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Abstract 

Introduction: Q fever in dairy cattle has been investigated in Latvia since 2012. In 2015, 10.7% of farms tested positive for 

the DNA of C. burnetii, its aetiological agent, in bulk tank milk. The presence of C. burnetii DNA and infectious bacteria in dairy 

products has been assessed in several countries, and because Latvian milk may contain them, parallel assessment in this country is 

recommended. Accordingly, the present study tested shop and farm retail dairy products from Latvia and included foreign products 

for comparison. Material and Methods: Investigation was carried out of 187 samples of a diverse range of dairy products from 

41 Latvian milk producers. Twenty-six comparable samples pooled from Estonia, France, Germany, Greece, Italy, Lithuania,  

the Netherlands, Poland and Spain were also included. The all-countries total number of fermented milk products was 160. Special 

attention was paid to products that could be more attractive to children because of their added chocolate, cacao, berry and fruit 

content. DNA was extracted and amplification of C. burnetii IS1111 was performed using a commercial PCR kit. Results: Overall 

positivity was 60.56%. Domestic products were positive more often (60.96%) than foreign ones (57.69%). Only 26.67% of 

unpasteurised Latvian cow’s milk samples were positive whereas 76.47% of pasteurised equivalents and 63.13% of fermented milk 

products were. Sweetened and fruit-containing samples were 71.43% positive. Conclusion: The shedding of C. burnetii via milk 

should be monitored and only milk from healthy animals allowed for sale for direct human consumption without pasteurisation. 

Raw milk quality and the effectiveness of industrial heat treatment and pasteurisation methods in Latvia and other countries should 

be carefully assessed to ensure adequate consumer health protection. 
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Introduction 

The zoonotic disease Q fever is widespread 

globally, and poses a serious threat to human health in 

Europe. The disease-causing agent is Coxiella burnetii, 

a mandatory intracellular pathogen. These bacteria enter 

the organism via aerosols, arthropod vectors or 

alimentary route, attach to the host macrophages, and 

enter them. C. burnetii creates a specific structure inside 

the cell by phagocytosis, the parasitic vacuole, and thus 

remains viable (27). 

In the period of 2015–2019, the total number of 

confirmed human cases of Q fever in the European 

Union ranged from 822 to 950 per year, corresponding 

to 0.19 cases per 100,000 population (13). One to three 

human cases per year were registered in Latvia during 

the years 2008–2015. Human cases of Q fever were not 

reported during the more recent period of 2016–2019; 

however, one case was identified in the first quarter of 

2020 (8). 

Few data on human Q fever infections conclusively 

proven to have been via contaminated unpasteurised 

milk and dairy products have been published. 

Contaminated home-made cheese was indicated only  

as a possible source of human infections in Canada 

during an outbreak among goat farmers or farm workers 

(n = 146), and in sporadic paediatric cases in Greece  

(n = 8), the infected persons were also in contact with 

animals as farm workers or were visiting rural areas (21, 

25). However, while the possibility of non-alimentary 

route infections existed in the latter case, statistical 

significance–indicating P values emerged for unpasteurised 

dairy product consumption against other risk factors. 

Several consumers (n = 5) of raw cow’s milk from  
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a common dairy were infected by C. burnetii in the USA 

(37), and consumption of raw milk was indicated as  

a significant factor for infected Colombian farmers (6). 

Ingestion of contaminated raw milk or dairy products 

may often lead to seroconversion but rarely causes 

clinical Q fever (9). Nevertheless, food consumption 

cannot be excluded from the assessment of Q fever 

transmission routes, and a One Health approach must 

extend to consideration of this possibility; however, 

food has been regarded as a “seldom recorded route”  

for the transmission of this pathogen (29, 23).  

A comprehensive literature review in 2018 (32) and 

simulation studies (16) concluded that the risk of  

C. burnetii human infection due to consumption of 

unpasteurised milk and raw milk products “cannot be 

considered negligible”. 

In some European countries, shedding of this 

pathogen via cattle milk has been recorded frequently, 

an example being its detection in 31.54% of tested dairy 

cattle herds’ milk in Poland (40). A survey of dairy cattle 

operations in Latvia showed that 10.7% tested positive 

for the presence of C. burnetii DNA in bulk tank milk 

samples (3). 

Dairy products besides milk have been tested for 

the presence of C. burnetii DNA in several countries. In 

Poland, it was found that 69.2% of such products were 

positive in tests (40). In Spain, C. burnetii DNA was 

detected in 29.9% of hard cheeses produced from raw 

sheep’s milk and 7.6% contained infectious bacteria (1). 

In France, 64% of tested dairy products contained the 

DNA of this pathogen, but none contained viable 

bacteria (11). 

C. burnetii serves as the target organism for 

proving the effectiveness of milk pasteurisation under 

the recommended conditions of 63°C for 30 min or 72°C 

for 15 s (9), but treatment at ultra-high temperature 

(UHT) of 135°C can be also used for milk according to 

Commission Regulation (EC) No 1662/2006 of  

6 November 2006. It is assumed that pasteurisation 

should kill the Q fever agent in raw milk (12, 22).  

