflecting the “normal” circulation of C. burnetii among animals and

herds, which would be probably different in an outbreak context.

Domestic ruminants are considered the main reservoirs of C. burnetii. However,
human outbreaks have been related with other animal species such as cats, dogs, rabbits,
birds and others (OIE, 2015). With the objective to evaluate the involvement of other
animal species, serological surveys were developed in other animal species, namely
companion animals (i.e. dogs and cats), domestic pigs, and wild animals (i.e. wild boar
and red deer).

However, the lack of a validated ELISA test for other species than ruminants raised
some difficulties, namely by the absence of species-specific antibody and reference
control sera (Rousset ef al., 2010). The use of protein AG, presenting a strong ability to
bind IgG of mammalian species, was used such as described in other ELISA tests to
multiple species (Zhang et al., 2010; Al-Adhami and Gajadhar, 2014; Meredith et
al., 2014). To overcome the lack of species-specific reference control and to set the
cut-off value for the ELISA, the method of Cooper et al. (2011, 2012) was followed.
But, because the harmonization of serological tools is critical to compare data (Rousset
et al.,2010; Sidi-Boumedine et al., 2010), we additionally performed a statistical
approach of S/P% values using a MCMC model, which allowed to conclude that the
cut-off set according to Cooper et al. (2011, 2012) decreases the sensitivity of the test
but the specificity is 100%. So, and because no other tests would be used for screening,
we followed the method described by Cooper et al. (2011, 2012) to estimate the
serological positivity, assuming that the likelihood of false positive results would be

very low and accepting that the final results could be underestimated.

The serosurvey in dogs was conducted in the Centre region. Samples from two
origins were analysed, dogs with owners and stray dogs from the municipal kennel.
Globally, an increase of seropositivity was observed (12.6%) comparing to the last
serosurvey in Portugal (4.8%) (Bacellar et al., 1995). This finding suggests a change in
the scenario of C. burnetii infection in dogs over the last 20 years. However, the
different methodology used for screening should not be neglected. Comparing our
results with those obtained in other countries, the range is wide (0% to 66%) (Willeberg

et al., 1980; Marrie et al., 1985; Martinov et al., 1989; Baldelli et al., 1992; Punda-Polic
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et al., 1995; Boni et al., 1998; Cooper et al., 2011). Differences on seroprevalence
might have occurred throughout the time and between geographic locations, but these
comparisons must be done carefully because different methodologies for screening
antibodies were used.

A higher exposure to C. burnetii was found in dogs with owner compared to stray
dogs from the municipal kennel. This finding was somewhat unexpected, and an
opposite result was found in California, USA (Willeberg et al., 1980). Stray dogs seem
to have a higher chance of exposure to C. burnetii by the contact with wildlife (Cooper
et al., 2011). Additionally, the exposure in dogs was similar in rural and urban areas,
and this was an interesting finding too. In rural areas the contact with livestock and
wildlife seems to favour the exposure to C. burnetii (Boni et al., 1998; Cooper et
al.,2011). It is known that Q fever outbreaks in urban areas might be related to
windborne spreading of C. burnetii (Popescu et al., 2014) but questions about the

potential sources of infection in urban areas remain uncleared.

Considering the results of the serosurvey in cats from the Centre region, the
proportion of positive results was estimated in 17.2%. The range of positivity among
different countries along several years vary from 2% to 61.5% (Willeberg et al., 1980;
Marrie et al., 1985; Matthewman et al., 1997; Komiya et al., 2003; Meredith et
al., 2014). All the seropositive cats lived in rural area and, in most of them, an exposure
to wildlife was reported. This might be explained by the predatory activity of cats in
wildlife, living close to prey animals or even to livestock (Marrie et al., 1988; Meredith
et al., 2014). These findings are supported by the results obtained in Japan, where the
serological positivity in stray cats was higher than in domestic cats (Komiya et
al., 2003). These findings demonstrate that the feline environment might influence the
exposure to C. burnetii.

Overall, cats seem to be more prone to be infected by C. burnetii, which might be
related to their living habits. Indoor cats having frequently free access to the backyard
where they express their hunting instinct, are possibly exposed to potential infected
wildlife prey. In dogs, the potential sources of infection need to be elucidated and vector
borne transmission should also be considered. More investigation is required, namely on
molecular epidemiology, to explain relations concerning the sources of infection

(OIE, 2015).
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In domestic pigs the susceptibility to C. burnetii was confirmed experimentally but
the evidence of a natural infection was never reported, to our knowledge. We carried out
a serosurvey in domestic fattening pigs in intensive production system, using the same
methodology described in other species; but, it was not possible to demonstrate the
exposure in domestic pigs. Probably, the high turnover of animals in finishing farms
occurred in the intensive production system explain our results. Further studies,
including reproduction animals in intensive production systems and animals from
extensive production systems, should be conducted. These suggestions are supported by
the results obtained in the serological survey of in feral pigs (e.g. wild boar), as

mentioned below.

The epidemiology of C. burnetii involves a wildlife cycle where several wild species
are included, such as rodents, birds, rabbits, ruminants and wild boars among others. So,
we intended to evaluate the role of some wild species in the epidemiology of C. burnetii
in Portugal. A serological survey was conducted in wild boars from the Northeast

region and in wild boar and red deer from the centre region.

The serological positivity in wild boars was similar between the Northeast (5.6%)
and the Centre region (6.4%). Similar results were obtained in Czech Republic (6%)
(Hubalek et al., 1993). Data from other countries range from 0% to 50% (Giovanni et
al., 1988; Baradel et al., 1988; Ejercito et al., 1993; Clark et al. 1983). Although the
comparison of data should be careful analysed because these studies were conducted for
a long-time period, in different geographical areas, using different methodologies, and
also changes in the epidemiology throughout the years might have occurred. Our results
suggested that wild boar females of reproducing age are more prone to be infected, as
reported for ruminants (Arricau-Bouvery and Rodolakis, 2005; Anastacio et al., 2013%).
These findings are supported by one study in Spain, where only wild boar females older

than 15 months presented C. burnetii DNA in tissues (Astobiza et al., 2011).

The results of the serological survey in red deer showed that the estimated rate of
exposure was higher than in wild boar (30.4%) and even higher than that found in Spain
(14.1%) (Gonzalez-Barrio et al., 2014), using ELISA testing. Some other studies
showed similar results, but the use of different methodologies difficult comparison

(Hubalek et al., 1993; Ruiz-Fons et al., 2008).
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Overall, wild ruminants also seem to play a role in the infection cycle of C. burnetii,
which is supported by the evidence of C. burnetii shedding by naturally infected red
deer, pointing this wild ungulate as a true reservoir for C. burnetii also in Portugal

(Gonzalez-Barrio et al., 2015°).

Besides the evaluation of the exposure to the pathogen, another purpose of this study
was to identify sources of infection. As described for domestic ruminants, a molecular
screening was conducted in biological samples from wild boars (serum and faeces). The
presence of C. burnetii DNA was not evidenced in none of the tested samples. Faeces
might not be a privileged shedding route in wild boars as described in ruminants
(Arricau-Bouvery and Rodolakis, 2005). The presence of specific antibodies indicated a
previous exposure, which is partially supported by the PCR negative results in sera.
Further studies with a large diversity of biological samples are surely needed to clarify

the potential sources of infection among wild ungulates.

Ticks are considered reservoirs of C. burnetii and potential environmental sources of
infection. In Portugal, the climatic and ecological conditions are favourable for the
development of several species of ticks and 24 species of ticks have been identified so
far (Silva et al., 2006%). Rhipicephalus sanguineus, Ixodes ricinus and Genus
Dermacentor, which present a large broad of hosts (Silva et al., 2006*), were the three-
main species/genus identified in this study. In the present study, no positive results were
obtained by molecular analysis of ticks collected from dogs and cats, as reported in
some other studies (Sprong ef al., 2011; Andoh et al., 2013).

In Europe, the detection of C. burnetii in ticks is considered rare (Astobiza et
al.,,2011; Sprong et al., 2012; Michelet et al., 2014); however, C. burnetii was
identified in 19.4% of ticks in the South of Portugal belonging to species
Hyaloma lusitanicum, Dermacentor marginatus, Ixodes spp. and Rhipicephalus pusillus
and collected from vertebrate hosts and vegetation (Silva et al., 2014). Positive results
were also obtained by others elsewhere (Rehacek ef al., 1991; Knobell ef al., 2013;
Reye et al., 2013; Szymanska-Czerwinska et al., 2013; Mancini et al., 2014). However,
PCR-based surveys aiming to detect C. burnetii in ticks by the currently available
methods must be interpreted with caution (Jourdain ez al., 2015). The detection of
C. burnetii in ticks has recently been questioned by the demonstration of Coxiella-like

bacteria in ticks using PCR methods based on the detection of IS1111 (Duron, 2015;
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Jourdain et al., 2015). Notwithstanding, it has been purposed that coupling sensitive
detection assays with genotyping methods provides an insurance mechanism for
positive identification (and genotyping) of C. burnetii without the risk of false positives
mainly when dealing with samples obtained from ticks (Pearson et al., 2016).

The study of molecular epidemiology is essential to monitor C. burnetii
dissemination. In the present study we aimed to characterize genetic profiles of
C. burnetii DNA detected in ruminant samples. It was possible to achieve a complete
genotype in only seven DNA samples. Despite the reduced number of complete
genotypes, a close genetic relationship was observed among C. burnetii from
epidemiologically unrelated dairy cattle farms in north and center of Portugal. Yet, six
novel genotypes were identified. These genotypes are closely related, but not identical,
to those identified in cattle from other European countries and in acute human infections,
suggesting that a common pool of C. burnetii strains that infect cattle exists in Europe
and may play a role in human infection. One of these genotypes was also found in one
sheep dairy farm in the same region. Further studies are required to elucidate about the
host specificity and the geographical nidality of C. burnetii.

For an accurate understanding on the epidemiology of C. burnetii in Portugal, a
larger collection of isolates representing a greater geographical and host range is

mandatory.
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The results obtained and discussed in this study allowed to reach the following

conclusions:

i) The serologic survey conducted in domestic ruminants in Portugal showed that
in Portugal small ruminants and cattle are exposed to C. burnetii, although some
differences in the prevalence rate were observed between species and regions.
C. burnetii is an important biological threat even in apparently healthy domestic

ruminant populations.

ii) The exposure to C. burnetii infection was not restricted to domestic ruminants in
Portugal. Despite the non-evidence of exposure in domestic fattening pigs, it was
demonstrated in companion animals (i.e. dogs and cats); in feral pigs and in red

deer.

iii) Among the studied animal species, C. burnetii DNA was only detected in

domestic ruminants.

- At the herd level, the shedding of C. burnetii was demonstrated in a higher
percentage in cattle herds than in small ruminant herds. Individually, shedding of

C. burnetii was higher in goats followed by cattle and then ewes.

- Considering the studied shedding routes in domestic ruminants, the milk
appeared as the most important shedding route, as an individual sample or as a

herd sample.

- Age seemed to be significantly associated to C. burnetii infection. The
increase of the age was associated with an increased serological positivity
(i.e. exposure) to C. burnetii. Contrarily, the increase of the age was related with a

decreased shedding.
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- A significant positive correlation occurred between antibody titer and the
bacterial load in BTM. Thus, in presence of negative antibody test, the probability to
find a positive PCR test on BTM is considered very low.

iv) C. burnetii DNA was not detected in ticks collected from companion animals.

v) Six new MLVA-6 profiles were identified in Portugal. These novel genotypes

clustered with genotypes identified in cattle from other European countries.

Considering the global objective of this PhD project, we believe that we have
successfully addressed most of the questions we have wished to answer. The results
herein presented highlighted that in Portugal, C. burnetii circulates among several
domestic and sylvatic animals. Additionally, genotyping of C. burnetii DNA detected in
domestic ruminants showed that genotypes are closely related to those identified in
cattle from other European countries and in acute human infections, suggesting that a
common pool of C. burnetii strains that infect cattle exists in Europe and may play a
role in human infection.

It is globally recognized that epidemiological studies are crucial to monitor infection
in different regions. Regarding C. burnetii epidemiology, the use of standardized
methodologies is crucial to compare results from different studies and to cover different

scenarios when controlling programs are needed.
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9.1

Future Perspectives
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The results of this study clearly increased the scientific knowledge on C. burnetii
epidemiology in Portugal. However, data obtained from this work raised some questions

and challenges that need to be elucidated, namely:

- To clarify the role of domestic pigs from extensive production systems. This will be
achieved by the serological screening of this subpopulation. Results will help to

understand the role of domestic pigs in the epidemiology of C. burnetii.

