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ABSTRACT
Camels from Cholistan desert of Pakistan were studied for Staphylococcus aureus mastitis infection,
associated risk factors and subsequently their antimicrobial susceptibility. The milk samples were
screened with surf field mastitis test and furthered to biochemical analysis. Pearson’ Chi-square test
at nighty five percent confidence interval was used to analyze the collected data. Antibiotic sensitivity
was checked with twenty four antibiotics by disc diffusion method. Over all mastitis was found
52.5% (63/120) with leading subclinical (41.67%, 50/120) form of mastitis on overall milk collected
data. Pathogen type was crowned by Staph. aureus with 74.5% (47/63) prevalence, following which
were Streptococcus species (17.45%, 11/63), E. coli (3.17%, 2/63), and Bacillus cereus (4.76%, 3/63).
Coagulase positive Staph. aureus (41 out of 47), and hemolysin producing Staph. aureus (39 out of
47) primed among Staph. aureus isolates indicating very pathogenic nature of infection in the area.
Risk factors determinants were found significantly (P<0.05) associated with mastitis occurrence except
frequency of milking per day. Antibiogram of Staph. aureus indicated very strong resistance to oxacillin,
ticarcillin, ampicilline, amoxicillin, azlocine, chloramphenicol, mupirocin, vancomycin, cefixinme,
cefuroxime, and cefotaxime. In contrast to this sulphaphenazole, gentamicin, amikacin, and ciprofloxacin
were highly sensitive. Piperacillin, Tazabactam and cinxacin were moderately effective against Staph.
aureus. The concluded remarks of research staged Staph. aureus to the most obvious pathogen and widely
resistant to antimicrobials camel mastitogen. The risk factors were found soul determinants of pathogen
spread among mammary glands of camels.

INTRODUCTION

C

amel dwells in arid and semi-arid areas of Africa (15
million) and Asia (4 million) accounting 19 million
numbers (FAO, 2001). Camel population is growing faster
compared to cattle and sheep in the world (Faye and Bonnet,
2012). Pakistan holds 1 million numbers of camels which
makes 1% of total animal in Pakistan but emerges as 3rd
highest milk producer after buffalo and cattle (Anonymous,
2015). Camel occupies individuality for its characteristic
milk, which is consumed raw, and in pasteurized form
alongwith its products that have access to markets of
Gulf countries (El-Agamy and Khatab, 1992). Low level
of lactose, fewer short-chain fatty acids, high voltaic
linoleic and polyunsaturated acids, 3 times greater vitamin
*
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C, 10 times higher iron, antibodies compatible to that of
human’s with short chain in specificity (Walstra et al.,
2006), natured with lysozyme and lactoferrin, equipped
with immunoglobulin that fight against anti-DNA agents,
lacking β−lactoglobulin and a “new” β-casein (Beg et
al., 1986) allergens, and featured with 150 U/ml insulin
(Zagorski et al., 1998) make it solution to hungry and
diseased community. The milk is being sold in the name
of Shubat, sour milk in Kazakhstan; Kefir, the Caucasian
fermented milk; Lehban, fermented products in Syria and
Egypt (Rihab et al., 2008). Non-cattle milk production has
been estimated to be 16.5% of the total milk yield at world
level by 2009, camel milk making a big share (Nagy et al.,
2013). The consumption of camel milk is ten times more
than that of its meat. The milk production is expected to
double in the near future.
Mastitis in clinical subclinical form (Ahmad
et al., 2012) is prevalent in dairy animal worldwide
reducing milk quality and quantity, lowering shelf life
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and processing for further products. Maximum daily
milk production may fall under 35-40 liter yielding total
of 1000-12,000 liter in lactation length of 8-18 month
(Faye, 2005). Camel mastitis, especially subclinical, has
been neglected and infact irrational use of antibiotics has
resulted in development of resistant bacteria, which has
rendered antibiotic therapy inefficient (Yousaf, 2009).
Among various bacteriological etiology of mastitis, Staph.
aureus is the major pathogen that induces intramammary
infection. Mere this pathogen accounts for 20.35% mean
prevalence in the world in 52.3% in Pakistan (Ahmad et
al., 2012; Sarwar, 2013).
Intramammary infections caused by Staph. aureus
impair alveolar physiology, decrease milk production, and
impart harmful effects on milk composition (Leitner et al.,
2000; Dego and Tareke, 2003). Staph. aureus executed
intramammary infection used to be long term and chronic
because of ability of bacteria to hide itself in mammary
epithelial cells (Yousaf, 2009). Use of antibiotics against
this bacterium has been global focus among various species.
Keeping in view the very nature of pathogen, present study
was undertaken to determine the prevalence of mastitis,
risk factors, and response towards various antibiotics.

