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Reproductive disorders cause economic losses 
through increased calving intervals loss of milk 
production and culling of valuable breeding animals 
(Bellows et al, 2002). Genital tract infections are 
the common cause of reproductive disorders in 
female camels (Ali et al, 2010; Tibary and Anouassi, 
2001; Khalafalla et al, 2017). Knowledge of microbial 
communities colonising camel’s healthy female 
genital tract may lead to improved treatment of 
infected ones with probiotics (El-Deeb et al, 2020). 
Data of genital microflora is helpful in understanding 
the pathological disorders that could be diagnosed 
in this species (Shokri et al, 2010). Recently, the 
microbial communities of the vagina have also 
been used as a fertility biomarker (Deng et al, 2019). 
Although the plenty of information considering the 
microbes colonising the infected reproductive tract 
(Elshazly et al, 2020; Khalafalla et al, 2017; Al-Humam, 
2015; Mshelia, et al, 2014) and very limited studies 
describing the microbial community along the healthy 

female genital tract of camels is available. Nowadays, 
there is an increasing interest in the studies related 
to the microflora of the reproductive tract, and its 
relationship to disease and health (Appiah et al, 
2020; Laguardia-Nascimento et al, 2015; Shokri et 
al, 2010). The present study was aimed to elucidate 
the microbial flora of the different segments of the 
reproductive tract in healthy female dromedary 
camels.

Materials and Methods
Animals

The Scientific Research Deanship Ethics 
Committee of King Faisal University approved 
this study (Contract # 216067). During breeding 
season (from November to April), 10 adult non-
pregnant dromedary camels, aged 7 to 14 years 
were, kept in the Camel Research Centre, King Faisal 
University (25°23′ N 49°36′ E). These were apparently 
healthy with a sound history of fertility in the herd. 
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ABSTRACT
Swab samples for microbial culture were obtained from the vaginae, cervices and uteri of 10 healthy fertile 

dromedary camels. Swab specimens were collected by use of a double-guarded uterine equine swab. Specimens were 
cultured for aerobic and anaerobic bacteria as well as fungus. The 90%, 50% and 30% of the swabs collected from the 
vaginae, cervices and uteri were contaminated, respectively. The difference between the rate of contamination was 
significant (P<0.05). Coagulase-negative staphylococci, Staphylococcus aureus, Streptococcus spp., E. coli, Bacillus spp. and 
Proteus spp. were isolated from the samples collected from the vaginae of camels. Coagulase-negative Staphylococci, 
Streptococcus spp. and Bacillus spp. were identified in the swabs collected from the cervices. Coagulase-negative 
Staphylococci and Bacillus spp. were isolated from the swabs collected from the uteri. Double and triple infections were 
only reported in the samples collected from the vaginae. No anaerobic bacteria could be isolated from the vaginae, 
cervices or uteri. Candida albicans and Cryptococcus were isolated from the vaginae. Only Candida albicans could be 
isolated from cervices and uteri. This study identified a great microbial population’s diversity in the vagina which 
decrease toward the uterus. Coagulase-negative Staphylococci and Bacillus spp. were the dominant bacteria isolated 
from the vaginae, cervices and uteri.
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To exclude the disorders of the genital tract each 
animal underwent breeding soundness examinations 
(Tibary and Anouassi, 1997). All camels were clinical 
examination by visual appraisal for any signs of 
abnormal vulval discharge, rectal palpation of the 
reproductive tract and ovaries, as well as trans-rectal 
ultrasonography using linear-array 5 MHz transducer 
(UST588U-5, SSD-500V, ALOKA, Co., Japan).

