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Abstract 
Introduction: Brucellosis in Egypt is an endemic disease among animals and humans. In endemic developing countries, dairy products 

produced from untreated milk are a potential threat to public health. The aim of this study was to detect brucellae in milk and milk products 

produced from apparently healthy animals to estimate the prevalence of contamination. 

Methodology: Two hundred and fifteen unpasteurized milk samples were collected from apparently healthy cattle (n = 72) and buffaloes (n = 

128) reared on small farms, and from milk shops (n = 15) producing dairy products for human consumption. All milk samples were examined 

by indirect enzyme-linked immunosorbent assay (iELISA) and real-time PCR (RT-PCR) to detect Brucella antibodies and Brucella-specific 

DNA, respectively.  

Results: Using iELISA, anti-Brucella antibodies were detected in 34 samples (16%), while RT-PCR amplified Brucella-specific DNA from 

17 milk samples (7.9%). Species-specific IS711 RT-PCR identified 16 of the RT-PCR-positive samples as containing B. melitensis DNA; 1 

RT-PCR-positive sample was identified as containing B. abortus DNA.  

Conclusions: The detection of Brucella DNA in milk or milk products sold for human consumption, especially the highly pathogenic species 

B. melitensis, is of obvious concern. The shedding of Brucella spp. in milk poses an increasing threat to consumers in Egypt. Consumption of 

dairy products produced from non-pasteurized milk by individual farmers operating under poor hygienic conditions represents an 

unacceptable risk to public health. 
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Introduction 
Brucellosis is a highly contagious bacterial disease 

of zoonotic importance, causing significant 

reproductive losses in animals. Members of the genus 

Brucella are Gram-negative, facultative intracellular 

pathogens that may affect a wide range of mammals 

including humans, cattle, sheep, goats, pigs, rodents, 

and marine mammals [1]. Despite the implementation 

of the National Brucellosis Control Program in Egypt 

32 years ago [2], the disease is still endemic among 

ruminants and humans [3]. Recently, concurrent 

infections with acute febrile illness (AFI) of unknown 

cause have been reported as a common clinical 

syndrome among patients seeking hospital care in 

Egypt [4]. Of these patients, 5% are culture-positive 

for Brucellae and 11% show positive results by 

serological testing [5]. The total seroprevalence of 

human brucellosis ranges between 5% and 8%, with 

no significant effect of seasonal variation [6]. 

Furthermore, there are reports suggesting that the 

incidence of human infection may be increasing in 

these and other populations in Egypt [4,7,8]. 

Brucellosis is an occupational disease that affects 

individuals who have close contact with infected 

animals, such as veterinarians, abattoir workers, 

farmers, and laboratory personnel. Ingestion of 

unpasteurized milk and dairy products made from this 

source may expose humans to pathogenic Brucella 

species, and is a common route of infection in humans 

[9,10]. In particular, immunocompromised persons, 

including the elderly, pregnant women, infants and 

young children, are at the highest risk of contracting 

brucellosis [11]. In dairy animals, Brucella spp. 

replicate in the mammary gland and supra-mammary 

lymph nodes, and these animals continually excrete 

the pathogen into milk throughout their lives [12]. 
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Since cow and buffalo milk and milk products are 

more commonly consumed than the milk of sheep, 

goats and camels in Egypt, the risk for human 

infection is mainly confined to cattle and buffaloes 

[13]. In Egypt and other developing countries, dairy 

products such as butter, fermented milk, Kareish 

cheese, and yogurt may be produced from 

unpasteurized milk collected by individual farmers 

operating small farms in substandard sanitary 

conditions. It has also been shown that B. melitensis 

can survive in naturally contaminated unpasteurized 

milk for up to five days when kept at 4°C and up to 

nine days at -20°C [14]. In yogurt stored at ambient 

temperature and at 4°C, Brucella organisms can 

survive four and eight days, respectively. In Kareish 

cheese manufactured from naturally contaminated 

unpasteurized milk, the Brucella survival rate 

increased until the eighth day at ambient temperature 

[14]. Therefore, the occurrence of Brucella spp. in 

these products is to be expected. 

This preliminary study was performed to assess the 

presence of brucellae in fresh milk samples and 

untreated dairy products (e.g., yogurt), using iELISA 

and RT-PCR 

 

Methodology 
A total of 215 raw or unpasteurized milk samples 

were collected from apparently healthy cows (n = 72) 

and buffaloes (n = 128) at small farms, and from milk 

shops (n = 15) that produce dairy products for human 

consumption. From milk shops, 5 samples were 

collected from milk tanks, 6 from yogurt, and 4 from 

cream. All samples were collected from neighboring 

localities in Menufiya, Qalyobia, and Sharkia 

governorates of the Delta region, Egypt. These areas 

are known to be endemic for brucellosis. Cattle and 

buffaloes are reared there to produce milk for 

consumption in large cities such as Cairo. Indirect 

enzyme-linked immunosorbent assay (iELISA) was 

performed on all milk samples using Brucella smooth 

lipopolysaccharide (S-LPS) as the antigen (IDEXX, 

Montpellier SAS, France). The iELISA results were 

classified as positive or negative using the cutoff 

values recommended by the manufacturer.  