MATERIALS AND METHODS
Animal screening for mastitis
120 Camels (n=95 lactating; n= 25 dry) from
Cholistan desert of Pakistan (28°15’O north latitudes and
70°45’O east longitudes) residing in temperature range
of 6-50°C and annual average rain fall of 100 millimeter
were screened for mastitis during year 2015 in localities of
district Rahim Yar Khan of Cholistan desert. The clinical
mastitis was screened as per description of Radostits et
al. (2007), while subclinical screening of mastitis was
done using Surf Field Mastitis Test (SFMT), proposed
by Muhammad et al. (1995). Precautions and regulations
were strictly observed while collecting and storing of milk
samples for laboratory examination (NMC, 1987).
Risk factors assessment
For risk factor assessment additional information like
age, parity, udder ticks, teat dipping, milking frequency,
stage of lactation, feeding pattern, and animal health
status was gathered through a questionnaire. The collected
information was refined by formal and informal testing
according to Thrusfield (2007).
Biochemical confirmation of bacteria
A 0.5 ml of milk sample was spread out primarily on
blood agar and incubated for 24 and 48 h at 37°C (Lafi
and Hailat, 1998). The bacterial isolates were purified by

multiple streaking and characterized according to Holt et
al. (1994).
Antibiotic sensitivity test against Staph. aureus
An antibiogram consisting of all classes of antibiotics
was developed against biochemically confirmed Staph.
aureus isolates following standard procedures stated
by Bauer et al. (1966). To carry out sensitivity test
revived broth growth of Staph. aureus was adjusted
by spectrophotometric method at 0.5 McFarland units,
equals to 108 CFU, to be swabbed subsequently on Muller
Hinton agar. Antibiotics discs used in the experiment
included Ticarcillin (70µg), Cefixime (5µg), Cloxacillin
(1µg), Sulphaphenazol (200µg), Gentamicine (10µg),
Amoxicillin (30µg),Vancomycin (30µg), Ceftaxime
(30µg), Ceftazidine (30µg), Amoxicillin (25µg),
Cefuroxime (30µg), Ciprofloxacillin (5µg), Ampicillin
(10µg), Oxacillin (1µg), Amicacin (30µg), Azlocillin
(75µg), Piperacillin Tazabactam (100:10 µg), Ticarcillin
Calvanic acid (75:10µg), Triple Sulphas (300µg),
Cinoxacin (100µg), Mupiracin (5µg), Spectinomycin
(100µg), Chloramphenicol (25µg), Trimethoprim (30µg).
Antibiotic discs were placed under sterilized conditioned
and later incubated at 37˚C for 24 h (Baur et al., 1996).
Zones around antibiotic discs measured in millimeter were
compared with standard zone of inhibition (CLSI, 2015) to
declare Staph. aureus eventually sensitive, intermediate or
resistant to the drugs.
Statistical analysis
Prevalence of mastitis and bacterial isolates was
calculated by formula described by Thrusfield (2007).
Pearson’s chi square test with 95% confidence interval
(P<0.05) was used to identify the significant relation using
SPSS version 22 (IBM Corp., 2013).