Procedures for collecting of microbiological smears
Before collection of the vaginal, cervical, or 

uterine microbiological samples, the external genitalia 
of camels were washed with warm water and soap, 
rinsed twice with 0.1% povidoneiodine, and dried 
with a clean cloth. Deep vaginal smears were collected 
under aseptic conditions using double-guarded 
uterine equine culture swabs (Equi-Vet uterine culture 
swab, Kruuse, Denmark). After introducing the 
swab into the vestibule, the swab was firstly directed 
almost dorsally before redirecting it cranially and 
then rolled over the cranial vaginal mucosa. The 
swab was retracted into the protecting tube of the 
double guarded swab and removed from the animal. 
For collecting a cervical microbiological sample, a 
sterile double-guarded swab was directed to the 
external cervical os guided by a gloved hand and 
then rotated 360°. The swab was then retracted into 
the protecting tube and removed from the camel. 
Uterine microbiological swabs were obtained by 
passing a sterile double-guarded swab through the 
cervix, guided by a gloved hand, and rotated 360° 
over the right and left uterine horn. Afterwards, the 
swab was retracted into the protecting tube. The 
swabs were transferred at ambient temperature in 
Amies’ modified media to the laboratory and cultured 
within 8 h.

Bacterial isolation and identification
Each swab was inoculated on to Columbia agar 

(CM331; Oxoid Basingstoke, UK) supplemented with 
5% citrated sheep blood, MacConkey agar (Oxoid, 
Basingstoke, UK). After inoculation, the plates were 
incubated under aerobic and anaerobic for 18 to 24 
h at 37 °C and a further 24 h if bacterial growth had 
not conditions occurred. If > 90% of the colonies on 
an incubated agar plate belonged to one species, 
the result was considered as substantial growth in 
monoculture. Any other growth in mixed culture 
was considered the result of contamination and 
recorded as a negative growth result (Koneman et al, 
2005). Isolate identification was confirmed by Vitek 2 
technique (BioMerieux, Marcy L’Etoile, France).

Mycological identification
For mycological examination, samples were 

seeded on to Sabouraud glucose agar (Merck Co., 
Darmstadt, Germany) supplemented with an 
antibiotic (chloramphenicol; 0.005%). The plates 
were kept at 25°C for 7-10 days and inspected for 
fungal growth from the 4th day onward. The fungus 
was identified by examination of morphologic and 
physiologic features (deHoog et al, 2000). Yeasts were 
sub-cultured to obtain pure cultures for identification. 
For decisive identification of yeasts, the carbohydrate 
assimilation pattern was defined by ID32 (Biomerieux, 
Bagno a Ripoli, Italy).

Data analysis
All statistical analyses were performed using 

JMP SAS 11.0.0 (SAS Institute Inc., Cory, NC, USA) 
program. The results of vaginal, cervical and uterine 
culture are presented as percentages. The chi-square 
test was used to compare the differences between 
percentages. Differences of P < 0.05 were considered 
to be significant.

Results and Discussion
Table 1 showed the microbial community 

structures of the healthy female reproductive tract 
of camels. The results demonstrated that 90% (9/10), 
50% (5/10) and 30% (3/10) of the swabs collected 
from the vaginae, cervices and uteri, respectively of 
the studied animals were infected. The difference 
between the groups was statistically significant 
(P<0.05). A total of 6 types of isolates were identified 
from the investigated animals. Microbiological 
investigation of the swab collected from the 
vaginae, indicated the growth of coagulase negative 
Staphylococci, Staphylococcus aureus, Streptococcus 
spp., E. coli, Bacillus spp. and Proteus spp. (six types 
of colonies). Cultures of the cervical swabs were 
colonised by coagulase-negative Staphylococci, 
Streptococcus spp. and Bacillus spp. (three types of 
colonies). Coagulase-negative Staphylococci and 
Bacillus spp. were isolated from the uterine swab (two 
types of colonies). Coagulase negative Staphylococci 
infected 44.4%, 20%, 20% and 70%, respectively 
of the swabs collected from vaginae, cervices and 
uteri. Staphylococcus aureus could only be detected 
in the vaginae (11.1%). Samples collected from the 
vaginae 22.2% and uteri 20%, were found positive 
for Streptococcus spp. E. coli (22.2%) and Proteus spp. 
could only be isolated from the vaginae. Bacillus 
spp. were characterised in the swabs collected from 
vaginae (55.6%), cervices (60%) and uteri (66.6%) of 
the studied camels. Single aerobic bacterial infection 
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was recorded in 44.4%, 100% and 100% in vaginae, 
cervices and uteri, respectively of studied animals. 
Double (44.4%) and triple (11.1%) aerobic bacterial 
infection were only recorded in samples collected 
from vaginae. No anaerobic bacteria could be 
detected by all cultured samples. Fungal infection 
could be isolated from samples of vaginae (40%), 
cervices (10%) and uteri (10%). Candida albicans and 
Cryptococcus were isolated from the vaginae, cervices 
and uteri of the studied animals. Candida albicans 
were isolated from 75% of the fungal infected samples 
swabbed from the vaginae and 100% of the fungal 
infected samples collected from cervices and uteri. 
Cryptococcus was only isolated from fungal infected 

