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INTESTINAL BACTERIAL PATHOGENS AND RISK
FACTORS LEADING TO BACTERIAL DIARRHEA IN
CAMEL CALVES IN SELECTED DISTRICTS OF AFAR
NATIONAL REGIONAL STATE, NORTH EAST
ETHIOPIA
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To investigate intestinal bacterial pathogens and characterization of Escherichia coli isolates besides
assessing management as well as herd and calf-level risk factors associated with camel calf diarrhea, a
cross-sectional study was conducted in selected districts of Afar region, Ethiopia. A total of 384 fecal
swabs were collected from diarrheic, convalescent and apparently healthy camel calves aged 12 months
or younger and processed using standard conventional and molecular assays. The risk factors were
assessed during sample collection using questionnaire survey and observational assessment. Out of the
384 camel calves examined, 59.38% were found harboring one or more bacteria at varying levels.
Salmonella (31.6%), E. coli (28.2%) and Klebsiella pneumoniae (22.2% ) were the predominant bacterial
species isolated from the gastro intestinal tract (GIT) of apparently healthy calves. On the other hand,
E. coli (58.5%), Salmonella (17.1%) and Enterococcus (14.6 %) were the most frequently encountered
bacterial species in the diarrheic calves. Analysis of the questionnaire data revealed inconsistency in
colostrum feeding, poor calf barn sanitation and health management. Age and colostrum feeding were
the major risk factors associated with bacterial isolation and occurrence of calf diarrhea. Accordingly,
young calves (0-3 months old) that didn’t consume colostrum or received small amount of colostrum
were at a significantly high risk of being affected with diarrhea (P<0.05). This study supports the assertion
of E. coli O157:H7, Salmonella enterica (gp3B) and Enterococcus feculis as being the most important
pathogens involved in camel calf diarrhea and have important public health implication. Majority strains
of the bacterial pathogens were found susceptible to norfloxacin, amoxicillin and gentamicin but resistant
to ampicillin and tetracycline in vitro.
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Camel (Camelus dromedarius) is a primary lands in Ethiopia. The pastoralists see
livelihood asset in the arid and semi-arid camels as a security against drought,
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disease, and other natural disasters (Farah
et al., 2004). Rearing of camels under
traditional pastoral production systems is
faced with several challenges. There is high
morbidity and mortality rate of camel calves
in the first few weeks of age which impairs
both growth rate and replacement of the
herd (Marce et al., 2010).

The main reason for 68% of the camel calf
losses in Niger is diarrhea (Faye et al.,
1997). However, Bada et al. (1992) stated
that the morbidity of diarrhea could reach
up to 80% to 90% with around 50%
mortality. Diarrhea in camel calves is
caused by the synergistic effect of
predisposing factors, viz. poor management
practices, no colostrum intake, bacteria i.e.
Salmonella and Escherichia coli and viral
infections by Rota and Corona virus.
Furthermore, many of the infectious agents
that cause calf diarrhea may pose
considerable threat to humans.

The present study was, therefore, designed
to investigate the intestinal bacterial
pathogens, including E. coli isolates to
access the risk factors associated with the
occurrence of camel calf diarrhea and also
to determine the antibiotic sensitivity
pattern in selected districts of Afar region,
Ethiopia.

MATERIALS AND METHODS

Description of the study area: The total
geographical area of Afar Regional state is
about 270,000 km?. It is geographically
located between 39°34’ and 42°28" East

Longitude and 8°49’ and 14°30° North
Latitude. This study was conducted in the
selected pastoral and agro pastoral districts
viz. Asayita, Dubti, Berehalle and Aba-Ala
in Afar region. Afar regional state is
characterized by an arid and semi-arid
climate with low and erratic rainfall. The
annual temperature and rainfall in the region
is 30-50°C and 200-600mm, respectively.
The camel population of the region is
865,811 (CSA, 2016/17).

