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Summary 23 

Q fever is a worldwide zoonotic infectious disease caused by Coxiella burnetii and sheep and 24 

goats are known to be the main reservoir for human infection. The present study describes the 25 

epidemiological and laboratory findings of C. burnetii outbreaks affecting sheep and goat flocks 26 

and also provides the results of a prospective serosurvey in bulk-tank milk samples to assess C. 27 

burnetii circulation in a population of sheep living in close contact to the human population in 28 

Central Portugal. In the epizooties, C. burnetii was identified in tissues of the resulting abortions 29 

by qPCR. As for the serological survey, 10.2% (95%CI: 4.5-19.2) of the 78 bulk tank milk samples 30 

collected in 2015 presented IgG antibodies against C. burnetii. The same farms were visited and 31 

sampled in 2016 and 25.6% (95%CI: 16.4-36.8) were positive. This steep increase in the number 32 

of anti-C. burnetii farms between the 2015 and 2016 collections showed to be statistically 33 

significant (p = 0.020) and is strongly suggestive of Q fever emergence in Central Portugal. 34 

Measures on animal health and on disease spread control to the human population should be 35 

considered. 36 

 37 

Keywords: Coxiella burnetii, Q fever, small ruminants, outbreaks, epidemiology 38 

 39 

Impacts 40 

We report two outbreaks of Q fever in sheep and goat flocks 41 

We describe a steep increase in Q fever antibodies in milk from sheep farms 42 

There is the possibility for Q fever emergence in central Portugal 43 

  44 
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Introduction 45 

Q fever is a worldwide zoonotic infectious disease caused by Coxiella burnetii and ruminants, 46 

namely, cattle, sheep and goats are known to be the main reservoir for human infection, 47 

however ticks are also considered a common reservoir (Arricau-Bouvery and Rodolakis, 2005; 48 

Van den Brom et al., 2015; Angelakis and Raoult, 2010; Djerbib et al., 2018). C. burnetii infection 49 

in ruminants can result in epizootic abortions, which are often associated with vast bacteria 50 

shedding in birth fluids and placentas, significantly increasing the risk of disease spread (O´Neill 51 

et al., 2014; Filioussis et al., 2017). Human infections mainly occur in persons handling infected 52 

animals and their products but until recently, the zoonotic transfer of C. burnetii to the human 53 

population did not generate important alerts in both Veterinary and Human Public Health 54 

(Tselentis et al., 1995; Ergas et al., 2006).  55 

In the last decade, a strong paradigm shift has occurred in the scientific community due to a 56 

major epidemic that has occurred in the general population in the Netherlands, resulting in 3 57 

525 notified cases in humans and the subsequent national cull of carrying goat herds (van der 58 

Hoek et al., 2010). Abortion clusters in goat herds that started a few years earlier, as a 59 

consequence of the intensification of dairy goat production systems in the region, were initially 60 

suggested as the source of this large human epidemic (van der Hoek et al., 2010). This was later 61 

supported by the results of geospatial studies indicating an association between the human 62 

cases and the dairy goat farms (Schimmer et al., 2010). Since then, important work has been 63 

made to prevent the spread of C. burnetii from sheep or goats to humans, however these efforts 64 

have been hindered by the limitation of effective veterinary interventions in these small 65 

ruminants (Angelakis and Raoult, 2010). 66 

Much is known on the role of sentinel animals in detecting risks to humans by providing early 67 

warning of an emerging infectious disease, being the particular case of sheep regarding C. 68 

burnetii (Mori et al., 2018). In particular, the important tradition behind primary production of 69 
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sheep in the Centre of Portugal, mainly done at a small scale and in intimate contact with 70 

humans, can provide seroepidemiological studies with sentinel flocks and thus potentially 71 

mitigate C. burnetii shedding to the human population. The present study describes two 72 

epizooties of C. burnetii affecting sheep and goat flocks, and also provides the results of a 2-year 73 

prospective serosurvey in bulk-tank milk samples to assess C. burnetii circulation in a population 74 

of sheep living in close contact to the human population in Central Portugal. 75 

 76 

Materials and methods 77 

Outbreaks investigation 78 

The first outbreak of abortions started on 15 november 2017 and lasted for 2 months in a sheep 79 

farm in the municipality of Mangualde (40.58633 North; -7.760661 West), district of Viseu, 80 