samples swabbed from the vaginae (25%). Single 
fungal infection was recorded in 100% fungal infected 
swabs.

Genital microflora has been discussed in 
different animal species such as horse (Scott et al, 
1971; Hinrichs et al, 1988), cow (Messier et al, 1984; 
Otero et al, 1999; Otero et al, 2000), sheep (Moorthy 
and Singh, 1982), goat (Fasanya et al, 1987) and 
dog (Baba et al, 1983). There is scarce information 
regarding microbial composition in the dromedary 
camel’s reproductive tract. The current results 
show significant differences between the number of 
infected swabs collected from the vaginae, cervices 
and uteri. Moreover, 6 types, 3 types and 2 types 
of colonies were identified in the swabs collected 
from vaginae cervices uteri, respectively. As the 
cervix and vaginae serve as a physical and immune 
barrier against pathogens passage into the uterine 
cavity (Källerö, 2010; Barrios De Tomasi et al, 2019; Di 
Paola et al, 2020), the minimum infected swabs were 
recovered from the uterus of the studied animals. 
As in mare (Scott et al, 1971; Barba et al, 2020) and 
cow (Messier et al, 1984), the current results showed 
that the uterine environment is not sterile. The 
microorganisms isolated from the genital tract of 
the studied camels were dominated by Coagulase-
negative Staphylococci and Bacillus spp. Likewise, an 
abundance of Coagulase-negative Staphylococci and 
Bacillus spp. were isolated from healthy genitalia of 
cows (Amin et al, 1996; Otero et al, 1999; Otero et al, 
2000; Giannattasio-Ferraz et al, 2019), ewes (Moorthy 
et al, 1982; Quinlivan, 1970) and dogs (Baba et al, 
1983). E. coli and Proteus spp. were the two genera of 
the Enterobacteriaceae family that have been isolated 
from the vaginae of the studied animals. Laguardia-
Nascimento et al (2015) reported that gut affects 
both the uterine and vaginae microflora. Moreover, 
Enterobacteriaceae, especially E. coli have been 
isolated from the urogenital tract of cattle (Torres et 
al, 1994; Otero et al, 2000). The biological niches in the 
host microflora are not disconnected environments 
but are a system of interrelated communities that 
are frequently exchanging (Neckovic et al, 2020). 
Although, E. coli considered as normal vaginal flora 
(Tibary and Anouassi, 2001), it could be isolated 
from cases of endometritis in camelids (Tibary et 
al, 2006). Wang et al (2013) reported that E. coli is 
isolated from both healthy cows and those with 
uterine infections, they were found in much greater 
numbers in infected cows. The vaginae of 11.1% of the 
studied animals were colonised with Staphylococcus 
aureus. This result is comparable with that recorded 

Table 1.	 Microbial community structures of female reproductive 
tract of healthy camels.