Study design: Camel calves which were
apparently healthy, convalescent and
clinically infected with diarrhea at the time
of sampling were used as a source of fecal
samples. Special emphasis was put on
mucous membranes, skin turgor test to
check hydration status, inspection of the
perianal area for any signs of diarrhea. A
cross-sectional study design was conducted
in selected pastoral and agro-pastoral
districts of Afar region. The districts were
considered based on camel population,
previous outbreaks of camel calf GIT
infection and access to infrastructure.

Sample size determination: The desired
sample size for the study was determined
considering a 50% expected prevalence as
there was no previous investigation about
the prevalence of the bacterial pathogens
in the study districts and a 95% Confidence
Interval (CI) at + 5% desired accuracy, the
sample size was calculated as described by
Thrusfield (2007).

1.962 x Pexp(1— Pexp)
d2
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Where, n = number of sample size, Pexp
=expected prevalence, d? = absolute
precision (5%), Accordingly, the calculated
sample size was 384.

Sample collection: Fecal samples were
collected from the apparently healthy,
diarrheic and convalescent camel calves
aged 12 months or less and were of different
sex. Status of the mucous membrane, skin
turgor, inspection of the perianal area,
inspection for suckling reflex and history
were considered to categorize apparently
healthy, convalescent and clinically
infected cases. The labeled swabs for
bacterial examination were placed in a
separate sterile test tubes containing
tryptone soya broth (Oxide, Hampshire,
England), kept in an ice box. The samples
were transported to the nearby Samara/
Mekelle Veterinary Research and
Diagnostic Laboratories on the day of
collection for immediate incubation at 37°C
for 24 hours (OIE, 2008).

Identification based on morphological,
cellular and biochemical characteristics:
The fecal samples were streaked over an
identified petri-plates including non-
selective medium (blood agar, nutrient
agar), amoderately selective differentiated
medium (MacConkey agar), a more
selective differentiated medium xylose-
lysine-decarboxylate(XLD) agar, eosin
methylene blue (EMB) agar, brilliant green
(BG) agar, a broth enrichment and an

additional plate medium of choice (Oxide,
Hampshire, England).

Single colony from different colony types
of the positive cultures was sub-cultured on
blood agar (Oxide, Hampshire, England)
plates so as to obtain a pure culture for
further analysis. The colonies were
characterized and registered with their
respective colony morphology. The pure
cultures were subjected to Gram’s staining
to study staining reaction and cellular
morphology under light microscope, at
100X magnification. Gram-negative
bacteria were sub-cultured on MacConkey
agar plates for further analysis (Quinn et
al., 1994). Primary identification of the
bacteria was performed using colony
morphology, Gram reaction, cellular
morphology, catalase and oxidase tests as
well as growth on MacConkey, EMB, XLD
and BG agar (Oxide, Hampshire, England)
of the pure colony (Duerden et al., 1998).
Pure cultures of single colony type were
subjected to a series of secondary
biochemical tests for final identification as
indicated in (Quinn et al., 1994).

Fatty acid analysis using Biolog-
Microstation identification system: Pure
isolates of E. coli and other bacterial species
(based on biochemical tests) were prepared
for Biolog-Microstation identification
system (Biolog, California, USA) which is
the latest molecular identification technique
based on each microbial species surface
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fatty acid substrates, at Ethiopian Institute
of Biodiversity. The colonies of bacterial
species were inoculated on the Biolog
Universal growth agar with 5% sheep blood
and incubated at 37°C for 24hrs. Sub-
culturing was done using the same culture
media to have pure culture colonies before
identification was done.

Bacterial suspension was prepared from the
grown pure culture colonies with an
appropriate level of bacterial density, as
recommended in the protocol of the
instrument. The suspension was inoculated
into Biolog micro plates aseptically. Then
the micro plates were loaded into the
Omnilog and incubated at 37°C for 24 hrs
(Omnilog user guide, 2008). Finally, the
micro plates were read by the Omnilog
identification system and the bacterial
species were identified using the inbuilt
Biolog database. E coli O157:H7 was
confirmed using this technique.