- To characterize genetically circulating strains in companion animals and in wild
ungulates. This will be achieved by increasing the number and the variety of biological
samples on molecular screening. In companion animals, sampling of reproductive
tissues/secretions will be conducted in bitches and queens attending on veterinary
clinics specifically for surgical purposes, particularly hysterectomy. In wild ungulates,
sampling of reproductive and reticuloendothelial organs (e.g. spleen, liver, uterus) will
take place during the hunting season. Firstly, a molecular screening will be carried out
to detect C. burnetii DNA. Secondly, genetic characterisation will allow the comparison
with national and international data and the analysis of the genetic diversity of strains

circulating among animal species.

- To determine if the environment or even other animal species not included in this
study (e.g. pigeons) play an important role in the epidemiology of C. burnetii in urban
areas. This will include a molecular screening for C. burnetii in the environment
(i.e. soil and ticks) and in wild bird excrements. C. burnetii DNA will be further
genotyped to investigate the genetic variability and to clarify links regarding the source

of infection.

- Strain viability is an important issue to assess the infectious risk. Additionally, strain
virulence is related to its potential pathogenicity. To assess strain viability and virulence,

qPCR Coxiella burnetii positive samples will be inoculated on a mouse model to isolate
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strains and to assess their virulence, namely the novel genotypes found. These data will

be useful in the design of control programs.
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Summary

Ruminants are recognized as the main reservoirs of Coxiella burnetii. EFSA high-
lighted the lack of knowledge about Q fever prevalence in many European coun-
tries. A cross-sectional study was carried out in randomly selected dairy herds
(n = 109) from central Portugal to screen for C. burnetii infection and to corre-
late it with herd factors. Bulk tank milk (BTM) samples from cattle (n = 45)
and small ruminant (n = 64) herds were tested by ELISA and PCR. The appar-
ent seroprevalence of Q fever was estimated in 45.9% (95% CI: 36.3-55.7) being
higher in small ruminants (51.6; 95% CI: 39.6-63.4) than in cattle (37.8; 95%
CI: 25.1-52.4). The shedding of C. burnetii in BTM was detected in 11.9% (95%
CI: 7.1-19.4) of BTM, and it was higher in cattle (20%; 95% CI: 10.9-33.8) than
in sheep and mixed herds (6.3%; 95% CI: 2.5-15). A high bacterial load
(=3 x 10" bacteria/ml) was observed in 85% of PCR-positive BTM. A signifi-
cant correlation was found between the bacterial load and positive samples on
ELISA (P < 0.001). Antibody positivity was significantly associated with the
increased herd size (P < 0.01) and the occurrence of abortion (P < 0.05),
whereas the shedding of C. burnetii was significantly associated with the report
of infertility (P < 0.05). The results highlight that serological and molecular
methods in combination are a useful tool to screen for Q fever and to clarify the
herd infection status. The shedding of C. burnetii through milk is important,
especially in dairy cattle, and thus, the role of milk as a potential source of infec-
tion among dairy workers should not be neglected. To our knowledge, this is
the first study reporting C. burnetii infection in dairy livestock in Portugal
showing that Q fever is significant in dairy herds, leading to economic losses
and being a risk for public health, which highlights the need of implementation
of control measures.

diverse European countries (ECDC, 2011). Also, the scien-
tific opinion issued by the European Food and Safety

Over the last years, there has been an increased interest for
Q fever and its causative agent Coxiella burnetii (Khalili
et al., 2011; Muskens et al., 2011; Ryan et al., 2011; Astob-
iza et al., 2012; Czaplicki et al., 2012). The large-scale epi-
demic of human Q fever that occurred in the Netherlands
between 2007 and 2011 (van Loenhout et al., 2012) has
contributed to an increased awareness and case detection in

© 2014 Blackwell Verlag GmbH e Transhoundary and Emerging Diseases.

Agency (EFSA) encouraged the investigation in many
countries because the control of the infection in animals is
considered as the first step to prevent human exposure
(EFSA, 2010).

Some previous studies reported an association between
human Q fever cases and infected ruminant herds (Porten
et al,, 2006; Gilsdorf et al., 2008). For this reason, domestic
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ruminants are generally considered the primary animal res-
ervoir of C. burnetii (EFSA, 2010; Sidi-Boumedine et al.,
2010).

Infected ruminants can be asymptomatic, but Q fever
can cause abortion, stillbirth, delivery of weak offspring
and premature delivery. These clinical manifestations are
more often expressed in sheep and goats. In cattle clinical
signs of Q fever can be less obvious (Rodolaskis et al., 2007;
Sidi-Boumedine et al., 2010). The shedding of C. burnetii
in infected ruminants occurs mainly during and after par-
turition or abortion, in birth products and vaginal mucus,
but the shedding in urine, faeces and milk is also docu-
mented (Guatteo et al., 2007b; Rousset et al., 2009; Sidi-
Boumedine et al., 2010). The impacts on public and animal
health make Q fever a disease of interest for public policy
makers and food industries, mainly dairy production
(Guatteo et al,, 2011).

In dairy herds, bulk tank milk (BTM) has been shown to
be a suitable sample to screen for C. burnetii infection on
lactating animals (Kim et al., 2005; Agger et al., 2010; Mus-
kens et al., 2011; van den Brom et al., 2012). The milk anti-
body analysis by ELISA testing can provide information
about the exposure to C. burnetii (Guatteo et al., 2007a),
and the results are comparable to those obtained in serum
samples because immunoglobulins are transferred from
blood to milk in lactating females (Nielsen et al., 2011).
However, in order to control the bacterium spread among
animals and from animals to environment and humans,
detection of C. burnetii is a crucial step (Guatteo et al.,
2007a). Nowadays, PCR is recognized as the most suitable
tool for C. burnetii detection (Berri et al., 2000), and quan-
titative PCR (qPCR) allows quantification of the bacterial
load (Guatteo et al., 2007a; Czaplicki et al., 2012).

The aims of this study were as follows: (i) to investigate
the exposure to C. burnetii in dairy ruminant farms by
testing the presence of specific anti-C. burnetii antibodies
(ii) to evaluate the infection status of dairy ruminant
farms by assessing the prevalence of shedding in BTM
samples (iii) to evaluate the degree of bacterial excretion
in shedding herds and (iv) to identify associations between
C. burnetii infection with herd factors and reproductive
disorders.

Materials and Methods

From February 2009 to July 2013, a cross-sectional survey
was developed among dairy ruminant herds (n = 480 502,
Official Regional Veterinary Services) from the centre
region of Portugal. The number of herds to be studied was
calculated using the program WinEpiscope version 2.0,
and it was based on the formula n = [¢2 Pesp (1-Pesp)]/d2,
considering 7 the required size sample, ¢ the student value
for a 95% confidence level (1.96), Pesp the expected preva-
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lence and d the desired absolute precision (Thrusfield,
1995). For that purpose, an expected herd prevalence of
32.6% (Anastacio et al., 2013), a desired absolute precision
of 10% and a 95% confidence interval were considered,
resulting in an estimated sample of 85 herds. The list of
herds in databases of 8 collaborating livestock veterinarians
from different locations of the region was used for a simple
random sampling, using the program Microsoft Excel”
(Microsoft Corporation, Redmond, WA, USA). The regis-
tration of the official herd code ensured the non-duplica-
tion of herds. To each collaborator, it was asked the
collection of 50 ml of bulk tank milk (BTM) into sterile
plastic tubes per herd, after the agreement of the farmer in
a maximum of 15 herds. Also, it was asked to complete a
short questionnaire containing some herd level variables
(farm demographics, management practices and observed
reproductive disorders during the 12 previous months)
(Czaplicki et al., 2012).

A total of 109 samples were collected by the 8 collaborat-
ing veterinarians. These were tested for the presence of spe-
cific anti-C. burnetii antibodies using the commercial
ELISA (LSIVET Ruminant Milk/Serum Q Fever; Labora-
toire Service International, Lissieu, France) with a cut-off
sample/positive percentages (S/P per cent) of 30% as rec-
ommended by the supplier. This test is based on antigens
obtained from a European ovine strain of C. burnetii and
gives a positive result on BTM samples when at least 10%
of lactating cows in the herd are specific antibodies positive.
The S/P per cent was categorized in four semi-quantitative
classes: negative (S/P < 30), weak positive (+; 30 </
P <100), positive (++ 100 < S/P <200) and strong
positive (+++; S/P > 200) and in two qualitative classes:
negative (S/P < 30) and positive (S/P > 30).

DNA was extracted from 200 pl of each BTM sample
using the QIAmp DNA Mini kit (Qiagen, Izasa, Portugal),
following manufacturer’s instructions. Firstly, a conven-
tional PCR assay targeting IS1111, a transposon-like repeti-
tive region of C. burnetii, was performed as described by
Berri et al. (2000) with some modifications. Briefly, the
amplicons, of 243 bp in size, were obtained using the prim-
ers described by Vaidya et al. (2008). DNA of C. burnetii
Nine Mile strain was used as a positive control. The DNA
amplification reaction was performed in a Biometra
Thermocycler (Biometra, Gottingen, Germany). The ampli-
fication products were analyzed by 2% agarose gel electro-
phoresis and visualized under UV light. Additionally, the
bacterial load in PCR-positive BIM samples was estimated
using the commercial real-time qPCR assay (Taq-Vet™
Coxiella burnetii—Absolute Quantification kit; LSI), accord-
ing to the manufacturer’s instructions. The PCR assays
were performed using a CFX-96 thermocycler (Bio-Rad,
Amadora, Portugal). Results, expressed in number of bacte-
ria per millilitre, were categorized in weak positive (+; <300

© 2014 Blackwell Verlag GmbH e Transhoundary and Emerging Diseases.
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bacteria/ml), positive (++; 300 bacteria/ml-3 x 10° bacte-
ria/ml) and strong positive (+++; >3 x 10° bacteria/ml).

Confidence limits for the proportions were estimated
with 95% confidence intervals (CI) assuming a binominal
exact distribution (Epilnfo version 3.5.4; Center for Disease
Control and Prevention, Atlanta, GA, USA). The agreement
between ELISA and PCR results was investigated by the
determination of the kappa coefficient using the WinEpi-
scope version 2.0 (University of Edinburgh, Roslin, UK). A
univariable analysis was performed initially to explore asso-
ciations between herd factors and reproductive disorders
with the herd infection using the simple logistic regression
test. Subsequently, a multivariable analysis included all the
variables showing a P-value below 0.05. Moreover, associa-
tions between ELISA and PCR results were investigated by
the Fisher’s exact test and by the determination of the
Spearman’s Correlation coefficient. The analysis was per-
formed using the statistical program SAS (version 9.1.2;
SAS Institute Inc., Cary, NC, USA).

Results

Descriptive characterization of herds

From the 109 dairy herds (9337 animals) included in this
study, cattle herds were predominant (41.7%; 95% CI:
32.3-51.5%) followed by sheep herds (35.2%; 95% CI:
26.2-45.0%), goat herds (12%; 95% CI: 6.6-19.7%) and
mixed herds (11.1%; 95% CI: 5.9-18.6%). An intensive
production system was reported in 38% (95% CI: 28.8—
47.8%) of the herds, most of them cattle herds (97.6%;
95% CI: 87.1-99.9%).

The herd mean size was 85.6 animals (SD = 101.1, range
5-602) and 69.4% (95% CI: 59.8-77.9%) of the herds were
under this mean size. Cohabitation with other animal spe-
cies was reported in 49.5% (95% CIL: 39.7-59.4%) of the
herds, and in 37% (95% CI: 27.9-46.9%) of herds, it was
reported the occurrence of ticks infestation at the time of
sampling. Reproductive disorders were reported in 79.6%
(95% CI: 70.8-86.8%) of the herds. These were significantly
associated with cattle herds (P < 0.05) and with an inten-
sive production system (P < 0.05).

BTM antibody testing

Fifty BTM samples (45.9%; 95% CI: 36.3-55.7%) were
positive on ELISA testing; 20 from sheep (18.4%; 95% CI:
12.2-26.7%), 17 from cattle (15.6%; 95% CI: 10-23.6%), 7
(6.4%; 95% CI: 3.1-12.7%) from mixed herds and 6 (5.5%;
95% CI: 2.5-11.5%) from goat herds. In the whole positive
results, 34 (31.2%; 95% CI: 23.5-41.7%) were weak positive
(+), whereas 14 (12.8%; 95% CI: 7.2-20.6%) were positive
(++) and 2 (1.8%; 95% CI: 0.2-6.5%) were classified as
strong positive (+++).