RESULTS
Prevalence of mastitis and mastitogens
Out of 120 animals screened by SFMT and confirmed
with biochemical tests 52.5% (63/120) camels were found
to be suffering from mastitis (Table I). Subclinical mastitis
(41.67%) was four times more than the clinical (10.83%)
form of mastitis. Mastitis positive samples, however,
constituted 79.4% (50/63) subclinical and 20.6% (13/63)
clinical mastitis. Isolates identified from collected milk
samples showed Staph. aureus to be prevalent bacterium,
74.6% (47/63), causing intramammary infection. The other
major isolates found were Streptococcus agalactiae, Strep.
dysgalactiae, E. coli and Bacillus cereus which were 85,
91, 95, and 93% fewer than Staph. aureus, respectively, in
mastitis milk samples.
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Table I.- Prevalence of mastitis in camels with Staphylococcus aureus and other major isolates.

Overall mastitis/isolate based mastitis
Staphylococcus aureus
Coagulase positive
Hemolytic
Types of hemolysin produced Alpha
beta
Alpha-beta
Streptococcus agalactiae
Streptococcus dysgalactiae
E. coli
Bacillus cereus

Tested
samples
120
63
47
47
47
47
47
63
63
63
63

Table II.- Percentage of risk factors along with their
univariate occurrence as mastitis determinants.
Risk factors
Udder hygiene
Satisfactory
Unsatisfactory
Udder ticks
Present
Absent
Teat dips
Yes
No
Body condition
Normal
Thin
Milking frequency
Once a day
More than once
Milking status
Lactating
Dry
Milk yield
<5 liter or less
> 7 liter
Feeding status
Well fed
Under fed
Age
2-5 year
6-9 year
10-13 year
Parity
1-2
3-4
>5

Mastitis %
(no. of cases positive/
no. of cases observed)

P
value

20% (6/30)
63.3% (57/90)

0.00

71.4% (55/77)
18 % (8/43)

0.00

22.2% (4/18)
57.8% (59/102)

0.005

27.3% (15/55)
73.8% (48/65)

0.00

63.6% (14/22)
50% (49/98)

0.247

42% (40/95)
72% (18/25)

0.008

31% (18/58)
53% (33/62)

0.014

21.7% (10/46)
66.2% (53/80)

0.00

26.8% (11/41)
69.6% (32/46)
60.6% (20/33)

0.00

34.4% (11/32)
77.8% (35/45)
39.5% (17/43)

0.00

P<0.05 indicates significance difference.

Positive
samples
63
47
41
39
10
5
24
7
4
2
3

%
mastitis
52.5
74.6
87.23
82.98
21.28
10.64
51.06
11.1
6.35
3.17
4.76

Clinical

Sub-clinical

13 (10.83%)
7 (11.11%)
5 (10.64%)
4 (8.51%)
2 (4.26%)
1 (2.13%)
3(6.38%)
2 (3.17%)
1 (1.59%)
2 (3.17%)
1 (1.58%)

50 (41.67%)
40 (63.49%)
36 (76.60%)
35(74.47%)
8 (17.02%)
4 (8.51%)
21 (44.68%)
5 (7.94%)
3 (4.76%)
0
2 (3.17%)