Antibiotic susceptibility test: The pure
bacterial colonies selected for antibiotic
susceptibility test were cultivated on a
MacConkey and blood agar medium under
optimal incubation conditions to obtain a
fresh overnight grown culture. A number
of distinct colonies (3-5 morphologically
similar colonies) were collected from the
fresh grown plate culture and transferred
to a tube containing 4-5 mL sterile distilled
water. The suspension was mixed gently
until turbidity corresponding to 0.5
McFarland standard is reached to obtain a

homogeneous suspension and then poured
onto Mueller-Hinton agar plate. After the
inoculum on the plate was dried, antibiotic
disks were distributed over the surface of
the inoculated plates at equal distance from
each other using sterile forceps. The disks
were gently pressed onto the agar to ensure
firm contact and then incubated for 24 hrs
at 37°C.

After 24 hrs, the diameters of the zones of
complete inhibition around the disks were
measured to the nearest whole size from the
back of the plate using a caliper. Complete
inhibition zone margins were read as the
area showing no obvious microbial growth
detected by the unaided eye. It was read
again after 48 hrs of incubation if the
isolates were not sufficiently grown. Every
test was conducted two fold and then an
average of the two results was taken as a
final outcome. Growth inhibition zones
were interpreted according to the
manufacturer’s (Oxoid antibiotic disks)
recommendation and clinical and laboratory
standards institute (CLSI, 2005).

Assessment of risk factors for calf
diarrhea: Management as well as herd and
camel calf-level risk factors associated with
camel calf diarrhea were observed and
assessed during sample collection. The
questionnaire addressed the major risk
factors including colostrums feeding, first
colostrum feeding time, age, sex, hygiene
and sanitation of calf pens and disease
control measures practiced in the herd. The
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associations between calf diarrhea and the
risk factors were calculated using chi-
square at 95% confidence interval.

Data processing and statistical analysis:
The data obtained from the study were
entered into Microsoft Excel 2007 spread
sheet and transferred to SPSS® Version 20
software for statistical analysis. The results
were summarized using descriptive
statistics. Percentages were used to express
the relative abundance of each genera/
species to the total number of isolates.
Furthermore, chi-square test was computed
so as to observe the relationship between
the variants. P-value of <0.05 was
considered indicative of a statistically
significant difference.

RESULTS

Health status of camel sampled: Out of
the 384 camel calves sampled from all study
districts, 196 (51.0%) were apparently
healthy at the time of sampling and 162
(42.2%) were clinically diseased exhibiting
clinical signs viz. frequent passage of loose
faeces (semi solid to watery feces with
yellow greenish color mixed with mucous
or blood flakes), soiling of rear quarter,
decreased skin turgor, pale mucous
membranes, sunken eyeballs, fever,
depression, anorexic and loss of weight.
The frequency of defecation also varied
from 4 to 9 times per day. The remaining
26 (6.8%) of the camel calves were
convalescent.

Isolation and identification of bacterial
species: Out of 384 fecal specimens/rectal
swabs, a total of 311 isolates representative
of different genera and species were
identified from all study areas, namely,
Asayita, Dubti, Ab-Ala and Berehale. The
bacterial isolates constituted Salmonella,
Enterococcus, Klebsiella, Staphylococcus
spp and E. coli (Table 2) and the proportion
of camel calves harboring E.coli was
considerably high. More than one bacterial
species was isolated from 39 (24.07%), 26
(13.27%) and 10 (38.46%) fecal samples
collected from the diarrheic convalescent
and healthy camel calves respectively. The
most prevalent mixed isolates were
Enterococcus with Klebsiella 18(24%)
followed by Salmonella with E. coli 14
(18.7%) in diarrheic calves. Details of the
mixed isolates are indicated in Table 1. On
the other hand, only one bacterial isolate
was identified out of the fecal samples
investigated from 81 (50.0%) diarrheic, 64
(32.65%) apparently healthy and 7
(26.92%) convalescent camel calves.