© 2014 Blackwell Verlag GmbH e Transhoundary and Emerging Diseases.
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BTM PCR testing

Thirteen BTM samples were PCR positive (11.9%; 95% CI:
7.1-19.4%). Cattle herds showed a high proportion of posi-
tive results (8.3%; 95% CI: 4.4-15%) followed by mixed
and sheep herds with 2 (1.8%; 95% CI: 0.5-6.4%) positive
BTM samples in each group. No PCR-positive results were
obtained in goat herds. Table 1 summarizes the results
obtained by ELISA and PCR testing considering the species
in herds.

In PCR-positive BTM samples, the bacterial load was
estimated by qPCR and ranged from 195 bacteria/ml to
288 001 bacteria/ml (mean = 37 512.77 and
SD = 77 865.23). Most of the BTM samples (11/13, 84.6%;
95% CI: 53.7-97.3%) evidenced a strong positive (+++)
result corresponding to > 3 x 10 bacteria/ml.

PCR versus ELISA results

Table 2 shows the results obtained by ELISA and qPCR
results considering categories. A high proportion (38/96) of
BTM PCR-negative samples were antibodies positive by
ELISA testing (39.6%; 95% CI: 29.9-50.1%), whereas only
7.7% (1/13; 95% CI: 0.4-37.9%) of BTM PCR-positive
samples were negative on BTM ELISA. Although this
discrepancy, it was observed that 92.3% (12/13; 95% CI:
62.1-99.6%) of PCR-positive results were associated with
antibody-positive results. Globally, the agreement between
ELISA and PCR results was weak (k = 0.24, 95% CI: 10.7—
36.6) but the Fisher’s exact test showed a significant associ-
ation between PCR and ELISA categorical results
(P < 0.001). Moreover, a statistically significant correlation
was observed between estimated bacterial load from qPCR
and the S/P per cent by ELISA testing (Spearman’s correla-
tion coefficient = 0.34, P < 0.001).

Effect of herd factors on C. burnetii infection

Individual factors were tested to find associations with
positive results. Univariable analysis by logistic regression
test identified only two risk factors significantly associated

Table 1. Distribution of positive and negative results on ELISA and PCR
testing considering the species in herds

Number  ELISA positive PCR positive
Species  of herds  (%; 95% Cl) (%; 95% Cl)
Mixed 12 7 (58.3%; 32-80.7) 2(16.7%, 4.7-44.8)
Goat 13 6(46.2%; 23.2-70.9) 0
Sheep 39 20(51.3%; 36.2-66.1) 2(5.1%; 1.4-16.9)
Cattle 45 17 (37.8%; 25.1-52.4) 9(20%; 10.9-33.8)
Total 109 50 (45.9; 36.8-55.2) 13(11.9%; 7.1-19.4)




C. burnetii: BTM Analysis in Dairy Herds

S. Anastacio et al.

Table 2. Relationship between ELISA and qPCR results on 109 BTM samples from dairy ruminant herds

qgPCR
Total

Negative Positive + Positive ++ Positive +++ Total
ELISA No (%; 95% Cl) No (%; 95% ClI) No (%; 95% Cl) No (%; 95% Cl) No (%; 95% Cl)
Negative 58 (53.2; 43.5-62.8) 1(0.9; 0.05-5.8) 0 0 59 (54.3; 63.6)
Positive + 27(24.8;17.2-34.2) 0 1(0.9; 0.05-5.8) 6(5.5;2.3-12.1) 34(31.2;22.9-40.9)
Positive ++ 9(8.3;4.1-15.5) 0 0 5(4.6;1.7-10.9) 14(12.8;7.5-20.9)
Positive +++ 2(1.8;0.3-7.1) 0 0 0 2(1.8;0.3-7.1)
Total (%; 95 CI) 96 (88.1; 80.1-93.2) 1(0.9; 0.05-5.8) 1(0.9; 0.05-5.8) 11(10.1; 5.4-17.7) 109 (100)

with BTM antibody-positive results: the increasing of the
herd size (P < 0.01) and abortion (P < 0.05). A multivari-
able model was performed to test simultaneously variables
found to be associated in univariable analysis. The multiple
logistic regression test confirmed that the increasing of the
herd size and the occurrence of abortion were both associ-
ated with antibody-positive results on BTM (P < 0.05) as
represented in Fig. 1.

The detection of C. burnetii by PCR was higher in herds
reporting reproductive disorders (14%) than in those that
did not report reproductive disorders (0%; P > 0.05) but
only infertility, evidenced a significant association with
PCR-positive results (P < 0.05).

Discussion

Coxiella burnetii is the aetiologic agent of Q fever, an infec-
tion that affects both animals and humans (EFSA, 2010).
The prevalence of C. burnetii infection in ruminant herds
in most of Portuguese regions is poorly known and the

e Abort

— = NAbort

Probability of positive results

TU10 50 90 130 170 210 250 290 330 370 410 450 490 530 570 610
Number of animals

Fig. 1. Association between the probability of positive results for Coxi-
effa burnetii antibodies with herd size and the occurrence of abortion or
no abortion using a logistic regression model. [Abort (abortion): Inter-
cept - SE = —0.7889 + 0.3707, NAbort (no abortion): Intercept -+ SE
= —1.2528 = 0.4161, Logistic regression coefficient = SE = 0.00713
+ 0.00274].

vaccination is very recent in Portugal, and not mandatory.
The knowledge of the status of infection in herds contrib-
utes to a better understanding of the epidemiology of this
pathogen. In this context, this study was designed as an
approach to describe simultaneously at the herd level the
exposure to C. burnetii and the milk shedding of this bacte-
rium in dairy ruminant herds in central Portugal, which is
unknown.

The results of antibody detection in BTM showed that
almost half of the 109 dairy herds tested have been exposed
to C. burnetii (global antibody apparent prevalence of
45.9%). At the time of the study, 11.9% of the herds
showed an active infection illustrated by the detection of
C. burnetii in BTM. These results confirm that this patho-
gen is endemic throughout the region. The antibody posi-
tivity was higher in sheep and goat herds (51.6%) than in
cattle herds (37.8%), but the detection of C. burnetii in
BTM was higher in cattle herds (20%) than in sheep and
goat herds (6.3%). The ELISA results contrast with a recent
report on C. burnetii infection in domestic ruminants that
suggested a higher seroprevalence in cattle compared to
goats and sheep (Guatteo et al., 2011). However, they are
in accordance with the observations compiled in other
countries evidencing that Q fever human outbreaks are
more often related to small ruminants than to cattle (EFSA,
2010). The results showing a higher detection of C. burnetii
in cattle BTM than in small ruminants are identical to those
obtained in the Netherlands, despite their higher global
prevalence. In fact, in the Netherlands, a higher prevalence
of bacterial DNA was found in cattle BTM (56.6%) (Mus-
kens et al, 2011), comparing to goat BTM (24.4%)
(Schimmer et al., 2011).

Regarding dairy cattle herds, the antibody apparent prev-
alence in this study was very similar to that obtained in Ire-
land (37.9%) (Ryan et al., 2011), but it was lower than the
obtained in other countries which ranged from 45.4 to
78.6% (Agger et al., 2010; Khalili et al., 2011; Muskens
et al., 2011; Astobiza et al., 2012; Czaplicki et al., 2012).
The antibody testing of BTM was performed using the
same commercial ELISA test among the mentioned studies,
with the exception of Agger et al. (2010) and Khalili et al.
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(2011). These results show that animals are exposed to
C. burnetii in a significant percentage of dairy herds from
several European countries, including Portugal.

Moreover, in our study, 20% of dairy cattle herds shed
C. burnetii through milk which is slightly lower than the
results obtained in other countries, ranging from 29.6 to
94.3% (Kim et al., 2005; Fretz et al., 2007; Muskens et al.,
2011; Astobiza et al., 2012; Czaplicki et al., 2012). All these
results show that the shedding of C. burnetii through milk
is widespread in dairy cattle herds in different countries.
This might be explained by the fact that milk is the most
frequent shedding route of C. burnetii in cows (Guatteo
et al,, 2012) and a long-time excretion through milk can
extend for several months even in asymptomatic animals
(Kim et al., 2005; Guatteo et al., 2007b, 2011).

In sheep and goat dairy herds, the antibody apparent
prevalence was estimated in 51.6%. Other studies assessing
herd antibodies prevalence in sheep and goat herds found
rates between 28% and 67.6% (Garcia-Pérez et al., 2009;
van den Brom et al., 2012; Hilbert et al., 2012). A discrep-
ancy was observed between these BTM antibody results
(51.6%) and the serum antibody results (32.6%) obtained
in a recent serologic survey conducted in sheep and goats
from the same Portuguese region (Anastacio et al., 2013).
This might be somewhat unexpected because the criterion
for positivity in the serosurvey was set as at least one posi-
tive animal per herd, and it is known that a positive result
on BTM ELISA occurs when at least 10% of lactating
females are seropositive. Notwithstanding, several factors
may have influenced this difference. It is known that the
herd size is correlated with antibody positivity (Ryan et al.,
2011; Anastacio et al., 2013). In this study, the mean herd
size for sheep and goat herds was 56 animals (data not
shown), whereas in the serologic survey the mean herd size
was 6.7 animals. So, the increased size of herds in this study
might explain the increased antibody positivity. Moreover,
an association between antibody positivity and dairy pro-
duction has been described (Ryan et al., 2011; van den
Brom et al., 2013). In the previous serologic survey, there
was a predominance of meet herds (88.8%). In this study,
only dairy herds were included. Also, the proportion of
sheep and goat dairy herds reporting reproductive disor-
ders was higher (67.2%) than in the previous serosurvey
(6.7%). Higher antibody positivity has been described in
herds reporting reproductive disorders (Bildfell et al., 20005
Garcia-Pérez et al., 2009; Khalili et al., 2011; Muskens
et al.,, 2011).

Despite the higher percentage of antibody-positive dairy
sheep and goat herds, only 6.3% of them shed DNA of
C. burnetii through milk. Other studies assessing the shed-
ding of C. burnetii in BTM from small ruminant herds
obtained results ranging from 0% to 32.9% (Fretz et al.,
2007; Garcia-Pérez et al., 2009; van den Brom et al., 2012).

© 2014 Blackwell Verlag GmbH e Transhoundary and Emerging Diseases.
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No positive PCR BTM samples were obtained in goat
herds, and similar results were obtained in Switzerland
(Fretz et al., 2007) and in Iran (Abbasi et al., 2011). This
might be due to the absence of the bacterium in goat farms
at the time of sampling because, as in cattle, milk is consid-
ered the main route of bacterial shedding in the goat herds
although for shorter periods. However, the presence of
C. burnetii in other matrices than milk should not be
excluded (Rodolaskis et al., 2007). Moreover, it was
described a discontinuous C. burnetii shedding in goats
(Berri et al., 2007) and thus, false-negative results may be
obtained in single samples (Rousset et al., 2009). Consider-
ing ewes, the low PCR positivity rate probably occurs
because the shedding of C. burnetii in milk seems to be less
important (Rodolaskis et al., 2007), and thus, the bacte-
rium could be present in other matrices. In small rumi-
nants, C. burnetii is mainly shed after parturition or
abortion in birth products (van den Brom et al., 2012).
This discontinuous shedding might have contributed to the
low shedding prevalence obtained in our study.

The estimation of the bacterial load allows the knowledge
of the shedding pattern of infected animals. The qPCR tar-
geted the repetitive sequence region (ISI1111) present in dif-
ferent copy numbers in the genome of different C. burnetii
strains (Klee et al., 2006). However, the low genetic diver-
sity of C. burnetii strains found in Portuguese ruminants
(Santos et al., 2012) was considered for quantification pur-
poses. So, the estimated values presented herein were
obtained assuming that the copy number of IS1111 was the
same in C. burnetii strains in all the herds. This methodol-
ogy was also used in other studies (Guatteo et al., 2007a;
Astobiza et al., 2012).

