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ABSTRACT

Following a requestrfom t he Eur opean Commi ssi on, a scienti
Animal Health and Welfare Panel to determine the magnitude, distribution, impact and significance of
infection and disease in domestic ruminants and humans, risk factors for thenaaiet (in domestic
ruminant populations) and spillover (from these populations to human8pxiélla burnetii (the
causative agent of €@ver), and control options in domestic ruminant populations. A range of
approaches were used, including an assessmhenonitoring/surveillance data, the development of a
simple conceptual model, a critical review of available literature, and several country case studies.
Control options forC. burnetii infection in small ruminants were qualitatively assessef@ctionis
endemic in domestic ruminants in most, if not all, EU member states, however, disease is rare and
impact is limited. In the EU, @ver is a zoonotic disease with limited public health impact, except
under certain epidemiological circumstances andpfoticular risk groupsHuman cases are often
associated with proximity to small ruminants (particularly at parturition or during abortions) and dry,
windy weather. Currently, there is no clear evidence of an association between bacterial
genotypes/isolageand virulence. A number of longerm options to controC. burnetii infection in
domestic ruminants were identified; these should be considered in those situations where the public
health risk is considered unacceptable. Some additional options wecensidered sustainable for
longterm control, but may have a role in the face of an outbreak. Persistent environmental
contamination may confound anirdased control efforts. Vaccination should be considered a long
term control option, noting that effideeness may not be observed in the stemih. Antibiotic
treatment of animals is not recommended. There is no conclusive evidence that the consumption of
milk and milk products containing. burnetii has resulted in clinical @ver in humans.
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SUMMARY

The recent developments in the EU, especially the increase in confirmed human caf@&ofrthe
Netherlands, call for special consideration egards the risks posed byf€yer for humans and
animals. The European Commission requested further scientific advice and risk assessment, as regards
Q fever in animalsThe mandate posed three questions:

e to assess the significance of the occurrence t#v@r in the EU Member States for a better
understanding of the scale and distribution of the disease and infection (with the focus on farm
animals and humans)

e to assess the risk factors forf€yer occurrence and persistence in animal husbandry and the
related risks for humans, and

e to assess the effectiveness and efficiency of disease control options.

An opinion, in response to the mandate, was prepared by the EFSA Panel on Animal Health and
Wel f ar e, with input from EFSABAA anB tha 2obnosesnandBi ol o ¢
Assessment Methodologies Unit, and in close collaboration with the European Centre for Disease
Prevention and Control (ECDC).

Several approaches were adopted during the preparation of this scientific opinion. An assessment of
the magnitude and distribution of infection and disease in domestic ruminants and in humans was
conducted after considering diagnostic methodsCloxiella burnetiiinfection (the causal agent of
Qfever) and monitoring/surveillance fdC. burnetii infection in different member states of the
European Union (MS). Impact and significance was assessed, based on expert opinion. Several
methods were used to clarify risk factors for maintenanceC.dfurnetii infection in domestic
ruminants and spillover of infectiodinom domestic ruminants to humans, including the development

of a simple conceptual model, a critical review of available literature, and several country case studies.
Control options forC. burnetii infection in domestic ruminant populations were evadafollowing

the development of a generic framework for the control of infectious diseases, and based on available
data about individual control interventions.

Infection withCoxiellaburnetii (the causal agent of f@ver) is endemic in domestic ruminatsttle,

sheep, goats) in most, if not all, EU MS. Although infection in domestic ruminants is common, disease
is rare. The overall impact &. burnetii infection on the health of domestic ruminants in EU MS is
limited. In humansg. burnetii infection i present in most, if not all, EU MS.f€ver is a zoonotic
disease with limited public health impact in the EU, however, in certain epidemiological
circumstances and for particular risk groups the public health impact can be significant. As yet, the
Q fever burden of disease in humans has not been determined.

It seems likely tha€C. burnetii infection can be maintained in domestic ruminants in a wide range of
husbandry systems. There is considerable uncertainty about the relative importance of ristofactors
maintenance ofC. burnetii infection in domestic ruminant populations, and for spillover from
domestic ruminants to humans. Nonetheless, maintenar€ebafnetii infection within farms might

be favoured by persistently infected animals, other aniesgrvoirs of infection, ticks, husbandry
practices that favour withiherd transmission and/or environmental contamination. Currently, there is
no clear evidence of an association between bacterial genotypes/isolates and virulence. The common
risk factos associated with spillover of infection from domestic ruminants to humans in different EU
MS include an association between human infection and small ruminants (sheep and goats), an
indication of proximity between animals and human populations, particularassociation with
parturition in animals (and to abortions, in the case of goats), and specific climatic conditions, in
particular dry, windy weathein humans, the risk of exposure @ burnetii is increased, either
following close contact to anirfginfected withC. burnetii, or following communitybased exposure
(caused by an elevation @f. burnetii in the wider environment following release and dissemination
from infected animal hosts}here is no conclusive evidence in support of a link batveeeincreased
density of animals and/or farms and spillover@fburnetii from infected farms to humans. The
factors leading to outbreaks off€ver in the human population are not fully understood.

EFSA Journal 2010; 8 (5):1595 2



¥

- efsam

Tuss

Q fever

Regarding disease control, the opinion focused on @oaptions applicable to domestic ruminants,

and on the effectiveness of these options to reduce withith transmission, betwedierd spread

(each in domestic ruminant populations), and/or the spillover of infection from domestic ruminants to
humans. Foalmost all of the control options, there is a medium to high level of uncertainty associated
with estimates of control effectiveness, as little relevant published information is available. It is likely
that control methods would need to be used in contibimaThere is variation in the sustainability of

the assessed control options. A number of {@mg control options were identified, including
preventive vaccination, manure management, changes to farm characteristics, wool shearing
management, a segregd lambing/kidding area, removal of risk material, visitor ban, control of other
animal reservoirs and tick control. All but the latter two relate specifically to small ruminants. These
options are ranked according to effectiveness, as assessed byaopipien, in reducing spillover

from domestic ruminants to humans. Several options were not considered sustainable-timmong
control, but may have a role in the face of an outbreak, including the culling of pregnant animals, a
temporary breeding ban,ashping out, identification and culling of shedders, control of animal
movements and stand still. These options all relate specifically to small rumiGabtgnetii is

highly resistant in the environment; consequently, persistent environmental contamisia matter

of concern. Vaccination can be used both to reduce the risk of future outbreaks (preventive
vaccination) and in the face of an outbreak (outbreak vaccination), noting that preventive vaccination
is more effective than outbreak vaccinatigrhase | is more effective than phase Il vaccination,
vaccination is more effective in nénfected than infected animals, vaccination does not appear to be
effective if used in pregnant females, and effectiveness may not be observed in tterishort

The Animal Health and Welfare Panel recommentiadmonized field and laboratory data collection
about C. burnetii infection in animals in EU MS, to allow comparison of prevalence/incidence
estimates over time and between countries. Further, there is a neeshtgihen systems to promote

rapid identification and reporting of f@ver outbreaks in animals (abortion episod€snsideration

should be given for support of early information exchange between veterinarians and public health
counterparts regarding pottial events with zoonotic potential, including&Yer. Further studies on

the estimation of @ever burden of disease in humans are needed. Prevalence and incidence studies in
domestic ruminants should place emphasis on small ruminants, rather tfarncattovide a clearer
picture of the risk of exposure for humans. Further investigations and research are needed to clarify
the relationship between genotype and virulence, the molecular basis for virulence, and the
relationship between mice models avidulence studies in domestic ruminants, determine the host
specificity of different bacterial isolates, identify factors influencing the maintenance of infection,
including an improved understanding of transmission pathways, quantify the number ofabacteri
excreted under different conditions, quantify survivaCoburnetiiin the environment, clarify the role

of environmental contamination and climatic factors in the spillover of infection from animals to
humans, and clarify the trade off between farmsity and farm size in the maintenance and spillover

of infection. Future investigations are needed to objectively assess the effectiveness of control options
for C.burnetii infection in domestic ruminant populations. Assessment should focus on relevant
epidemiological parameters, including rates of witherd transmission, betweéerd spread and
spillover from animal populations to humans. Control options should generally be used in
combination, given that withtherd transmission, betweéerd spreadral spillover to humans are

each likely to involve more than one transmission pathway, and that no control option is likely to be
completely effective in limiting withisherd transmission, betweéerd spread and spillover to
humans. Longeterm options tocontrol C.burnetii infection in domestic ruminants should be
considered in those situations where the public health risk is considered unacceptable. Control options
where effectiveness at reducing spillover was assessed as either high or medium ireclexéer
vaccination, appropriate manure management, changes to farm characteristics, wool shearing
management, segregated lambing/kidding area, removal of risk material and visitor ban. Control
options to address proximity between humans and small rutejngarticularly around the time of
lambing/kidding, would be expected to meaningfully contribute to a reduction in spillover from animal
populations to humans. There is a need to build awareness among farmers and veterinarians of
C. burnetii infection infarmed ruminants, including risk factors for spillover from domestic ruminant
populations to humans. Short term options such as the culling of pregnant animals, a temporary

EFSA Journal 2010; 8 (5):1595 3



¥

- efsam

Tuss

Q fever

breeding ban, stamping out, identification and culling of shedders, control cilanovements and

stand still could be used to reduce shedding from infected animals. However, other options (including
preventive vaccination, manure management, wool shearing management, segregated lambing/kidding
area, removal of risk material) should dmnsidered to reduce human exposure through environmental
contamination. Vaccination should be considered as atkmng control option. In order to better
assess vaccine efficacy, it is recommended that field and experimental data are gathered, éo improv
our understanding of the epidemiology @fburnetii infection in, and between, infected flocks, both

prior to and following vaccination. Antibiotic treatment is not effective in substantially reducing either
the level or duration of bacterial shedding domestic ruminant populations; therefore the use of
antibiotics cannot be recommended.

The widespread distribution oF. burnetiiin food producing animals and its occurrence in the milk
supply necessitates questioning the role of food as a vehicléadotransmission of this zoonotic
bacterium to human<C. burnetii infection in occupationally or otherwise exposed people is mainly
due to inhalation of infected aerosols rather than consumption of contaminated food (e.g. dairy, meat)
products. HoweverC. burnetii is excreted in milk of infected animals (cattle, sheep and goats) for
variable periods during lactation irrespective whether these animals are showing clinical signs or not
and in addition, milk can be contaminated withburnetii by faecal mateals or from sites of
infection in the periparturient and/or lactating anim@bnsumption of raw milk and raw milk
products represent a relatively greater risk of human expos@ebtarnetii than the consumption of

both milk and dairy products made itilk that has undergone appropriate heat treatriibete are
epidemiological indications that consumption of milk and/or mi@ductscontainingC. burnetii has

been associated with seconversion in humans. However, there is no conclusive evidentéhth
consumption of milk and milk products containi@yburnetii has resulted in clinical @ver in
humans.

The scientific opinion was adopted by the Scientific Panel on Animal Health and Wealf&&V) on
27 April 2010. Chapter 4 (focusing on foodfsty issues) and related conclusions were adopted by the
Scientific Panel on Biological Hazards (BIOHAZ) on 22 April 2010.
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BACKGROUND AS PROVIDE D BY EUROPEAN COMMISSION

Qfever is a highly contagious zoonotic disease caused by the patBogerila burnetiiwhich is
commonly present in all countries worldwide, except in New ZehlH is listed within the category

of multiple speciesliseasesn the OIE (World Organisation for Animal Health) list (Article 1.2.3. of

the OIE terrestrial Animal Héth Code) and many domesticated and wild animals including
mammals, birds, reptiles and arthropods can be carriers of the pathogen but cattle, goats and sheep are
the main reservoirs. In these animals, infection is mostly asymptomatic except for theenuirea
abortions or stillbirths.

Both symptomatic and asymptomatic animals sBeburnetii in large quantities when giving birth.
Shedding can also occur in faeces, milk and ur@édurnetii is highly resistant to environmental
conditions and can be reg&int to heat, drying, and many common disinfectants. These features enable
the bacteria to survive for long periods in the environment and to be spread by the wind. Ticks may be
important in transmission among wildlife, and can also spread infectioosnesticated ruminants.

Little is known about the therapeutical treatment of ruminants or other domestic animals. Prophylactic
antibiotic treatment is sometimes recommended to reduce the risk of abortion. Antibiotics may
suppress rather than eliminate irifens. Vaccines are available and may prevent infections in calves,
decrease shedding of organisms and improve fertility in infected animals. They do not eliminate
shedding of the organism. As a general rule, in an infected flock, isolating infectedrnpragimaals

and burning or burying the reproductive membranes and placenta can decrease transmission.

In humans, Q@ever occurs in either an acute form (pneumonia, hepatitis) or a severe chronic form
(endocarditis) following an early infection that may hagassed unnoticed. In rare casede@r can

be fatal, although the disease is usually treatable with antibiotics. Most human cases are associated
with exposure to ruminants, particularly when the animals have given birth. Human outbreaks
generally invole farmers or other occupationally exposed people (veterinarians, slaughterhouse
personnel). Humans are mainly infected via aerosols, but transmission may also occur by the ingestion
of unpasteurised milk or other contaminated material.

In the EU, there areo harmonized rules or recommendations for the monitoring and reporting of
Q fever in animals. Qever is not explicitly listed in Annex | to Directive 2003/99/EC of the European
Parliament and of the Council on the monitoring of zoonoses and zoonatis,ag®ending Council
Decision 90/424/EEC and repealing Council Directive 92/117/EEC.

Q fever (in humans) is listed in Annex | of Commission Decision 2000/96/EC of 22 December 1999
on the communicable diseases to be progressively covered by the Commetinityk under Decision

No 2119/98/EC of the European Parliament and of the Council. For the communicable diseases and
special health issues listed in this Annex, epidemiological surveillance within the Community network

is to be performed by the standaetiscollection and analysis of data in a way that is to be determined

for each communicable disease and special health issue when specific surveillance networks are put in
place.

Disease control measures are normally taken on national, regional or evefedatmCurrently,
EFSA is working on a guidance document for the harmonized reportingefe@and rabies. The
outcome of this work should be available by the end of this year.

As regards the infection in animals, the information provided by the EU Kle8thates in the context

of Directive 2003/99/EC on @ver in animals for the years 2008 (18 EU MS's) and 2007 (17 EU
MS's) show that the proportion of reported positive cases in cattle, sheep and goats increased from
7.4% to 10.0% in 2008 at the EU lev@lhe highest proportion of positive cases was reported for
goats: 9.7% and 15.7% in 2007 and 2008, respectively. In particular, the Netherlands reported a three
fold increase in 2008 from 9.5% to 31.9%. The proportion of positive cases in sheep was BO8% i

and 7.9% in 2007.
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In the EU Member States, @@ver appears to be present in cattle, sheep and goat holdings.
Nevertheless, human cases offeQer were rarely known until 2007. In 2008, a total of 1554
confirmed cases of €@ver were reported in th&U. This figure represents a 165.5% increase
compared with the number of confirmed cases reported in 2007. The Netherlands and Germany
accounted for the majority of this increase. In the Netherlands, for the year 2009, the number of human
cases appears have already doubled to almost 2300.

It is not clear what has caused this major increase of reported human outbreaks in the Netherlands. It
appears that the majority of the human cases are not linked tevigitsnor occupational exposure.

The geographiddocations of the human cases indicate that there might be a connection with the
presence of dairy goat holdings in the area, where this particular type of milk production has
developed rapidly over the past decade.

In response to this unusually large rhen of human cases, special preventive and control measures
have been taken to controlf€ver in the Netherlands, in particular in dairy goats and dairy sheep:

The culling of all pregnant animals and infected male animals on infected farms;

Qfever in 2.0, vaccination will be compulsory nationwide;

e all dairy goat and dairy sheep farms are obliged to participate in a regular milk test for
Qfever;

e Special measures are imposed on farms where the bacterium is found in milk, such as
restrictions on movementd animals and compulsory composting of manure.