Bacterial species: In the present study
different bacterial species were isolated
from the GIT of all apparently healthy,
convalescent and diarrheic camel calves.
Salmonella, 37 (31.6%) and E. coli, 33
(28.2%) were the leading bacterial species
isolated from the GIT of apparently healthy
camel calves. Whereas, E. coli, 10 (33.3%)
and Salmonella, 9 (30.0%) were the most
frequently encountered bacterial isolates in
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the GIT of convalescent camel calves
(Table 1). Rectal swabs collected from the
camel calves with signs of GIT infection
revealed that there was a high prevalence
of E.coli which accounted for 96 (58.5%)
of the total bacterial isolates followed by

Salmonella and Enterococcus species each
contributing for 28 (17.0%) and 24 (14.6%)
of the total bacterial count, respectively.
The further bacterial isolates and their
absolute/relative abundance are presented
on Table 1.

Table 1. Bacterial species isolated from the gastro-intestinal tract of camel calves

Health status of camel calves

Bacteria species

Diarrheic N (%) Convalescent N (%) Healthy N (%) Total N (%)
Escherichia coli 96 (58.5%) 10 (33.3%) 33 (28.2%) 139 (44.7%)
Salmonella spp. 28 (17.1%) 9 (30.0%) 37 (31.6%) 74 (23.8%)
Klebsiella pneumoniae 10 (6.0%) 5(16.0%) 26 (22.2%) 41 (13.2%)
Enterococcus spp. 24 (14.6%) 0 (0%) 15 (12.8%) 39 (12.5%)
Staphylococcus aureus 6 (3.6%) 6 (20.0%) 6 (5.1%) 18 (5.8%)
Total N (%) 164 (100) 30 (100) 117 (100) 311 (100)

Mixed bacterial isolation

En+E 18(24%) 2(2.7%) 0 20(26.7)
S+E 14(18.7%) 1(1.3%) 1(1.3%) 16(21.3%)
En+S 7(9.3%) 3(4%) 0 10(13.3%)
SA+S+E 0 4(5.3%) 0 4(5.3%)
SA+K 0 0 9(12%) 9(12%)
K+S 0 0 8(10.7%) 8(10.7%)
En+K 0 0 8(10.7%) 8(10.7%)
Total N(%) 39(100) 10(100) 26(100) 75(100)

En: Enterococcus, E: E.coli, S: Salmonella, SA: Staphylococcus aureus K: Klebsiella

Table 2. Prevalence of individual enteric bacterial spp.

Bacterial species

Number of isolates

Prevalence (%)

Escherichia coli 139
Salmonella spp. 74
Klebsiella pneumoniae 41
Enterococcus spp. 39

Staphylococcus aureus 18

60.96
32.46
17.98
17.11

7.89
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Table 3. Prevalence of enteric bacterial isolation in relation to host related risk factors
and management

Risk factors No of calves No of calves Prevalence Chi-square P-value
examined positive (%)

Age 0-3 188 122 64.89 11.4412 0.010
(Months) 4-6 80 49 61.25
7.9 81 35 43.21
10-12 35 22 62.86
Total 384 228 59.38

S Male 124 68 54.84 1.5624 0.211
ex Female 260 160 61.54
Total 384 228 59.38

Diarrheic 162 120 74.07 28.5197 0.000
Health status Convalescent 26 17 65.38
Healthy 196 91 46.43
Total 384 228 59.38

Sufficient 119 58 48.74 8.3471 0.015
Colqstrum Small amount 159 100 62.89
feeding Not at all 106 70 66.04
Total 384 228 59.38

First Before 6hrs 151 80 52.98 4.5156 0.105
colostrum After 6hrs 126 78 61.90
Total 384 228 59.38

Table 4. Biolog-Omnilog identification and characterization of bacterial isolates

Type of bacterial species Number % of identified
bacterial species
E. coli O157:H7 26 6.77
Enterococcus feculis 8 2.08
Serratiaodorifera 3 0.78