In 34.8% BTM-specific antibodies were present but
C. burnetii was not detected, suggesting a past infection by
the absence of shedders among lactating females. A BTM
sample from a cattle herd (0.9%) was antibodies negative
but PCR positive with the estimated bacterial load being
low (195 bacteria/ml). This finding suggests the presence of
a small number of C. burnetii milk shedding cows with low
antibody response (Guatteo et al., 2007b), or the presence
of animals in an initial phase of infection which antibodies
anti-C. burnetii were not yet detectable on ELISA.

Globally, a discrepancy between ELISA and PCR results
was observed in 37.6% of BTM samples, and similar find-
ings were described in other studies (Schimmer et al.,
2011; Czaplicki et al., 2012). Notwithstanding, most of
PCR-positive results were associated with antibody-posi-
tive results. Actually, 84.6% of the PCR-positive herds
were strong positive on gPCR, and all of them were anti-
bodies positive (mean S/P per cent = 97, SD = 29.4). Fur-
thermore, it was found a positive and statistically
significant correlation (P < 0.001) between the estimated
bacterial load on BTM qPCR and S/P per cent on BTM
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ELISA which is in accordance with the results obtained by
Astobiza et al. (2012). Overall, these findings support the
suggestion that persistent shedder animals shed a high titre
of bacteria and present a higher titre of antibodies (Guat-
teo et al., 2007a) and that in the presence of negative anti-
body test, the probability to find a positive PCR test on
BTM is considered low to negligible (Saegerman et al.,
2013).

Herd size was significantly associated with antibody-
positive results, which is in agreement with previous sero-
survey studies (Ryan et al., 2011; Schimmer et al., 2011;
Agger et al,, 2013). The increased risk of introduction and/
or transmission of pathogens in a large population is prob-
ably related with the increased number of lambing females
at lambing season (de Cremoux et al., 2012) and by other
management factors such as larger amounts of feed, animal
supply and a higher number of professionals working at or
visiting the farm (Schimmer et al., 2011). Therefore, larger
herds are more prone to acquire and develop Q fever and
the number of animals must be considered a risk factor to
C. burnetii dissemination.

An association was found also between abortion and
antibody-positive results in BTM samples. However, a care-
ful interpretation should be made because the cause of
abortion in the herds was not clarified, and many other
infections can cause abortion in dairy ruminants (Ager-
holm, 2013) even if the bacterium is in the herd (Saeger-
man et al., 2013). So, it is uncertain whether C. burnetii is
the sole cause of abortions or acts as a contributory factor
(Cetinkaya et al., 2000). In fact, controversial data have
been reported. An association has been described in some
studies (Cetinkaya et al., 2000; Garcia-Pérez et al., 2009)
while more recent ones did not found any (Anastacio et al.,
2013). Similarly, in this study, an association between infer-
tility and presence of C. burnetii in BTM samples was
found. It is recognized that C. burnetii can cause infertility
in cattle (Parisi et al., 2006), and interestingly, 69% of
PCR-positive samples were from cattle herds.

Overall, C. burnetii is endemic in Central Portugal
because a high percentage of herds evidenced an exposure
by a positive serology. An active infection was confirmed in
a lower percentage of herds by the shedding of C. burnetii
through milk. Thus, milk should not be neglected as a
source of infection to humans, namely by the consumption
of unpasteurized milk or by the inhalation of aerosols in
milking rooms (Loftis et al., 2010). To our knowledge, this
is the first study in Portugal screening for C. burnetii in
dairy ruminant herds and evidencing an active infection by
the shedding of bacteria through milk, that was more sig-
nificant in cattle herds. The cattle trade in Europe may con-
tribute to the dissemination of C. burnetii. Further research
is needed to characterize at molecular level of the circulat-
ing strains and to compare them with those from other

S. Anastacio et al.

countries. Moreover, the economic impact of Q fever in
ruminant herds should be investigated in more detail. This
study reinforces the need of a global and harmonized con-
trol policy among European countries towards the preven-
tion of Q fever in regard to public health and economic
impact.
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Abstract

polis Laboratory, Sophia-Antipolis. France.

Ruminants are recognized as the main reservoirs of Coxiella burnetii. EFSA highlighted the lack of knowl-
edge about Q fever prevalence in many European countries. A cross-sectional study was carried out in
randomly selected dairy herds from the Northwest of Portugal to screen for C. burnetii infection by PCR
testing in antibody positive Bulk Tank Milk samples (BTM). The proportion of C. burnetii positive BTM
samples was 30.9% of herds and the bacterial load ranged from 600 to 8513800 bacteria/mL. The results
highlight that the shedding of C. burnetii through milk is important, especially in dairy cattle, and thus the
role of milk as a potential source of infection among dairy workers should not be neglected.

INTRODUCTION

Q fever is a zoonotic disease whose etiological agent
is Coxiella burnetii (Maurin and Raoult 1999). In recent
years, an increased incidence of human infection in
Europe has been reported (Georgiev et al., 2013), mainly
due to the 4173 cases associated to the Q fever outbreak
occurred in the Netherlands between 2007 and 2012
(Dijkstra et al., 2012). An association between human
Q fever cases and infected ruminant herds has been
referred (van den Brom et al. 2015). For this reason,
domestic ruminants are generally considered the primary
animal reservoir of C. burnetii. The shedding of C.
burnetii in infected ruminants occurs mainly during and
after parturition or abortion, in birth products and vaginal
mucus, but the shedding in urine, feces and milk are also
documented in countries other than Portugal (Rousset
et al. 2009, Sidi-Boumedine et al. 2010). The impact
on public and animal health triggers Q fever a disease
of interest for public policy makers and food industries,
mainly dairy production (Guatteo et al. 2011). This study
aimed i) to assess the C. burnetii shedding in antibodies
positive BTM samples and ii) to determine the bacterial
load in C. burnetii positive samples.

MATERIALS AND METHODS

The present study was performed using the BTM positive
samples for specific anti-C. burnetii antibodies detected
previously in survey conducted at the county of Barcelos,
in the Northwest of Portugal . In the previous study, BTM
samples (n=90) were tested for the presence of specific
anti-C. burnetii antibodies by using a commercial ELISA
based on inactivated C. burnetii phase | and phase Il
antigens, obtained from the reference Nine Mile strain,

isolated from ticks (Pimenta et al. 2015). Considering
that a positive and statistically significant correlation
was established between the bacterial load on BTM
qPCR and antibody positive results on BTM, and that
in presence of negative antibody test, the probability to
find a positive PCR test on BTM is considered low or
negligible (Anastécio et al. 2014, Saegerman et al. 2015),
the assessment of C. burnetii shedding was performed
only in antibody positive BTM. DNA was extracted from
200 pL of each BTM sample using the QIAmp DNA Mini
Kit (Qiagen, Izasa Portugal), following manufacturer’s
instructions. The DNA samples were first screened by
conventional PCR as previously described (Anastacio
et al. 2014). PCR positive samples were additionally
tested to estimate the bacterial load by a real-time gPCR
assay (Tag-VetTM C. burnetii-Absolute Quantification kit;
Lifetechonologies, USA), according to manufacturer’s
instructions. The real-time PCR assays were performed
on a CFX-96 thermocycler (Bio-Rad, Amadora, Portugal).
Results were expressed in number of bacteria per milliliter.
Confidence limits for the proportions were estimated with
95% confidence intervals (Cl) assuming a binominal
exact distribution (Epilnfo version 3.5.4).

RESULTS

Of the total of 55 BTM samples tested by PCR, 30.9%
(17/55; 95% Cl: 19.5-45.0%) were C. burnetii positive.
Considering the total of herds, the proportion of PCR
positive herds was estimated in at least 18.9% (17/90;
95% Cl: 11.7-28.8%). In PCR positive BTM samples the
bacterial load ranged from 600 to 8513800 bacteria/mL
(mean = 2119694 and SD=2944856). It was found that in
88.2% (15/17) of PCR positive samples the concentration
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of bacteria was higher than 10* and in 47.1% (8/17) the
concentration was higher than 10°.

DISCUSSION AND CONCLUSIONS

C. burnetii is the etiologic agent of Q fever, an infection
that affects both animals and humans (Sidi-Boumedine et
al. 2010). The knowledge of the status of infection in herds
contributes to a better understanding of the epidemiology
of this pathogen. The shedding of C. burnetii through milk
is widespread in dairy cattle herds in different countries.
This might be explained by the fact that milk is the most
frequent shedding route of C. burnetii in cows and a
longtime excretion through milk can be extended for
several months even in asymptomatic animals (Kim et al.
2005, Guatteo et al. 2011). In this context, this study was
designed as an approach to investigate the milk shedding
of C. burnetii in dairy ruminant herds in the Northwest of
Portugal.

C. burnetii was detected in the BTM of 30.9% of tested
herds. Overall, and considering the total of studied herds,
an active infection occurred in at least 18.9% of herds
which might be slightly underestimated as the antibody
negative herds were not screened by PCR. However,
recent findings suggest that in antibody negative BTM
samples the probability of getting a positive PCR is low to
negligible (Anastécio et al. 2014, Saegerman et al. 2015).
Thereby the results were similar to that found in central
Portugal (20%) (Anastéacio et al. 2014) but is was slightly
lower than the results obtained in other countries, ranging
from 29.6 to 94.3% (Kim et al. 2005, Fretz et al. 2007,
Muskens et al. 2011, Astobiza et al. 2012, Czaplicki et
al. 2012). The estimation of the bacterial load allows the
knowledge of the shedding pattern of infected animals.
The bacterial load of the PCR positive herds was found
to be high in most of the PCR positive herds and these
results are in agreement to that found in central Portugal
(Anastacio et al. 2014).

An active infection was confirmed in some herds where
the exposure to C. burnetii has been showed previously
by the presence of specific antibodies. Thus, milk should
not be neglected as a source of infection to humans
namely by the consumption of unpasteurized milk or
by the inhalation of aerosols in milking rooms (Loftis et
al. 2010). Further research is needed to characterize at
molecular level the circulating strains and to compare
them with those from other countries.

REFERENCES

Anastacio S, Carolino N, Sidi-Boumedine K, da Silva
GJ. Q fever dairy herd status determination based on
serological and molecular analysis of bulk tank milk.
Transbound Emerg Dis. 2014. doi:10.1111/tbed.12275.
Astobiza |, Ruiz-Fons F, Pifiero A, Barandika J F,
Hurtado A, Garcia-Perez AL. Estimation of Coxiella
burnetii prevalence in dairy cattle in intensive systems
by serological and molecular analyses of bulk-tank milk
samples. J. Dairy Sci. 2012:95 :1632-1638.

Brom RV, Engelen EV, Roest HI, Hoek WV, Vellema
P. Coxiella burnetii infections in sheep or goats: an
opinionated review. Vet Microbiol. 2015. doi: 10.1016/.
vetmic.2015.07.011.

Czaplicki G, Houtain JY, Mullender C, Porter SR, Humblet
MF, Manteca C, Saegerman C. Apparent prevalence of
antibodies to Coxiella burnetii (Q fever) in bulk tank milk
from dairy herds in southern Belgium. Vet. J. 2012:192,
529-531.

Dijkstra F, van der Hoek W, Wijers N, Schimmer B,
Rietveld A, Wijkmans CJ, Vellema P, Schneeberger PM.
The 2007-2010 Q fever epidemic in The Netherlands:
characteristics of notified acute Q fever patients and the
association with dairy goat farming. FEMS Immunol Med
Microbiol. 2012:64(1),3-12.

Fretz R, Schaeren W, Tanner M, Baumgartner A.
Screening of various foodstuffs for occurrence of Coxiella
burnetii in Switzerland. Int. J. Food Microbiol. 2007:116,
414-418.

Georgiev M, Afonso A, Neubauer H, Needham H, Thiéry
R, Rodolakis A, Roest J, Stark KD, Stegeman JA, Vellema
P, van der Hoek W, More SJ. Q fever in humans and farm
animals in four European countries, 1982 to 2010. Euro

14

Surveill. 2013:18(8):pii=20407.

Guatteo R, Seegers H, Taurel AF, Joly A, Beaudeau F.
Prevalence of Coxiella burnetii in domestic ruminants: a
critical review. Vet Microbiol. . 2011:149, 1-16.

Kim SG, Kim EH, Lafferty CJ, Dubovi E. Coxiella burnetii
in Bulk Tank Milk Samples, United States. Emerging
Infect. Dis. 2005:11(4), 619-621.

Loftis AD, Priestley RA, Massung RF. Detection of
Coxiella burnetii in Commercially Available Raw Milk from
the United States. Foodborne Pathog. Dis. 2010:7(12),
1453-6.