The percentile of all isolates was higher in subclinical
cases except for E. coli. The coagulase and hemolytic
activity of Staph. aureus is connected to its pathogenicity.
The study observed substantial pathogenic form in
camel population. The coagulase positive Staph. aureus
were 87.23% (41/47) whereas hemolytic Staph. aureus
constituted 82.98% (39/47) of all Staph. aureus isolates.
On isolate basis, calculating from mastitis milk samples,
coagulase positive Staph. aureus showed 65% (41/63)
while among overall camel population it was 34.1%
(41/120). Similar pattern was observed for hemolytic
pathogenic Staph. aureus in overall camel constituted
32.5%, and from mastitis milk samples reference it was
61.9% (39/63). Among hemolytic Staph. aureus, higher
percentage noted was for alpha-beta type of hemolysis
followed by alpha and beta hemolytics. It was noticed that
complete and partial hemolysine producing Staph. aureus
isolates were 58.3 and 79% greater, respectively compared
to alpha hemolytic and beta hemolytic Staph. aureus.
Risk factors
The analysis of determinants of mastitis (Table II)
showed overall significant (P<0.05) association with
mastitis in this study except frequency of milking which
was noted non-significant (P>0.05) for causing mastitis.
Poor udder hygiene (63.3%) was noted significantly
(P<0.05) associating with mastitis occurrence. The study
found 57.8% of camel suffering mastitis where no teat
dipping was applied, but 22.2% of camel had mastitis
though teat dipping was practiced. Other risk factors for
mastitis included thin body condition, under feeding,
high milk yield, and dry period. Older age (>5 year)
and 3rd to 4th parity number presented two times higher
mastitis compared to other age and parity numbers in their
respective categories.
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Table III.- Antimicrobial sensitivity against Staphylococcus aureus.
Class of antibiotic

Name of antibiotic

Penicillin
Ticarcillin
Cloxacillin
Amoxicillin Calvalanic acid
Ampicillin
Amoxicillin
Oxacillin
Piperacillin Tazabactam
Ticarcillin Calvanic acid
Azlocillin

Individual drug (%)
I

S

Penicillin (overall)

100
100
70
100
100
100
46
100
100
90.67 (816/ 900*100)

-

30
54
9.33 (84/ 900*100)

Cephalosporin (overall)

100
16
93
100
77.25 (309/ 400*100)

-

84
7
22.75 (91/ 400*100)

Sulphonamide (overall)

7
15
7.33 (22/ 300*100)

-

93
85
100
92.67(278/ 300*100)

Aminoglycoside (overall)

7
85
30.66 (92/ 300*100)

23
7.67 (23/ 300*100)

93
77
15
61.67 (185/ 300*100)

Quinolones (overall)

45
22.5 (45/ 200*100)

-

100
55
77.5 (155/ 200*100)

100
100
100
Miscellaneous (overall)

100 (300/ 300*100)

-

-

54.7

1.3

44

Cephalosporin
Cefixime
cefotaxime
Ceftazidine
Cefuroxime
Sulphonamide
Sulphaphenazol
Triple Sulphas
Trimethoprim
Aminoglycoside
Gentamicine
Amikacin
Spectinomycin
Quinolones
Ciprofloxacillin
Cinoxacin
Miscellaneous
Vancomycin
Mupirocin
Chloramphenicol

R

Over all response (%age)
R, resistant; I, intermediate; S, sensitive.

Antibiotic sensitivity
Antibiotic resistance measured by disc diffusion
method revealed higher range of Staph. aureus resistance
towards various classes of antibiotics (Table III). The
overall average 54.7% of Staph. aureus isolates were
resistant to antibiotics collectively on class-wise (sum
of susceptibility percentages of each class/sum of total
expected percentages in each). Among different classes

of antibiotics tested in this experiment, Staph. aureus
show greater resistance (90%) to penicillin group (beta
lactam) followed by Cephalosporin (77.25%). In contrast
to these, Sulphonamides were 92.7% effective whereas
aminoglycosides and quinolones were found 61.7% and
77.5%, respectively, efficacious against Staph. aureus
isolates. On individual antibiotic basis 100% resistance
was observed for Oxacilline, Ticarcillin, Cloxacillin,
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Ampicillin, Ticarcillin calvanic acid, Azlocillin,
Cefixime, Cefurosime, vancomycin, Mupirocin, and
Chloramphenicol. Contrary to this, Staph. aureus were
found 100% sensitive to Trimethoprim and Ciprofloxacin
in this experiment. The sensitivity shown by Staph. aureus
to other antibiotics included Sulphaphenazol (93%),
Gentamicin (93%), Cefotaxime (84%), Triple sulpha,
Amikacin (77%), Cinoxacin (55%), and Piperacillin
Tazabactam combination (54%).
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DISCUSSION

