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Abstract: Q fever is a zoonosis caused by Coxiella burnetii, and transmission to humans is often associated

with contact with ovine and caprine livestock. Those exposed to sheep are particularly at high risk of infection.

Recent studies show that Q fever is increasing in sheep farms in Portugal raising alerts on spillover to humans.
We detected anti-C. burnetii IgG in shepherds and sheep milk cheesemakers (27 [28.1%] in a total of 96; 95%
confidence interval [CI| 19.4-38.2%) and in controls (21 [8.1%] in a total of 260; 95% CI 5.1-12.1%), pointing
to an increased risk of C. burnetii infection (P = 0.0001), with an odds ratio for anti-C. burnetii of 4.45 (95% CI

2.4-8.4%; P = 0.0001), in individuals with occupational contact with sheep in Portugal.
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Q fever is a zoonotic disease with an almost worldwide
occurrence caused by Coxiella burnetii, a nonmotile Gram-
negative and obligate intracellular bacterium that has the ability
to subsist several weeks under environmental stresses (Maurin
and Raoult 1999; Angelakis and Raoult 2010; Mori and Roest
2018). Transmission to humans is often associated with abor-
tive episodes in domestic ruminants, particularly in ovine and
caprine livestock, mainly through inhalation of contaminated
aerosols but also by the alimentary route and through the bite
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of ticks (Maurin and Raoult 1999; Angelakis and Raoult 2010;
Mori and Roest 2018). Thus, populations that are in particu-
larly high risk often include individuals with occupational
contact with animals, such as workers in tanneries, abattoirs,
fur and meat industries, on agricultural farms, and in veterinary
profession (Fenga et al. 2015; Szymanska-Czerwinska et al
2015). Q fever in humans may present a vast clinical range,
from asymptomatic seroconversion, to acute (mild, flu-like to
severe pneumonia) and chronic disease (endocarditis mani-
festation), also causing death (Angelakis and Raoult 2010).
Little is known regarding C. burnetii circulation in Portugal,
both in animals and in humans. Recent longitudinal studies in
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Portugal have provided data supporting the hypothesis that Q
fever is widely present and currently increasing in small
domestic ruminants of central Portugal (Cruz et al. 2018a, b).
On the other hand, little is known regarding C. burnetii cir-
culation in humans in Portugal. A 2012 retrospective study in
Portugal describing epidemiological and clinical features of 32
hospitalized patients found that five of them had professions
with higher contact with animals (one farmer, three rural
workers and one horse handler), suggesting an association
between Q fever and occupation health (Palmela et al. 2012).
In the present study, a cross-sectional serological
evaluation of C. burnetii antibodies in shepherds and sheep
milk cheesemakers (SSMCs) of central Portugal and general
population controls (matched by age, sex and region) was
performed to assess the occupational risk of C. burnetii
infection in shepherds and cheesemakers in Portugal.
Ethics permission was obtained from a national ethics
board (University of Tras-os-Montes ¢ Alto Douro (DOC 15/
CE/2017—under the project “Coxiella burnetii surveillance in
small ruminants of Portugal and the zoonotic impact to hu-
mans occupationally exposed”), and all participants were in-
formed about the study goals and procedures. All individuals
agreeing to participate have provided informed consent, and
study methodologies were conducted following the recom-
mendations described in the Declaration of Helsinki (World
Medical Association 2014). Shepherds and sheep milk
cheesemakers from the “Serra da Estrela” sheep breed were
selected if registered in the local “Serra da Estrela” Sheep
Breed Association (ANCOSE). A list of SSMCs was retrieved
from ANCOSE (3295 shepherds and 156 cheesemakers), and
individuals were contacted and asked to provide an anon-
ymized blood sample. In total, 96 blood samples from SSMCs
were collected in a 2-month period, between November and
December 2017. From these, 21 samples were from shepherds
(18 male and 3 female; mean age = 57.6) and 75 samples were
from sheep cheesemakers (44 male and 31 female; mean
age = 56.3). Sera from anonymous volunteers (n = 260)
matched with the SSMCs by sex, region (all from the NUTSII
center region, the same as “Serra da Estrela”) and age (within
5-year age-group) were used as control group. After collec-
tion, sera were separated and stored at — 20°C within 24 h.
All sera (n = 356; 96 from SSMCs and 260 from controls)
were tested for anti-C. burnetii 1gG using the commercial
enzyme immunoassay SERION ELISA classic Coxiella burnetii
Phase II IgG (Virion/Serion, Wiirzburg, Germany) according
to the manufacturer’s instructions. This ELISA delivers
quantitative data by using one-point calibration of a standard
curve with values < 20 U/mL considered negative and > 30