Maurin, M., Raoult, D. Q Fever. Clin. Microbiol. Rev.
1999:12(4), 518-553.

Muskens J, van Engelen E, van Maanen C, Bartels C,
Lam TJGM. Prevalence of Coxiefla burnetii infection
in Dutch dairy herds based on testing bulk tank milk
and individual samples by PCR and ELISA. Vet. Rec.
2011:168, 79.

Pimenta L, Alegria N, Anastacio S, Sidi-Boumedine K,
da Silva G, Rabico A, Simées J. Prevalence of Coxiella
burnetii antibodies in Portuguese dairy cattle herds. Trop
Anim Health Prod. 2015:47(1), 227-230.

Rousset E, Berri M, Durand B, Dufour P, Prigent M,
Delcroix T, Touratier A, Rodolaskis A. Coxiella burnetii
Shedding Routes and Antibody Response after Outbreaks
of Q Fever-Induced Abortion in Dairy Goat Herd. Appl.
Environ. Microbiol. 2009:75 (2), 428-433.

Saegerman C, Speybroeck N, Dal Pozzo F, Czaplicki
G. Clinical Indicators of Exposure to Coxiella burnetii in
Dairy Herds. Transbound Emerg Dis. 2013:62(1):46-54.
Sidi-Boumedine K, Rousset E, Henning K, Ziller M,
Niemczuck K, Roest HIJ, Thiery R. Development of
harmonized schemes for the monitoring and reporting of
Q-feverinanimalsin the European Union. Scientific Report
submitted to EFSA, Question No EFSAQ-2009-00511;
2010.



Trop Anim Health Prod (2015) 47:227-230
DOI 10.1007/511250-014-0679-1

SHORT COMMUNICATIONS

Prevalence of Coxiella burnetii antibodies in Portuguese dairy

cattle herds

Luis Pimenta - Nuno Alegria - Sofia Anasticio -
Karim Sidi-Boumedine - Gabriela da Silva -
Angela Rabigo - Jodo Simdes

Received: 27 May 2014 / Accepted: 16 September 2014 / Published online: 23 October 2014

© Springer Science+Business Media Dordrecht 2014

Abstract Q fever is an important zoonotic disease which has
been recently diagnosed, mainly in sheep and goats, in
Portugal. The aim of the present study was to determine the
prevalence of bovine Coxiella burnetii antibodies in dairy
farms from the northwest of Portugal. Bulk tank milk samples
were randomly obtained, on November 2013, from 90 dairy
farms and assayed using an ELISA kit. The apparent preva-
lence was 61.1 % (95 % C.I from 50.8 to 70.5 %). The
proportion of negative and intermediate (inconclusive) herds
was 34.5 % (25.5 to 44.7 %) and 4.4 % (1.7 to 10.9 %),
respectively. In conclusion, a high level of exposure to
Coxiella burnetii was observed in Portuguese dairy cattle
herds, highlighting the needs to better understand the epide-
miology of Q fever in Portugal by the implementation of a
monitoring program based on harmonized serologic and mo-
lecular methodologies and elucidation of the infection status
of the herds.
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Introduction

The Q fever is a disease caused by Coxiella burnetii, an
intracellular bacterium affecting a large range of domestic
and wildlife animals. Livestock is the main vertebrate reser-
voir associated to human disease (Rousset et al. 2010).

The human Q fever outbreak in the Netherlands (2007—
2011) raised the awareness of the European health authorities
about the lack of scientific knowledge, concerning this
worldwide spread zoonotic infection, in European coun-
tries (EFSA 2010).

The C. burnetii genotypes identified in the Dutch human
outbreak were mostly associated with those recovered from
sheep and goats (Klaassen et al. 2009; Roest et al. 2011;
Tilburg et al. 2012). Nevertheless, cattle have also been de-
scribed as an important reservoir (Rousset et al. 2010).
Moreover, high prevalence of C. burnetii antibodies in bulk
tank milk samples from bovine dairy herds were reported in
several countries such as Denmark (59.0 %) (Agger et al.
2010), Iran (45.4 %) (Khalili et al. 2011), and USA (>94 %)
(Kim et al. 2005). More recently, Pearson et al. (2014) ob-
served a high prevalence of C. burnetii associated with a lack
in genotypic diversity (mostly two genotypes were identified)
and a segregation of the genotypes between cows and goats,
suggesting species-specific adaptations or interspecies dis-
semination barriers.

In Portugal, a recent serosurvey carried out in sheep and
goats showed a herd seroprevalence of 32.6 % (Anastacio
et al. 2013a). Furthermore, the shedding of C. burnetii in
sheep and goat herds was confirmed using qPCR assays
(Anastacio et al. 2013b). Concerning dairy cattle herds, the
seroprevalence remains unreported in scientific literature and,
unlike brucellosis, there is no national surveillance for Q fever
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in cattle or small ruminants. The availability of Q fever vac-
cines in Portugal is very recent and under veterinary control.

The aim of the present study was to assess the prevalence of
Q fever in bovine dairy herds, and thus their exposure to
C. burnetii, in the county of Barcelos, an important region of
dairy industry in North Portugal.

Material and methods
Herd and milk sampling

A cross-sectional study was designed at herd level, in
Barcelos, a county located in the north of Portugal (41° 53
N latitude and 08° 61 W longitude).

The sample size calculation considered the total number of
herds (n=887) and adult dairy (n=23487) or beef (n=7641)
cows registered in the Barcelos Agricultural Cooperative
Society (http://www.agribar.pt/), on November 2013,
according to the National Bovine Brucellosis Surveillance
Plan of the Portuguese General Directorate for Food and
Veterinary (http://www.dgv.min-agricultura.pt/).

The criteria for inclusion were the following: (1) only dairy
herds were selected, (2) the existence of a bulk tank milk
(BTM) sample delivered daily to dairy industry, and (3) the
absence of vaccinated animals in each herd. The formula n=
Z2pq/12 (Dohoo et al. 2003, p. 41) was applied to calculate the
sample size. A sample size n=90 was obtained considering an
expected prevalence of 65 % (Agger et al. 2010), the desired
precision of 0.10 at the 95 % confidence level, and Z=1.96
(95 % confidence interval for standardized normal
distribution).

The random assignment for the determination of the 90
herds was performed in Microsoft Excel® 2013 using the
“=RAND ()" function.

During the month of November 2013, BTM samples of
cach randomly selected herd were collected into a sterile 10-
ml plastic tube and taken to the laboratory under refrigerated
conditions. In each herd, the number of lactating cows was
registered at the time of sampling. At the laboratory, the
samples were centrifuged and the non-fat fraction was frozen
(=20 °C) until analysis.

Antibody ELISA analysis

All samples were tested in duplicate for the presence of
specific antibodies to C. burnetii by using the commercial
CHEKIT® Q-Fever Antibody ELISA Test (IDEXX,
Liebefeld-Bern, Switzerland). This test is based on inactivated
C. burnetii phase 1 and phase 2 antigens obtained from the
reference Nine Mile strain (isolated from ticks).

The optical density (OD) of each sample was corrected by
subtraction of the OD of the negative control included in the
test kit. The results were estimated as the ratio of OD of the
sample (S) versus OD of the positive control (P), also included
in the test kit, and were expressed as S/P values.

A sample was considered positive for a S/P>40 %, nega-
tive for a S/P<30 %, and intermediate (suspect) for a 30 %<5/
P<40 %, according to the manufacturer’s instructions.

Statistical analysis

Descriptive statistics of antibody S/P values and apparent
prevalence of C. burnetii and their corresponding 95 % con-
fidence intervals were estimated using the JMP® version 7
(SAS Institute Inc. 2007) software. A Spearman’s correlation
between the number of lactating females in the herd and the S/
P values of each herd was tested.

Results and discussion

The number of lactating cows per herd contributing to BTM
ranged from 25 to 580, and the total number of lactating cows
represented 30.9 % (9610/31,128) of the total number of adult
cows in the county.

The apparent prevalence of antibodies was 61.1 %. The
proportion of negative and intermediate (inconclusive) herds
was 34.5 and 4.4 %, respectively. The estimated 95 % confi-
dence intervals are reported in Table 1. The S/P values ranged
from 0.8 to 147.5 (Fig. 1).

The infection caused by C. burnetii has been reported in
Portugal in recent years, especially in the south and center of
the country. Few studies demonstrated the presence of the

Table 1 Descriptive statistics for

S/P values of anti-Coxiella Farm Positive Intermediate Negative
burnetii antibodies in positive,
intermediate, and negative farms Number 55 4 31

Apparent prevalence/proportion 61.11 % 444 % 3445 %
S/P value is the ratio between the 95 % confidence interval 50.78-70.53 % 1.74-10.88 % 25454472 %
optical density of the sample (S) Mean of S/P values 95.25 34.46 11.97
and the optical density of positive  Range of S/P values 40.31-147.49 32.23-39.13 0.80-29.65

control (P) delivered in the test kit
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bacteria in clinical samples from zoo animals and ruminants
(Clemente et al. 2008, 2009), and surveys were carried out on
serum or BTM samples from ruminants in central Portugal
using the LSIVet Ruminant Milk/Serum Q Fever® (LSI;
Lissieu, France) (Anastacio et al. 2012, 2013a). However,
some questions are still unclear, particularly whether the prev-
alence of infection differs among regions and in that case
which factors may be involved. Milk production is an impor-
tant economic activity in the coastal region of the northern and
central Portugal, and in dairy herds, BTM is a suitable sample
to screen for C. burnetii exposure at the herd level. The
present study was designed as an approach to estimate the
apparent seroprevalence of C. burnetii in the dairy cattle from
the northwest of Portugal.

Our study shows a relatively high apparent prevalence
(61.1 %) of antibodics in cattle BTM samples. These results
are similar to those obtained in other European countries such
as Belgium (57.8 %) (Czaplicki et al. 2012), Denmark (59 %)
(Agger etal. 2010), and Spain (66.9 %) (Astobiza et al. 2012).
Notwithstanding, they are slightly higher than those obtained
in a survey performed at the center of Portugal (50 %)
(Anastacio et al. 2012). However, different methodologies
and study designs were used. Indeed, in the latter study, a
convenience sampling was performed with the selection of
herds with reports of reproductive disorders, and the lower
seropositivity was somewhat unexpected. Furthermore, the
antibody testing was performed using an ELISA based on
antigens obtained from a European C. burnetii bovine strain.
This ELISA is considered more sensitive than the ELISA
using antigens prepared from the reference strain Nine Mile,
isolated from ticks (EFSA 2010). In a very recent study, Paul
etal. (2013) estimated a sensitivity of 86 % and a specificity of
99 % using milk antibody CHEKIT Q-Fever Antibody ELISA
Test Kit (IDEXX, Switzerland) in a Bayesian framework.

The correlation between the number of tested animals and
antibody S/P values was tho=0.20 (P=0.055). The correlation
between the number of tested animals and antibody S/P values
in each herd did not reach, in limit, the statistical significance,
suggesting the absence or a tendency for a low herd size effect.

Herd rank number

However, an effect of the increase of the herd size on BTM
antibody positivity to C. burnetii has been reported in some
studies (Ryan et al. 2011; Agger et al. 2013). Thus, the
infection status and specific risk factors on each herd, includ-
ing the number of infected animals probably affect the rate of
seropositivity (Agger et al. 2013; Paul et al. 2014).

It is concluded that there is a high level of exposure to
C. burnetii in dairy cattle herds in the northwest of Portugal.
Further studies are needed to investigate the status of the herds
by assessing the shedding prevalence infection and to charac-
terize the circulating genotypes in the herds. These data are
crucial to characterize the epidemiology of infection and to
decide the most appropriate control strategies to adopt. These
results, together with other published work in Portugal, high-
light the need to implement a monitoring program for Q fever
based on harmonized methodologies.

Acknowledgments The authors thank the Barcelos Agricultural Coop-
erative Society (http://www.agribar.pt/) for the data availability of bovine
and herd characterization for the present work.

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical standards
patient data.

The manuscript does not contain clinical studies or

References

Agger, I.F., Christoffersen, A.B.., Rattenborg, E., Nielsen, J., and
Agerholm, I.S., 2010. Prevalence of Coxiella burnetii antibodies
in Danish dairy herds. Acta Veterinaria Scandinavica, 52, 5.