condition allows bacteria find opportunity to play trouble,
which renders animal suffering diseases. Scratches on
skin are usual for camels grazing on thorny plants which
favor lesion development adding to this used to be ticks
involvement. In addition to this the habits of locals to tie
teat by fiber with intention to avoid calf suckling promotes
skin lesions (Woubit et al., 2001). Higher prevalence of
dry animal mastitis might be because of delayed keratin
plug formation at teat, dilution of lactoferrin, inhibited
leukocyte, immune suppression, and no flushing action
(Smith et al., 1985).

Prevalence of mastitis and mastitogens
Overall mastitis in the present study is in line with
the finding of Sarwar (2013) reporting nearly 50% mastitis
in camels from Cholistan area of Pakistan. The study
finds close resemblance with findings of Ahmad et al.
(2012) from Pakistan, Abdulkadhim (2012) from Alqadsia
province of Kuwait, and Wanjohi et al. (2013) from northern
east province of Kenya who reported 46, 43, and 60%
overall mastitis in camel community. In contrast, Abera
et al. (2010), Abdurahman (2006), and Bekele and Molla
(2001) reported lower mastitis prevalence than the present
study. This discrepancy might be because of different
geographical area, climate, breed, and system of rearing.
The higher prevalence of Staph. aureus among other
bacterial isolates in studies conducted by Al-Dughaym
and Fadlelmul (2015), Wanjohi et al. (2013), Hawari and
Hassawai (2008), Abdurrehman (2006) and Woubit et al.
(2001) were similar the results of current research. Ahmad
et al. (2012) reported 42.19% Staph. aureus which was
higher among other isolates but lower compared with that
of present study. The strains variability exists that may
confuse conventional techniques of identification (Arslan
and Mutlu, 2016).

Antibiotic sensitivity
The higher sensitivity of aminoglycosides in the
current study agreed with findings of Abdulkadhim
(2012), Hawari and Hassawi (2008), Najeeb et al. (2013)
and Sarwar (2013). The susceptibility of Staph. aureus
against sulphonamides (sulphaphenazole) is supported by
Fazlani et al. (2011); Rind and Sheik (2001), Methews et
al. (1992) and Ayhan and Aydin (1991) declaring antibiotic
showing high sensitivity. However, in contrast to the
findings of aforementioned researchers the organisms
were highly resistant to penicillin. This could be the reason
of higher use of this group as it is common practice by
locals to use this group in almost all general ailments. The
resistant Staph. aureus is a common problem in cattle of
developing countries which can be source of spread of
resistance in other milk producing species of animals.
There is contradiction with results of cefixime, cefotaxine
with some studies but it is generally stated that Staph.
aureus resistant to cefexitin are resistant to other drugs
of this group with few exceptions (EUCAST, 2015). The
discrimination in results with chloramphenicol and other
drugs can be correlated with geopraphical area, climate,
breed, system of rearing and exposure to various infections.

Risk factors
The findings of risk factors association with mastitis
occurrence in camel of present study are in line with those
of Husein et al. (2013), Ahmad et al. (2012), Abdurrehman
(2006), Teketelwa and Bayleyegen (2001), Woubit et
al. (2001), Sena et al. (2000) and Mulei (1999) except
divergent pattern in age and parity. In the current study
middle age (6-8 year) and middle parity (3-4th) were most
vulnerable to mastitis than to early years (before 5years).
This contrast might be because of higher milk production in
current study during middle age and middle parity number
which is predisposing factor for mastitis (Radostitis et al.,
2007). The tick infestation was found strongly associated
with mastitis. Ticks facilitate entrance of bacteria to udder,
which is predilection site for mastitogens (Megersa,
2010). Under feeding, poor udder hygiene, and thin body
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