Central Portugal. The flock was not vaccinated to Q fever (only vaccinated against brucellosis) 81 

and had sheep from “Serra da Estrela” breed, the autochthonous breed of this region that 82 

produces the best sheep milk in Portugal. This milk is used for the highly valued and recognized 83 

worldwide, cheese “Serra da Estrela”. There were 155 sheep in the flock, of which 100 were 84 

pregnant and 20 aborted. The first abortion occurred in 15 November 2017 and the last in 18 85 

January 2018. Aborted foetuses (n=2) were taken and refrigerated until arriving at the 86 

Laboratory (within 24 h). The second outbreak of abortions started on 10 January 2018 and 87 

lasted for 3 weeks in a goat farm in the municipality of Aguiar da Beira (40.81443 North; -7.54440 88 

West), also in the district of Viseu, Central Portugal, approximately 50 km distant from the first 89 

outbreak. The flock had goats from “Murciana” breed and was also not vaccinated to Q fever 90 

(only against brucellosis). There were 60 goats in the flock, all pregnant, of which 25 aborted. 91 

The first abortion occurred in 10 January 2018 and the last in 30 January 2018. Placenta (n=1) 92 

was taken and refrigerated until arriving at the Laboratory (within 24 h). Tissues from both 93 

outbreaks were tested for a panel of abortion pathogens, namely Toxoplasma gondii, 94 
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Chlamydiaceae and Coxiella burnetii. DNA was extracted using NucleoSpin® Tissue kit, 95 

(Macherey Nagel, Duren, Germany), according to the manufacturers instructions. For pathogen 96 

genomic detection, 3 commercial real-time PCR probe assay kits with endogenous controls were 97 

used, according to the manufacturers instructions (EXOone Toxoplasma gondii oneMIX Kit; 98 

EXOone Chlamydiaceae one MIX Kit; EXOone Coxiella burnetii oneMIX Kit, Zaragoça, Spain). All 99 

reactions were performed using a positive, a negative and an endogenous control (β-actin 100 

target).  101 

A questionnaire was applied to the farm owners and families, as well as to the workers for 102 

symptoms fitting acute Q fever case definition (acute fever and one or more of the following: 103 

rigors, severe retrobulbar headache, acute hepatitis, pneumonia,) (CDC, 2009), during the 104 

period of the outbreaks and the following months, with the intervention and help of a human 105 

health team (a medical doctor and a nurse) and none fit the case definition.  106 

To address C. burnetti spread the delivered questionnaires included queries on similar epizootic 107 

abortions in nearby farms during the period of the outbreaks and the following months. The 108 

farm owner from the first outbreak reported that a neighbouring sheep farm had experienced 109 

5 to 7 abortions during the same period. Despite efforts we were not able to retrieve 110 

epidemiological data and samples from that sheep farm for analysis. 111 

Bulk tank milk collection 112 

The study geographical location was Estrela Mountain (“Serra da Estrela”), located in central 113 

Portugal, where the National Association of Serra da Estrela Sheep breed - ANCOSE (Associação 114 

Nacional de Criadores de Ovinos da Serra da Estrela; http://www.ancose.com) is responsible for 115 

the administration of one of Portugal’s autochthonous sheep breeds, the “Serra da Estrela”. This 116 

breed provides for several European Union´s Protected Designation of Origin (PDO) products, 117 

being exclusively bred in this region and thus having residual animal movement due to its 118 

confined production to the farm premises. For the serological analysis to study C. burnetii 119 
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emergence, samples from a previous study on Schmallenberg virus (data not published) were 120 

used. All registered sheep flocks (ANCOSE official, N=180) were invited to participate in this 121 

study, which required a bulk tank milk collection (one in January/February 2015, the other in 122 