The thermal resistance parameters of C. burnetii are  

a D value of 3.73 min at 63°C and a z value of 4.34°C. 

The suggested pasteurisation conditions are reported to 

achieve a reduction of from 4.7 to 8 orders of magnitude 

in viable C. burnetii cells (9). 

In the production of fermented sour milk products 

(yogurts, yogurt drinks and kefir), one of two pasteurisation 

regimes can be used: 85–87°C for 5–10 min or 90–95°C 

for 2–8 min. Sour cream is obtained from cream after 

milk separation and pasteurisation at 84–88°C for 2–10 min 

or 85–98°C for 20 s, depending on the fat content, and 

after treatment with lactic acid bacteria cultures.  

A homogenisation step can also be used at 50–70°C and 

6–12.5 MPa. During the cottage cheese production 

process, the pasteurisation is carried out at 76–80°C for 

15–20 s. In Latvia, the lowest pasteurisation 

temperatures are used for the raw milk in the cheese 

production process: 72–76°C for 15–20 s (29). Goat’s 

milk is usually pasteurised at 72°C for 15 s (5). 

There are around 40 milk processing companies 

operating in Latvia (18), but raw milk can be sold 

directly to consumers as well. For milk sold 

unprocessed, the current microbiological quality 

requirements according to Regulation No. 73 of the 

Cabinet of Ministers of Latvia “The requirements for 

small-scale circulation of raw cow’s and goat’s milk” 

(for production on a scale of less than 1000 t per year) 

are as follows: the total number of bacteria  

at a temperature of 30°C must be ≤ 100,000 mL−1, the 

number of somatic cells ≤ 400,000 mL−1, the number of 

Staphylococcus aureus colony-forming units ≤ 500 mL−1, 

and Salmonella spp. must not be present in 25 mL of 

milk. According to Regulation No. 597 of the Cabinet of 

Ministers of Latvia on “Veterinary, hygiene, and safety 

requirements for the circulation of raw milk” and 

Regulation (EC) No 853/2004 of the European 

Parliament and of the Council of 29 April 2004 laying 

down specific hygiene rules for foods of animal origin, 

raw milk must come from a herd officially free of 

brucellosis and tuberculosis and from healthy animals 

without any sign of infectious diseases, without genital 

tract infections or inflammation of the udder. The 

criteria for the total number of bacteria at a temperature 

of 30°C and the number of somatic cells are the same as 

stipulated for small-scale circulation in the pertinent 

Latvian regulation. According to the Commission 

regulation, for raw milk from other species than cows, 

the total number of bacteria at a temperature of 30°C 

must be ≤ 1,500,000 mL−1 but if the milk is intended for 

the manufacture of products made with raw milk without 

any heat treatment, this quality attribute’s value must be 

below 500,000 mL−1. Mandatory sample testing is to 

take place at least twice a month. If the herd does not 

have official status free of brucellosis and tuberculosis 

but the animals are healthy, the raw milk can be used for 

the production of cheese with a maturation period of  

at least two months (Latvian Regulation No. 597). 

According to both the Commission and Latvian 

regulations, the presence of C. burnetii DNA does not 

need to be monitored. In a study from the USA, it was 

shown that the presence of C. burnetii DNA in milk 

strongly correlates with the somatic cell count (2). 

In summary, the quality of milk and milk products 

depends on the combination of various factors, namely 

animal health, milk microbiological quality, and the 

technological processes of food production. Assuming 

that raw milk must be obtained only from healthy 

animals and its quality is compliant with requirements of 

the Latvian and European Union legislation, whether 

these stipulations as the existing quality criteria are 

sufficient to exclude the presence of C. burnetii DNA in 

the food chain is the question which this study aimed to 

resolve. 

Taking into account that paediatric cases of 

alimentary infection with Q fever have been described 

in some countries (25) and dairy products are  

an important part of the human diet in Latvia from as 

early as six months of age (39), special attention was 
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paid to yogurts and other fermented products with added 

ingredients, which are often consumed by children as 

well as adults (24, 38). The present study focused on 

unpasteurised and pasteurised milk samples and 

fermented dairy products with added ingredients from 

the retail market in Latvia and assessed the presence of 

C. burnetii DNA in them. 

Material and Methods 

Samples and sampling. Samples were obtained 

from the largest supermarket chains of Latvia, from the 

Central Market of Riga or directly from the producers. 

Unpasteurised bulk milk samples in retail trade were 

collected in sterile milk sampling containers. Other samples 

were prefilled by producers in milk cartons, plastic or 

glass milk jars or other packaging designed for the 

particular product type. After the purchase of the samples, 

they were immediately transported to the laboratory in  

a cold box at 4 to 6°C and processed or stored for one to 

three days in a refrigerator at the same temperature. 