Salmonella enterica (gp3B) 15 391
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Table 5. The results of antibiotic susceptibility tests of bacterial isolates from the GI
tracts of camel calves

. . % of strains sensitive to the antibacterial agents
Bacterial species N AMP | K NOR TE C S CN _AMO

Salmonella 15 20 40 66.7  86.7 6.7 733 40 80 73.3
E. coli 15 333 267 40 80 0 60 86.7 100 53.3
K. pneumoniae 8 0 62.5 25 75 375 50 100 87.5 625
Enterococcus 15 26.7 20 40 53.3 333 46.7 20 60 73.3
S. aureus 8 25 6.7 375 75 0 50 375 815 25

N=Number of isolates tested, AMP= Ampicillin, E= Erythromycin, K= Kanamycin, NOR= Norfloxacin, TE=
Tetracyclin, C= Chloramphenicol, S= Streptomycin, CN= Gentamicin, AMO= Amoxicillin

Table 6. Occurrence of calf diarrhea in association with colostrum feeding, first
colostrum feeding time, sex and age groups as risk factors

Risk factors Health status
Diarrheic Convalescent Healthy  TotalN  Chi- P-value
N (%) N (%) N (%) (%)  square

Colostrum  Sufficient 27 (22.7) 54.2) 87(73.1) 119 (100) 43216  0.000
feeding Small amount 69 (43.3) 15(9.4) 75(47.2) 159 (100)

Not at all 66 (62.3) 6 (5.7) 34 (32.1) 106 (100)

Total 162 (42.2) 26(6.8) 196 (51.0) 384 (100)
First Before 6 hrs 39 (25.8) 12(7.9) 100(66.2) 151 (100) 34.087  0.000
colostrum After 6 hrs 57 (45.2) 8(6.3) 61 (48.4) 126 (100)
feeding time Not 66 (61.7) 6 (5.6) 35(32.7) 107 (100)

Total 162 (42.2) 26(6.8) 196 (51.0) 384 (100)

0-3 107 (56.9) 3(1.6) 78(41.5) 188 (100) 47.300  0.000
Age 4-6 24 (30.0) 6 (7.5) 50(62.5) 80 (100)
(Months) 7-9 2024.7)  10(12.3)  51(63.0) 81(100)

10-12 11(31.4) 7 (20.0) 17 (48.6) 35 (100)

Total 162 (42.2) 26(6.8) 196 (51.0) 384 (100)

Male 47(37.9) 11(8.9) 66 (53.2) 124 (100) 2.161 0.339
Sex Female 115(44.2) 15(5.8) 130 (50.0) 260 (100)

Total 162 (42.2) 26 (6.8) 196 (51.0) 384(100)
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There was no significant difference
(P>0.05) in infection by bacteria between
male and female camel calves (Table 3).
However, age, health status and colostrum
feeding were found to be significant factors
for the prevalence of GI bacteria (P<0.05),
with bacteria being detected more
frequently in diarrheic calves aged 0-3
months that didn’t consume colostrum
(Table 3).

Identification of bacterial isolates using
Biolog-Omnilog identification system:
Four different species [E. coli O157:H7,
Enterococcus feculis, Serratia odorifera
and Salmonella enterica (gp3B)] were
identified in calf diarrhea (Table 4).

Antibiotic sensitivity pattern of bacterial
isolates: The antibiogram profile of
Salmonella strains indicated a marked
susceptibility to norfloxacin, amoxicillin
and gentamicin with >73.3% inhibitory
activity and highly resistant to ampicillin
and tetracycline (Table 5). Most of the
strains of E. coli have shown a high level
of sensitivity to gentamicin and norfloxacin.
They were poorly sensitive to
erythromycin, ampicillin and kanamycin.
Streptomycin, gentamicin and norfloxacin
were the drugs revealed high sensitivity to
most of the strains of K. pneumoniae. On
the other side ampicillin and kanamycin
were the least effective drugs. Gentamicin
was the most effective drug against S.
aureus with 87.5% growth inhibition. The
bacteria resisted the action of tetracycline.
Multidrug resistance (MDR) was also

observed in most bacterial species (Table
5).