U/mL positive and has demonstrated specificity and sensi-
tivity of 97% and 89%, respectively (Sanz et al. 2006). Sta-
tistical analysis and data processing were done using dedicated
statistical software GraphPad Prism (Version 5.04; GraphPad
Software Inc., CA, USA). Chi-square test for homogeneity of
proportions was applied to examine on possible significant
differences between anti-C. burnetii 1gG seroprevalences.
Seropositivities between SSMCs and controls were compared
by calculating odds ratio. Only P values < 0.05 were con-
sidered statistically significant.

We have detected anti-C. burnetii IgG in 27 (28.1%; 95%
confidence interval [CI]: 19.4-38.2%) of the 96 SSMCs and in
21 (8.1%; 95% CI: 5.1-12.1%) of the 260 controls. Anti-C.
burnetii IgG was found to be significantly higher in SSMCs
than in population controls X° (1, n = 356) = 24.16,
P = 0.0001, with an SSMCs odds ratio for anti-C. burnetii of
4.45 (95% CI 2.4-8.4%; P = 0.0001) pointing to an increased
risk of C. burnetii infection in individuals with occupational
contact with sheep. Anti-C. burnetii 1gG antibodies were
found in four of the 21 shepherds (19.0%; 95% CI 5.4-41.9%)
and in 23 of the 75 sheep milk cheesemakers (30.7%; 95% CI
20.542.4%); however, this difference was not found to be
statistically significant. The lack of difference in anti-C. bur-
netii seroprevalences of shepherds and cheesemakers could be
due to the low sample size. Nonetheless, the high seropreva-
lences found in both shepherds and cheesemakers point to
higher exposures to C. burnetii.

This study presents novel seroprevalence data for C.
burnetii among SSMCs in Portugal and indicates substan-
tial zoonotic transmission In a country where a strong
tradition of sheep farming exists. In particular, this study
showed that SSMCs are 4.45 more likely to be positive for
anti-C. burnetii 1gG than population controls (odds ratio
for anti-C. burnetii of 4.45), pointing to an increased risk of
C. burnetii infection in SSMCs.

Higher anti-C. burnetii IgG has been reported in indi-
viduals with occupational contact with small ruminants
(agricultural workers, farmers, veterinarians) with seropreva-
lence values ranging from 8.5% to 62.9% among exposed
workers (Reid and Malone 2004; Whitney et al. 2009; Fenga
et al. 2015; Meadows et al. 2017), linking the frequent and
close contact with sheep with C. burnetii in humans. Inter-
estingly, C. burnetii infection in sheep of Portugal seems to be
frequent and has recently been reported to be increasing,
presenting a risk for zoonotic spill-over (Cruz et al. 2018a, b),
and the proximity to small ruminants has been suggested as a
contributing factor to the endemicity of Q fever in Portugal
(Alves et al. 2016)
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The infection routes to SSMCs are yet to be clarified;
however, it is tempting to hypothesize that shepherds have
a higher exposure to C. burnetii through direct contact with
animals, stools, urine, aerosols or abortions caused by C.
burnetii. On the other hand, cheesemakers are working
exclusively with milk; hence, exposure could be related to
the handling of sheep milk during the process of cheese-
making or inhalation during processes that produce aero-
sols. A recent study has detected viable C. burnetii in cheese
from Italy (Barandika et al. 2019), supporting our results
that cheesemakers might have been exposed to C. burnetii
through contaminated sheep milk. Contaminated dust
particles and aerosolization of contaminated body fluids
are generally associated with human infection, as well as
consumption of unpasteurized dairy products and direct
contact with fecally contaminated fomites (Babudieri 1959;
Oren et al. 2005). If any of these routes of transmission
alone or combined have contributed to the increased anti-
C. burnetii 1gG in SSMCs of central Portugal, it is not
known and deserves further exploration.

Noteworthy, sheep farming is widespread in Portugal
and sheep meat and milk are an integral part of the Por-
tuguese diet. Hence, given the results of the present study,
alerts have to be made to increase surveillance in a One
Health approach, not only in small ruminants but also in
SSMCs, so as to mitigate the impact of Q fever.

ACKNOWLEDGEMENTS

Authors would like to acknowledge CI&DETS Research
Centre through projects HEVrum PROJ/IPV/ID&I/001 and
HEALTHYValorWhey PROJ/CI&DETS/CGD/007. Authors
would also like to acknowledge FCT through project
SBVEPS (Proc. 441.00 SERVIA) and project UID/AGR/
04033/2019.