January/February 2016). A total of 78 sheep milk farms from 46 parishes of 5 municipalities the 123 

Centre region of Portugal (Celorico da Beira, Fornos de Algodres, Gouveia, Seia and Tábua) 124 

answered and accepted to participate (response rate= 43.3%). The farm where the 2017 125 

abortion outbreak occurred did not participate. All farms provided a 2 ml bulk-milk sample both 126 

in January 2015 and in January 2016, which was swiftly transported to the laboratory at 4 °C. 127 

Samples were processed according to the manufacturer’s instructions with slight modifications 128 

(Chaintoutis et al., 2014). Briefly, bulk-milk samples were centrifuged at 1,000×g at 4 °C for 10 129 

min. After centrifugation, the fat fraction was removed using a sterile spatula, and the remaining 130 

fraction was transferred to a 1.5 ml microcentrifuge tube and immediately frozen (-20 °C) until 131 

analysis. 132 

Enzyme linked immunosorbent assay 133 

Samples were tested for the presence of anti-C. burnetii IgG antibodies, using a commercial 134 

indirect ELISA, ID Screen Q Fever Indirect Multi-species Kit (IDvet™, Montpellier, France), 135 

following the manufacturer’s instructions. The positive control of this assay is a pool of positive 136 

bovine sera (field infected, from France) and the assay has a sensitivity and a specificity of 100% 137 

(according to the manufacturer). For test interpretation, sample-to-positive control (S/P) ratio 138 

in each serum was calculated, according to the formula provided: S/P = (OD450 sample – OD450 139 

NC)/(OD450 PC – OD450 NC); where OD450 sample = optical density of the sample, OD450 NC = 140 

optical density of the negative control and OD450 PC = optical density of the positive control. 141 

Results were expressed as an index (S/P x 100). Indices stratified as 3 different rising categories. 142 

Samples with S/P indices <30% were considered negative, samples with S/P indices between 30 143 

and 40% were considered doubtful, samples with S/P indices ˃40% were considered positive. 144 

Doubtful samples were retested and if resulting doubtful, considered as negative. Obtained data 145 
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were used to calculate NUTS II-specific seroprevalence values and differences between NUTS II-146 

specific seroprevalence, in 2015 and 2016, were evaluated by Fisher's exact test, using GraphPad 147 

Prism 5.0 (GraphPad Software, Inc., San Diego, CA) and considered statistically significant if p < 148 

0.05. Exact binomial 95% confidence intervals (CI) were established for proportions. 149 

 150 

Results and discussion 151 

Results from the qPCR screening in the aborted foetuses and placenta showed that samples 152 

were negative for T. gondii and Chlamydia, and positive for C. burnetii, strongly suggesting that 153 

the abortion outbreaks that affected both farms were due to Q fever. Moreover, both flocks are 154 

vaccinated against brucellosis, thus excluding also this pathogen from the algorithm for 155 

epidemic abortions. All farm owners, family members and workers replied to the questionnaire 156 

however none fitted acute Q fever case definition. Nonetheless, the genotypes involved in the 157 

outbreaks could have been associated to low virulence in humans, and asymptomatic infections 158 

could have occurred (Van Schaik et al., 2013) 159 

As for the serological survey, anti-C. burnetii antibodies were found in both years. From the 2015 160 

sampling, eight (10.2%; 95%CI: 4.5-19.2) of the 78 bulk tank milk samples presented IgG 161 

antibodies against C. burnetii, while from the 2016 sampling, 20 (25.6%; 95%CI: 16.4-36.8) of the 162 

total 78 bulk tank milk samples were positive. Of the eight initially (2015) positive farms, five 163 

(62.5%) maintained their seropositive status regarding Q fever and three (37.5%) became 164 

seronegative. Of the anti-C. burnetii seronegative farms from 2015, 15 (25.8%) had 165 

seroconverted by 2016. This steep increase in the number of anti-C. burnetii farms between the 166 