Questionnaire survey and observational
assessment: There was statistically
significant association between the
occurrence of calf diarrhea and colostrum
feeding, time of colostrum feeding and age
groups. Accordingly, young calves (0-3
months old) that didn’t consume colostrum
or received small amount of colostrum late
in their life were at a significantly high risk
of being affected with diarrhea (P<0.05)
(Table 6).

DISCUSSION

Diarrhea in young animals is a complex,
multi-factorial disease involving the
environment, management, nutritional
factors besides involving infectious agents
(Schoenian, 2006; Nasr and Meghawery,
2007; Shulaw, 2009). The major causes of
infectious diarrhea in calves during the first
months of life are bacteria, viruses and
protozoa (Nidal, 2012) with camel calves
that do not receive adequate colostrum are
at greatest risk of developing diarrhea
(Kuria et al., 2011).

In the present study, 59.38% of the 384
camel calves examined were found
harboring one or more bacteria at varying
levels. Young calves (0-3 months) of age
were at a significantly high risk of being
affected with diarrhea (P<0.05). The
occurrence of calf diarrhea and isolation of
the leading bacterial pathogens decreases
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as the age of the calves increased. This is
mainly associated with the poorly developed
immune system of the calves at the early
stage of life which is not sufficient to fight
against the disease causing agents
(Darsema, 2008). Similar finding have been
observed in the present study.

The current results revealed that E. coli and
Salmonella spp. were commonly involved
in causing diarrhea in young camel calves.
A similar finding was also reported in
Eastern Sudan (Salih et al., 1998). E. coli
also responsible for causing diarrhea in
human and animals (Osek, 2003), and is
ubiquitous in the animal environment that
is contaminated by feces (Jones, 1990).

E. coli was isolated from the GI tracts of
diarrheic and apparently healthy camel
calves at a rate of 58.5% and 28.2%
respectively. Similarly, El-Hewairy et al.
(2008) has reported the bacteria at a rate of
71.4% and 18.8% from diarrheic and
apparently healthy camel calves
respectively during their study on
serotyping and molecular characterization
of Escherichia coli isolated from diarrheic
and in-contact camel calves from the district
of Daraw city at Aswan Governorate.

Higher rate (66.0%) has been reported by
Salih et al. (1998) from Sudan while lower
rate had been reported by Abubaker et al.
(2006) and Zakia (2004) with prevalence
rate of 27.3% and 22.6% respectively.
Charles et al. (2003) stated that gaps in
management includes inadequate nutrition,
exposure to severe environment,

insufficient attention to the newborn calf,
or acombination of these are often involved
in scours outbreaks. Calf diarrhea could be
associated with qualitative or quantitative
deficiency of the colostrum and may lead
to rapid transmissions of the pathogenic E.
coli strains (Quinn et al., 2005). Stoltenow
and Vincent (2003) reported that the high
risk of diarrhea in calves could be due to
inadequate passive transfer of colostrum
immunity.

Healthy ruminants such as cattle, sheep and
goats are natural reservoirs of entero
hemorrhagic E. coli (CHEC) especially E.
coli O157:H7 (Blanco et al., 2003). Other
domestic animals such as pigs, cats and dogs
can also harbor these bacteria (Beutin et al.,
1995). E. coli O157:H7 from diarrheic
camel calves had also been reported in
Egypt (El-Hewairy et al., 2008) and in
healthy calves in Spain (Blanco et al.,
2000).

The prevalence of Salmonella spp. and K.
pneumoniae in camel calves suffering from
diarrhea was found to be 17.1% and 6.0%
respectively. Berrada et al. (2000) has
documented 13.6% Salmonella spp. in one
to ten weeks old diarrheic camel calves in
the Moroccan Sahara. Salih et al. (1998)
found 13% of Salmonella in diarrheic camel
calves (birth till three months of age) in
Sudan.