DNA was extracted from milk, cream, and yogurt 

samples using the High Pure PCR Template 

Preparation Kit (Roche Applied Sciences, Mannheim, 

Germany) according to the manufacturer’s 

instructions. RT-PCR assays were used to confirm the 

presence of the genus Brucella and to identify B. 

abortus and B. melitensis in the extracted DNA 

samples. Assays were performed in single runs for 

genus and species identification as described 

previously by Probert et al. [15]. All samples were 

tested in duplicate; cycle threshold (ct) values below 

40 cycles were interpreted as positive. 

 

Results 
As shown in Table 1, 38 milk samples were 

positive in at least one test and 177 samples were 

negative either with iELISA or PCR assay for 

Brucella. The iELISA detected Brucella antibodies in 

18, 13 and 3 milk samples from cows, buffaloes and 

milk tanks, respectively. Genus-specific bcsp31 PCR 

amplified Brucella-specific DNA from 9, 7 and 1 milk 

samples obtained from cows, buffaloes and a milk 

tank, respectively. Species-specific IS711 RT-PCR 

confirmed the presence of B. abortus-specific DNA in 

1 cow milk sample, while in 16 samples, B. melitensis-

specific DNA was detected. In 18, 17 and 3 milk 

samples from cows, buffaloes and milk tanks in dairy 

shops, respectively, Brucella antibodies and/or 

Brucella-specific DNA were detected. All cream and 

yogurt samples were negative. 

 

Discussion 
Brucellosis remains an endemic disease of 

ruminants and humans in most Middle Eastern 

countries and in various countries of the 

Mediterranean basin [2]. Recently, brucellosis cases 

have increased sharply in persons living in areas 

located far away from Brucella-endemic areas. 

Brucellosis can also be easily transmitted from 

endemic rural pockets to non-endemic urban areas 

[16]. The explanation for this is in part may be that 

raw milk and dairy products of animals infected with 

Brucella are now being transported over very long 

distances and consumed by an at-risk population. In 

Egypt, huge investments in surveillance and 

eradication of brucellosis were made in the last 25 

years with only limited success. Endemic countries 

suffer from loss of productivity and an adverse impact 

on human health [1]. 

Isolation and phenotyping of Brucella is still the 

gold standard for diagnosis, but it is time consuming, 

potentially hazardous, and requires well-trained 

personnel [17]. Molecular diagnosis of brucellosis by 

PCR techniques has increasingly been used as a 

supplementary method [18,19]. Genus-specific PCR 

assays are inexpensive tests for screening and have the 

capability to detect low concentrations of DNA. Our 

findings are completely in agreement with previous 

reports that B. melitensis DNA can be amplified from 

bovine milk samples [20].  
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  Table 1. iELISA and PCR results of milk samples showing a positive result in at least one test. 

No. Type of sample 
Source of 

sample 

iELISA 

O.D
 

BCSP 31 PCR 

ct value 

IS711 B. abortus 

PCR 

IS711 B. 