The recent developments in the EU, especially in the Netherlands call for special consideration as
regards the risks posed byf€yer for humans and animals. The Commission is in need of further
scientific alvice and risk assessment, as regar@=svér in animals

TERMS OF REFERENCE ASPROVIDED BY EUROPEAN COMMISSION

In view of the above, and in accordance with Article 29 of Regulation (EC) 178/2002, the Commission
asks EFSA for a scientific opinion and sffieailly:

1. to assess the significance of the occurrence f&v€r in the EU Member States for a better
understanding of the scale and distribution of the disease and infection (with the focus on
farm animals and humans);

2. to assess the risk factors forf€er occurrence and persistence in animal husbandry, and the
related risks for humans, taking into account at least the presence and density of susceptible
livestock and the type of husbandry in which they are kept;

3. to assess the effectiveness and efficientydisease control options such as vaccination,
pharmaceutical treatments, establishing animal movement restrictions, the culling of animals,
etcetera.

EFSA Journal 2010; 8 (5):1595 3



Campem Food Saleip Astharty Q fever

ASSESSMENT
1. Introduction

1.1. Context

Q fever has emerged as an important public health problem in therhiths. In May 2007, the first
community Qfever outbreak was reported around a single village in the province of {Soabdnt
(Schimmer etl., 2010). Subsequently, human outbreaks of unprecedented size have occurred in the
Netherlands during 2007 (Kagiannis etl., 2007), 2008 (Schimmer af, 2008) and 2009
(Schimmer etl., 2009). Further, there is early evidence of ongoing transmissicGoxiéllaburnetii

(the causative agent off@ver) to humans in 2010 (van Duynhovemlet2010).

In respone to these public health concerns, the European Commission has sought scientific advice
from the European Food Safety Authority. The current EFSA report focuses on three broad areas, to
address the aboweentioned terms of reference:
e Chapter 2: The magnitde and distribution of both infection and disease, and associated
impact and significance, in human and animal populations in Europe; the focus regarding
animal population was on domestic ruminants (cattle, sheep and goats).

e Chapters 3:Risk factors forC. burnetii maintenance of infection in domestic ruminants, and
spillover of infection to humans. Risk factors relating to food safety are addresShdpter
4; and

e Chapter 5:Potential animafocused control options, to limit adverse impact on both animal
health (reducing withifherd transmission, reducing betwdwrd spread) and public health
(reducing spillover to humans), assessed on the basis of effectiveness, certainty with respect to
this estimate, sustainability and limitations. Control optionsitirey to food safety are
addressed ichapter 4.

This Chapter 4and conclusions and recommendations related with food safety have been adopted by
EFSABIOHAZ Panel.

1.2. Approaches

Several approaches were adopted during the preparation of this scientifimppiitéo considering
important constraints, as discussed below. The drafting of this opinion was substantially constrained
by the time available which limited the choices of methodologies that could be applied. In particular it
was not possible to completeformal systematic review of the literature and meta analysis of risk
factors and control options.

1.2.1. Magnitude and distribution of infection and disease

A number of important constraints were identified during project design, as follows:

o In the EU, thereare no harmonized rules or recommendations for either monitoring or
reporting of C. burnetii infection and (fever in animals. Further, comparability of data
between EU MS will be affected by variations in regulatory aspects (including case
definitions), Aboratory capacity and monitoring/surveillance intensity. These concerns are
more problematic fo€. burnetiiinfection and ever in animals compared to humans; and

o0 Inits current form, EUevel data (as compiled in the EFSA/ECDC zoonoses database) needs
to be interpreted with considerable care, for a range of reasons including incomplete and
uneven reporting, the use of inconsistent case definitions, and difficulties in distinguishing
active and passive data collection.
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After considering each of the almmentioned concerns, this opinion has utilised the following
methodology to determine the magnitude and distribution of infection and disease in both domestic
ruminants and humans:

A brief review of the diagnosis @f. burnetii, based on a review of thelpished literature,
and a recent report commissioned by EFSA under ArticlSBbE-Boumedine et al., 20)0

A descriptive assessment of monitoring and surveillanc€ fournetii infection in different

EU MS.For animals, this was based on an evaluationotification, laboratory capacity and
monitoring/surveillance intensity. A range of data sources were used, including the recent
Article 36 report Gidi-Boumedine et al., 20)0monitoring/surveillance data collected from

the annual EFSA/ECDC Zoonos&eports for 2006 to 2008 (EFSA/ECDC, 2007, 2009,
2010), and feedback from aid hocEFSA consultation in 2010 &. burnetiitesting that was
conducted in EU MS during 2009. Additional information from WG members was also taken
into account. For humans,raview was conducted of natification (including case definition)
and monitoring/surveillance programmes in EU MS.

Insights into the magnitude and distribution of infection and disdaseanimalsthis was
based on an understanding of testing intensitsegpective of whether the tests were
conducted in association with active or passive data collection), of clinical investigation (a
disease event in animals that was initially triggered by passive data collection), and of animal
and herdevel seroprevance (active data collection). For the first of these two points [testing
intensity, clinical investigation], data were obtained from the annual EFSA/ECDC Zoonoses
Reports for 2006 to 2008 (EFSA/ECDC, 2007, 2009, 2010) and from feedback fexhiam

EFSA consultation in 2010 o€. burnetii testing that was conducted in EU MS during 2009
(the questionnaire is included in appendix D, responses were received from 24 of 29 countries
[27 EU MS, plus Norway and Switzerland]). For the final point [seroprevdleaneearlier
review (ArricauBouvery and Rodolakis, 2005) was updated after considering all relevant
literature published after 2004 (the literature search protocol is included in appendix A). For
humans,an analysis was undertaken of data collected utiger European Surveillance
System. Note that @ver incidence in human populations for 2009 was not available entirely
at the time of drafting of this opinion.

A critical evaluation of impact and significancEhe evaluation of impact and significance of

C. burnetii infection on human and on animal health in EU MS was prepared, drawing on
expert opinion, and after considering each of the issues listed previously, including diagnosis,
monitoring and surveillance, and estimates of magnitude and distribdt@n.impact of

C. burnetii infection on other issues, such as the economic impact following the imposition of
control options by authorities was not considered. Relevant literature was also considered. A
summary of human outbreaks was prepared, updatiegudier review (ArricatBouvery and
Rodolakis, 2005) with all relevant literature published after 2004.

€ A
The first termof referencgsignificance of the occurrenad infection and disease, for both

K. A critical qualitative evaluation of impact and significance.
\ J

domesticuminantsandhuman$ wasaddressed, after considering:

e A brief review ofthediagnosiof C. burnetiiinfection,

e A descriptive assessmentrmtasuresf monitoringsurveillance ofC. burnetiiinfectionin
different MS,

¢ Insights into the magnitude and disution of infection and disease, and
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1.2.2. Risk factors for Q fever maintenance and spillover
A number of important constraints were identified during project deagfollows:

e There is considerable variation in the degree (depth, intensity) to which reported outbreak
investigations have been conducted, both in terms of epidemiological methods and laboratory
support;

e Risk factor identification/assessment has gehelsen conducted using qualitative methods,
including implication on the basis of association and consistency with previous reports. The
level of scientific certainty associated with study conclusions is often relatively low; and

e The published literaturen Qfever outbreaks (and associated risk factors) is fragmented, with
a particular focus on the large and the unusual outbreaks.

After considering each of the abemeentioned concerns, this opinion has utilised the following
methodology:

e The developmentf@ simple conceptual modedeparately highlighting the maintenance of
infection in animal populations (focusing on domestic ruminants), and the spillover of
infection from animal populations to humans through a process of amplification, transmission
andexposure;

e A critical review of available literatureidentifying risk factors forC. burnetii maintenance
and for spillover. Limits to the literature search are presented in AppendixdA;

e Several country case studig®verview, magnitude and distributiorrisk factors for
maintenance and spillover, control options, implications/lessons leabzesd)d on a detailed
review of relevant published literature, and based on expert knowledge and opinion.

/ N\
The second terrof referencerisk factors for fever maintenance and spillovevas adressed,
after considering:

e The development of a simple conceptoaidel;
e A critical review of available literature; and
e Several country case studies.

\ y

1.2.3. Control options in domestic uminant populations

The third TOR requested the assessment of possible options to control the maintenance of infection in
domestic ruminants and spillover from animal to human populations. A number of important
constraints were identified during projecsdg, as follows:

e There is limited published information about anifbaked control options adopted in
response to outbreaks of disease in humans;

e With most outbreaks, there has been little to no robust evaluation of control effectiveness.
Further, availble information is rarely quantitative; and

e The published literature on f@ver outbreaks (and associated control options) is fragmented,
with a particular focus on the large and the unusual.

After considering each of the abeweentioned concerns, this on has utilised the following
methodology:

EFSA Journal 2010; 8 (5):1595 11
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e The development of a generic framewark the control of infectious diseasdsmsed on a
brief review of concepts and applications in infectiougase epidemiology. This framework
was then used as the basis & critical evaluation of available control options, as outlined
below. Further, control options focused specifically on small ruminants (goats, sheep), given
that cattle appear to have a very minor role in the spillove€.diurnetii infection from
domestic ruminants to humans;

e A critical evaluation of available control optionbased on expert opinion within the WG,
after considering all available information in both the published and grey literature. For each
option, each of the following were unddwa:

0 A description;

o A qualitative assessment of effectiveness (high, very effective; medium, moderately
effective;low, very limited effectnone,no effect):

e To influence animal health through reduced witherd transmission and betwelerd
spread;

¢ To influence spillover from domestic ruminant populations to humans;

o0 The gqualitative assessment of the level of uncertainty associated with each of these estimates
of effectiveness:

e High: Scarce or no data available; evidence provided in unpublished repofesy o
observations and personal communi cati ons,
considerably

e Medium:Some or only incomplete data available; evidence provided in small number of
references; aut hor so or e X p edentes feom Getdn c | usi
observations, or solid and complete data available from other species which can be
extrapolated to the species being considered

e Low: Solid and complete data available; strong evidence in multiple references with most
authors coming to theame conclusions, or considerable and consistent experience from
field observations.

0 A qualitative assessment of sustainability (high, sustainable in thetdamg medium,
sustainable only in the shad-medium term; low, sustainable only in the shomnt¢; and

o0 Associated limitations.

The third termof referencgeffectiveness and efficiency of diseasetrol optionsn farmed
animal populationsjvas addressed, after considering:

e The development of generic framework for the control of infectious diseases; and
e A critical evaluation of availableontrol options

2. Magnitude and distribution of Q fever in the EU Member States
2.1 Magnitude and distribution of C. burnetii infection and Q fever in domestic ruminant

2.1.1. Diagnosis ofC. burnetii infection

Several as®s/s have been described for the diagnosi€.dfurnetii in animals, including both direct
identification of the agent and serological testing (OIE, 2009; Table 1).
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Direct identification of the agent

Samples should be collected from aborted fetuses,niaead vaginal discharges soon after abortion

or parturition. Milk (bulk tank milk; milk or colostrum from individual cows), and faeces samples can
also be taken. Conventional staining techniques (Stamp, Gimenez, Macchiavello, Giemsa and
modified Koster)are available within the context of the diagnostic of abortion and are used on tissues
from fetus or placenta and on vaginal discharge. However these tests have low diagnostic sensitivities
and specificities. Attention must be taken in the interpretatioth® results as, microscopically,

C. burnetiican be confused witGhlamydophila abortusr Brucellaspp.

Isolation of C. burnetii can be done by cell or embryonated chicken egg culture. Such isolation is
possiblewhen microscopic examination indicatedasge number ofC. burnetii and a low level of
contamination. However, such methods are labour intensive and are not usually used in routine
diagnostics laboratories. In addition, level 3 containment facilities are required. With heavily
contaminated samgs, such aglacentas, vaginal discharges, faeces or milk, the inoculation of
laboratory animals may be necessary. Mice and guinea pigs are the most appropriate, but infected
animals also have to be manipulated in level 3 biocontainment facilities.

Detecton of C. burnetii can also be achieved by immunohistochemistry (IHC). Immunohistology may
be used with paraffiembedded tissues or on acetone fixed smears (Raallt #094a). The method

uses either indirect immunofluorescence or an immunoperoxidasg,aising polyclondl. burnetii
antibodies (either a well characterized antiserum of human origin or a specific antiserum produced in
either rabbits or guinea pigs). An asfiecies (human, rabbit or guinea pig) 4g& conjugate labeled

with Fluorescen isothiocyanate(FITC) or peroxidase is then used to visualize the bacteria. No
specific antibodies for immunohistochemistry are commercially available (OIE, 2009).

Currently, the polymerase chain reaction (PCR) is one of the most analytically seasiivapid
means for both thdirect detection o€. burnetii and the identification of shedders. PCR can be used
on a wide range of samples (vaginal discharge, abortion material, faesces and milk [bulk or
individual]). It has become increasingly common iagthostic laboratories (Beret al., 2000;Nicollet

and Valognes, 2007 The level of detection of conventional PCR is related to the sample under
investigation (1500 bacteria/ml of milk; 1 bacteria/mg of faeces). Several target genes have been
used, suic as the multicopy insertion sequence (IS1111) or single copy genes encoding various
proteins (e.g dismutase [sodB]; coml encoding B2 outer membrane protein; heat shock proteins
[htpA and htpB]; isocitrate dehydrogenase [icd]; macrophage infecpaitgntiator protein [cbmip]).
Realtime PCR techniques have also been desciiiid et al., 2005; Klee eal., 2006; Stemmler and
Meyer, 2002). Forroutine diagnostics, it is widely accepted that teak PCR technology is
preferable to conventional gbhsed detection methods. It allows high sample throughput, has a
reduced potential for caryver contamination and is best suited for quantificatiol© diurnetii in
biological samplesAs with conventional PCR, various target genes are used, inclustiig 1, com1

and icd.Quantitative PCR kits are now commercially available.

Several typing methods have been used for the characterisati@nbafnetii strains, including
restriction endonucleae of genomic DNA (Hendrix alket 1991), PFGE pulsedfield gd
electrophoresjs(Heinzen etl., 1990; Jager etl., 1998), and sequence and/or PRIRLP (restriction
fragment length polymorphism) analysis of icd, com1 and mucZ genes. More recently, tWiaf€R
typing methods have been described, MLVA (mldtiusvariable number of tandem repeats analysis)
(Arricau-Bouvery efal., 2006; Svraka efl., 2006) and multispacer sequence typing (MST)
(Glazunova eal., 2009 that each permit the typing €f. burnetii without the need for isolation of the
organism. To da MLVA and MST are considered to be the most discriminating methods for
C. burnetii, allowing the identification of up to 36 distinct genotypes. Moreover, databases have been
established(http://minisdellites.upsud.fr/MLVAnet/ and http://ifr48.timone.univmrs.fr for MLVA

and MST, respectively). The availability of such databases allows for easy interlaboratory
comparisons, leading to a better understajpdindifferentC. burnetii isolates. Furthermore, their use

in the characterisation of field samples or isolates is increasing (Chmielevedki 2809; Klaassen
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etal., 2009), and efforts to produce a standardised scheme for MLVA (based on commonsiémisio

allele calling and marker panels) are in progress and should be available in the near future. These tools
will be very useful for epidemiological investigation, particularly toclarify linkages regarding source

of infection.