The total number of samples tested was 213. The 

187 samples which were from Latvia originated from 41 

producers: milk processing companies, individual farms 

or artisanal producers. Thirty-two samples represented 

18 individual cattle or goat farms selling raw milk and 

milk products. The herd size of the cattle farms ranged 

from 5 to 500 cows, and that of the goat farms ranged 

from 100 to 300 animals. Milk processing companies 

were the origin of 155 samples: 17 pasteurised milk 

samples with fat content of 1.5–4.0% as indicated on the 

label, 28 yogurt and yogurt drink samples (mainly with 

fruit, berries and other ingredients), 40 cottage cheese 

and home-style cheese samples made from skimmed or 

whole milk with fat content of 0.5 or 9.0%, respectively, 

and 68 other cow’s milk products. Among the 41 

domestic producers sampled, the four largest Latvian 

dairy processing companies were represented with 10 to 

31 samples each. Twenty-six samples originating from 

other countries (Estonia (1), France (1), Germany (4), 

Greece (1), Italy (1), Lithuania (10), the Netherlands (2), 

Poland (5), and Spain (1)) were also included in the 

study. Nine samples were UHT products: three were 

cream, three were protein drinks, two goat’s milk, and 

one pasteurised milk. 

Sixty four fermented products and three pasteurised 

milk samples (in total n = 67) contained various added 

ingredients for flavour. Special attention was paid to 

products that could be more attractive to children with 

chocolate, cacao, berries and other fruit (n = 56). Dill, 

garlic, dried garlic, dried onions, leeks, parsley, natural 

herbal flavouring, wheat sprouts, paprika, seed mixture, 

spices and ham were also constituents of some 

fermented milk products tested (n = 11). The total 

number of fermented products was 160. The sample size 

variation and other information are given in Table 1. 

DNA extraction and real time PCR. Solid 

samples were cut into small pieces using a sterile scalpel. 

Total DNA was extracted from 200 µL or 100 mg of 

sample with a QIAamp DNA Mini Kit (Qiagen, Hilden, 

Germany) adopting a 100 µL elution volume.   

 
Table 1. The overview of the analysed samples 

Product type Producers 

Number of 

samples 

originating from 

Latvia/those 
with additives 

Number of 

samples from 

foreign 

sources/those 
with additives 

Sample size 

Cow’s milk products 

Unpasteurised milk Individual farms 15/0 0/0 20–1,000 mL 

Heat-treated milk Milk processing companies 3/0 0/0 500–1,000 mL 

Pasteurised milk Milk processing companies 17/3 2/0 200–1,000 mL 

Yogurts, yogurt drinks 
Milk processing companies, 

individual farms 
28/23 4/4 100–700 g 

Cottage cheese, home-style cheese, 

and desserts 
Milk processing companies 40/17 4/2 35–400 g 

Cheese (hard, semi-hard, smoked, 
and cheese spread) 

Milk processing companies 23/6 2/0 30–342 g 

Cream, coffee cream, and sour 

cream 

Milk processing companies, 

individual farms 
27 (2a)/0 2a/0 

100–600 g  

or 20– 200 mL 
Kefir, ryazhenka, pure culture 

fermented milk, buttermilk, and 

sour milk 

Milk processing companies 19/4 3/2 150–1,000 g 

Protein drink 
Brewery, milk processing 

companies 
6 (3a)/5 0/0 250–460 mL 

Goat’s milk products 

Pasteurised goat’s milk 
Milk processing companies, 
individual farms 

1/0 2a/0 500–1,000 mL 

Goat’s cheese 
Milk processing companies, 

individual farms 
8/1 7/0 100–200 g 

TOTAL  187/59 26/8  

a – produced using ultra-high-temperature treatment technology 
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Table 2. Summary of results for all samples tested 

Product type 

Number of 
samples from 

Latvian producers 

(positive) 

Percentage of 

positive 
samples 

Average Ct of 

positive 
samples 

Number of samples 

from foreign 
producers (positive) 