Vagina Cervix Uterus
Number of 
infected animals 90%a (9/10) 50%b (5/10) 30%c (3/10)

Number of 
isolates 6 3 2

No growth 10%a (1/10) 50%b (5/10) 70%b (7/10)
Type of isolates
coagulase-
negative 
Staphylococci

44.4%a (4/9) 20%a (1/5) 33.3%a (1/3)

Staphylococcus 
aureus 11.1% (1/9) 0.0% 0.0%

Streptococcus spp. 22.2%a (2/9) 20%a (1/5) 0.0%
E. coli 22.2% (2/9) 0.0% 0.0%
Bacillus spp. 55.6%a (5/9) 60%a (3/5) 66.7%a (2/3)
Proteus spp. 11.1% (1/9) 0.0% 0.0%
Type of Infection 
Single infection 44.4%a (4/9) 100%a (5/5) 100%a (3/3)
Double infection 44.4% (4/9) 0.0% 0.0%
Triple infection 11.1% (1/9) 0.0% 0.0%
Anaerobic bacteria contaminant
Number of 
infected animals 0.0% 0.0% 0.0%

Fungal contaminant
Number of 
affected animals 40%a (4/10) 10%a (1/10) 10%a (1/10)

Number of 
isolates 2 1 1

Types of isolates
Candida albicans 75%a (3/4) 100%a (1/1) 100%a (1/1)
Cryptococcus 25% (1/4) 0.0% 0.0%
Type of Infection
Single infection 100%a (4/4) 100%a (1/1) 100%a (1/1)

Percentages with dissimilar superscript letters in the same row 
are significantly different at P < 0.05
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in camels and cows by Mshelia et al (2014). This 
bacteria has been isolated in camels suffering from 
endometritis (Wernery and Kumar, 1994; Tibary and 
Anouassi, 2001; Ali et al, 2010). Streptococcus spp. 
were isolated from both vaginae and cervices of the 
camels enrolled in this study. Streptococcus spp. are 
frequently isolated from the vagina of cows (Otero 
et al, 1999, Otero et al, 2000; Zambrano-Nava et al, 
2011), ewes (Moorthy and Singh, 1982; Manes et al, 
2010) and mares (Hinrichs et al, 1988). In this study, 
no anaerobic bacteria could be detected by all samples 
cultured. Anaerobic bacteria have been isolated from 
cattle with endometritis (Lewis, 1997; Sheldon and 
Dobson, 2004; Galvão et al, 2019), metritis (Földi et al, 
2006; Bicalho et al, 2012), and pyometra (Ruder et al, 
1981; Olson et al, 1984). Mycological culture of swabs 
revealed that Candida albicans was the most common 
species isolated from the genital tract of the studied 
camels. Similarly, Shokri et al (2010) and Azarvandi 
et al (2017) recorded that Candida spp. as the main 
mycotic isolates of healthy camels’ and horse’s female 
genitalia, respectively. However, Candida albicans 
were isolated from 30.5% of cattle, buffalo, sheep and 
goat suffered from reproductive disorders (Osman 
and Gabal, 1978). Shokri et al (2010) isolated reported, 
Cryptococcus from the swabs collected from the uterus.

This study identified a great diversity in the 
vaginal microbial communities which decreased 
toward the uterus. Coagulase-negative Staphylococci 
and Bacillus spp. were common bacteria isolated from 
the vaginae, cervices and uteri.
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INTERNATIONAL SEMINAR ON PROMOTION 
OF CAMEL MILK VALUE CHAIN: 

TECHNOLOGY TRANSFER AND PUBLIC-
PRIVATE PARTNERSHIP (PPP)- CAMILK 2022

International seminar on Promotion of camel 
milk value chain: Technology transfer and public-
private partnership (ppp)- Camilk2022 shall take 
place from June 1-3, 2022 at Zarzis, Tunisia. There 
will be three themes. The theme 1 will cover breeding 
and camel milk production, livestock building, 

nutrition, health, dairy potential, milking mechanisation. Theme 
2 will cover camel milk technology, camel milk technologies and 
processing, from milk storage to dairy product and Theme 3 
will cover camel milk value chain: management, organisation, 
governance, promotion, development and innovation. Other details 
can be seen on https://camilk2022.com/
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