CoMPLIANCE WITH ETHICAL STANDARDS

CONFLICT OF INTEREST The authors declare no
conflict of interest.

REFERENCES

Alves ], Almeida F, Duro R, Ferraz R, Silva S, Sobrinho-Simées J,
Sarmento A (2016) Presentation and diagnosis of acute Q fever
in Portugal - A case series. IDCases. 7:34-37

Angelakis E, Raoult D (2010) Q Fever. Vet Microbiol 140(3—
4):297-309

Babudieri B (1959) Q fever: A zoonosis. Adv Vet Sci. 5:81-154

Barandika JF, Alvarez-Alonso R, Jado [, Hurtado A, Garcia-Pérez
AL (2019) Viable Coxiella burnetii in hard cheeses made with
unpasteurized milk. Int | Food Microbiol 16(303):42-45. https://
doi.org/10.1016/j.ijfoodmicro.2019.05.010

Cruz R, Esteves F, Vasconcelos-Nobrega C, Santos C, Ferreira AS,
Mega AC, Coelho AC, Vala H, Mesquita JR (2018) Prospective
serosurvey of Coxiella burnetii antibodies in selected sheep of
Portugal. Ecohealth 15(4):871-874. https://doi.org/10.1007/
510393-018-1374-x

Cruz R, Esteves F, Vasconcelos-Nobrega C, Santos C, Ferreira AS,
Mega C, Coelho AC, Vala H, Mesquita JR (2018) Outbreaks of
abortions by Coxiella burnetii in small ruminant flocks and a
longitudinal serological approach on archived bulk tank milk
suggest Q fever emergence in Central Portugal. Transbound
Emerg Dis 65(4):972-975. https://doi.org/10.1111/tbed.12913

Fenga C, Gangemi S, De Luca A, Calimeri S, Lo Giudice D,
Pugliese M, Licitra F, Alibrandi A, Costa C (2015) Seropreva-
lence and occupational risk survey for Coxiella burnetii among
exposed workers in Sicily, Southern Italy. Int ] Occup Med
Environ Health 28(5):901-907. https://doi.org/10.13075/ijo-
meh.1896.00448

Maurin M, Raoult D (1999) Q fever. Clin Microbiol Rev
12(4):518-553

Meadows SL, Jones-Bitton A, McEwen SA, Jansen ], Patel SN,
Filejski C, Menzies P (2017) Prevalence and risk factors for
Coxiella burnetii seropositivity in small ruminant veterinarians

and veterinary students in Ontario. Canada. Can Vet ].
58(4):397-399

Mori M, Roest HJ (2018) Farming, Q fever and public health:
agricultural practices and beyond. Arch Public Health 6(76):2

Oren 1, Kraoz Z, Hadani Y, Kassis I, Zaltzman-Bershadsky N,
Finkelstein R (2005) An outbreak of Q fever in an urban area in
Israel. Eur | Clin Microbiol Infect Dis 24(5):338-341

Palmela C, Badura R, Valadas E (2012) Acute Q fever in Portugal.
Epidemiological and clinical features of 32 hospitalized patients.
Germs 2(2):43-59

Reid A, Malone J (2004) Q fever in Ireland. A seroprevalence
study of exposure to Coxiella burnettii among Department of
Agriculture workers. Occup Med Lond 54(8):544-547

Sanz JC, Delos Rios R, Martin F, Tébar MA, Jadoc I, Anda P
(2006) Application of four ELISA techniques (two for IgM and
two for IgG) for serological diagnosis of an outbreak of Q fever.
Enferm Infecc Microbiol Clin 24:178-181

Szymanska-Czerwinska M, Galinska EM, Niemczuk K, Knap JP
(2015) Prevalence of Coxiella burnetii infection in humans
occupationally exposed to animals in Poland. Vector Borne
Zoonotic Dis 15(4):261-267. https://doi.org/10.1089/
vbz.2014.1716

Whitney EA, Massung R, Candee A, Ailes E, Myers L, Patterson N,
et al. (2009) Seroepidemiologic and occupational risk survey for
Coxiella burnetii antibodies among US veterinarians. Clin Infect
Dis 48(5):550-557

World Medical Association. Declaration of Helsinki—ethical
principles for medical research involving human subjects. http
s:/[www.wma.net/policies-post/wma-declaration-of-helsinki-eth
ical-principles-for-medical-research-involving-human-subjects/.
Accessed February 6, 2020.