Agger, J.F,, Paul, S., Christoffersen, A.B.. and Agerholm, J.S., 2013. Risk
factors for Coxiella burnetii antibodies in bulk tank milk from
Danish dairy herds. Acta Veterinaria Scandinavica, 55, 80.

Anastacio, S., Tavares, N., Carolino, N., Sidi-Boumedine, K. and da
Silva, G.J., 2013a. Serological evidence of exposure to Coxiella
burnetii in sheep and goats in central Portugal. Veterinary
Microbiology 167, 500-505.

Anasticio S., Tavares N., Sidi-Boumedine K., da Silva G.J., 2013b.
Evidence of Coxiella burnetii infection in small ruminants: a cross

@ Springer



230

Trop Anim Health Prod (2015) 47:227-230

sectional study. Abstract OC 332. 23" European Congress of
Clinical Microbiology and Infectious Diseases.

Anastacio, S., Pessoa, D., Pegado, J., Cruz, C, Sidi-Boumedine, K. and da
Silva, G.J., 2012. Investigation of Coxiella burnetii infection in
dairy ruminant herds with reproductive disorders in two different
regions of Portugal. Clinical Microbiology and Infection,18 (S3),
524,

Astobiza, 1., Ruiz-Fons, F., Pifiero, A., Barandika, J.F., Hurtado, A. and
Garcia-Pérez, A.L., 2012. Estimation of Coxiella burnetii preva-
lence in dairy cattle in intensive systems by serological and molec-
ular analyses of bulk-tank milk samples. Journal of Dairy Sciences,
95, 1632-1638.

Clemente, M. L., Barahona, M. J., Andrade, M. F., Botelho, A., 2009.
Diagnosis of Coxiella burnetii by PCR in aborted foetuses of do-
mestic ruminants in Portugal. Veterinary Record 164, 373-374.

Clemente, L., Fernandes, T.L., Barahona, M.J., Bernardino, R., Botelho,
A., 2008. Confirmation by PCR of Coxiella burnetii infection in
animals at a zoo in Lisbon, Portugal. Veterinary Record 163, 221—
222.

Czaplicki, G., Houtain, J.Y., Mullender, C., Porter, S.R., Humblet,
M.F., Manteca, C. and Saegerman, C., 2012. Apparent prev-
alence of antibodies to Coxiella burnetii (Q fever) in bulk
tank milk from dairy herds in southern Belgium. Veterinary
Journal, 192, 529-531.

Dohoo, 1., Martin, W. and Stryhn, H., 2003. Veterinary Epidemiologic
Research, (AVC Inc., Charlottetown, Prince Edward Island, Canada).

EFSA (EUROPEAN FOOD SAFETY AUTHORITY), 2010: Panel on
Animal Health and Welfare (AHAW); Scientific Opinion on Q
Fever. EFSA Journal 8, 1595. Available online: http:/www.cfsa.
europa.eu/.

Khalili, M., Sakhaee, E., Aflatoonian, M.R. and Shahabi-Nejad, N., 2011:
Herd-prevalence of Coxiella burnetii (Q fever) antibodies in dairy
cattle farms based on bulk tank milk analysis. Asian Pacific Journal
Tropical Medicine, 54, 8-60.

Kim, S.G., Kim, E.H., Lafferty, C.J. and Dubovi, E., 2005: Coxiella
burnetii in Bulk Tank Milk Samples, United States. Emerging
Infectious Diseases, 11, 619-621.

Klaassen, C.H.W., Nabuurs-Franssen, M.H., Tilburg, J.J.H.C., Hamans,
M.A.W.M. and Horrevorts, A.M., 2009. Multigenotype Q Fever

@ Springer

Outbreak, the Netherlands. Emerging and Infectious Diseases, 15,
613-614.

Paul, S., Agger, J.F., Agerholm, J.S. and Markussen, B., 2014. Prevalence
and risk factors of Coxiella burnetii seropositivity in Danish beef
and dairy cattle at slaughter adjusted for test uncertainty. Preventive
Veterinary Medicine, 113, 504-511.

Paul, S., Toft, N., Agerholm, J.S., Christoffersen, A.B.. and Agger, J.F.,
2013. Bayesian estimation of sensitivity and specificity of Coxiella
burnetii antibody ELISA tests in bovine blood and milk. Preventive
Veterinary Medicine, 109, 258-263.

Pearson, T., Homstra, H.M., Hilsabeck, R., Gates, L.T., Olivas, S.M.,
Birdsell, D.M., Hall, C.M., German, S., Cook, J.M., Seymour, M.L.,
Priestley, R.A., Kondas, A.V., Friedman, C.L.C., Price, E.P,,
Schupp, I.M., Liu, C.M., Price, L.B., Massung, R.F., Kersh, G.J.
and Keim, P., 2014. High prevalence and two dominant host-
specific genotypes of Coxiella burnetii in U.S. milk. BMC
Microbiology, 14, 41.

Roest, H.I,, Ruuls, R.C., Tilburg, J.J., Nabuurs-Franssen, M.H., Klaassen,
C.H., Vellema, P., van den Brom, R., Dercksen, D., Wouda, W.,
Spierenburg, M.A., van der Spek, A.N., Buijs, R., de Boer, A.G.,
Willemsen, P.T. and van Zijderveld, F.G., 2011. Molecular epide-
miology of Coxiella burnetii from ruminants in Q fever outbreak,
the Netherlands. Emerging Infectious Diseases, 17, 668—675.

Rousset, E., Sidi-Boumedine, K., Thiery, R., 2010. Chapter 2.1.1.2 - Q
fever. In: Manual of Diagnostic Tests and Vaccines for Terrestrial
Animals (mammals, birds and bees). OIE. 7th Ed. Available online:
http://www.oie.int‘en/international-standard-setting/terrestrial-
manual-access-online/.

Ryan, E.D., M. Kirby, D.M. Collins, R. Sayers, J.F. Mee and T. Clegg,
2011: Prevalence of Coxiella burnetii (Q fever) antibodies in bovine
serum and bulk-milk samples. Epidemiology and Infection, 139,
1413-1417.

SAS Institute Inc. 2007. JMP User's Guide. Version 7.0. Cary, NC, USA:
SAS Institute Inc

Tilburg, J.J., Roest, H.J., Buffet, S., Nabuurs-Franssen, M.H.,
Horrevorts, A.M., Raoult, D. and Klaassen, C.H., 2012.
Epidemic genotype of Coxiella burnetii among goats, sheep,
and humans in the Netherlands. Emerging and Infectious
Diseases, 18, 887-889.



G Model
VETMIC-6313; No. of Pages 6

Veterinary Microbiology xxx (2013) XXX-XXX

Contents lists available at ScienceDirect

Veterinary Microbiology

journal homepage: www.elsevier.com/locate/vetmic

Serological evidence of exposure to Coxiella burnetii in sheep
and goats in central Portugal

S. Anastacio ®”, N. Tavares ™, N. Carolino®, K. Sidi-Boumedine 9, G.J. da Silva **

2 Center of Pharmaceutical Studies, Faculty of Pharmacy, University of Coimbra, Coimbra, Portugal
 University School of Vasco da Gama, Coimbra, Portugal

€OPP Coimbra, Coimbra, Portugal

9 ANSES, Sophia-Antipolis Laboratory, Sophia-Antipolis, France

ARTICLE INFO ABSTRACT

The recent outbreak of Q fever in The Netherlands warned European health authorities of
the need of studying Coxiella burnetii. In Portugal, little is known about C. burnetii infection
in animals. A cross-sectional study was designed to investigate the exposure to C. burnetii
in sheep and goats in the Central region of Portugal, estimating the herd and individual
p lence. A serosurvey was conducted in a two levels random sampling of 89 herds and
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Keywords: 460 animals. Individual blood samples were collected from animals older than 6 months,
Coxiella burnetii and specific antibodies anti-C. burnetii were detected by ELISA testing.

Epidemiology Results showed a global herd prevalence of 32.6% (95% Cl: 23.1-42.1%). Herd
gzzz'zr;‘s"‘lence prevalence was higher in mixed herds (38.5%; 95% Cl: 12-65%) and in sheep herds (37.5%;

95% Cl: 21-54%) than in goat herds (28.8%; 95% Cl: 17-41%). Global individual prevalence
was estimated at 9.6% (95% Cl: 6.9-12.2%), and it was higher in goats (10.4%; 95% Cl: 7.8—
13%) than in sheep (8.6%; 95% CI: 5.8-11.4%). Sample positive percentages (S/P) ranged
from 41.5% to 185.9%. S/P percent higher than 100 was found in 18.2% (8/44) of sera from
distinct herds. Positive results were significantly associated with goats, older animals and
larger herds. These results revealed the presence of C. burnetii in small ruminants
evidencing their potential role in the infection cycle.

© 2013 Elsevier B.V. All rights reserved.

The clinical signs of Q fever are not pathognomonic
neither in humans nor in animals. This lack of specificity is
the first major obstacle to its diagnosis (Arricau-Bouvery
and Rodolakis, 2005; Angelaskis and Raoult, 2010). In

1. Introduction

Q fever is a zoonotic infection caused by Coxiella
burnetii, an obligate intracellular bacterium. It was

described in Australia in 1937 for the first time (Maurin
and Raoult, 1999). Currently, this disease presents a
worldwide distribution, affecting a wide range of domestic
and wildlife animals (Arricau-Bouvery and Rodolakis,
2005; Rousset et al., 2010).
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humans, acute Q fever can be asymptomatic or it can
manifest as a nonspecific flu-like illness. Complications
associated with pneumonia or hepatitis requiring hospi-
talization may be observed in about 2% of patients. Chronic
Q fever may appear as an endocarditis, an osteoarticular
infection, a chronic hepatitis or as a chronic pneumonia in
patients with predisposing factors and/or inappropriate
antibiotherapy. The infection during pregnancy may lead
to abortion (Maurin and Raoult, 1999; ECDC, 2010). Also,
cases of chronic fatigue syndrome have been described
infrequently following C. burnetii infection (Angelaskis and
Raoult, 2010; van Asseldonk et al., 2013). In animals, Q
fever is mainly reported in livestock ruminants and occurs,

Please cite this article in press as: Anastacio, S., et al., Serological evidence of exposure to Coxiella burnetii in sheep and
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usually, as an asymptomatic infection (Woldehiwet, 2004;
Arricau-Bouvery and Rodolakis, 2005; Rousset et al., 2010).
In small ruminants, abortions, premature delivery, delivery
of weak offspring and stillbirth are reported (Rodolaskis,
2006). In cattle, clinical signs of Q fever can be less obvious
than in small ruminants. However, a very recent study
demonstrated that abortion and irregular repeat breeding
are important risk indicators in cattle dairy herds (Saeger-
man et al., 2013). Also, an association of Q fever with
metritis and infertility has been suggested (To et al., 1998;
Woldehiwet, 2004; EFSA, 2010).

Epidemiological studies have demonstrated a relation-
ship between the infection in humans and ruminants
(Gilsdorf et al., 2008; Schimmer et al., 2010; van den Brom
etal., 2012). However, the Q fever prevalence and incidence
are not well known, and have been underestimated for
many years (EFSA, 2010). Shedding of bacteria occurs by
secretions and excreta from infected animals, namely
vaginal secretions, milk, feces and urine. During birthing
and/or abortion the bacterium is excreted massively in
genital secretions, placenta and fetal fluids (Berri et al., 2001,
2002, 2005; Arricau-Bouvery et al., 2003; Guatteo et al,,
2006). Because of the existence of fecal shedders and the
high resistance of C. burnetii, bedding material must be
considered as a source of infection (Rodolaskis, 2006;
Guatteo et al., 2007; Rousset et al., 2010).

Recently, the European Commission (EC) formulated
concerns about the increase number of human Q fever
cases associated with small ruminant herds, in urban or
residential areas, in Europe (Panaiotov et al., 2009; Medic
etal., 2005; Porten et al., 2006; Gilsdorf et al., 2008). In the
Netherlands, 4108 acute human cases were notified
between 2007 and 2011 (van Loenhout et al., 2012).
Typing of bacteria by multiple-locus variable number
tandem repeat analysis (MLVA) showed a genetic simi-
larity of isolates recovered from human and animal
samples, indicating a relationship between human cases
and the occurrence of infection in ruminant herds
(Klaassen et al., 2009; van der Hoek et al., 2010; Roest
et al,, 2011a,b).