Percentage of 

positive 
samples 

Average Ct of 

positive 
samples  

Unpasteurised milk 15 (4) 26.67 30.45 0 - - 

Heat-treated milk 3 (0) 0.00 - 0 - - 

Pasteurised milk  17 (13) 76.47 30.41 2 (2) 100.00 34.72 

Yogurts, yogurt drinks 28 (15) 53.57 31.75 4 (2) 50.00 33.99 

Cottage cheese, home 
cheese, and desserts 

40 (31) 77.50 31.08 4 (3) 75.00 29.65 

Cheese 23 (20) 86.96 29.84 2 (2) 100.00 28.40 

Cream, coffee cream, 
and sour cream 

27 (15) 55.56 34.06 2 (1) 50.00 35.07 

Kefir, ryazhenka, pure 

culture fermented 
milk, buttermilk,  

sour milk 

19 (11) 57.89 32.97 3 (2) 66.67 33.33 

Protein drink 6 (5) 83.33 34.21 0 -  

Pasteurised goat milk 1 (0) 0.00 - 2 (1) 50.00 32.26 

Goat’s cheese 8 (0) 0.00 - 7 (2) 28.57 30.72  

TOTAL 187 (114) 60.96 - 26 (15) 57.69 - 

Ct – cycle threshold 

 
Amplification of C. burnetii IS1111 and GAPDH, 

as an internal control of the extraction and amplification 

steps, was performed using an Adiavet Coxiella Real 

Time kit (Bio-X Diagnostics, Rochefort, Belgium) and  

a Rotor-Gene Q real-time PCR cycler (Qiagen, Hilden, 

Germany). The manufacturer has validated this kit for 

veterinary use, but it has also been applied to food 

products in other studies (40). The samples were treated 

as low bacterial burden samples when the real time PCR 

cycle threshold (Ct) values were ≥ 30 (17). DNA was 

quantified in the same way as IS1111 was amplified. For 

quantification, individual standard curves were prepared 

for every portion of samples analysed in one real-time 

PCR run. The results obtained indicated that Ct values 

≥ 29.71  1.05 corresponded to ≤ 1.0 × 104 C. burnetii 

genome equivalents per mL. 

Statistical analyses. Statistical analyses were 

performed using the chi-squared test available at Social 

Science Statistics (http://www.socscistatistics.com/). 

Results  

Overall, 60.56% (129/213) of the samples were 

positive for the presence of C. burnetii DNA and those 

were mainly pasteurised cow’s milk, cheese, cottage 

cheese and home-style cheese, and yogurt (Table 2). The 

domestic-origin samples were positive in 60.96% 

(114/187) of cases while foreign samples were in 

57.69% (15/26). However, this difference was not 

statistically significant (χ2 = 0.01 with Yates correction, 

P = 0.91). Seven out of the ten products originating from 

Lithuania (70%) were positive: three samples of cottage 

cheese, one of yogurt, one of buttermilk, and two cheese 

samples. 

Only 26.67% (n = 4/15) of unpasteurised cow’s 

milk samples obtained from individual farms were 

positive. This result was statistically significantly lower 

than those for the pasteurised milk produced by Latvian 

milk processing companies, where 76.47% of the 

samples (n = 13/17) were positive (χ2 = 6.06 with Yates 

correction, P = 0.01). Three heat-treated milk samples 

from a milk processing company, as well as goat’s milk 

and goat’s cheese samples from individual farms were 

found to be free from C. burnetii contamination. Other 

locally produced product groups had between a 53.57% 

(yogurts and yogurt drinks) and a 86.96% (cheese) 

proportion of positive samples (Table 2). Products from 

individual farms were positive in 12.5% of cases, and in 

comparison, 70.96% of samples from milk processing 

companies contained C. burnetii, and this difference was 

statistically significant (χ2 = 35.68 with Yates correction, 

P = 0.00001). 

The results for products from the four most-

represented milk processing companies in Latvia are 

given in Table 3. Statistically significant differences 

were obtained between companies C and A (χ2 = 11.39 

with Yates correction, P = 0.0007) and C and B  

(χ2 = 6.47 with Yates correction, P = 0.01). 

In the present study, 86.96% (n = 20/23) of cow’s 

milk cheese samples of Latvian origin were positive: 

nine semi-hard ripened, four unripened/smoked, and 

seven cheese spread. None of the four domestic goat’s 

milk cheese samples was positive and only two out of 

seven (28.57%) goat’s milk cheese samples of foreign 

origin were. 
 

Table 3. Results of the analysis of the pasteurised milk and milk product 
samples from the four largest milk processing companies in Latvia 

Company 
Number of samples tested / number  

of positive samples (%) 

A 31/27 (87.10) 

B 24/19 (79.17) 

C 13/4 (30.77) 

D 10/6 (60.00) 
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Table 4. Results of the analysis of the unfermented and fermented products 

 Unfermented products 

Fermented products (number of positive samples/ 
total number of samples, percentage of positive samples) 

Without fermenting 

cultures 
With fermenting cultures 

With fermenting cultures  

and probiotics 

Individual farms 5/18, 27.78% 0/2, 0% 1/9, 11.11% 0/6, 0% 

Milk processing 
companies 

23/35, 65.71% 10/13, 76.92% 70/99, 70.71 % 20/31, 64.52% 

Total 28/53, 52.83% 10/15, 66.67% 71/108, 65.74% 20/37, 54.05% 

 

 

The largest part of the positive samples were low 

bacterial burden samples because the real-time PCR Ct 

values were ≥ 30. Only 46 of the positive cow’s milk 

products had Ct ≤ 30, mainly unpasteurised milk  

(2 samples), pasteurised milk (9), yogurts (4), cheese (14), 

cottage cheese (14) and protein drinks (2) that originated 

from Latvia and Lithuania, as well as one goat’s cheese 

sample from Spain. Among the nine UHT products, 

seven were positive (77.78%) with Ct ≥ 30. The average 

Ct values and range of variation are given in Table 2. 