2015 and 2016 collections showed to be statistically significant (p = 0.020).  167 

Regarding the distribution of IgG anti-C. burnetii positive bulk tank milk samples, according to 168 

geographical location (Table 1), in 2015 and 2016, an increase was observed in all but one 169 

municipality, namely in Seia (8.7% [CI: 1.1-28.0%] versus 21.7% [CI: 7.5-43.7%]), Gouveia (18.8% 170 
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[CI: 4.0-45.6%] versus 31.3% [CI: 11.0-58.7%]), Celorico da Beira (0% [CI: 0.0-0.0%] versus 26.7% 171 

[CI: 7.8-55.1%]) and Tábua (12.5% [CI: 1.6-38.3%] versus 31.3% [CI: 11.1-58.7%]). Only Fornos de 172 

Algodres showed no change in the number of IgG anti-C. burnetii positive bulk tank milk samples 173 

(12.5% [CI: 0.3-52.7%]). The steep increase of IgG anti-C. burnetii bulk tank milk samples across 174 

the Central region of Portugal is strongly suggestive of Q fever emergence in Central Portugal. 175 

ELISA on bulk tank milk samples have shown in the past to be a valuable matrix for the screening 176 

of C. burnetii infection within animals in lactation by providing information about the exposure 177 

to C. burnetii (Guatteo et al., 2007, van den Brom et al., 2012) and producing comparable results 178 

to those obtained in serum samples due to the immunoglobulin transfer from blood to milk 179 

(Nielsen et al., 2011). Interestingly another study in Portugal has detected IgG anti-C. burnetii in 180 

milk (Anastácio et al., 2016). Authors have collected 39 bulk milk samples from sheep in the 181 

same region, from 2009 to 2013, and showed that 51.3% flocks had positive samples (Anastácio 182 

et al., 2016). Although authors have obtained a much higher prevalence of positive bulk tank 183 

milk samples, they have tested samples for the presence of specific anti-C. burnetii antibodies 184 

using a different commercial ELISA (LSIVET Ruminant Milk/Serum Q Fever; Laboratoire Service 185 

International, Lissieu, France). Thus we find difficult to compare values as a different assay with 186 

distinct sensitivity/specificity has been used in the present study.  187 

While considered to remain unaltered, Q fever prevalence in the human population of Portugal 188 

is conflicting with European data that shows a clear increase of cases (DGS, 2015; ECDC, 2014). 189 

Although little is known regarding Q fever in Portugal, a few recent case reports in humans have 190 

been linked to animals, highlighting the concern for zoonotic transfer from ruminants (Alves et 191 

al., 2016). It is therefore of the upmost importance to provide results on the circulation of C. 192 

burnetii in sheep, so as to implement measures on animal health and control the disease spread 193 

to the human population. 194 

 195 
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Table 1. Screening for anti-C. burnetii IgG antibodies in bulk-milk tank samples from Serra da 267 

Estrela sheep, years 2015 and 2016 268 

 269 

CI: 95% confidence interval; †: not determined; * p value < 0.05 270 

 271 

 272 

Municipality 
2015 2016 P value 

SBV IgG positive/Total: no. (%; CI) SBV IgG positives/Total: no. (%; CI) 

Seia  2/23 (8.7; 1.1-28.0) 5/23 (21.7;7.5-43.7) 0.414 

Gouveia 3/16 (18.8;4.0-45.6) 5/16 (31.3;11.0-58.7) 0.685 

Fornos de Algodres  1/8 (12.5;0.3-52.7) 1/8 (12.5;0.3-52.7) † 

Celorico da Beira  0/15 (0.0;0.0-0.0) 4/15 (26.7;7.8-55.1) 0.099 

Tábua 2/16 (12.5; 1.6-38.3) 5/16 (31.3; 11.1-58.7) 0.394 

Total 8/78 (10.2; 4.5-19.2) 20/78 (25.8; 16.4-36.8) 0.021 * 