Serological testing

Although there is no officially (OIE) designated serological test féev@r, the complement fixation

(CFT) was considered the reference test for historical reasons. However, there is increasing use of
indirect immunofluorescence assay (IFA) and ELISAs (comiakand irhouse assayskerological

assays are suitable for screening herds, but interpretation at the individual animal level can be difficult.
Indeed, animals may remain seropositive for several years following an acute infection, some animals
may shed C. burnetii and pose a risk for infection prior to the development of antibodies, and some
infected animals seem not to seroconvéntree ELISA commercial kits for the diagnosis ofeyer

in ruminants are currently available. Comparative analysesailfble serological methods has been
conducted during ring trials assessments as part of-auidéd, Framework 6 project (MedVetNet; a
European network of excellence working for the prevention and control of zoonoses and food borne
diseasesyyww.medvetnet.org The IFA and commercially available ELISAs were each reproducible,
with comparable diagnostic sensitivity. In contrast, the diagnostic sensitivity of the CFT was highly
variable (Roest «tl., 2009). The analyal sensitivity of the ELISA was found to bel8 times higher

than that of the best CFTs (Roestakt 2009). Based on recent work, it was found that two
commercial ELISAs can display different diagnostic sensitivities (81 and 95%, respectively) using a
panel of sera from cattle, goat and sheep (Kittelbergat.,eR009). ELISA tests showed higher
diagnostic sensitivities that the CFT. An ELISA test based on antige@shofrnetii isolated from
ruminants was found to have a higher diagnostic sensitivéity ELISAs based on antigens from the

Nine Mile reference strain isolated from ticks, as assessed on goat sera, and may allow premature
detection of infection (Roussetat, unpublished).

Serological testing is useful in clarifying the infection statuherds but provides less certainty about

the infection status of individual&énnerman eal., 2010) A seronegative resuttoes not provide
assurance that the animal is not infected. Indeed, this state may be associated with both early and long
term C. burnetii infection. In humans, tests are available (based on detection of antibodies to phase |
and phase |l antigens) to distinguish acute and chronic infection (see section 2.2.1). Such tests are not
yet available for animalsserological methods doohallow the identification o€C. burnetirshedding

animals (Rodolakis, 2006; Rousset 20@)rrently,there is no serological test which can distinguish
between vaccinated and naturally infected animals, although skin tests are recently being developed t
select negative animals for vaccination (Guatteal.etinpublished).
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Table 1: Overview of laboratory tests used for diagnosis ofC. burnetii infection in domestic

ruminants
Detects | Analytical | Comparative | Comparative Used for Remarks
Se Se Sp
Direct
Culture | viable Culture Culture < Research/
bacteria <staining staining Clinical
Staining < Staining < investigation
Staining | bacteria IHC IHC Clinical
IHC << PCR | IHC << PCR | investigation
IHC bacteria Clinical Pathology diagnosis,
in situ investigation | skills are important.
PCR DNA 1-10 Clinical Multicopy target
bacteria investigation/ | more sensitive than
[99,99%)] Bulk milk tank | single copy target.
Serology
CFT Ab CFT < ELISA | CFT < ELISA | Herd/
ELISA=IFA | ELISA=IFA | Individual
testing
ELISA Ab Herd/
Individual
testing
IFA Ab Herd/ The differentiation
Individual between antibodies t
testing phase | and phase |l

antigens is possible,
however, such tests
for animals are not
commercially
available.

Se: Sensitivity, Sp: Specificity, IHC: immunohistochemical staining, PCR: Polymerase Chain Reaction (conventional as well

as real time), CFT: Complement Fixation Test, IFA: immunofluorescent.assay
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e Several methods are available for diagnosi8.dfurnetiiinfection in animals,
including both direct identification of the agent and segiaial testing.

e Direct identification of the agent:

o There is no officially designated test the direct identification o€. burnetiiin
domestic ruminants

0 Immunohistochemistry can be very useful when considering potential causes «
abortion indomesticuminants.

o In animals, multicopy polymerase chain reaction (PCR) is currently the most
sensitive and rapid mean for the direct detectio@.dfurnetii, and the
identification of shedders.

o Currently it is not possible to reliably detect infected animalishkvare not
shedding.

o0 PCR can be used on a wide range of samples, including vaginal discharges,
abortion material, faeces and milk (either bulk or individual).

o Two PCRbased typing methods have been described @hogltis variable number
of tandem repeatmalysis, MLVA; multispacer sequence typing, MST). These
methods may become very useful for epidemiological investigations.

e Serological testing:

o There is no officially designated serologic test@oburnetiiinfection in domestic
ruminants

0 Serologicalssays are suitable for screening herds, but interpretation at the
individual animal level can be difficult.

e Current serological methods provide limited information about stage of disease,
whether infection is recent or latent, or whether the animal iemtly shedding/
infectious. The present serological methods do not allow for differentiag¢ioveen
vaccinated or naturally infected animals.

2.1.2. Q fever monitoring and surveillance

Notification

There are no EU rules about the notification (i.e. the disease is not listed in Directive 82/849/EEC) or
monitoring/surveillance o€. burnetii infection and/or @ever in domestic ruminants. There are also

no EU rules, releant to Qfever, concerningcontrol options, intracommunity trade or import. In

many European countries, there is also no national requirement for notificationfeelrQin
ruminants. The notification status off€ver in selected European countries,dobhen a questionnaire

by the recent Article 36 review (Stioumedine et al., 2010), is presented in Table 2. No data were
specifically sought about the criteria for notification in different EU MS. Nonetheless, it is likely that
there is considerable vation between EU MS, both in the notification criteria and the animal species
for which disease is notifiable.
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Table 2: The notification status of Qfever in European countries, in domestic ruminants

Country Notifiable in domesticruminants
Austria NR
Belgium NN
Bulgaria V
Cyprus NN
Czech Republic V
Denmark \%
Estonia NN
Finland \%
France NN
Germany \%
Greece \
Hungary NN
Ireland NR
Italy \%
Latvia \%
Lithuania \%
Luxembourg NN
Malta NR
Netherlands V*
Poland \%
Portugal NN
Romania NN
Slovakia NN
Slovenia \%
Spain Vv
Sweden \Y
UK NN
Norway NN
Switzerland \Y

*Notifiable in dairy sheep and goats from 2008
NN Not notifiable
NR No response to the questionaire

National reference laboratories

The answers to a questionna{®idi-Boumedine et al., 2010) concerning fresence of a national
reference laboratory for @ver diagnosisn animals are presented in Table 3national reference
laboratory (NRL) for (fever detection is reported in &lit 4 of the 24 EU MS that participated in the
survey (Czech Republic, Estonia, Slovakia and Slovenia). Note that the lack of a NRL does not
necessarily reflect a lack of laboratory capacity for monitoring/surveillance.
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Table 3: National reference laboratories for Cburnetii diagnosis in animals in EU MS

Country NRL
Austria NR
Belgium V
Bulgaria V
Cyprus V
Czech Republic No NRL
Denmark \%
Estonia No NRL
Finland \%
France \%
Germany V
Greece \%
Hungary No NRL
Ireland NR
Italy V
Latvia No NRL
Lithuania \%
Luxembourg V
Malta NR
Netherlands V*
Poland \%
Portugal V
Romania \%
Slovakia No NRL
Slovenia No NRL
Spain V
Sweden \Y
UK \
Norway \
Switzerland \Y

*Central Veterinary Institute (CVI) is the NRL for all notifile animal diseases in the Netherlands, includifgver
NR No response to the questionaire

Monitoring/surveillance intensity

Qfever is included as a list B diseas@ther zoonoses and zoonotic agents that shall be monitored
according to the epidendioo g i ¢ a | s i t in Aninéx daf Directive 2003YEBC) he disease

is not specifically listed in Regulation 2160/2003/EC for zoonosis control options. In the EFSA/ECDC
Zoonoses Report, data @hburnetii infection and Fever have been availabgnce 2005In 2005,

data were available from on®/countries, however, this has progressively increased to include data in
2008 from 17 EU MS and 2 ndeU MS. However, disease reporting from EU MS is not harmonized,
and data completeness varies consiolgra

Limited monitoring/surveillance programmes are conducted in European countries. Table 4
summarises all monitoring activities forf€ver in domestic ruminants in European countries, based
on data from the EFSA/ECDC Zoonoses Reports (2006, 2007, 2008),hocconsultation with EU

MS in association with the current opinion (see Table 17), the published scientific literature (see Table
5) and additional information provided by thef&yer WG. It does not include data about clinical
investigation, whichs presented in Table 16. Testing fof&@er is generally conducted as part of the
differential diagnosis for abortion.
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Table 4. Monitoring/surveillance for C.burnetii infection/Q fever in domestic ruminants in
European countries

European Information Monitoring/surveillance in domestic ruminants’
countries source(s} 2005 2006 2007 2008 2009
Austria N/A®

Belgium R c
Bulgaria R, L ¢, s(R,L)]| ¢ (R, L) c, S, g, (R)
Cyprus L c S, g

Czech Republic R No?
Denmark R, L c (R) c(R, L)

Estonia R No?
Finland R c
France R, L g (L) g (L) g (L) g (R)
Germany R C, S, g

Greece R, L s, g (R) s, g (R) s, g (L)

Hungary R No?
Ireland R, L c, S,
Italy R C, S, g C, S, g C, S, g

Latvia N/A

Lithuania N/A

Luxembourg R g
Malta N/A

Netherlands R, L C, S, g S, g
Poland R c

Portugal R S

Romania N/A

Slovakia N/A

Slovenia R C, S, g C
Spain L S S C, S, g C, S, g c, S, g
Sweden R c c
United Kingdom R C S, g
Norway R C c, S, g
Switzerland R C, S, g C, S, g

a. R: as reported to EFSA (EFSA/ECDC Zoonoses Reports or in response to an ad hoc consultation with member states in
2010 in association with the current opinj, L: as reported in the scientific literature (source Table 5)

b. c: cattle, s: sheep, g: goats

c. N/A: no information available, either as reported to EFSA or in the scientific literature

d. No: nomonitoring/surveillance for Gever

K There are currently no EU rules concerning notification and monitoring/surveillancg
C. burnetiiinfection am/or Qfever in domestic ruminants. In many European countries.
there are also no national notification requirements.

e There is also variable laboratory capacity in European countries for diagh@sisurnetii
infection

e There is limited monitoring/suritance forC. burnetiiinfectionin domestic ruminantis
European countries, based on available data.

e Disease reporting frolBU MS is not harmonized, and the level of reporting is highly
variable. It is not currently possible, with any confidence, twipe accurate, comparative
information abouthe occurrence df. burnetiiinfection and (feverin domestic ruminant

K populations amongU MS. j
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2.1.3. Infection and disease information in domestic ruminants

Testing intensity

Based on feedback from @d hocEFSA consultation with EU MS in 2010, in association with the
current opinion (as detailed in sectitr?.]), testing forC. burnetii infection was conducted during

2009 in 16 (in cattle) 11 (in sheep) and 13 (in goats) of 23 European countries that replied to the
consultation. Detailed data about testing@burnetii infection within Europe by animal species, is
presented in Table 15 (Appendix C).

Clinical investigations

Based on feedback from @&ud hocEFSA consultation with EU MS in 2010, in association with the
current opinion (as detailed in sectibi2.1), Qfever testing in association with clinical investigations

was conducted during 2009 in 15 (in cattle), 9 (in sheep) and 9 (in goats) of 23 European countries that
replied to the consultation, as highlighted in Figures 1. Details of testducted in European
countries during 2009 as part of a clinical investigation féew@r in domestic ruminants, by species

and countries, is presented in Tab&(Appendix C).

Bpecion teated s ¢ Fivieal
nvestizatons in 2003

:

Figure 1: European countries where clinical invesgation activities for Q fever in domestic
ruminants were conducted in 2009.

Monitoring/surveillance activities

Based on feedback from ad hocEFSA consultation in 2010, in association with the current opinion

(as detailed in sectior.2.]), testing for C.burnetii infection as part of a monitoring and/or
surveillance activities was conducted during 2009 in 8 (in cattle), 4 (in sheep) and 6 (in goats) of 23
European countries that replied to the consultademighlighted in Figures 2. A detailed presentation

of available data, by species and country, are presented inTapMpendix C). Animaland herd

level seroprevalence fdC. burnetii infection in domestic ruminants in European and neighbouring
counties, by species and country, is also presented in Table 5. These data were initially presented in a
2005 publication by Arricau Bouvery and Rodolakis (2005), but have been updated following a review
of literature published since 2004. Seroprevalence atsrare based on antibody detection.
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Figure 2: European countries wheremonitoring and/or surveillance investigation activities for
Coxiella burnetiiinfection in domestic ruminants were conducted in 2009

Table 5: Prevalenceof C. burnetii (animal and herd level) in domestic ruminants in Europe and
neighbouring countries.