Following the EC's demand to assess the risk for
humans and animals associated with Q fever, the European
Food Safety Authority (EFSA), in a scientific opinion,
highlighted the considerable uncertainty that still exists
in the understanding of C. burnetii infection in domestic
ruminant populations and the knowledge of its prevalence
(EFSA, 2010).

In Portugal, Q fever is a notifiable disease since 1999,
and the average number of notifications is 0.10 cases per
10° inhabitants. However, these data might be under-
estimated. Between 2004 and 2005, 32 cases were
diagnosed in the Centre for Vectors and Infectious Diseases
at the National Health Institute but only 12 were notified,
clearly suggesting an under-notification (Santos et al.,
2007). Despite the zoonotic pattern of Q fever, the
information about the occurrence of infection in animals
is scarce. A few studies demonstrated the presence of
bacteria in clinical samples from zoo animals and from
ruminants (Clemente et al., 2008, 2009). Also, our previous
results on screening bulk tank milk indicated the presence
of C. burnetii in ruminant herds originated from different

regions (Anasticio et al, 2012). A genotypic diversity
among C. burnetii isolates from animals and human clinical
samples was shown (Santos et al., 2012). These studies
were based on a limited number of samples obtained from
clinical cases. They highlighted the need of epidemiolo-
gical study of C. burnetii in other geographical regions,
increasing the number of samples randomly sampled. In
this context, the present study aimed to understand the
current status of small ruminants to the exposure of C.
burnetii in the Center of Portugal. A cross-sectional study
was designed to estimate the herd and the individual
apparent prevalence of specific antibodies anti-C. burnetii.

2. Materials and methods
2.1. Study design and sampling approach

A cross-sectional survey was carried out during the 4th
trimester of 2011 in small ruminant herds from the central
region of Portugal.

The number of herds used in the study was calculated
taken into account the regional census (N=1527 small
ruminant’s herds), obtained from the Official Regional
Veterinary Services. The sample size calculation was
performed using the program WinEpiscope version 2.0
based on the formula n = [2Pegy(1 — Pesp)]/d?, considering n
the required size sample, t the student value for a 95%
confidence level (1.96), P.,, the expected prevalence and d
the desired absolute precision. Taking into account that the
study population (N) was small (n/N > 5%), the required
sample size was adjusted by the formula ngg;=(Nxn)/
(N+n) (Thrusfield, 1995).

It was considered an expected herd prevalence of 57%
(Fernandes, 2008) a desired absolute precision of 10%, and
a95% confidence interval, resulting in an estimated sample
of 89 herds. The list of total herds was used for a simple
random sampling, using the program Microsoft Excel ™.

In each herd, the sample size was calculated to detect
the presence of infection using the WinEpiscope version
2.0 based on the formulan=[1— (1 —p,)"][N — d/2] + 1 in
which n is the required sample size, N is the population
size, d is the minimal number of affected animals in the
population and p; is the probability of finding at least one
case in the sample (Thrusfield, 1995). For this purpose, the
herd size was considered, the expected proportion of
seropositive animals was established in 15% (Guatteo et al.,
2011)and a 95% confidence level was considered. On farms
sized <10 animals, samples were taken from all the
animals. The list of animals in each herd was used for a
simple random sampling using the program Microsoft
Excel™.

Blood samples were collected from selected animals
simultaneously undergoing statutory routine brucellosis
testing (animals aged >6 months), by the veterinary
practitioner group, in charge of the Official Sanitary
Campaign. Individual apparent prevalence was calculated
globally considering the total amount of samples. The
serum obtained by centrifugation of blood samples was
stored at —20 °C until serological testing. A questionnaire
was filled up on the surveyed herds by interviewing
farmers, during sample collection.

Please cite this article in press as: Anastacio, S., et al., Serological evidence of exposure to Coxiella burnetii in sheep and
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2.2. Serological analyses

Sera were tested for the presence of specific antibodies
anti-C. burnetii using an indirect commercial ELISA kit,
LSIVET Ruminant Milk/Serum Q Fever® (LSI, France).
Optical density (OD) values were measured at 450 nm.
Sample/positive percentages (S/P percent) were calculated
by the adjustment with the negative control, using the
formula (OD sample —OD negative)/(OD positive — OD
negative) x 100. The resulting S/P percent were divided in
different classes, according to manufacturer’s instructions:
negative (Neg; S/P per cent < 40), low positive (LP; 40 < S/
P < 100), positive (Pos; 100 < S/P < 200), high positive (HP;
200 < S{P <300) and very high positive (VHP; S/P > 300).

2.3. Statistical analysis

For statistical analysis purposes, it was considered the
herd size (continuous), species in the herds (categorical
nominal: sheep, goats or mixed herds) or species
individually (categorical nominal: sheep/goats), produc-
tive system (categorical nominal: intensive, extensive,
semi-extensive), age (continuous), geographic distribution
(categorical nominal: counties), co-habitation with other
species (categorical nominal: yes/no), and reports of
reproductive disorders within the previous year (i.e., at
least one of the following disorders: abortion, premature
delivery, infertility, metritis and/or placentary retention)
(categorical nominal: presencefabsence).

The response variables were the S/P percent (contin-
uous) obtained in each individual serum by ELISA testing
and its categorization in positive or negative (categorical
nominal: positive/negative). So, herds were categorized as
positive or negative, according to the results obtained for
individual serum. A herd was considered positive when at
least one serum showed a positive result to ELISA testing.
The apparent prevalence of anti-C. burnetii antibodies was
calculated at herd and at individual level. Statistical
uncertainty was assessed by calculating the 95% con-
fidence interval for each of the proportions according to
the expression S.E. 95% C.L.=1.96 [p(1 —p)/n]Y? (Thrus-
field, 1995) and using WinEpiscope version 2.0.

Statistical analyses were performed using SAS (version
9.1.2). Simple logistic regression test was performed to
assess individually the main factors associated with C.
burnetii seropositivity at herd and individual level. After
evaluating these factors with significant influence
(p < 0.05) on positive results, a multiple logistic regression
analysis was conducted to assess the joint relationship
between several independent factors and C. burnetii
seropositivity. Also, a multiple logistic regression analysis
was used to evaluate the combined effect of multiple
variables in S/P percent (continuous) (p < 0.05).

3. Results
3.1. Descriptive analysis
Of all 1527 eligible herds, 89 (5.8%) were selected to this

study. The mean herd size was 6.7 animals (SD=11.305,
range 1-104) and 46 herds (51.7%) had less than 4 animals.

Table 1
Descriptive characteristics and seroprevalence results in sheep and goat
herds.

Variable Frequency  Seroprevalence  CI 95%"
(n) (%)

Selected 89 326 23.2-42.1

Herd size

<10 80 28.8 19.1-38.5

>10 9 66.7 36-97.4

Herd species

Goat 52 28.8 16.7-40.1

Sheep 24 37.5 18.3-56.7

Mixed 13 384 12.2-64.8

Type of production

Meat 79 342 24.1-45.8

Milk 3 333 1.8-87.5

Mixed 7 143 1-58

Productive system

Intensive 0 0 na®

Extensive 0 0 na®

Semi-extensive 89 326 23.2-42.1

County

Coimbra 58 32.8 21.4-46.5

Miranda do Corvo 10 30 8.1-64.6

Lousad 1 0 na®

Pencova 4 0 na®

Vila Nova de Poiares 16 43.8 20.8-69.5

Cohabitation with other species

Yes 61 344 23-47.8

No 28 285 14-48.9

Cohabitant species

Pets 7 28.6 5.1-69.7

Farm animals 30 36.7 20.6-56.1

Pets and farm animals 20 40 20-63.6

Reproductive disorders

Yes 6 333 6-75.9

No 83 325 22.9-43.8

2 Confidence interval (range within which is reasonably confident to
find the real prevalence).
" Not applicable.

Goat herds were predominant (n =52, 58.4%) followed by
sheep herds (n=24, 27%) and mixed herds (n=13, 14.6%).
It was also observed a predominance of meat producing
herds (n=79, 88.8%), a semi-extensive grazing system
(n=89, 100%) and herd localization at the county of
Coimbra (n =58, 65.2%). In these herds, 460 animals were
sampled (mean age 45.6 months) (SD = 29.9, range 9-167).

Table 1 summarizes the descriptive characteristics and
seroprevalence results of the ELISA test in herds. Global
prevalence in herds was estimated on 32.6% (CI 95%: 23.1-
42.1%). Herd prevalence was higher in mixed herds 38.5%
(95% CI: 12-65%) and in sheep herds 37.5% (CI 95%: 21—
54%) than in goat herds 28.8% (95% CI: 17-41%).
Geographic distribution of positive herds showed a
frequency of 32.8% (19/58) in Coimbra, 42.8% (7/16) in
Vila Nova de Poiares, 30% (3/10) in Miranda do Corvo, 0%
(0/1) in Lousa and 0% (0/4) in Penacova.

Co-habitation with other species was observed in 64%
(57/89) of herds, and a positive result was obtained in
36.8% (21/57). Pets (dogs and/or cats), alone or together
with farm animals, were reported in 47.4% (27/57) of
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Table 2

Descriptive statistics of C. burnetii antibodies in sheep and goats individually.

Test Category No. of animals Mean age of animals (months) Apparent prevalence 95% CI" (p) Range of S/P" Mean S/P value
Positive 44 50 0.096 [0.07;0.12] 41.5-185.9 75.6
Negative 416 44 0.904 [0.88:0.93] 0-38.82 42

@ Confidence interval (range within which is reasonably confident to find the real prevalence).

> 5P - sample positive percentage.

herds, amongst which 37% (10/27) showed a positive
result.

The occurrence of previous reproductive disorders was
reported in 6.7% (6/89) of herds particularly abortion in
2.2% (2/89) and infertility in 4.5% (4/89).

In 27.6% (8/29) of positive herds at least one serum
presented a high S/P per cent (>100), and in 31% (9/29)
more than one serum was classified as positive (S/P per
cent > 40).

Table 2 shows the descriptive statistic of results at
individual level. Global individual seroprevalence was
estimated on 9.6% (Cl 95%: 6.9-12.2%), but considering the
ruminants species, seroprevalence was estimated on 10.4%
(C195%: 7.8-13%) in goats and 8.6% (CI 95%: 5.8-11.4%) in
sheep. Mean age of positive animals was 50 months (SD
28.4, range 14-135), and 44 months for the negative
animals (SD 30.2, range 9-167). S/P per cent ranged from
41.5 to 185.9 (mean 75.6, SD 34.07), and 18.2% (8/44) of
samples were classified as positive (100 < S/P < 200), all of
them from different herds.

3.2. Univariable analysis

Individual factors were tested to find associations with
positive results in herds and in animals individually. The
variable production system was not included as
the reference. Categories were inexistent as almost all
the herds had a semi-extensive grazing system. Univari-
able analysis identified three factors with significant effect
on C. burnetii seropositivity at herd or animal levels. At the
herd level, only the herd size evidenced an association with
seropositivity (p < 0.01), using the logistic regression test
(Fig. 1). Indeed, it was observed that all the herds with
more than 14 (6.8%) animals were classified as positive.
Individually, the logistic regression test evidenced an
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Fig. 1. The probability of a positive result for C. burnetii antibodies

increases with the number of animals in herds (Intercept=—1.7009 +

0.4459; B =0.1644 -+ 0.0668).

association between the increase of animal’s age and
seropositivity (p <0.01). Also, it was observed that the
probability of having a positive result is higher in goats
than in sheep (p < 0.05), using the same statistic model.

3.3. Multivariable analysis

A multivariable model was performed to test simulta-
neously variables found to be associated in univariable
analysis. A multiple logistic regression test confirmed that
species and age were both associated with positive results
(p <0.05) (Fig. 2).

Also, a linear regression model tested the effect of
multiple variables in S/P per cent. The age of the animal
was the only factor evidencing an influence with S/P per
cent (p <0.01).

4. Discussion

Q fever is recognized as zoonotic disease worldwide
with multiple animals acting as C. burnetii reservoirs. The
present study was designed as an approach to evaluate the
exposure of small ruminants to C. burnetii in the center of
Portugal. A commercial ELISA test was used to detect IgG
anti-C. burnetii (phase 1 and phase II).