Fermented milk products were positive in 63.13% 

of cases (Table 4). Of the samples with sweeteners and 

fruit ingredients 71.43% were positive (40/56). Products 

with spices and meat were less contaminated at 66.67% 

(7/11). 

Discussion  

Some studies led researchers to assume that people 

were infected with C. burnetii by consuming 

contaminated raw milk or home-made cheese (21, 25, 

37). One study showed the presence of viable bacteria in 

cheese produced from unpasteurised milk (1).  

A research group from the USA performed  

an experiment in immunocompetent mice which were 

intragastrically inoculated by gavage with previously 

isolated C. burnetii of the three sequence types - Nine 

Mile (ST16), CM-SC1 (ST20), and GP-CO1 (ST8). 

Each strain was also directly injected into the peritoneal 

cavity of mice as a positive control, resulting in marked 

signs of infection. All strains administered directly to the 

stomach by oral gavage also caused infection in the 

experimental mice, as evidenced by the researchers 

detecting C. burnetii DNA in various tissues and 

elevated antibody titres (28). Additionally, some 

evidence of bacterial spread within the bodies of guinea 

pigs after administration per os was observed in a study 

in Poland (23). 

The infection route from food to human in the case 

of Q fever has been neglected in several studies focusing 

on the One Health approach (29, 33). However,  

C. burnetii was considered an important foodborne 

pathogen in milk in earlier studies (10, 14, 22, 26).  

A research group from Italy concluded that the detection 

of C. burnetii should be included in the microbiological 

criteria for raw milk, especially when the milk is 

intended for direct human consumption (31). Therefore, 

it is important to assess milk quality at the farm level and 

to measure the effectiveness of milk pasteurisation 

methods at the dairy processing companies in Latvia and 

other countries, in order to ensure the protection of 

consumer health. Food microbiologists, in turn, should 

test food products for the presence and viability of  

C. burnetii bacterial cells. 

Samples of Latvian origin were positive in 60.96% 

(114/187) of cases, while samples of foreign origin were 

in 57.69% (15/26) of cases. Among the 10 products of 

Lithuanian origin, seven samples (75%) were positive: 

three samples of cottage cheese, one of yogurt, one of 

buttermilk, and two of cheese. Such a high proportion of 

positive test results in food samples from Lithuania can 

be explained by the relatively high prevalence of 

infected dairy cattle herds (52.15%) in that country (34). 

Only 26.67% (n = 4/15) of unpasteurised cow’s 

milk samples obtained from individual farms were 

positive, compared to 76.47% (n = 13/17) of positive 

pasteurised cow’s milk samples produced by dairy 

processing companies. Unpasteurised cow’s milk 

containing C. burnetii DNA has to be considered  

an especially high-risk product, because it is the 

responsibility of the consumer to boil it before 

consumption. 

Overall, the products from individual farms were 

positive in 12.5% of cases, compared to 70.96% 

positivity in samples from dairy processing companies. 

The proportion of positive samples depended on the 

company (Table 3). In previous studies from France, 

Spain and Hungary more frequent positive results were 

also obtained from industrial dairy producers than from 

small-scale producers (11, 17, 19). This can be explained 

by the smallness of the batches in which unpasteurised 

milk produced from a few cows by individual farms is 

processed and by the direct nature of the sale of that 

milk, which contrasts with the practice of large dairy 

processing companies of collecting milk from a wide 

area, making it possible for milk from a few infected 

herds to contaminate the entire production chain (11). 

In the present study, 86.96% (n = 9) of Latvian 

cow’s milk cheese samples tested positive. This 

percentage was significantly higher than the result of  

an investigation carried out in southern Italy, where only 

39% of cow’s milk cheese samples were positive (7). 

Among the product types in the current investigation, 

various hard, semi-hard, and smoked cheeses and cheese 

spread gave the highest percentages of positive tests, 

probably due to the relatively low temperature of 

pasteurisation. 
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None of the four domestically produced goat’s 

cheese samples was positive and only two out of seven 

(28.57%) goat’s cheese samples of foreign origin were. 

This incidence was lower than in a study from Italy, 

where 65.38% of industrially produced goat’s cheese 

samples were positive (17). 

The majority of the positive samples (64.34%) in 

this study can be treated as low bacterial burden samples, 

because the real time PCR Ct values were ≥30 as 

evaluated in a previous study (17). However,  

46 (35.66%) of the positive cow’s milk products had  

Ct ≤ 30. Taking into account the quantification results of 

the present study, Ct values ≥ 29.71  1.05 corresponded 

to ≤1.0 × 104 C. burnetii genome equivalents per millilitre. 

According to a previous study, one bacterium can cause 

infection and five bacteria can cause the disease (4). 