CATTLE
Country Year of No. tested % positive Test Reference
study Cattle Herds Cattle Herds
Albania 1999 552 8.5 ELISA Cekanetal., 2008
19951997 | 311 10.9 ELISA Cekani etal., 2008
Bulgaria 2002 3,006 8.2 CFT Martinov 2007a
2003 3,714 6.5 CFT Martinov 2007a
2004 120 20.8* IFA Panaiotov eal., 2009
2004 3,188 9.7 CFT Martinov 2007a
2005 3,026 8.1 CFT Martinov 2007a
2006 2,932 10.6 CFT Martinov 2007a
19892006 | 95,737 54 CFT Martinov 2007a
19771988 | 20,086 11.8 CFT Martinov 2007a
19501976 | 4,749 19.8 CFT Martinov 2007a
Cyprus NA 75 24.0 IFA Psaroulaki eal., 2006a
Denmark 2008 100 59.0 ELISA- Agger etal., 2010
milk
2007 742 57 ELISA- Bodker and
milk Christoffersen, 2008
Italy 1998 544%** 21 13 nd IFA In Arricau-Bouvery and
Rodolakis 2005
155%** 6 2 nd IFA In Arricau-Bouvery and
Rodolakis 2005
486 26 20 nd IFA In Arricau-Bouvery and
Rodolakis 2005
NA 650 44 9** ELISA Cabassi eal., 2006
NA 600 22.0 ELISA Cabassi eal., 2006
Germany 19982000 | 1,167 105 1.41to nd ELISA Sting etal., 2002
2**
1998 21,191 544 8 nd ELISA In Arricau-Bouvery 2005
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19961997 | 826 38 14.3* | nd ELISA Sting etal., 2000
0.6
19921993 | 500 NA 7.6 nd CFT Wittenbrink etal., 1994
665 39 9.6 76.9
383** 33 19.3 78.8
612 Bulls | 1 5.6 100
1991 1,095 21 11.8 81 ELISA Rehacek eal., 1993
19891990 | 3,500 155 13.3 57.4 ELISA Klemt and Krauss]991
Netherlands | 1987 1,160** 234 21 37 ELISA Muskens etl., 2007
Spain 20062007 | 79 35.4 IFA Ruiz-Fons etl., 2008
200820097? | 626 6.7 ELISA Ruiz-Fons efl., 2010
20082009? 42 42.9 ELISA Ruiz-Fons efl., 2010
Turkey 20062008 | 92 16.3 ELISA Ceylan etal., 2009
2005 230 9.6 ELISA Seyitoglu etal., 2005
1998 416 48 6 nd In Arricau-Bouvery and
Rodolakis 2005
UK (NI) 2009 5,182 6.2 ELISA McCaughey etl., 2010
2009 273 48.4 ELISA McCaughey eal., 2010
SHEEP
Country Year No. tested % Test Reference
Sheep Herds positive
Albania 1999 292 12.3 ELISA Cekani etal., 2008
19951997 | 350 8.9 ELISA Cekani etal., 2008
Bulgaria 2002 1,819 12.7 CFT Martinov 2007a
2003 1,811 8.3 CFT Martinov 2007a
2004 100 21.0* IFA Panaiotov eal., 2009
2004 1,258 14.1 CFT Martinov 2007a
2005 1,911 15.2 CFT Martinov 2007a
2006 1,925 8.4 CFT Martinov 2007a
19501976 | 17,088 16.7 CFT Martinov 2007a
19771988 | 16,593 18.8 CFT Martinov 2007a
19892006 | 99,189 4.8 CFT Martinov 2007a
NA 2006?? | 153 56.9** CFT Martinov. 2007b
Croatia 2004 182 11.0* CFT Medic etal., 2005
Cyprus NA 481 18.9 IFA Psaroulaki eal., 2006
Germany NA 95 2.7 Runge and Ganter, 2008
1998 1,346 1.3 ELISA In Arricau-Bouvey and
Rodolakis 2005
1999 100 1 57 ELISA In Arricau-Bouvery and
Rodolakis 2005
3,460 8.7 ELISA Sting etal., 2002
Greece NA 554 10.5 IFA Pape etl., 2009a
Italy 19992002 | 7,194 675 9/38 ELISA In Arricau-Bouvery and
Rodolakis 2005
Netherlands | 1987 3,603 3.5 ELISA In Muskens eal., 2007
2008 12,363 2.4 ELISA Van den Brom and P.
Vellema, 2009
Spain 19992003 148 8.8** PCR Oporto etal., 2006
19992003 148 2.7%* CFT Oporto etal., 2006
19992003 | 38 42.1** CFT Oporto etal., 26
2005 34 67.6** ELISA GarciaPerez etl., 2009
2005 1,011 8.9 ELISA GarciaPerez etl., 2009
2005 154 22.1 ELISA GarciaPerez etl., 2009
20072008 | 1,379 11.7 ELISA Ruiz-Fons etl., 2010
46 34 ELISA Ruiz-Fons efl., 2010
Turkey NA 465 21.1** ELISA Karaca etl., 2009
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20012004 | 743 42 20 83 ELISA Kennerman eal., 2010
1998 411 10.5 IFA In Arricau-Bouvery and
Rodolakis 2005
UK (NI) NA 2009? | 1,022 12.3 ELISA McCaughey eal., 2010
NA 20097? 58 62.1 ELISA McCaugheyetal., 2010
GOATS
Country Year No. tested % Test® Reference
Goats Herds positive
Albania 1999 260 4.2 ELISA Cekani etal., 2008
19951997 | 443 8.8 ELISA Cekani etal., 2008
Bulgaria 2002 677 11.8 CFT Martinov, 2007a
2003 1,044 7.4 CFT Martinov, 2007a
2004 50 40.0* IFA Panaiotov eal., 2009
2004 1,016 21.7 CFT Martinov, 2007a
2005 832 11.1 CFT Martinov, 2007a
2006 359 19.2 CFT Martinov, 2007a
19501976 | 1,417 20.5 CFT Martinov, 2007a
19771988 | 1,791 10.8 CFT Martinov, 2007a
19892006 | 54,175 7.6 CFT Martinov, 2007a
Cyprus NA 417 48.2 IFA Psaroulaki eal.2006a
France 2006 359 36.0 ELISA DubucForfait etal., 2009
2006 42 88.1 ELISA DubucForfait etal., 2009
2006 75 65.3** ELISA Chaillon etal., 2008
2008 1,057 32.0 ELISA DubucForfait etal., 2009
2008 42 88.1 ELISA DubucForfait etal., 2009
Germany | 1998 278 25 ELISA In Arricau-Bouvery and
Rodolakis 2005
Greece NA 61 6.6 IFA Pape etl., 2009a
Italy 19992002 | 2,155 104 13 47 ELISA In Arricau-Bouvery and
Rodolakis 2005
Netherlan | 1987 498 1 goat ELISA Muskens etl., 2007
ds
2008 3,409 7.8 ELISA Van den Brom and P.
Vellema, 2009
Poland NA, ML 98 79.6** MAT PlattSamoraj etl., 2005
after 1997
Spain 20072008 | 115 8.7 ELISA Ruiz-Fons etal., 2010
20072008 11 45.5 ELISA RuizFons etl., 2010
Turkey 20062008 | 92 5.4 ELISA Ceylan etal., 2009
UK (NI) NA, ML 54 9.3 ELISA McCaughey etl., 2010
200820097
NA, ML 7 42.9 ELISA McCaughg etal., 2010
200820097

(a) Indirect Immunofluorescence assay (IFA), Enzyme Linked Immunosorbent assay (ELISA), Complement fixation test
(CFT), Microagglutination test (MAT)

* Investigation in relation to a human outbreak

** [nvestigation in relation to clinicalysmptoms in the population (animals)

*** The study was conducted to compare animals kept indoors (544) and outdoors (155)

NA - not available; ML most likely
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/. There were differences between European countries in testing intensity, and in the re}
level of clinical hvestigations and monitoring/surveillance activities,Goburnetiiinfection
and Qfever

¢ C.burnetiiinfectionis prevalent irdomesticuminants (cattle, sheep, and goats) in a wide
range of European and neighbouring countries, based on the resditslogical testing
over the last several decades. These results are indicainfeatfon, but not necessarily

& disease. j

2.1.4. Interpretation/evaluation of the surveillance data

Information of theincidence and prevalence @.burnetii infection andQ fever in the animal
population in EU is based either on passively collected data (the animal owner or veterinarian reports a
case or outbreak to the authorities) or on a combination of data colfEgedely and actively (that
is, samples are collected according to a planned framework). The latter is, without doubt, the best way
to get a sound picture of the disease situation in animals, provided:
e There is a clear case definition,
e There is a commitent among farmers and veterinarians to report suspect (and confirmed)
cases, and
e a well designed active monitoring protocol is implemented, including formal random sampling
protocols (sample size based on predefined accuracy and precision, taking intot acco
clustering of infection in herds and possibly regions) and information on the diagnostic
performance (sensitivity and specificity) of the test(s) being used.
Interpretation of the annual EFSA/JECDC Zoonoses Reports (2006, 2007 and 2008) is currently
problematic. It is difficult to make comparisons between species, countries and years as there are
considerable differences in testing protocol and data availability. Factors such as the reason for testing
(e.g. an abortion/outbreak investigation, milk colstrprogramme, prevalence survey), number of
animals tested, type of tissue sampled (in particular bulk milk or individual animal samples) and
laboratory technique (some animals testing positive for ELISA then test negative for PCR) can each
have a signifiant effect on the number of animals testing positive. Herd prevalence is higher than
animal prevalence, highlighting concerns about data collection, including the completeness of herd
level data. In many EU MS, notification is not mandatory. In those EUW&re notification is
mandatory, the differences in the relative number ¢év@r tests that have been performed (number
of tests relative to the ruminant population) suggest that compliance to notification is quite variable.
This is to be expected, nog that the clinical signs of f@ver in animals are not very specific, the
causative agent seems to be present in most EU MS, and diagnosis does not result in specific
intervention measures in most EU MS. In addition, there is quite a broad variatestsité¢ing used
for the diagnosis, while at the same time there is a lack of sound information on the diagnostic
sensitivity and specificity of these tests. For the active monitoring and surveillance programmes,
comparison between EU MS is hampered by nworkess the same problems. It is not performed in
most EU MS, the sampling design is not consistent among EU MS where it has been implemented and
sound information on diagnostic sensitivity and specificity is lacking (section 2.1.1.). In conclusion, it
is not possible to make a sound comparison of outbreak data or of measurésvef Qccurrence
such as incidence or prevalence.
From the available information and the above, we can conclud€tbatnetii is present in most, if
not all, EU MS. Howeverbecause of the lack of harmonization of the monitoring programme and
tests being used in the various EU MS, a comparison of the occurre@éduwhetii infection in
animal populations between different EU MS is subject to considerable bias and thesstmiated
with considerable uncertainty. Within EU MS, however, the monitoring is likely more comparable
over the years (although the variation in tested samples also varies within EU MS, this variation is less
than the variation between EU MS), with aspible exception of 2009 when the Dutch problem may
have boosted @ver interest in other EU MS as well. Based on the information in the Annex, there
are no indications for an obvious upward trend ife@r incidence/prevalence within EU MS
although soméncrease in seroprevalence has been observed in some EU MS.
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Questions could be raised about the potential value of a shift towards mand&tesr Qotification

in animal populations in EU MS. However, such a change could be counterproductive in tiee abse

of clear advantages, such as compensation for affected farmers. If genuinely comparable data from
different EU MS were needed, a range of issues (including case definitions, diagnostic methods and
sampling plans) need to be harmonised and standardmsedldition, laboratories need to operate
under agreeduality management systems.

K Based on available datg, burnetiiis present in most, if not all, MS. N

e Interpretation of the annual EFSA/ECDC Zoonoses Repoctgiiently problematic,
specifically because data collection between MS is not harmonised. Consequently, it
possible to conduct an unbiased comparison f&v@r prevalence/incidence in animals
between MS.

e Based on available dathere does not appeto bean upward trend in @ver
prevalence/incidence iU MS. Howevercomparison over time and between countries
regions) is associated with considerable uncertainty.

¢ If an unbiased comparison off€ver occurrence in animals betwdeld MS and oer time
is needed, then monitoring/surveillangeuld need to beonducted in a harmonised

K manner. /

2.2. Magnitude and distribution of Q fever in humans

2.2.1. Qfever diagnosis in humans

Qfever clinical symptoms in humans are usually -spacific and dkn relatively mild; hence,
classical differential diagnosis must be supported by laboratory tests for accurate diagnosis of clinical
disease.

Serological testing

The classical method for fgver diagnosis is serological analysis to detect the preseracdilobdies

to C. burnetii antigens. Typically, this relies on ELISA, Complement Fixation or Immunofluroescense
Assay platforms using commercially available othuse testing kits (Scola, 2002; Fourniealet

1998; Schimmer adl., 2009). Serology hamnaadvantage because it can theoretically differentiate
between acute and chronic infection @fburnetii. This is because there are two antigenic phases
called phase | and phase Il that vary depending on the clinical progression of infection. Eaclaphase h
a different antigen profile; in acute f@ver, the immune response is primarily driven by IgM and 1gG
antibodies directed against the avirulent formCoburnetii (Phase 11). In the chronic form, IgG and

IgA antibodies predominate and are directed rsgiadoth the virulent and avirulent forms of bacteria
(Phase I). Acute infection is therefore characterised by elevated phase Il antibody levels, and generally
is first detectable after the second week of illness. In chromé&v€), typically the oppositis true: i.e.

phase | antigens significantly predominate over Phase Il (Maurin and Raoult, 1999). This is because
antibodies to phase | antigens@fburnetii generally require longer to appear and indicate continued
exposure to the bacteria. Thus, highels of antibody to phase | in later specimens, in combination
with constant or falling levels of phase Il antibodies and other signs of inflammatory disease, suggest
chronic Qfever. Antibodies to phase | and Il antigens have been known to persistritisor years

after initial infection (CDC, Fact shed® fever).

Broadly the same diagnostic methods are also used for seroprevalence studies to estimate the extent to
which a given population has been infected®ypurnetii following possible exposuréHowever this
type of study is not designed to determine the incidence of clinical disease; it is only through the

4 CDC fact sheet; @ever:www.cdc.gov.ncidoftivrd/gfever/index.htnfaccessed 15/3/10)
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combination of clinical symptoms and confirmatory laboratory diagnostics that clinical disease can be
determined.

Direct identification of he agent

In addition to serology, DNA detection methods are becoming increasingly common and widely used.
They have the obviously advantage that they are able to detect the presence of the etiological agent
before the occurrence of seroconversion everds ith prerequisite for diagnosis using serological
methods. For example, ReBime PCR tests have recently been developed in the Netherlands.
Typically they are able to detect the presenceCoburnetii within 10 days of symptom onset.
(Schneeberger ef., 2009).

2.2.2. Q fever monitoring and surveillance in humans

Within the EU legal framework on communicable disease surveillance and notificatieverQs one

of the 47 communicable diseases for which surveillance is mandatory in the EU and three EEA/EFTA
countries (Commission Decision 2000/96/(CThis legal framework requires EU MS to report
surveillance data to ECDC. This underlying legislative requirement is supported by harmonised case
definition of human Q@ever under EU legislation (CD 2008/426/&CTable 6):

Table 6: EU harmonised Qfever case definition (adapted from C2008/426/EQ

Q Fever (Coxiella burnetii)

Clinical criteria

Any person with at least one of the following thegenptoms

d Fever

0 Pneumonia

& Hepatitis

Laboratory crit eria

At least one of the following three:

d Isolation ofCoxiella burnetiifrom a clinical specimen

0 Detection ofCoxiella burnetiinucleic acid in a clinical specimen
0 Coxiella burnetiispecific antibody response (IgG or IgM phase II)
Epidemiological criteria

At least one of the following two epidemiological links:

d Exposure to a common source

0 Animal to human transmission

Case classification

A. Possible case

e NA

B. Probable case

e Any person meeting the clinical criteria and with an epidemiological link
C. Confirmed case

e Any person meeting the clinical and the laboratory criteria

® Commission Decisio2000/96/EC of 22 December 1999 on the communicable diseases to be progressively covered by the
Community network under Decision No 2119/98/EC of the European Parliament and of the Council

& Commission Decisio2008/426/EQaying down case definitions for reporting communicable diseases to the Community
network under Decision No 2119/98/EC of the European Parliament and of the Council
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However, the range and type of surveillance systems fdev€) throughout the EU varies

significantly and althougleach system may be adapted to local circumstances in order to maximise
detection of cases (Table 7), there is likely to be significant variability in the case ascertainment

between and within EU MS; it is certainly recognised that case notification ratde@endent on the

level of local medical and scientific interest irféyer (Raoult, 1996).

Table 7: Qfever - EU surveillance systems overview in humans (from ECDC Annual
Epidemiological Report 2009)

Data reported by

9 29 2590|2959 |32 /8389 |5 |2 | |2 8%
5 g5 S3|7% 2|85 |3z23(8 |2 |€ |2 |2¢
3 59 SE| ¢ 3 |s2|T8% |2 |2 |8 |9 |83
= 2 =) S |l a3z =2 | O o Y S =
o5 So = 3| 2= 3| = 2 ® ®
© 8 52| 3 2|2 | %8
Belgium Reference \Y, Co P c Y N N N Y
Laboratories
Bulgaria National Surveillance | Cp Co P A Y Y Y Y Y
System
Cyprus System for Mandatory| Cp Co P C N Y N N Y
Notified Diseases
Czech EPIDAT Cp Co A C - Y Y N Y
Republic
Estonia Obligatory, Cp Co P C Y Y Y Y Y
countrywide, based or
a double system of
reporting Hemorrhagid
fevers
Finland National Infectious Cp Co P C Y N N N Y
Disease Register
(NIDR)
France National reference \Y, Co P C Y N N N Y
Centres
Germany SurvNet@RKI IfSG Cp Co P C Y Y Y Y Y
7.1
Greece Notifiable Diseases Cp Co P C Y Y Y N Y
System
Hungary Notification System Cp Co P C N Y Y N Y
for Infectious Diseasey
Ireland CIDR Cp Co P C Y Y Y N Y
Italy National Reporting Cp Se P - N Y Y - Y
System
Latvia Visums Cp Co P C N Y Y N Y
Lithuania National Cp Co P C Y Y N N Y
Communicable
diseases surveillance
System
Luxembourg | System 1 mandatory | Cp Co P C N Y N N Y
notification system
Malta Infectious Disease Cp Co P C Y Y Y Y Y
Prevention and
Control Unit
Netherlands | Osiris Cp Co P C Y Y N Y Y
Norway MSIS (group A Cp Co P Cc Y Y Y N Y
diseases)
Poland National Surveillance | Cp Co P C Y Y N N Y
System of Infectious
Diseases
Portugal Q- fever Surveillance | Cp Co P C N Y N N Y
System
Romania Romanian National Cp Co P A N N Y N Y
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Surveillance System

Slovakia EPIS- Cp Co A C Y Y Y Y Y
Epidemiological
Information Systm

Slovenia SURVIVAL Cp Co P C Y Y N N N

Spain Microbiological \Y, Se P C Y N N N N
Information System

Sweden SmiNet Cp Co P C Y Y Y N Y

United Q fever Surveillance | V Co P C Y N Y Y Y

Kingdom System

2.2.3. Infection and disease informationin humans

Clinical disease

Harmonised data on f@ver notifications throughout the EU are collected under the European
Surveillance System. This is a single repository under which EU MS upload data collected at national
level on diseases for which surVaiice is mandatory in the EU. The most recent information is
presented in two separate outputs: 2007 data is presented in the 2009 Annual Epidemiology report
from ECDC (Annual epidemiologic report on Commuinicable diseases in Europe 2009), and data form
2008 is presented in theommunity Summary Report on Trends and Sources of Zoonoses, Zoonotic
Agents and Foothorne outbreaks in the European Union (EFSA, 2008).