melitensis  PCR 

1 Milk Cow +/2.93 +/36.3 +/37.45 -/No Ct 

2 Milk Buffalo +/3.11 +/35.55 -/No Ct +/36.8 

3 Milk Cow +/2.99 +/36.78 -/No Ct +/37.9 

4 Milk Cow +/2.95 +/35.57 -/No Ct +/36.42 

5 Milk Cow +/2.65 +/35.44 -/No Ct +/36.1 

6 Milk Cow +/3.02 +/34.78 -/No Ct +/35.9 

7 Milk Cow +/3.01 +/36.57 -/No Ct +/38.36 

8 Milk Cow +/2.66 -/44.4 -/No Ct -/No Ct 

9 Milk Cow +/2.24 -/45.3 -/No Ct -/No Ct 

10 Milk Cow +/2.23 +/35.57 -/No Ct +/36.44 

11 Milk Cow +/2.01 +/36.55 -/No Ct +/37.25 

12 Milk Cow +/3.02 -/No Ct -/No Ct -/45.55 

13 Milk Cow +/3.14 +/36.4 -/No Ct +/37.55 

14 Milk Buffalo +/2.65 -/No Ct -/No Ct -/48.88 

15 Milk Buffalo +/2.58 -/No Ct -/No Ct -/47.95 

16 Milk Buffalo +/2.88 +/35.33 -/No Ct +/34.44 

17 Milk Buffalo +/3.07 +/34.45 -/No Ct +/33.2 

18 Milk Milk Tank +/3.15 -/No Ct -/No Ct -/46.35 

19 Milk Milk Tank +2.24 +/36.55 -/No Ct +/35.54 

20 Milk Milk Tank +/2.45 -/No Ct -/No Ct -/No Ct 

21 Milk Cow +/3.10 -/No Ct -/No Ct -/No Ct 

22 Milk Buffalo +/2.56 -/No Ct -/No Ct -/No Ct 

23 Milk Buffalo +/3.07 -/No Ct -/No Ct -/No Ct 

24 Milk Buffalo +/3.19 -/No Ct -/No Ct -/No Ct 

25 Milk Buffalo +/2.18 -/No Ct -/No Ct -/No Ct 

26 Milk Cow +/2.14 -/No Ct -/No Ct -/No Ct 

27 Milk Cow +/2.25 -/No Ct -/No Ct -/No Ct 

28 Milk Buffalo +/2.13 -/No Ct -/No Ct -/No Ct 

29 Milk Buffalo +/3.10 -/No Ct -/No Ct -/No Ct 

30 Milk Buffalo +/3.00 -/No Ct -/No Ct -/No Ct 

31 Milk Buffalo +/2.24 -/No Ct -/No Ct -/No Ct 

32 Milk Cow +/2.65 -/No Ct -/No Ct -/No Ct 

33 Milk Cow +/2.58 -/No Ct -/No Ct -/No Ct 

34 Milk Cow +2.97 -/No Ct -/No Ct -/No Ct 

35 Milk Buffalo -/0.024 +/36.29 -/No Ct +/35.69 

36 Milk Buffalo -/0.011 +/33.44 -/No Ct +/32.84 

37 Milk Buffalo -/0.95 +/36.49 -/No Ct +/35.19 

38 Milk Buffalo -/0.051 +/36.30 -/No Ct +/34.35 

Total No. 38  34 17 1 16 

ELISA-positive samples showing cutoff values (≥ 2) 

PCR-positive samples showing ct value (ct ≤ 40) 
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Our data show that these assays can be used for risk 

analysis investigation during routine control of milk, 

especially as they were able to detect Brucella DNA in 

ELISA-negative samples. Failure of PCR in ELISA 

positive milk samples can be explained by the fact that 

antibody titers remain elevated for a long time after 

infection, independent of circulating bacteria or DNA. 

However, false positive ELISA results due to cross-

reactions with the LPS of other bacteria (e.g., Yersinia 

enterocolitica O:9) would coincide with true negative 

PCR results. Yersinia enterocolitica is known to be 

widespread in dairy herds worldwide, but its 

prevalence in Egyptian cattle herds is unknown. 

Further investigations are needed to illuminate the true 

cause of these findings. Failure of PCR to detect 

Brucella DNA in cheese or yogurt might be explained 

by the fact that these products were indeed not 

contaminated or simply by the fact that the purification 

method used by us was inadequate for these matrices. 

A more dedicated study is needed to determine the risk 

for the consumer posed by these foods. 

Mastitis in animal brucellosis is uncommon, but 

persistent infection of the udder accompanied by 

intermittent shedding of the organism in milk has been 

reported [21]. Cows infected with B. abortus usually 

abort only once, and following that give birth to 

healthy or weak calves. Some cows may not exhibit 

any clinical signs of the disease and give birth to 

healthy calves [22]. Those animals can be the source 

of continual infection [23]. In infected herds, RT-PCR 

may be a very valuable tool in reducing the time to 

eradicate the disease by identifying anergic shedders 

or newly infected animals that should be removed 

from the herds immediately. B melitensis is one of the 

major causes of abortion in small ruminants; other 

ruminants may be infected occasionally [24]. It is also 

the main agent responsible for brucellosis in humans, 

as it is highly virulent for humans. Circulation of this 

species in untypical hosts like cattle or buffaloes is of 

special concern to public health; control or eradication 

programs have to be adapted to this special situation 

accordingly. As such, species-specific PCRs are 

valuable tools in screening programs to identify the 

prevalent Brucella species. 

Transmission of Brucella through contaminated 

milk and milk products is an increasing threat not only 

for individuals, but also for whole families in urban 

and rural settings of endemic countries [25]. In these 

areas, trade of non-pasteurized fresh milk and raw 

dairy products should be strictly controlled and limited 

to certified Brucella-free farms. Our data show that 

PCR is a sensitive tool for the control of brucellosis in 

raw milk. Basic health education with respect to the 

nature of the disease and the modes of transmission 

through milk products is required for local farmers and 

consumers. Additionally, a traditional belief that raw 

milk is better than pasteurized milk must be addressed 

in light of the current scientific information. 

 

Conclusions 
Consumption of potentially contaminated raw milk 

and unpasteurized dairy products is a serious risk with 

great public health significance. General health 

education on the nature of the disease and the modes 

of transmission through milk products is generally 

required to avoid infection or spread of the pathogens. 
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