Positive cow’s milk products that had Ct ≤30 were 

mainly pasteurised milk, cheese and cottage cheese 

samples, and they originated from Latvia and Lithuania, 

as well as one goat’s cheese sample from Spain. Among 

the nine UHT products, seven were positive (77.78%) 

with Ct ≥ 30. In general, the Ct values of the real-time 

PCR were comparable to those obtained in other studies. 

For example, the Ct values of cheese samples ranged 

from 26.22 to 33.50, which was similar to those in  

a study of unpasteurised sheep’s milk cheese from Spain (1). 

Paediatric infection from dairy products has been 

described (25); in general, children can be frequently 

infected with C. burnetii (20, 35, 36). Therefore, special 

attention was paid to products that could be more 

attractive to children in offering added chocolate, cacao, 

berries or other fruit. Of the sweetened samples with 

fruit 71.43% were positive, indicating a possible hazard. 

The present study generally indicates that the 

incidence of C. burnetii DNA in milk and dairy products 

can be significantly higher than the incidence of infected 

dairy farms in a particular country. During the present 

investigation, 60.96% (n = 114/187) of milk and dairy 

product samples were found to be positive, whereas only 

10.7 –13.2% of dairy cattle farms were previously 

identified as infected in Latvia (3). Similar results were 

obtained in Poland, where 31.54% of farms were 

infected but there was 69.16% incidence of positive tests 

in retail milk and dairy products (40), and in 

Switzerland, where the occurrence of C. burnetii among 

cheese producers exceeded the level expected from the 

epidemiological data on cattle herds (15). 

According to the results of this investigation, we 

suggest that shedding of viable C. burnetii bacteria via 

milk should be monitored by compulsory testing, and 

only milk from healthy, non-shedding animals should be 

allowed onto the market as unpasteurised milk for direct 

human consumption. Furthermore, heat treatment is 

always recommended, as fresh milk can be a source of 

other pathogens that cannot be detected by standard milk 

testing methods. We conclude that raw milk quality and 

the effectiveness of milk heat treatment and 

pasteurisation methods at the dairy processing 

companies in Latvia and other countries should be 

carefully assessed to ensure adequate consumer health 

protection. 

 

Conflict of Interests Statement: The authors declare 

that there is no conflict of interests regarding the 

publication of this article. 

 

Financial Disclosure Statement: This research was 

funded by the Latvian Council of Science under the 

project no. lzp-2018/2–0109 entitled “Impact of 

zoonosis Q fever on reproduction of dairy cattle and 

solutions for the disease control and sustainable use of 

animals”. 

  

Animal Rights Statement: Not applicable. 

 

Acknowledgements: The authors would like to express 

their gratitude to the Institute of Food Safety, Animal 

Health and Environment “BIOR” for its support in 

carrying out this study. 

 

 

References   

1. Barandika J.F., Alvarez-Alonso R., Jado I., Hurtado A.,  

García-Pérez A.L.: Viable Coxiella burnetii in hard cheeses made 

with unpasteurized milk. Int J Food Microbiol 2019, 303, 42–45, 

doi: 10.1016/j.ijfoodmicro.2019.05.010. 

2. Barlow J., Rauch B., Welcome F., Kim S.G., Dubovi E., Schukken Y.: 

Association between Coxiella burnetii shedding in milk and 

subclinical mastitis in dairy cattle. Vet Res 2008, 39, 23, doi: 

10.1051/vetres:2007060. 

3. Boroduske A., Trofimova J., Kibilds J., Papule U., Sergejeva M., 

Rodze I., Grantina-Ievina L.: Coxiella burnetii (Q fever) infection 

in dairy cattle and associated risk factors in Latvia. Epidemiol 

Infect 2017, 145, 2011–2019, doi: 10.1017/S0950268817000838. 

4. Brooke R.J., Kretzschmar M.E., Mutters N.T., Teunis P.F.: 

Human dose response relation for airborne exposure to Coxiella 

burnetii. BMC Infect Dis 2013, 13, 488, doi: 10.1186/1471-2334-

13-488. 

5. Buffa M., Guamis B., Royo C., Trujillo A.J.: Microbiological 

changes throughout ripening of goat cheese made from raw, 

pasteurized and high-pressure-treated milk. Food Microbiol 2001, 

18, 45–51, doi: 10.1006/fmic.2000.0372. 

6. Cabrera Orrego R., Rios-Osorio L.A., Keynan Y., Rueda Z.V., 

Gutiérrez Builes L.A.: Molecular detection of Coxiella burnetii in 

livestock farmers and cattle from Magdalena Medio in Antioquia, 

Colombia. PLoS One 2020, 15, e0234360, doi: 

10.1371/journal.pone.0234360. 

7. Capuano F., Mancusi A., Casalinuovo F., Perugini A., Proroga Y., 

Guarino A., Berri M.: Real-time PCR-based detection of Coxiella 

burnetii in cheeses. Eur Food Res Technol 2012, 235, 1181–1186, 

doi: 10.1007/s00217-012-1855-z. 