In 2007, the broad epidemiological situation from reported data was that 22 EU and EEA/EFTA
courtries reported a total of 669 cases ofe@er in 2007 (8 countries reported zero cases), 637 of
which were confirmed. Outbreaks of human infection were reported in two countries (Netherlands
(168 cases) and Slovenia (93 cases) and both these EU MS dbtatiiecation rates above one per
100,000. The majority of other cases were reporting in Bulgaria (36), Germany (83), Spain (159) and
the UK (62).In 2008, 24 EU/EFTA countries reported 1,59%e@er cases (1,594 confirmed),
representing an increase ofepvl70% from the previous year. The increase was mainly attributed to
the increase in the Netherlands and in Germany, while 13 EU/EFTA countries reported zero cases
(Table 8). In 2008, the increasingly widespread epidemic in the Netherlands resulted in06@Ge

human cases being notified.

Table 8: Reported confirmed Qfever cases in humans reported to the ECDC, 202008

2008* 2007°

Report Total Confirmed Cases/ Total Confirmed Cases/
Country Typel cases Cases 100,000 cases Cases 100,000
Austria i i i i - i i
Belgium A 0 0 0 14 0 0
Bulgaria A 17 17 0.2 36 33 0.43
Cyprus C 0 0 0 8 8 0
Czech I T | T - i i
Republic
Denmark i [ | i - I i
Estonia C 0 0 0 0 0 0
Finland C 2 2 <0.1 2 2 <0.1
France i I I i - i i
Germany C 370 370 0.5 83 83 0.1
Greece C 3 3 <0.1 0 0 0
Hungary C 0 0 0 7 7 <0.1
Ireland C 13 10 0.2 4 4 <0.1
Italy i T | T - T T
Latvia C 0 0 0 0 0 0
Lithuania A 0 0 0 0 0 0
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Luxembourg | 1° i i i - [ i
Malta C 0 0 i 0 0 0
Netherlands C 1,013 1,011 6.2 168 168 1.03
Poland C 0 0 0 0 0 0
Portugal C 12 12 0.1 10 8 <0.1
Romania A 3 3 <0.1 6 6 <0.1
Slovakia C 0 0 0 1 1 <0.1
Slovenia C 0 0 0 93 93 4.6
Spain C 119 119 0.3 159 159 -
Sweden C 7 7 0.1 3 3 <0.1
United A 40 40 <0.1 62 62 0.1
Kingdom
EU Total 1,599 1,594 0.5 669 637 0.169
Iceland C 0 0 0 - - -
Liechtenstein | C 0 0 0 - - -
Norway C 0 0 0 0 0 0
Total 1,599 | 1,594 i 669 637 0.169

1. A: aggregated data report; C: céssed report;-: no report;

2. No surveillance sysin exists

3. Data from ECDC 2009 Annual epidemiological report

4. Data from Community Summary Report on Trends and Sources of Zoonoses, Zoonotic Agents-both®odtbreaks
in the European Union in 2008

(a) overall rate excludes data from Spain

Descrigive epidemiology on the age, gender and seasonal distributiorferefnotifications in 2007
is presented in the ECDC Annual epidemiological Report for 2009, and is reproduced below:

e Age and gender distribution: The highest rates were seen in thecags gf 1524 yearolds
and 4564 yearolds, with notification rates of 0.24 and 0.23 per 100 000 population,
respectively. Only seven of the 501 cases for which such information was available were
reported among children under the age of 15. The ovex@l was higher in men than in
women (0.23 and 0.13 per 100 000, respectively), with a-todlmale ratio of 1.78:1.

e SeasonalityThe information on seasonality was available for the 585 confirmed cases during
2007. The months with the highest numberegfarted cases were July and August (84 and 69
cases, respectively). In 2006 the majority of cases occurred during June and July which was
linked to spring lambing season in many European countries. The distribution by date of
notification of cases is notewy useful as day of onset of illness can be earlier than day of
notification for such an insidious disease.

Seroprevalence

The date collected under EU surveillance capture notified clinical casefegérbut there is no EU
harmonised surveillance sgst to assess the levels of exposure or infectid®. turnetii. However,

many serological studies have been performed to determine the extent to which defined population
groups may have been infected w@&hburnetii (see Table 9). Generally this work Hasen done to

assess levels of seroconversion in the general population and risk groups associated with known
outbreaks, or comparative studies to assess seroconversion in occupational groups. The design, focus
and scale of these studies vary significatigiuding different diagnostic tests cut off values and,
population groups. This makes direct comparison impossible. However, it can broadly summarised
that, like the clinical case data, there is significant variation in the levels of seroconversighditou

the EU, but that at the general population level, there are typically a small percentage of individuals
(often between A0%) that have evidence of having been infected Withburnetii. This figure
inevitably rises in areas with ongoing commusbigsed outbreaks of human f€ver, or where
outbreaks are commonly reported and there is some endemidtybofnetii. Comparatively high
seroprevalence are also commonly seen in occupational and other groups that have extended exposure
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to animal hosts fo€. burnetii (farmers, veterinarians, slaughterhouse workers, laboratory workers etc)

(Table 10).

Table 9: Prevalence forC burnetii in human populations in Europe and neighbouring countries

Country Year of study Number | % positive | Test Reference
of tested
Cyprus NA 141** 57.4 IFA Psaroulaki etl., 2006a
Cyprus NA 131** 44.3 IFA Psaroulaki etl., 2006a
Cyprus NA 121** 43.0 IFA Psaroulaki etl., 2006a
Cyprus NA 63** 524 IFA Psaroulaki etl., 2006a
Cyprus NA 127** 64.6 IFA Psaroulaki etal., 2006a
France 19821990 22,496** | 23 In Maurin et Raoult, 1999
Netherlands | 1982 222%* 83.8 In Van den Brom and Vellema, 2009
Netherlands | 1983 359* 24 In Van den Brom and Vellema, 2009
UK (NI) 19861987 2 394 12.8 ELISA | McCaughey eal 2008
Greece 1987 231** 13.8t038.1 | IFA In Psaroulakis edl., 2006a
Italy NA (1987?) NA 6.1 IFA In Psaroulakis edl., 2006a
Greece 1987 238** 42.0 IFA In Psaroulakis edl., 2006a
France 1988 924** 4.03 IFA In Psaroulakis edl., 2006a
Spain 1989 NA 12.7 IFA In Psaroulakis edl., 2006a
Spain 1990 NA 50.2 IFA In Psaroulakis edl., 2006a
Spain 1993 400 384 IFA In Psaroulakis edl., 2006a
Bulgaria 19932000 1,4353** | 15 CFT+ Martinov 2007a
MIFT
Spain 1994 NA 40.6 IFA In Psaroulakis edl., 2006a
France 1995 790* 1 IFA In Arricau-Bouvery and Rodolakis
2005
France 19951996 785 5 IFA In Arricau-Bouvery and Rodolakis
2005
Spain 19961997 1,654 5 IFA In Arricau-Bouvery and Rodolakis
2005
France 1996 620* 3 IFA In Arricau-Bouvery and Rodolakis
2006
France 1996 12,716 0.2 IFA In Arricau-Bouvery and Rodolakis
2005
France 1996 208** 71 IFA In Psaroulakis edl., 2006a
Turkey 1998 102 8 IFA In Arricau-Bouvery and Rodolakis
2005
Spain 1998 595 48.1 IFA In Psaroulakis edl., 2006a
Spain 1999 1654 51 IFA In Psaroulakis edl., 2006a
Bulgaria 20012004 5207 | 18 CFT+ | Martinov, 2007a
MIFT
France 2002 376*** 2.9 IFA TissotDupont etal., 2007
France 2002 Q1 *** 5.5 IFA TissotDupont etal., 2007
France 2002 578*** 14.7 IFA TissotDupont etal., 2007
Bosnia 2002 76%** 34.2 IFA Sukrija etal., 2006
Herzegovina
Poland 2003 90 18 IFA In Arricau-Bouvery and Rodolakis
2005
Canary 2003 662 21.5 IFA In Psaroulakis edl., 2006a
Island
Bulgaria 2004 104*** 7.7 IFA Panaiotov eal., 2009
Croatia 2004 56*** 14 CF Medic etal., 2005
Turkey 20047? 92 19.6 ELISA | Seyitoglu etal., 2005
Turkey 2004 339 1.8t013.2 | IFA In Psaroulakis edl., 2006a
Greece 2007 1007 7.5 IFA + Pape eal., 2009b
ELISA
Greece 2007 850** 6.7 IFA + Pape eal., 2009c
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ELISA
Netherlands 20062007 5,654 1.5 ELISA | Duynhoven eal. 2010
*Blood donors

** Risk group

***humans in the outbreak area

2.2.4. Interpretation/evaluation of the surveillance data

Overall, it can broadly be concluded from the EU surveillance data that hurfemer(persists as a
relatively infrequent clinical disease, but one that occurs throughout the EU/EFTA. Typically human
cases are reported either as single sporadic cases or discrete cluster of cases from a specific source
with no obvious association to arcieased general disease risk (Wilsoalgt2009, Orr eal., 2006),

or as part of clusters of infections associated with a known comrrhasgd outbreak. The
underlying basic EU/EFTA case numbers have some variance, but the annual notification eates hav
the same order of magnitude over time; typically between2B00 cases per annum, of which a
significant proportion are associated with outbreaks related with animals. The number of outbreaks in
the EU/EFTA also varies each year, but generally is velgtiinfrequent: typically between-3
outbreak clusters of human infections are reported annually in the EU/EFTA. These are commonly
isolated to a discreet geographical area within a EU MS, although there may be separate clusters and
multiple sources witin each outbreak. Typically a relatively small number of infected individuals are
identified in each outbreak (between-3@0), and at least in the last 10 years, they do not usually
persist over consecutive years (Table 11).

Although the underlying epiddology remains broadly consistent in the EU, it is likely that most
human cases of @ver are not diagnosed and therefore not reported. This is because prior infection in
animal hosts is often undetected or not notified, which means that public healhitas may not
receive early warning of the presence of the known zoonotic agent in animal populations. In addition,
most infected humans are either asymptomatic, or present witbpeaific respiratory symptoms and

mild selflimited infection. Hence # number of cases both at national and EU level are likely to be
significantly underestimated, and therefore it is difficult to assess the real numibumhetii
infections in the EU (ECDC, 2009).

Although it is clear that surveillance systems arekehyito pick up all the clinical cases offéver,
increasing levels of general respiratory illness, particularly atypical pneumonia have alerted medical
practitioners to emergent outbreaks in several EU MS (see Table 11). However given the variance in
routine and active surveillance in the EU, it remains uncertain if all such outbreaks within the EU are
identified. It certainly can not be discounted that clusters of human cases that may represent a potential
outbreak event may be missed given the relativeild unspecific symptomology of most acute
human cases of @ver, together with the mild and naliscriminatory clinical manifestation of
infection in animals and the fact that the infection in animals isnmtifiable in many EU countries.
Indeed, itis likely that humans act as sentinels for infection; human disease may be the first indication
that C. burnetii is present in a locality. Even in this case, many factors must align before infection is
recognised; alert medical practitioners testing onlasis of clinical symptoms; accurate sample
collection and submission; diagnostic laboratory capacity and capability and result feedback. A recent
study in the Netherlands retrospectively examining hospitalisations for lower respiratory tract
infections las suggested that some locafeQer clusters may have passed unnoticed; six clusters of
excess hospitalisations in adults in areas wifiev@r in small ruminants were detected between 2005
and 2007, next to the first recognised human outbreak in 20@h{®er etal., 2007) However, there

is no suggestion that proactive syndromic surveillance would have identified these cases at the time.

The Qfever epidemic in the Netherlands that was first reported in 2007 has shown some divergence
from the general egemiology of Qfever seen in the EU as a whole. In this case, the infection appears

to be persisting over consecutive years, and disease is becoming both more prevalent and more
widespread in humans following initial notification of an outbreak clustahofibh the outbreaks

were initially confined to a small region within the province of NeBrebant in the Netherlands in
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2007, the foci of animal infection and associated human disease has expanded to include other
neighbouring provinces over subsequesdrg.

2.3.

Human Qfever cases must be notified under EU law. Typically, between16®
cases are notified annually throughout the EU, of which the majority is associate:
specific Q fever outbreaksn animals Most MS commonly report cases indicating t
widespreadiistribution of theC. burnetiithroughout the EU.

Human cases are likely to be underreportedev@r symptoms are commonly mild ar
nonspecific and hence the infectiols not commonly considered in differenti
diagnosis unless in the locality of known outbreaks.

Humans may act as sentinels for burnetiiinfection; human disease may be the fir
indication thaiC. burnetiiis present in a locality.

The challenges ofase ascertainment, and the associated underreporting of cl
infection in the EUmears that it isdifficult to draw conclusions on the underlying trel

in C.burnetiiinfections in the EU. However, the epidemiological pattern commonly

in EU outbreks are localised events of limited duration with numbers of clincial ¢
in the order to magtude of -HDO.

The Qfever epidemic in the Netherlands that was first reported in 2007 has shown
divergence from the outbreak epidemiology ofe@er seenn the EU; the infection
appears to be persisting over consecutive years, and has become more preva
more widespread in humans following initial notification of a outbreak cluster. /

Significance and impact of fever

2.3.1. Significance and impact on public health

Clinical manifestation and treatment

C. burnetii in humans demonstrates a wide variability in clinical presentation, but broadly can be
classifed into acute and chronic infection. Acute and chronic infection can be distinguished on the
basis of clinical expression, temporal course and serological profiles.

Acute Qfever

It is commonly reported that approximately 60% of infections are asymptomati
seroconversions (ArricaBouvery and Rodolakis, 2005). Patients with clinical disease present

a range of nospecific symptoms, the most common of which ardille symptoms that is
typically characterised by high fever, headache and cough, atypiaainpn& or hepatitis.

Other rare clinical manifestations have also been described inducing skin rash, nausea
myocarditis, pericarditis, meningoencephalitis, pancreatitis and abortion.

Most symptomatic cases suffer a relatively mild $ieliting infection, but some may need
medical attention (20%), and approximatels% requires hospital treatment that in some
cases requires ventilation support and intensive care.

Patients presenting with acute illness can be effectively treated (Delsihg28109).

Chronic Qfever

The prevalence of chronic f@ver is uncertain, and there are relatively wide ranging estimates
in the literature; TisseDupont etal. report that 0.5 % of patients having had the acute disease
become chronic. Other authors report that apipnately 1 % of acutely ill patients become
chronic, while others have proposed up to 5% (TiBagiont etal., 2007; ArricatBouvery

and Rodolakis, 2005).