Our results indicate a global herd prevalence of 32.6%,
higher in mixed herds (38.4%) and in sheep herds (37.5%)
than in goat herds (28.8%). These data are similar to those
reported in sheep herds from Sardinia, Italy (38%) (Masala
et al., 2004). However, higher values of seroprevalence
(74%) were reported in sheep herds from Spain (Ruiz-Fons
et al,, 2010) and Turkey (83%) (Kennerman et al., 2010),
while in Germany, sheep herd seroprevalence was shown
to be lower (28%) (Hilbert et al., 2012). According the data
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Fig. 2. The probability of positive results for C. burnetii antibodies increases
withage, in each month, by species using a logistic regression model (Ovine:
Intercept =—1.5037 +-0.3204;  Caprine:  Intercept=—0.6783 + 0.3552;
B1=0.0214+ 0.0084).
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from goat herds in other European countries, a higher
seroprevalence was reported compared to this study,
namely in The Netherlands (43.1%) (Schimmer et al., 2011),
in Northern Ireland (42.9%) (McCaughey et al., 2010), in
Spain (45%) (Ruiz-Fons et al., 2010) and in Sardinia, Italy
(47%) (Masala et al., 2004). Among these studies, only Ruiz-
Fons et al. (2010) and Schimmer et al. (2011) performed
the serologic test with the same commercial ELISA used in
our study. Overall, it can be suggested that the herd
prevalence in our study was lower than the range of herd
prevalence described in other European countries.

The global individual seroprevalence was 9.6%. Goats
were significantly related with seropositivity at animal
level (p <0.05). Indeed, individual seroprevalence was
slightly higher (10.4%) in goats than in sheep (8.6%).
These results are similar to those obtained in other
European seroprevalence studies such as Spain, Ireland,
Greece and Sardinia, Italy, in which values ranged from
6.5% and 13% (Ruiz-Fons et al., 2010; McCaughey et al.,
2010; Pape et al.,, 2009; Masala et al., 2004). A higher
individual seroprevalence (17.2%) was reported in The
Netherlands, in 2008, during the Q fever epidemic
outbreak (van den Brom et al., 2012).

The increase of the age of the animal was associated
with seropositive results (p <0.01). This is consistent
with the report from Schimmer and collaborators, in The
Netherlands, where they also found an increase of
seroprevalence with age (Schimmer et al.,, 2011). This
finding suggests the occurrence of horizontal transmis-
sion among animals and the maintenance of infection
within adult populations (Garcia-Pérez et al., 2009; Ruiz-
Fons et al., 2010; Astobiza et al., 2012). It may be
explained by the increase rate of contagion as a
consequence of a higher probability of contact during
lifetime (Ruiz-Fons et al,, 2010). Furthermore, an IgG
based antibody test was used, thus possibly evidencing
past exposure to C. burnetii (McCaughey et al., 2010). The
presence of such antibodies cannot be associated
exclusively to a current infection, since animals can
remain seropositive for years after the acute infection
have been resolved (McQuiston et al., 2002). The high
mean age of animals in our study (3.9 years) might be
related to regional cultural habits and the traditional
consumption of meat from older animals. Indeed, most of
the sampled animals came from meat production herds
in a semi-extensive grazing system.

The long-time contact with C. burnetii in the surveyed
herds together with the random selection of sampled
herds and animals can explain the lack of association
found between reproductive disorders and seropositivity
(Garcia-Pérez et al., 2009; Ruiz-Fons et al., 2010; Astobiza
et al., 2012). However, the presence of an asymptomatic
infection in herds cannot be excluded. In fact, our
previous results showed the presence of specific anti-
bodies (Anastacio et al., 2012) and DNA of C. burnetii,
detected by qPCR (unpublished data), in bulk milk tank
from dairy ruminant farms with reports of reproductive
disorders. Indeed, an association between reproductive
disorders and C. burnetii prevalence in ruminants has
been reported in some studies (Cabassi et al., 2006;
Garcia-Pérez et al., 2009).

Despite the significant association between goats and
positive results (p < 0.05), from an individual perspective,
it was found a lower herd prevalence in goats than in
sheep, which is in agreement with data from a study
conducted in Northern Spain (Ruiz-Fons et al., 2010). The
higher individual prevalence together with the lower herd
prevalence may suggest that the within-herd prevalence
is high in goats. Nevertheless, this could not be assessed in
this study because sample size calculation in herds aimed
the detection of infection, not the estimation of within-
herd prevalence. Moreover, differences of prevalence
between sheep and goats cannot be explained by different
sampling periods in relation to the lambing season.
Sample collection occurred in early pregnancy in both
species and the reproductive cycle is similar among both
species in this region.

The herd size was associated to seropositive results
(p<0.01), thus the probability of a positive result
increases with the number of animals per herd. Other
studies in goats (Schimmeretal.,2011,2012)and in cattle
(McCaughey et al., 2010) support our findings. The
increased risk of introduction andfor transmission of
pathogens in a large population is probably related with
the increased number lambing females at lambing season
(Woldehiwet, 2004) and by other management factors
like larger amounts of feed, animal supply and a higher
number of professionals working at or visiting the farm
(Schimmer et al., 2011). Therefore, larger herds are more
prone to acquire and develop Q fever, and the number of
animals must be considered a risk factor to C. burnetii
dissemination.

In conclusion, this study confirms the presence of
specific anti-C. burnetii antibodies in goats and sheeps in
Portugal. To the best of our knowledge, this is the first
seroprevalence survey performed in small ruminants in
this country. To clarify the infection status in these herds,
namely the presence of an active infection, the shedding of
bacteria must be assessed. Also, a better elucidation of the
epidemiology of Q fever in Portugal requires the inclusion
of other animal species from a large geographical area.
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C i To our knowledge, this is the first report of the

occurrence of C. burnetii infection in ruminants in these regions of
Portugal. This study demonstrates that infection by C. burmetii is
important in Portugal. It is crucial to know the real prevalence in
ruminants and to investigate the involvement of other species, in order
to develop a control program for C. burnetii, which does not exist in
Portugal, to reduce the economic impact at herd level and the risk for
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Objectives: In few countries bacteraemia (Ba) is a reportable infection
unless the causative agent is subject to national surveillance.
Appropriate empirical antibiotic treatment (EAT) is an important
clinical goal in order to limit mortality in Ba patients. However,
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minimal rises in serum CPK levels during treatment, these values
returning to normal after treatment. Clinical and laboratory features,
treatment modalites and outcomes of infective endocarditis cases.
Conclusion: Daptomycin can be used successfully in both complicated
left heart endocarditis and right heart endocarditis, with no significant
side-effects. Studies involving wider patient series are now needed to
support the use of daptomycin in left heart endocarditis.

Investigation of Coxiella burnetii infection in dairy
ruminant herds with reproductive disorders in two
different regions of Portugal

S. Anastdcio, D. Pessoa, J. Pegado, C. Cruz, K. Sidi-Boumedine, G. Da
Silva* (Coimbra, PT; Sophia Antipolis, FR)

Objectives: Recently, an increased number of Q fever outbreaks in
some European countries warned the health authorities for the need of
knowing its real prevalence in Europe. In Portugal, little is known about
the epidemiology of Q fever. The aim of this study was to determine the
infection rate and the geographical distribution of Coxiella burnetii
antibody positive ruminant herds in two different regions from Portugal.
Methods: A cross-sectional study was performed on bulk tank milk
samples (BTMs) from dairy herds with clinical reports of abortion or

population-based data on appropriateness of EAT and mortality are
rare. Therefore, we investigated EAT and 3-30 day mortality in a
prospective semi-national Danish cohort.

Methods: We included all hospitalized patients with incident Ba
2007-2008 from a collaborative network in Denmark with prospective
registration of Ba in a population of ~1.7 mill. inhabitants. Incident Ba
was defined as a clinical episode with >1 positive blood cultures
deemed clinically significant without a prior episode in the preceding
365 days. EAT was defined as the antibiotic treatment given at 1st
notification. EAT was recorded as appropriate if given intravenously
(except fluoroquinolones, fluconazole and metronidazole) and if the
blood isolate/s were susceptible to >1 of the antibiotics given. The
primary outcome was mortality from day 3 to day 30 after the blood
draw; the 2-day interval accounted for the delay of culture reports and
precipitous death from sepsis unrelated to antibiotic therapy.

Results: We found 6834 patients with Ba. Of these, 4653 had
monomicrobial Ba and a record af EAT and were alive at day 3. E. coli

Table., 3-30 day mortality of patiznts with monormicrobial incident

bacteraemia by empirical antibiotic treatment status

other reproductive disorders within 3 months before sample ion.
In the first semester of 2010, BTMs were collected from dairy cattle
herds in the Northwest region (n = 27) and, between November 2010
and May 2011, BTMs were collected in the Center region from dairy
cattle herds (n = 20) and from small ruminant dairy herds (n = 27). All
the samples were tested for the presence of anti-C. burnetii antibodies
by the Enzyme-Linked Immunosorbent Assay, using the LSIVET
Ruminant Milk/Serum Q Fever® (LSI; Lissieu, France). Laboratory
results were used to determine the infection rate at regional level and by
species.

Results: Test positive herds were detected in both regions. Considering
the Northwest region, a positive result was obtained in 15 (55.5%) cattle
herds. Tn the center region, a positive result was obtained in 10 (50%)
cattle herds and in 11 (40.7%) small ruminant herds. Positive titers (S/
P) ranged from 34 to 115. In the Northwest region only one (3.7%) herd
showed an antibody titer higher than 100. In the center region five
(25%) cattle herds and two (7.4%) small ruminant herds showed an
antibody titer higher than 100.

Department of Clinical Ernpirical antbiotic 330 day mortality
Microbiokgy freatment (EAT)
Appropriate | Pualle | Appropriate | P value
EAT

Escherichia colf N (% N (%)
Aalborg 382 (79.1) 227.3) |
Herley 482 (B6.6) | 0001 | 6L{127y | 002
Hrvidovre 512 (36.2) 65 (12.7) |

Klebsielia
aborg
Herlev 0.14 043
Hidovre

PrEUdomonas seruginosa

o aalborg

Region 0.25 0.90
Hidovre

Anaerobe bacteria
Aalborg
Herlev 077 037
Hridowre

sureus

Aalborg
Herley <0.001 017
Hyidowre 161 (89.9)

Streptococcus preumonise N (%
Aalborg 138 (90.8)
Herley 160 (32.0) 030 083
Hridovre 157 (95.2)

Enterocococus faecalls N (%
Aalborg 15 (37.5)
Herlev 17 (23.9) 0.008 | 0%
Hyidowre 4091

O e (%
Aalborg 350
Herlev 4 (16,0 0,57
Hvidovre 2(10.5)

Chi2 was calculated to determine stetistical sianificance (0<0.05).



Specific recommendations were formulated for each risk factor in order to prevent
transmission.

19.093 Brucellosis in Cameroon: Seroprevalence and risk factors in beef-type cattle

B. Ojong', E. Macleod?, M. L. Ndip®, A. Zuliani’, E. Piasentier*

'Société de Développement et d'Exploitation des Productions Animales (SODEPA), Yaoundé,
Cameroon, 2University of Edinburgh, Edinburgh, United Kingdom, University of Buea, Buea,
Cameroon, 4Univc-:-rsity of Udine, Udine, ltaly

Purpose: Bovine brucellosis is a well-known zoonosis which also has profound negative
impacts on cattle productivity and on international trade. In this study we aimed at
investigating seroprevalence and possible risk factors associated to seropositivity of bovine
brucellosis in two agro-pastoral ecologic zones of Cameroon: the Western Highland Plateau
Savannah (WHPS) and the Guinea Highland Savannah (GHS) as they encompass the most
productive regions in the country in terms of cattle production.

Methods & Materials: The subdivision and village herds were considered as clusters for a
two-stage cluster sampling procedure. To enable us to sample animals by probability
proportional to size, cattle population of each village (cluster) was noted against the
corresponding village. Each beef-type cattle in Cameroon was assigned to a single cluster
(village). Using C-survey 2.0 a final list of villages to be visited was established. Blood
samples were collected and screened using the Rose Bengal Plate Test. A field questionnaire
was designed and distributed to herd managers during sampling to collect information on
intrinsic risk factors (age, sex and breed) and extrinsic risk factors (ecological zone, herd size,
herd management system, third trimester abortion, interaction with wildlife, and interaction
with sheep and goats during grazing) that can affect Brucella sero-status of the target
population. Data generated from the field questionnaire were tested for significance against
seropositivity using ANOVA and Chi-Square in R-Software®.

Results: The results of this work confirm that bovine brucellosis is endemic in Cameroon.
With an uneven but wide distribution the study reve




