8. Center for Disease Prevention and Control: Epidemiological 

bulletins, Janvāris-decembris 2020. https://www.spkc.gov.lv/lv/ 

epidemiologijas-bileteni (in Latvian). 

9. Cerf O., Condron R.: Coxiella burnetii and milk pasteurization: 

An early application of the precautionary principle? Epidemiol 

Infect 2006, 134, 946–951, doi: 10.1017/S0950268806005978. 

10. Connolly J.H., Coyle P.V., Adgey A.A., O’Neill H.J.,  

Simpson D.M.: Clinical Q fever in Northern Ireland 1962-1989. 

Ulster Med J 1990, 59, 137–144.  

11. Eldin C., Angelakis E., Renvoisé A., Raoult D.: Coxiella burnetii 

DNA, but not viable bacteria, in dairy products in France.  

Am J Trop Med Hyg 2013, 88, 765–769, doi: 10.4269/ajtmh.12-0212. 



 L. Valkovska et al./J Vet Res/65 (2021) 441-447 447 

 

 

12. Eldin C., Mélenotte C., Mediannikov O., Ghigo E., Million M., 

Edouard S., Mege J.-L., Maurin M., Raoul D.: From Q fever to 

Coxiella burnetii infection: a paradigm change. Clin Microbiol 

Rev 2017, 30, 115–190, doi: 10.1128/CMR.00045-16. 

13. European Food Safety Authority and European Centre for Disease 

Prevention and Control: The European Union One Health 2019 

Zoonoses Report. EFSA Journal 2021, 19, 6406, doi: 

10.2903/j.efsa.2021.6406. 

14. Fishbein D.B., Raoult D.: A cluster of Coxiella burnetii infections 

associated with exposure to vaccinated goats and their 

unpasteurized dairy products. Am J Trop Med Hyg 1992, 47,  

35–40, doi: 10.4269/ajtmh.1992.47.35. 

15. Fretz R., Schaeren W., Tanner M., Baumgartner A.: Screening of 

various foodstuffs for occurrence of Coxiella burnetii in 

Switzerland. Int J Food Microbiol 2007, 116, 414–418, doi: 

10.1016/j.ijfoodmicro.2007.03.001. 

16. Gale P., Kelly L., Mearns R., Duggan J., Snary E.L.: Q fever 

through consumption of unpasteurised milk and milk products –  

a risk profile and exposure assessment. J Appl Microbiol 2015, 

118, 1083–1095, doi: 10.1111/jam.12778. 

17. Galiero A., Fratini F., Cammà C., Di Domenico M., Curini V., 

Baronti I., Turchi B., Cerri D.: Occurrence of Coxiella burnetii in 

goat and ewe unpasteurized cheeses: Screening and genotyping. 

Int J Food Microbiol 2016, 237, 47–54, doi: 

10.1016/j.ijfoodmicro.2016.08.008. 

18. Grivins M., Adamsone-Fiskovica A., Tisenkopfs T.: Strategies 

farmers use to shape supply chain: a comparative analysis of dairy 

and grain farmers in Latvia. Theme 5 – Sustainable agrifood 

systems, value chains and power structures. Proceedings of the 

13th European IFSA Symposium, July, 1–5, Chania, Greece. 

19. Gyuranecz M., Dénes B., Hornok S., Kovács P., Horváth G., 

Jurkovich V., Varga T., Hajtós I., Szabó R., Magyar T., Vass N., 

Hofmann-Lehmann R., Erdélyi K., Bhide M., Dán Á.: Prevalence 

of Coxiella burnetii in Hungary: screening of dairy cows, sheep, 

commercial milk samples, and ticks. Vector Borne Zoonotic Dis 

2012, 12, 650–653, doi: 10.1089/vbz.2011.0953. 

20. Hackert V.H., Dukers-Muijrers N.H.T.M., van Loo I.H.M., 

Wegdam-Blans M.C.A., Somers C., Hoebe C.J.P.A.: Coxiella 

burnetii infection is lower in children than in adults after 

community exposure: Overlooked Cause of Infrequent Q Fever 

Reporting in the Young. Pediatr Infect Dis J 2015, 34, 1283–1288, 

doi: 10.1097/INF.0000000000000871. 

21. Hatchette T.F., Hudson R.C., Schlech W.F., Campbell N.A., 

Hatchette J.E., Ratnam S., Raoult D., Donovan C., Marrie T.J.: 

Goat-associated Q fever: a new disease in Newfoundland. Emerg 

Infect Dis 2001, 7, 413–419, doi: 10.3201/eid0703.010308. 

22. Huebner R.J., Jellison W.L., Beck M.D., Wilcox F.P.: Q fever 

studies in Southern California; effects of pasteurization on 

survival of C. burneti in naturally infected milk. Public Health Rep 

1949, 64, 499–511, doi: 10.2307/4586926. 