The clinical manifestation of chronic f@ver can be broad, but the most common symptoms
relate toheart and circulatory impairment, of which endocarditits is the most common and
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reported in about 6@0% of all chronic cases. Other conditions associated with chronic
Q fever include osteoarticular infections, and chronic pulmonary infections.

e In additionto circulatory effects, chronic hepatitis is another common feature as is chronic
fatigue syndrome (Wildman 2002) and fever of unknown origin. Rare manifestations are
osteomyelitis, pericarditis, meningitis, GuillaBarré syndrome, vertebral infectiorlsagdais
etal., 2007) skin rsh and chronic itch (Rustsche?005).

e Available antibiotic treatment is effective and well tolerated (Tissot Dupait, &007).

Pregnant women and other risk groups
e There are some population groups that have some erhaskeof developing more severe
clinical outcomes in comparison to the general population.

o0 There is some evidence thatf&¥er has increased significance in pregnancy. Acute
infection during pregnancy, whether symptomatic or asymptomatic, may result in
abortion and adverse pregnancy outcomes such as premature birth and low birth rate,
the risk being greater in the first trimester. Furthermore, the risks of developing
chronic Qfever may be increased in pregnant women and if chronic infection is
establishd, C. burnetii may undergo reactivation during pregnancy (even years after
primary infection) which in turn has been associated with higher rates of abortion,
prematurity, and low birth weighB{ein and Raoult, 1998

0 Because the clinical manifestationadfronic Qfever commonly impacts on heart and
circulation, individuals with prexisting heart conditions, and particularly those with
heart valve defects, heart valve prosthesis or an arterial grafts have some enhanced
risk of developing chronic disease.

o Disease is more likely to develop in immunocompromised individuals and in patients
with renal failure.

Overview of human outbreaks and associated public health impact

Although annual notification rates of clinical disease remains relatively low indhedfological data
indicate that infection is more common than disease notification data indicates. Seroprevalence data
varies significantly in EU (Table 9). Crude extrapolations from basic serological data, could quickly
generate figures that suggesttthaveral million EU citizens may have been infected Withurnetii

during their lifetime. However, there are many differences in sampling and diagnostic methodology
that prevent generalised assessment of this data, and the clinical significance oé gesilogy
remains uncertain in general populations. Hence, the underlying public health impact from such
infection is also impossible to assess. Overall, it seems likely that even taking well acknowledged
underreporting of @ever into account, the assption of Qfever as a disease with relative minimal
general impact in the EU is justifiable.

Notwithstanding the generally low public health impact die@er, there are circumstances in which
the risk to public health and the public health impact is Bagmitly elevated. Broadly, this is either
because of:
¢ direct exposure t&.burnetiiinfection from close contact to susceptible animals that may be
infected; typically occupational or similar exposure (direct contact); or
¢ general communityvide exposure were levels ofC.burnetii is elevated in the wider
environment because of significant bacterial shedding from infected animals (indirect
contact).

Direct contact

In most parts of the world, €@ver is primarily seen as an occupational disease. Certainly
seroprevalence studies in occupational groups consistently show higher levels of seroconversion,
indicating that such groups are more likely to have been infectedGatibrnetii (Table 9 and 10).

Case control studies have also indicated an associatareén (fever and occupational exposure to
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animals or animal products (Orr @t, 2006). However there is generally limited evidence in the
literature to indicate that such groups have higher incidence of clinical disease in either acute or
chronic formsthan general populations. Hence the clinical significance of the serology studies is
difficult to interpret, but it has been presumed that many cases in occupational groups are not
identified at the time of illness (Orr at, 2006). This may be a casscartainment artefact because
sporadic Cfever caused by direct exposure is less likely to be diagnosed than in an outbreak setting, or
occupationally at risk groups may be more resistant to clinical disease following infection. Additional
consideration ofoutes of exposure via direct contact can be found in Chapter 3.2.2.

Table 10: Seroprevalence of Ghurnetii in occupational groups and the general populations

Farmers Veterinarians General population References
Netherlands | 68% ©4) 84% (221) 2,4% (5654) Richardus eal., 1987
RIVM 2009
Poland 17,8% (90) Cisak etal., 2003
France 37% (168 25%(12) 7,8% (22496) Thibon etal., 1996,
Tissot Dupont eél., 1992
Italy 73,4% (128) | 100%(12) 13,6%(280) Monno etal., 2009
Spain 11%(472) 48,6%(595) Bartolome etl., 2007
23,1%(863) Pascual eal., 1998
Sweden 28% (147) | 13% Macellaro etl., 1993
Denmark 3%(163) 36% (87) Bosnjak etl., 2009

Indirect contact

The dispersal ofC.burnetii and the associated indirect exposuretite pathogen in community
settings has greater public health significance because it can lead to multiple infections and clusters of
cases. An overview of human outbreaf Qfever in EU MS and neighbouring counties, based on
literature published since999, is presented in Table 10. In the largest outbreaks, in Bulgaria (in
Panagyurische 1993) and the Netherlands (2008), at least 1,0@0 lcases were recorded. Another
outbreak in Bulgaria (2004) resulted in 220 hospitalisations alone (Kamenov andvaiha0D04).
Although no information is published on the level offé@@er associated symptoms in the general
population, one can quickly extrapolate for the hospitalisation data that several hundreds of people are
likely to have suffered some immediate paliealth impact due to acute infection. Of those, some
will have developed chronic infection with associated negative long term health impact. In the
Netherlandsat least 20% of approximaye3,500 cases reported betw2607-2009werehospitalized,

and 7 fatalities have been associated with acute infection. Furthermore, clinical -ighow
demonstrates that even acutde@er is not always a mild disease with short duration. Patients
diagnosed with acute infection may suffer from persisting fatigue farakemonths after disease
onset (Schimmer etl., 2007). In addition, some patients, particularly those with known risk factors,
will develop chronic infection and associated clinical symtomology such as endocarditis. Previous
studies suggest that betwekb% of those that contract acute infection will go on to develop chronic
Qfever. Crude extrapolation from theféer notification rates in the Netherlands would suggest that
of the 3,500 acute clinical cases reported since 2007, betwe&i@d=6ould deelop chronic infection.

The impact on such individuals is particularly significant, and will lead to premature death and lower
quality of life in many cases, even if treatment is administered.

An update of the literature review for human outbreaks irojgan countries made Arrican-
Bouvery and Rodolakis (2005) was done for this opinion; the results are preseriabdlenll.
Comparisons between outbreaks are difficult since outbreak investigations vary on case definition
laboratory tests used.
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Table 11: Human outbreaks of Qfever in European countries

Year

Most-likel No. of | Laborato
Start End Country Sourcey cases diagnosliz Reference(s)
1982 1983 Germany Ruminants | 156 CFT Stelzner etl., 1986
Kramer 1990
1984 Bulgaria Ruminants | 725 CFT In Martinov 2007a
1985 Bulgaria Ruminants | 544 CFT In Martinov 2007a
1987 1988 Italy Sheep 235 NA In Arricau-Bouvery and
Rodolakis2005
1990 1995 France Sheep 289 IFA In Arricauw-Bouvery and
Rodolakis2005
1992 Germany Sheep 80 CFT Schneider eal., 1993,
Molle etal., 1995
1993 Bulgaria livestock >1000 | CFT In Martinov 2007a
1994 Germany Sheep >18 CFT Schulze etl., 1996
1996 2000 Bulgaria livestock NA CFT In Martinov, S. 2007
1996 France Sheep 29 IFA In Arricau-Bouveryand
Rodolakis2005
1996 Germany Sheep 56 ELISA Lyytikainen etal., 1997,
1998
1997 Bosnia Sheep 26 serology In Arricau-Bouvery and
Rodolakis2005
1999 Germany Sheep 82 NA In Arricau-Bouvery and
manure Rodolakis2005
2000 France Goat manure 10 NA In Arricau-Bouvery and
Rodolakis2005
2000 France Sheep 5 IFA In Arricau-Bouvery and
manure Rodolakis2005
2000 2001 Germany Sheep 75 NA RKI 2001
2001 Germany Sheep 3 NA RKI 2001
2002 Bulgaria livestock 121 CFT Martinov, S. (2007)
2002 France Sheep 88 IFA In Arricau-Bouvery and
Rodolakis2005
2002 JukSep | United Straw board | 95 CFT VanWoerden eal., 2004
Kingdom
2003 Germany Sheep 299 ELISA Porten eal., 2006
2003 Germany Cattle 8 RKI 2004
2003 Italy Sheep 133 IFA In Arricauw-Bouvery and
Rodolakis2005
2003 JanFeb | Italy Sheep and | 133 IFA Starnini etal., 2005
goats
2003 JanFeb | Spain NA 60 IFA GarciaClemente eal., 2007
2004 Bulgaria Sheep and | 220 IFA, CFT | Panaiotov eal. 2009
goats Martinov, 2007
2004 Croatia Sheep 14 CFT Medic € al., 2005
2004 Spain Sheep and | 22 IFA De los Rios Martin edl.,
goats 2006
2005 Germany Sheep 331 ELISA Gilsdorf etal., 2008
2006 United Sheep 110 IFA Wilson etal., 2009
Kingdom
2007 Netherlands Goats 182 IFA Van den Brom and Vellema
2009
2007 Apr Slovenia Sheep 35 IFA Grilc etal. 2007
2007 Apr- France Sheep 18 INVS 2009

7 http://www.invs.sante.fr/publications/2009/fievreq_ florac2007/RAPP_FIEVRE_Q_Florac_2007.pdf
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2008 Netherlands Goats 1000 IFA Schimmer eal. 2009, Van
den Brom and Vellema,
2009
2008 JanMar | Germany sheep >46 RKI, 2008, Hamann «dl.,
2009
2008 Germany sheep >56 RKI, 2008
2009 Germany sheep 5 Henning etl., 2009
2009 Jan Netherlands 345 IFA Schimmer eal., 2009
May
2009 Netherlands Goats 2357 IFA Van der Hoek e&l 2010
2010 Germany 235 Brockmann eal., in press

Indirect ImmunofluorescercAssay (IFA); Enzyme Linked Immunosorbent assay (ELISA); Polymerase Chain Reaction
(PCR); Complement fixation test (CFT)

In addition to the general elevation of risk to populations expos€&dharnetii through either direct

or indirect contact with knen infection sources, there is also significant variation within populations

in both susceptibility to clinical infection and resultant clinical manifestations. Risk groups such as
pregnant women, the immunocompromised and those witleising heart caoditions have an
enhanced risk of serious clinical manifestation to acute infection, and also to developing chronic
disease with associated long term health impairment.

Broader implications of the current f@ver outbreak in the Netherlands

It is difficult to determine whether the expanded epidemic in the Netherlands equates to a more
general elevation of risk for human populations in the EU as a whole. Certain epidemiological factors
associated with the Netherlands outbreak are relatively unique, suuh lsigh density of intensively

farmed goat herds, and their proximity to large urban areas and human populations. It may be that
asyet poorly defined factors may also play an important role in creating the Dutch situtation. Many
such contributory factorsould be proposed including agent factors (such as increased virulence or
transmissibility of circulating strains; this remains poorly defined), unique environmental factors
(associated wi t h climate, wi nd and gtnmproyee r at ur €
diagnostics and local awareness contributing to high case asecertainment), and host factors (such as
waning immunity in the local Dutch population due to specific population demographics and
urbanisation). However, while the convergent of masi¢ factors are clearly specific to the Dutch
situtation, there are much in the epidemiological background that is not unique to the Netherlands: the
general mechanisms @f. burnetii maintenance in animals populations, its environmental persistence,

its widespread prevalence, and the presence of domestic ruminants and farming systems that could
lead to amplification of the pathogen in animals are all relatively common in the EU. Hence it is likely
that pathogen spillover from animal hosts will continueoteur, including particularly following
abortion episodes when the bacterial load is greatly elevated. This means that humans will continue to
be exposed to th€. burnetii in the EU both through occupational exposure and direct contact with
infected animks, and through the aerosolisation and dissemination of the pathogen into the wider
environment. It is noteworthy that a study of the evolving epidemiology fef/€ in Germany also
revealed an increase in human disease in recent yéglter(brand el 200J). Increased urbanisation

in rural areas is hypothesised as a contributing factor. If this pattern is mirrored in other EU MS, it is
likely that more people may be exposed to the pathogen in the EU, which in turn is likely to result in
an increase inlincial cases. This is particularly the case if exposed urban populations are more
immunologically naive t&€. burnetii that established rural communities.

Taken together, it is clear that while the impact ofe@r on public health is negligible in most
circumstances, there are clearly specific circumstances and certain population groups where this
underlying assessment of negligible risk is no longer valid. Direct exposure to domestic ruminant
livestock or associated animal products that are the prireggrvoir ofC. burnetii clearly poses an
enhanced risk of.burnetiiinfection in comparison to the general population. However, the greatest
public health risk, and the most significant public health burden arise friane@is associated with
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communiy-acquired infection due to spillover from animal reservoirs to humans. As discussed above,
and considered in more detail in Chapter 3, the cause of spillover is multifactoral and complex, but the
resultant impact on public health can be very significant.

In the final analysis, although many uncertainties remain concerning the emergendevef @
humans, strengthening general routine surveillance and reporting in both animal and human
populations will increase the probability that these episodes avilléntified early. More specifically,

a riskbased surviellance approach could be helpful in supporting public health action; at base level
some active monitoring to determine the early local presené lafirnetii in domestic ruminants

would support edy awareness of the presence of the pathogen. W®drarnetii is identified in a
locality, enhanced surveillance, including particularly following abortions in domestic ruminants,
would give early indication of possible amplification and an elavatiompuiflic health risk. In
addition, rapid notification of abortion and associated diagnostic testing, irrespective of the presumed
status ofC burnetii would be valuable to ascertain cause and thereby support both animal health and,
if necessary public hedltaction such systems must be complemented by strong andefiakd
communication channels between veterinarians and public health counterparts, to ensure mutual
information exchange on potentialfQe v e r events in both aniimal s
approach to reporting and communication of potentiév@r outbreaks is vital to ensure that early
action is taken to reduce public health risks.

e Overall, it is justifiable to consider fever as a disease with mitnal general public
health impact in the EU; even taking underreporting into account, notified case nui
are low and human to human transmission is so rare as to be epidemiologically
insignificant.

e There are circumstances in which the risk to publadtheand the impact on public
health is significantly elevated; primarily from either direct (occupational) exposure
Q fever infected animals, or community based exposure caused by an elevation of
C. burnetiiin the wider environment following releasedadissemination from infected
animal hosts. The latter has greater public health concern.

e There is some consistency in the incidence of acute and chronic disease in EU
outbreaks; typically 50% of those with acute infection report symptoms of which se
limiting flu-like febrile illness is the most commonly described. Of those, approxim
1% will developchronic infection with more sexelong term sequelae.

e There is huge variability in clinical manifestation within exposed populations and tt
basis forthis is poorly understood. However, there are some specifiskagroups
where likelihood and clinical manifestation may be more severe in comparison to t
general population: those with underlying heart valve disorders, the
immunocompromised and pregmt women. In some circumstances, specific targetec
measures to minimise exposure and monitor infection status may be justified for si
groups.

e Treatment with appropriate antibiotics is effective and indicated for the manageme
both acute and chron(@ fever.

2.3.2.  Significance and impact on animal health

In ruminants,C. burnetii may inducereproductive disorders including abortion, stillbirth, and the
delivery of weak and newiable neonatesSigns such as placentitisndometritisabortion, stillbirth,
infertility, and weak offspringDavis etal., 2007) should trigger an investigatioonsidering (fever
among the differential diagnoses. burnetii localises in the uterus and mammary glands of infected
animals (Babudieri, 1959; Martinov 2007b). Cattle may present with metritis and infertility, and
mastitis has been describeddffa etal., 1970).Data from Germany indicate that a majority of the
reported cases involved cattle (see section 5.EAperimentallyinduced Qfever with respiratory
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manifestations in lambs and a sheep has been described by Martinov (2007a). Note, however, that
infection in ruminants is frequently subclinical, aQdeverincidencein domestic ruminants remains
unclear because abortion raiesther than in some hds of goats are frequently low (Rodolakis,
2009)and probablynot investigatedEwes with natully acquiredC. burnetii infection can show no

clinical signs and lamb normally (Berri &t, 2005a). Studies on the impact offeé@er in milk
production are, to our knowledge, not available. In goats, where the lactation period can be extended,
milk production is unlikely to be significantly affectedhe impact ofC. burnetii infection on the
incidence of mastitis and metritis is uncertain

Based on the data available the impact d&¥gr on animal health in Europe is unlikely to be very
high. Although nfection withC. burnetiiin domestic ruminants isoemmon, clinical disease is raie.

small ruminants, clinical cases are generally sporadic, and abortion episodes are relatively rare. In the
current Dutch outbreak, however, abortion episodes affecting 60% of atisk goats have been
observed, particularly during the firstf€ver outbreak on affected farms. Nonetheles&ev@r has a

much lesser impact than conditions such as ovine brucellosis and enzootic abortion (caused by
infection withChlamydghila spp.) as a cause of late abortion and associated reproductive disorders in
small ruminants.

-

e Based on the available informatighere is limited impact of @ver on the health of
domestic ruminants (cattle, sheep, goats) in Europe
o In small ruminants, clinical cases are generally sporadic, and abortion episodes rele
rare. In genel, Qfever has a much lesser impact on small ruminants than conditions
such as ovine brucellosis and enzootic abortion (caused by infectio@hlitmydophila
spp.).However, the impact on individual goat farms during an abortion episode can |

significant.
\ ° Y

3. Risk factors for C. burnetii maintenance and spillover

N

3.1. Transmission routes

A broad range of species has been identified aswa@s®ifor C. burnetii, including mammals, birds,

and arthropods (ticks). Sheep and goats are the most frequently implicated as the source of human
infection (Rodolakis, 2006)C. burnetii infection occurs mainly after inhalation of aeros(derial
transmissiongenerated fronexcreta from infected animals (abortion and birth material, faeces, urine,
milk) (Angelakis and Raoult, 2010). Direct transmission (close contact) or indioegt distance)

through aerosols may occur. (Schimmealet2010). A simplified diagram of the transnims routes

is presented in Figure 3.

Source transmission host
indirect transmission
environment
[ aerosol I@
abortion material %
birth material human or
faeces/manure Risk factors animal
urine
milk X el
~ 7
\\\ ///
~
\\\\\\ //
direct transmission

Figure 3: Transmission routes for Coxiella burnetii infection in humans and animals (adapted
from Roest 2010
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The WG developed a simple conceptual mosigparately highlighting:
e the mainteance of infection in animal populations (focusing on domestic ruminants), and
e the spillover of infection fsm animal populations to humans through a process of
amplification, transmission and exposure (Figure 4).

Maintenance

Spillover

> H

Figure 4: A conceptual model for maintenance ofC. burnetii infection in domestic ruminant
populations, and spillover from animals to humans (A, animal, H, human)

e Farmedruminants and particulariysheep and goatare implicated as the main source of
human infection

e C.burnetiiinfection occurs mainly after inhalation of aeroq@lsrial trtansmission)
generated from infected animal excreta (abortion and birth material, faeoes nitk).

3.2. A review of published literature

3.2.1. Factors affecting the maintemnce of C.burnetii infection in domestic
ruminants

Factors affecting the maintenance ©fburnetii infection in animal populations can be grouped
according to:

a) Agent factors,relating to the characteristics @. burnetii, and in particularinfectivity,
virulence and resistance to environmental conditions;

b) Host factorsjncluding animal species, susceptibilityfectiousnessage and sex; and

c) Environment factorsrelated to animal management, as well as manure management and farm
characteristics

Agentfactors

Q fever was described as a febrile illness, which had started to occur in 1933 in abattoir workers in
Brisbane, Queensland, Australia (Derrick, 1937). It was originally identified as a species of Rickettsia
and also isolated from ticks (Davis a@adx, 1938). Based on philogenetic investigations, however,

C burnetiiis no longer regarded as closely related to Rickettsiae (Labrenz and Hirsch, 2003) and had
been placed in th&€oxiellaceae family in the order Legionalles of the gamma subdivision of
Praeobacteria. It is a gram negative obligate intracellular bacterium, a small pleomorphic 7T0d4(0.2

mm wide, 0.41.0mm long) adapted to resist and thrive within the phagolysosome of the phagocytic
cells. The organism may occur as a large cell varianvjl.€maltcell variant (SCV) or small dense

cell (SDC). The LCV ofC. burnetii is intracellular and metabolically active, undergoing sporogenic
differentiation to produce resistant, sptike forms. The SDC and SCV forms are able to survive
extracellulary as infectious particles (OIE, 2009). burnetii can survive for up to 42 months a64C

in milk, 12 to 16 months in wool, 120 days in dust, 49 days in dried urine, 30 days in dried sputum
(NABC, 2010).C.burnetii has a number of important physical ceristics including stability

EFSA Journal 2010; 8 (5):1595 39



Campem Food Saleip Astharty Q fever

against acids (up to pH 4.5), temperature (62 C for 30 minutes), UV light and pressure (up to 300.000
kPa). Further, the organism can survive for more than 6 months in 10% €almenetiiis killed
following exposure t&% chloroform or formaldehyde gas (in an 80% humidified environngeiitt)

less than 30 minutes exposur®) 5% HO,, 0.5% hypochlorite and 70% etharfall with 30 minute
exposure)and following pasteurization (at least 724¢ 40 seconds) (Frangouig) 2010).

C.burnetii is extremely infectious (Byrne, 1997; Kim at, 2005; Nochimson, 2004). Under
experimental conditions, the inhalation of a sinGlexiella cell can produce infection and clinical
disease in humans (Tigertt, 1961); similar studigehnot been done in animalsis likely that the

dose of inoculum is relevant to the course of the infecttine inoculated withL0° C. burnetiiCbC1
developedan efficient immune response with a weak level of IL10 and a high levi#iNo/ that
reached a peak after 2 weeks. In contrasice inoculated with 10C. burnetiiCbC1 produced a low

level of IFN-y and a very high level of H10, with possible evolution to chronic disease. The level and
kinetics of IFNy production varied according to theastr isolated (Rodolakis A. unpublished data).
Pulsed field gel electrophoresis (PFGE) and RFLP patterns @f. BQrnetii isolates derived from
animals and humans in Europe, USA, Africa and Asia allow the distinction of twenty different groups
correspondig to geographical origin of the isolate. However, no correlation between restriction group
and virulence of isolates was detecfédger etl., 1998) The importance of strain as a risk factor for
both maintenance of infection and disease progression is unknomawlédge ofthe virulence
determinants o€. burnetiihas been hampered by a lack of methods for genetic manipulation. Further,
accurate methods are not available to assess strain virulence. Strains isolated from cattle and goats
have been observed as more viruléat those isolated from aborted ewes in mouse models as well as
presenting lower growth in embryonated eggs (A. Rodolakis, unpublished) but this work is still
ongoing.

Using MLVA and MST genotyping methods, it has been possible to identify up to 36cdistin
genotypes o€. burnetii. As yet, there is no evidence of species specificity.

4 o)
e C.burnetiiis highly resistanta@ environmental conditionsurviving for many months
under a rage of conditions.

e The organism is extremely infectious finmansinfection could occur following
inhalation of a few organisms). The initial @ds likely to affect the subsequent cour
of infection.

e The relationship between genotype/isolates and virulence is at the moment uncle
There is no clear evidence of species specificity.

e The importance of bacterial genotype/isolates on maintenamefedtion and disease

progression is uncertain.
\_ Y

Host factors

Host factors play a key role in the natural history @fburnetii infection in human; similar
information for ruminants is lackinghonetheless,esoprevalence varies between species of domestic
ruminants in the same geographical area. Furtherevolution of disease, includimijnical signs, is

not the same in cattle, sheep or goats.

During chronic infectionC. burnetii is mainl found in the uterus and mammary glands (Babudieri,
1959). Shedding ofC. burnetii into the environment mainly occurs during parturition; ovef 10
bacteria are released at the time of delivery (Babudieri, 1959). Goats and cows mosilyshradtii

in milk and vaginal mucus (Rodolakis &t, 2007; Guatteo etl., 2006a) whereas ovines shed mostly
in faeces (Rodolakis el., 2007; unpublished GDS data). Goats and cows Ghledrnetiiin milk for
several months or year$he udder (Behymer el., 1977;Bell etal., 1949; Moretti, 1984) and
retromammary lymph nodes (Plommetakt 1973) carremain infected for more than 20 months.
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Goats can be chronically infected and may s@eburnetii for up to two pregnancies after being
infected (Hachette etl., 2003). In addition, goats can abort twice following infection (Beralet
2007; unpublished ANICAP data) and sh&dburnetii in placenta and vaginal mucus during two
subsequent kiddings (unpublished ANICAP data). In contrast, ewes aborted only oncet@e

2002; unpublished GDS data) and did not shed in vaginal mucus at subsequent |arhkeimiysation

of excretion (Tablel?2) of the agent, husbandry conditions and other factors may each play an
important factor in the differences observed imaliseroprevalence and the persistence of infection.

Table 12 Longest observed duration of excretion during the follow up of naturally or
experimentally infected animals (from Arricau-Bouvery, 2005)

Duration of shedding
Vaginal mucus Feces Milk
Cow | Not determined 14 days 13 months
Goat | 14 days 20 days 52 days
Ewe | 71 days 8 days after lambing 8 days

There is a significant relationship between age and seroprevalence in sheep (Kennatmadls)),

most likely as a consequen of opportunity for exposure. In infected flocksroprevalence is very
high among adults, noting thatplacement ewes (<10 months) are not exposed to the bacteria until
the lambing season (Gardheres eal., 2008). At their first kidding, young goat shed more

C. burnetiithan adults (6.2 versus 2.8 log for previously infected adults; unpublished ANICAP data).
A similar pattern is observed in cattle herds (Guatten. 008). The role of males in the persistence
of infection is not well studied, tloughC. burnetiihas been isolated from bull semen (Kruszewska
etal., 1997).

Other animals may also play a role in the maintenance of the infection in domestic ruminants. The
reservoirs forC. burnetii are extensive, but only partially known, includingammals, birds and
arthropods (mainly ticks). Cats and dogs, but perhaps also foxes, may play a role in the persistence of
the disease on a farm. Over 40 ticks species can be naturally infected (Maurin and Raoult, 1999). They
are likely to play a signifiaa role in transmission among wild vertebrates, but are not considered to

be essential in the cycle &f burnetii infection in livestock (Babudieri, 1959). Nonetheless, a strong
correlation has been reported between seropositivity and ticks infestataminials (Psaroulakis

etal., 2006). Wild rats may constitute a reservoicCoburnetii and play a role in the maintenance of
infection (Webster adl., 1995)

K The evolution of infection (including duration and routes of excretion, clinical \

presentation) varies between different farmed animal species, which may influence
animal seroprevalence and persistence efctidn.

e Shedding ofC. burnetiimainly occurs around parturitioAbortion products are where
largest bacterial concentrations are founddih productsvaginal mucus, milk
urineand faeceare also sources.

¢ In general, seroprevalence increases with amgest likely as a consequence of
opportunity for exposure.

e The role of males and of transplacental transmission in the persistence of infection
uncertain.

¢ Arange of animal species may play a role in the maintenance of infecdiomiestic
ruminantsincluding cats, dogs and possibly foxes and rats.

¢ Ticks can be naturally infected wi@ burnetii, but seem not to be important in the

\ maintenance of infection iomestic ruminants /
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Environment factors

As in humans, it is likely that infection ofvestock occurs mainly by inhalation of contaminated
aerosols. Consequentlyathogen pressure is likely to be increased with factors that increase the
concentration of @urnetii in the environment (including herd size, synchronization of
lambing/kidding, regrouping of animals from different flockspnimal density and husbandry
practices have been investigated as potential risk factors for increased seroprevalefeeepfirQ
animals (Martinov eal., 2007). In sheep, a significant association was f@@teen seroprevalence,

but not PCR status, and size of flock (Kennermaa.e®010; Garciderez eal., 2008). In Danish

dairy herds, there was no significant association between the regional density of dairy farms and the
prevalence of antibodgosiive farms (Agger eal., 2010).Abortions have also been identified as an
important risk factor for herd status. Abortions in goat herds were linked to exposure, at a state fair, to
another herd where goats had kidded prematurely (Sanfald &894).Similarly, a link has been
identified between cattle abortion and the serological status of the herdeterQ(Cabassi «l.,

2006). Consequently,usbandry practices that control the exposure of animals to infectious doses of
C. burnetii, such as segretian of areas for lambing and kidding as well as removal of placenta and
abortion materials, will be of use in reducing bacterial exposure.

The role of manure in transmission off€yer between ruminants and human is well documented
(Berri etal., 2003; Rmtjes etal., 2002). Using PCR methods, transplacental infection has been
demonstrated in the aborted foetus of experimentally infected goats, however, neither lesions nor
C. burnetii antigens were detected in foetuses from goats killed during gest&#mthez edl.,

2006). A recent study implicated macrophages in the pathogené&sidwietii infection, suggesting

that they transport the organism to the foetus (Bildfedl.e2000).

a )
¢ Arange ofenvironmenfactors have been sugested to influence thateaance of
infection in farmed animal populations, including increased herd/flock size, animal de
andherd/flock density. Pathogen pressure is likely to increase in association with farr
factors that increase the concentratiol€oburnetiiin theenvironment.
e C.burnetiicontaminated manure has been identified as a sourceféme®in human
outbreaks. It is likely that it also plays a role on the maintenance of infection in anima

populations.
Y

3.2.2. Factors affecting the spillover of C. burnetii from domestic ruminants to
humans

The mechanisms for spillover of infection from farmed livestock to human populations may be best
understood if considered as three related stages stages:

i.  Amplification, in the domestic ruminants population;
ii.  Transmission, either directly or indirectly; and
iii. Exposure of humans.

Amplification

A number of factors are associated with the maintenance of infection, as discussed in section 3.1.2. In
several human outbreaks, human disease as linked with parturition, divdlgdy abortion, in
domestic ruminantsSeveral authors have described a seasonal variation in the incidence of human
disease in the spring and summer, which has been attributed to spring lambing (Maurin and Raoult
1999; Hellenbrandt etl., 2001) or kdding (Schimmer e#l., 2010). An infected dairy goat farm with
abortion problems has been identified as the most likely source of a cluster of human cases in the
Netherlands in the 2008 outbreak (Schimmeailet2010). In a study in France, human cdsage

EFSA Journal 2010; 8 (5):1595 42



¥

- efsam

Tuss

Q fever

been associated with reported abortions in goats, but not cattle (Chadlon2€08). Parturition, and
particularly abortion, is associated with increased concentrations of bacteria in the environment.

s N
e Parturition in animals, and particularly abortiomassociated with increased concentratior
of bacteria in the environment.