23. Jodełko, A., Szymańska-Czerwińska M., Kycko A., Niemczuk K.: 

Evaluation of the possibility of C. burnetii transmission by the 

alimentary route in a guinea pig model. J Vet Res 2019, 63,  

311–315, doi: 10.2478/jvetres-2019-0055. 

24. Lazda I., Krūmiņa A., Zeltiņa I., Krūmiņa N., Ķibilds J., Siksna I., 

Vīksna L., Derovs A.: Microbial community of kefir and its 

impact on the gastrointestinal microbiome in health and disease. 

Proc Latv Acad Sci B Nat Exact Appl Sci 2020, 74, 58–64,  

doi: 10.2478/prolas-2020-0009. 

25. Maltezou H.C., Constantopoulou I., Kallergi C., Vlahou V., 

Georgakopoulos D., Kafetzis D.A., Raoult D.: Q fever in children 

in Greece. Am J Trop Med Hyg 2004, 70, 540–544, doi: 

10.4269/ajtmh.2004.70.540. 

26. Marmion B., Stoker G.: The epidemiology of Q fever in Great 

Britain. Brit Med J 1958, 2, 809–816, doi: 

10.1136/bmj.2.5100.809. 

27. Maurin M., Raoult D.: Q fever. Clin Microbiol Rev 1999, 12,  

518–553, doi: 10.1128/CMR.12.4.518. 

28. Miller H.K., Priestley R.A., Kersh G.J.: Transmission of Coxiella 

burnetii by ingestion in mice. Epidemiol Infect 2020, 148, e21, 

doi: 10.1017/S0950268820000059. 

29. Mori M., Roest H.-J: Farming, Q fever and public health: 

agricultural practices and beyond. Arch Public Health 2018, 76, 2, 

doi: 10.1186/s13690-017-0248-y. 

30. Ozola L., Ciproviča I.: Latvia University of Agriculture, Faculty 

of Food Technology, Jelgava, 2002, pp. 256. 

31. Petruzzelli A., Amagliani G., Micci E., Foglini M., Di Renzo E., 

Brandi G., Tonucci F.: Prevalence assessment of Coxiella burnetii 

and verocytotoxin-producing Escherichia coli in bovine raw milk 

through molecular identification. Food Control 2013, 32,  

532–536, doi: 10.1016/j.foodcont.2013.01.041. 

32. Pexara A., Solomakos N., Govaris A.: Q fever and prevalence of 

Coxiella burnetii in milk. Trends Food Sci Tech 2018, 71, 65–72, 

doi: 10.1016/j.tifs.2017.11.004. 

33. Rahaman M.R., Milazzo A., Marshall H., Bi P.: Is a One Health 

Approach Utilized for Q Fever Control? A Comprehensive 

Literature Review. Int J Environ Res Public Health 2019, 16, 730, 

doi: 10.3390/ijerph16050730. 

34. Rapaliutė E.: Galvijų Q karštinės duomenų epidemiologinė 

analizė (Epidemiological Data Analysis of Cattle Q Fever – in 

Lithuanian). Master thesis. Lithuanian University of Health 

Sciences, Faculty of Veterinary Medicine, Kaunas, 2019, p. 49. 

35. Robinson J.L. Coxiella burnetii infection in children. Curr Infect 

Dis Rep 2020, 22, 12, doi: 10.1007/s11908-020-00721-2. 

36. Sachs N., Atiya-Nasagi Y., Beth-Din A., Levy I., Ben-Shimol S., 

Tasher D., Grisaru-Soen G., Dabaja H., Kassis I., Spilman S., 

Bilavsky E.: Chronic Q fever infections in Israeli children. Pediatr 

Infect Dis J 2018, 37, 212–217, doi: 10.1097/INF. 

0000000000001790. 

37. Signs K.A., Stobierski M.G., Gandhi T.N.: Q fever cluster among 

raw milk drinkers in Michigan, 2011. Clin Infect Dis 2012, 55, 

1387–1389, doi: 10.1093/cid/cis690. 

38. Siksna I., Valciņa O., Ozoliņš G., Goldmanis M.: EFSA External 

Scientific Report: Latvian National Dietary Survey on the general 

population. EFSA supporting publication EN-1307, Luxembourg, 

2017, doi: 10.2903/sp.efsa.2017.EN-1307. 

39. Sirina I., Strele I., Siksna I., Gardovska D.: Eating patterns and 

food choices of Latvian infants during their first year of life. 

Medicina 2018, 54, 7, doi: 10.3390/medicina54010007. 

40. Szymańska-Czerwińska M., Jodełko A., Zaręba-Marchewka K., 

Niemczuk K.: Shedding and genetic diversity of Coxiella burnetii 

in Polish dairy cattle. PLoS One 2019, 14, e0210244, doi: 

10.1371/journal.pone.0210244. 

  

 