U /

Transmission andxposure
A range of factors are associated with transmission and exposure, as follows:

e From experimental and epidemiological evidence, there is ho doubt that contaminated aerosols
are the major mechanism wherdbyburnetiiis transmitted to humanBénersonand Tigertt
1956;Tigerttet al., 1961Gonder etl., 1979; Marrie eal., 1989).

e Persons in contact with domestic ruminants can be infected by inhalation of contaminated
aerosolsfrom amniotic fluid or placentaSome studies have identified a highmriman
seroprevalence in healthy populations living in rural instead of urban areas and also in humans
with occupations involving contact with livestock (Cyprus, Psaroulaki, 2006a; Greece, Pape,
2009b), whereas others have not (Spain, Cardenosa, 200@yTHikc etal., 2008). Several
studies have identified a higher seroprevalence tev€r among farmers, abattoir workers
and veterinarians, compared to the general population (Moff, e1970; Bosnjak .,

2009; Whitney eal., 2009). In 2009, ints assessment of meassociated microbiological

hazards, the Australian Food Standasisygested that Cat t | e [ sheep and go:
pathogens normally associated with handling, which could potentially be transmitted via meat
consumption. Notes: Brples include AnthraxBg@cillus anthracis Melioidosis Burkolderia
pseudomallgj Qf ev er ( Co x i dn Catifornia,u29% eft workgr®d at a local
meatpacking plant were seropositive téeQer, with the majority having recently experienced

a clinical illness compatible with @ver (Anonymous, 1986). A @ver outbreak in a meat

processing plant in Scotland has been reported (HPS, Roddghy etl., 2006).

e Many cases of @ever in humans are unrelated to occupation. In sevefal€ outbreaks
including the current outbreak in the Netherlands, cases have occurred in both rural and urban
areas (Hawker etl., 1998; Schimmer etl., 2008; Schimmer eil., 2009).

e Several recent outbreaks have been associated with visits to school/hobby falossRids
Martin etal., 2006, Porten etl., 2006, TisseDupont etal., 2005). Laboratory personnel who
work with infected animals are also at risk (Johnson and Kadull, 1966; Marrie 1990a, 1990b,
1990c).

e Humans may also be infected by handling contamsihwool (Abinanti e@al., 1955)

¢ In intensive farming premises, the handling of manure (which can be heavily contaminated
with C. burnetii from faeces, urine, reproductive fluids and tissues such as placenta etc) can
generate infective aerosols (Hatchetteale 2001). Use of manure in gardens has been
identified as a risk factor for human infection (Psaroulaki, 2006a). In the Dutch outbreak, a
seasonal variation was observed during 2007 and 2008, with peak incidence from December
to May correlating with tb spread of manure from goat stables (Delsing and Kulberg, 2008).
In the Netherlands, substantial amounts of manure are transported from goat farms (generally
in the south of the country) to other locations. There has been no evidence of a rise in human
cases at locations where this manure has been spread (Vellama&61.0, Berri eal., 2003).

e There is significant variation in @ver notificaiton rates between women and men: men are
almost twice as likely to develop clinical disease. These differdreas been proposed to be
due to protective effects of female hormones (Leorad.eP004). There is also a significant

8 Australian Food Standards (2009). Assessment of Microbiological Hazards associated with the Four Maied#=at Sp
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agerelated bias in clincial notification, with adults 5 times more likely to present clinical
disease in comparison to those undeydéars of age.(Rault el 2005)

e There are also instances in the global literature of humiaveé) cases being associated with
direct exposure to other animal hostCoburnetii, including wild animals (rabbits and rats)
(Marrie etal., 1996, Webster B%) and pet animals (cats and dogs) (Werth 1989). In North
America, outbreaks of €@ver have resulted from direct and indirect contact with parturient
cats (Marrie eal., 1988a; Marrie and Raoult, 2002). However, such cases appear rare and
where they haw occurred they have usually been associated with exposure to animals that
have either recently aborted or given birth.

e Environmental factors such as wind and precipitation have been linked with human outbreaks
(Karagiannis eal., 2009; Porten eatl., 2M6; Gilsdorf efal., 2007). A recent Dutch study
investigated the relationship between environmental factors (vegetation index, land cover, soll
characteristics, soil humidity, past weather conditions) and transmission to humans from
infected farms. Key sk factors of importance included farms with a low vegetation density,
and areas with drier soils (Huninkadt, 2010), highlighting the importance of wind irf&€er
spread. A relationship between farm topography and human cases was found in several
outkreaks in Bulgaria ahFrance.

e |t is likely that windborne transmission plays an important role in the dissemination of

C. burnetii (Tissot Dupont eal., 2004). In the current Dutch outbreak, humans living within 2

km of an large infected dairy goat fammad a much higher infection risk than those living
more than 5 km away (Schimmerat 2010). In an earlier study, humans within 50m of a
presumed infection source (a sheep meadow) at 8.7 times greater risk that those 400m away
(Gilsdorf etal., 2007). e influence of distance on risk is likely to vary depending on wind

and other weather conditions. Other human cases have been linked to transmission in
association with helicopters (Carrieriadt, 2002), and dust storms (Panaiotoalgt2009).

e Ticks ae known hosts ofC.burnetii. Over 40 tick species (includingpermacentor
marginatus, Ixodes ricinysand Rhipicephalus sanguineusan be naturally infected with
C. burnetii, but they do not appear to be important in the maintenance of infections in
livestock or humans (Maurin and Raoult, 1999). The organism does, however, multiply in the
gut cells of ticks, and large numbers@fburnetii are shed in tick faeces. Ticks may be more
relevant for the transmission &. burnetii to domestic mammals than tmmans (Kazar,
1996).and is thought to play a role in maintenance of the pathogen in wildlife reservoirs. Ticks
have been implicated in human infections on rare occasions, including via inhalation of
contaminated tick faeces in wool (Hellenbrandlet2@®1).

K- Major outbreaks in humans may occur both in rural and urban areas and many cag
Q fever in humans are unrelated to ocdigra

e Persons can be infected by inhalation of contateith aerosols. This probability increase:
with proximity with farm animals.

e The handling of manure (which can be heavily contaminated@vitlurnetii from faeces,
urine, reproductive fluids and tissues such as placenta etc) can generate infective ae

e Arange of environmental factors (wind, farms with a low vegetation index, drier soils,
farm topography) have been associated with human outbreaks. Wind dispersion is lik

play an important role in the disseminationCoburnetii.
\_ J

3.3. Country case studies

3.3.1. Bulgaria
a. Overview
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Bulgaria hasa long history ofQ fever, andQ feverawareness. Human cases were first reported in the
Balkan region (including Bulgaria) in 1940, among visiting soldiardhéuser 1949; Bieling, 1950;
Robbins etl., 1946; Serbezov at., 1999, Teoharova at., 2002, Martinov 2006)The first case in a
Bulgarian resident veadiagnosed in 1949 (Mito\1949). Pioner of the studies in animals in Bulgaria

is S. Angelov (BAN 1951). $sequently, there have been both sporadic cases and outbreaks. In
Bulgaria, the disease is notifiable both in humans and animals, and diagnostic facilities are available
(see section 3.1.).

b. Magnitude and distribution

In the last 25 years, there haveebel2 outbreaks in humans, leading to between 121 and more than
1,000 serological confirmed cases per outbreak (Martinov, 2007a). Outbreaks have occurred in several
areas and years (e.g. Kneyzha, 1984; Pawvlikeni, 1985; Etropole, 2002; Botevgrad, 200dneo

in the same place on more than one occasion (e.g. in Panagyurischd,99992995) (Serbezov

etal., 1999).

Prevalence estimates are available for humans, animals and ticks, based on a large number of samples
(19,560 patients with atypical pneuma; 319,993 sera from domestic and wild animals collected
over the last 50 years; 1,769 collected ticks from animals):

e Seroprevalence among patients with symptom® ééver was 15.0% (of 14,353 patients)
during 19932000, and 18.0% (of 5,207 patientsyidg 200£2004 (Martinov, 2007a; using
MIFT and CFT). During a general community survey in the 90s (most probably91995
from 9 Bulgarian regions (a random sample of 224 sera from the human serum bank), a
seroprevalence of 38% was measured and 167 out25¥ patients (66%) with
bronchopneumonia and acute flulike symptoms had antibodies to pl@admuthetii detected
by CFT or microagglutination test (MA) in 6 regions of the country (Serbetzaly, 1999).

e In animal populations, prevalence estimatesyvhy species, area and time. Fdéoid
differences were observed among domestic ruminants in different areas of Bulgaria (Serbezov,
1973). Seroprevalence estimates were obtained betweer20060 from goats, sheep and
cattle presented in Martinov (2007e9spectively:

0 19501976: Goats (20.5 %3heep (15.3%)cattle (19.8 %)
0 19771988: Goats (10.8 %3heep (18.2%)cattle (11.8%)
0 19892006: Goats (7.6 %¥neep (4.8 %)cattle (5.4 %)

e Inixodic ticks, 16.8% (of 1,769 tested) were infected v@thurneti (Martinov, 2007a; using
the immunofluorescent haemocytic test). In a detailed investigatio26%? ticks were
infected (Georgieva, 1984).

c. Risk factors

In Bulgaria, a range of risk factors have been described for the maintena@deuofetii in animal
populations and spillover to humans:

¢ Strain. Different pathogenic effects have been observed in guinea pigs and mice when
infected with different isolates from domestic ruminants (Martinov, 2007a, 2007b). These
results may partly explain the observaffedences in the clinical presentation @ffeverin
humans in different areas in Bulgaria. However, further work is needed, including the genetic
characterisation of isolated strains, and the investigation of their pathogenic effect in well
recognised mael(s).

e Host maintenance specieS. burnetii infection (based on antibody response and/or strain
isolation) has been observed in a wide variety of animals, including several species of
domestic livestock, domestic pets, a wide range of wild mammals,diditicks (Martinov,
2007a). Two cycles for persistenwereproposed, including:
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o [a] natural foci (ticks, wild mammals, birds, with spillover to domestic animals),
resulting in ongoing maintenance @ burnetii in the environmentand cyclic
recurrencef the disease in both wild and domestic animals, and

0 [an] agricultural foci (cattle, sheep and goats, with spillover to humans), which
presents the main source for infection to humans.

¢ Host spillover speciesGoats were considered the mbkely infection source for humans
during the Panagyurische outbreaks in 1992, 1993 and 1995, as these were the only domestic
livestock species in the proximity during the outbreak (Serbetal, 1999). In other cases,
a sharp increase in seroprevalence in goatspsirae cattle was observed in association with
human outbreaks (Martinov, 2007a; Panaiotial., 2009). During theEtropole (2002)
ourbreak, 60.5 % of small ruminants (sheep and goat) were seropositive. Htrapele
(2002) and Botevgrade (2004) outbtteathere were no reports of abortion episodes in
domestic ruminants, (lvan Yordanov, Animal Health Department, RVS Sofia district, 30
March, 2010, pers. communication).

e Animal husbandry system# Bulgaria, there have been substantial changes in animal
husbandry systems over time: extensive animal housing systems were in place during 1950
1976, centralised, industrigfpe housing was introduced during 191988, and numerous
small private farms have been operating since 1989 (Martinov, 2006). Theses mazag
have contributed to the observed dropCGnburnetii seroprevalence in domestic livestock
during this period. Outbreaks in humans have continued despite this observed fall in
seroprevalence (Kneyzha, 1984; with 725 human cases; Pavlikeni, 198%44ithuman
cases Panagyurishe, 1992, 1993, 1995; Sopot, Troyan, Blagoevgrad, PleveBQ0®96
Etropole, 2002; Botevgrad, 2004).

e Herd size and structureThere has been a fundamental change in herd size since the late
1980s, following the collapse of lagtate premises and cooperative farms. This has resulted
in a substantial reduction in sheep numbers (8 million in 1990, 3 million in 1997) and an
increase in the number of goats (430 000 in 1990, 1 million in 1997) (Serbealgv1999).
Cattle herds d sheep flocks tend to be large, but managed separately from the human
population, whereas goats are kept in a large number of small herds, including some that are
held in towns and close to human settlements.

e Seroprevalence in animalsHuman outbreaks ka often occurred in areas where
seroprevalence in domestic ruminants was high. In the Etropole (2002) and Botevgrad (2004)
outbreaks, the following serological results were recorded in livestock close to the outbreak:

0 In cattle: 11.633%, compared with Z-13.1% in the population more broadly,
0 In sheep46.7-59.5%, compared with 8:B4.1% in the population more broadly, and

0 In goats:63.3 to almost 100%, compared with -28.7% in the population more
broadly (Martinowvetal., 2007a).

¢ Animal proximity.The gathering and movement of domestic ruminants through towns is

believed to be a risk factor of a number of epidemics, including the outbreaks in Botevgrad in
2004 and in Panagyurische in 1992, 1993 and 1995. In Botevgrad, sheep and goats were
gathered arouhthe town by shepherds then subsequently moved to grazing areas (Panaiotov
etal.,, 2009). Similar practices were observed in association with large human outbreaks
(more than 500 cases) in Kneyzha in 1984 and Pavlikeni in 1985 (Serbielgv1999).

Most of the human cases were not employed in agriculture or the processing of animal
products (Serbezostal., 1999); further, in Botevgrad outbreak, most human cases were not
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owners of goats, sheep or cattle (Ivan Yordanov, Animal Health Department, Ri&S Sof
district, 30 March, 2010, pers. communication).

Timing/concentration of lambing/kiddinghere has been a shift in the seasonal presentation

of human cases in Bulgaria since the 1990s (fromApanto Apr-Jul; in Serbezowetal.,

1999), coincident witla change in the timing of lambing and kidding. Following the collapse

of collective farming, the practice of artificial insemination of ewes was stopped. Until 1990,
artificial insemination of ewes was conducted over a defined insemination period in early
autumn; in the 1990s, this practice was abandoned and the delivery period was extended. This
change in practice, in association with an increase of goat numbers, has lead to an increase of
goat deliveries over a moextended kidding period. Sheep delivar January-ebruary,
whereas goats deliver in Maretpril.

Geography Most of the mostecent 25 outbreaks have occurred in small towns located in
valleys close to mountains or semobuntains areas (Panagyurische, Sopot, Troyan,
Etropole), or in regions wh specific climatic conditions with strong winds (Kneyzha). In the
most recent outbreak in Botevgrad (2004), cases were observed in a town of approximately
20,000 individuals in a valley close to the St. Planina mountain (Panaictby2009).

Weather conditions. During the Botevgrad outbreak in Mduyne 2004, the weather
conditions including a dust storm (at the beginning of May, as reported by residents of the
town), a thunderstorm without rain precipitation (on 2 May), heavy ramMald, and strong

wind (greater than 5m/s), without further rain (durin§ Mlay) (Panaiotowetal., 2009).

d. Controloptiors

The following control options were undertaken during the Botevgrad outbreak in 2004:

Humans:All patients were hospitalised. Schools were closed fimonth during the outbreak,
coincident with the summer holiday. Relevant authorities undertook a campaign of public
awareness.

Animals: All animals were kept in controlled yards outside the town. Those passing through
the town had to follow certain rogdwhich were disinfected (aerosol disinfection with
chlorenol) every day. Sheep and goats were treated by washing, whereas cows were
disinfected by spraying acaricides (ectomine 3%). Acaricides were also sprayed on public
parks and roads. Protective fdamasks were used by people when applying these measures.
Farmers were required to remove animal excrement and disinfect farm places. Potentially
contaminated material were transported outside the town, and disinfected or burned. Milk
collection was stopmk Also, meetings were organised between the local authorities,
veterinary and public health government bodies (lvan Yordanov, Animal Health Department,
RVS Sofia district, 30 Mah, 2010, pers. communication).

e. Implications/lessons learned

Two different maintenance cycles fo€.burnetii are suggested ([a] natural foci, [an]
agricultural foci). Domestic ruminants (cattle, sheep, goatst@msideredhe common link
between these two foci.

Risk factors have mainly been identified based on epidemiologibakrvation and
association.

Key risk factors are believed to include:

0 Anincrease in goat numbers, and a change in goat husbandry,
o Proximity with goats and sheep of naive population, and
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