The animals that recover from Salmonella
infections may become carriers for life,
shedding organisms sporadically in their
feaces (Radostitis et al., 2007). The
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infective dose and immunity status of the
host determine the outcome of the infection
(Venter et al., 1994). Animals infected with
Salmonella can serve as a source of
zoonosis through food born or direct contact
routes (Mead et al., 1999). The isolation of
S. aureus is of significance due to its role
in mastitis in camels as well as
contamination of meat and milk products
(Colville and Berryhill, 2007). S. aureus
is also an agent of severe diarrhea in humans
(Adeyemi et al., 2003). Enterococcus spp.
is a commensal bacterium found in the
intestinal tracts of humans and other
mammals (Bell and De Lacy, 1984). Itis a
common nosocomial infection (Borgmann
et al., 2004).

The practice followed in the areas for
colostrum feeding, first colostrum feeding
time, calf pen sanitation and health
management, among others, across the
studied communities were not consistent.
In this study, 47 of the 56 visited herds had
very poor hygienic calf pens. After birth,
calves are directly exposed to contaminated
environments affected by presence of
infected animals and overcrowding (Larson
and Tyler, 2005; Larson et al, 2004). These
factors usually work synergistically and
increase the opportunity for increased
duration of exposure to various types of
pathogens.

Camelids lack placental transfer of
immunoglobulins (Tibary and Anouassi,
2001). Camel calves therefore, rely on the
immediate immunization soon after birth
only through the colostrum, which has a

very high concentration of antibodies. It is
vital for the calf to suckle as soon and as
much as possible (Nidal, 2012). The
absence of colostrum intake is described as
a contributing factor to camel calf diarrhea
(Agab and Abbas, 1999). The calves which
did not consume colostrum were at a higher
risk of being affected with diarrhea
(P<0.05) is in harmony with the above
theory.

Most of pastoralists limit the colostrum
access to the calf under the belief that it
causes diarrhea. The wide spread practice
of withholding the colostrum from the
newborn calves had been reported to be
certainly a critical factor in the frequently
reported high calf mortality in pastoral
production systems. Burgemeister (1975)
observed that Tunisian herdsmen actively
feed with colostrum those calves which fail
to stand up soon after birth, because they
consider the early intake as important.

If large amount of colostrum is ingested at
once, the results into high amounts of
ingested proteins cannot be completely
absorbed and/or digested in the small
intestine of the newborn and is passed on
into the colon. These proteins are
osmotically active causing water influx,
may lead to the observed diarrhea in camel
calves (Kaske, 1994).

A total of 100 grams of Immunoglobulin
G1 (IgG1) needed to be fed to calf within
12-24 hours after birth (Tibary and
Anouassi, 2001). Newborn camel calves
should receive 10% of their body weight
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in colostrum, preferably within the first 12
hours after birth, with half of this amount
given in the first six hours after birth.

The finding that delayed colostrum intake
(later than 6 hours of age) associated with
high risk of diarrhea was in agreement with
other reports. Olsson et al. (1993) has
reported that each hour of delay in
colostrums ingestion in the first 12 hours
of age increased the chance of a calf
becoming ill by 10%. Sixty one percent of
colostral immunoglobulin containing 80
mg/mL of IgG was found to be absorbed in
six hours and decreases sharply, thereafter
(Matte et al., 1982). The first six hours after
birth is a critical period in which maximum
absorption of colostral immunoglobulin
takes place.

If the calves are not able to suck by
themselves within 12 hours after birth,
absorption of IgG after this time decreases
significantly (Nidal, 2012). The calves
which after birth cannot stand up by
themselves made to stand and led to the
udder. If, despite all efforts, a calf has not
yet suckled in the first 6 hours after birth,
the dam must be milked and the camel calf
had to be given milk from a bottle. If the
dam does not have enough colostrum, and
no other camel colostrum is available, then
cow or goat colostrum may be used as a
substitute (Tibary and Anouassi, 2001).

Knowledge of local antimicrobial therapy
in selecting the appropriate therapy and on
the basis of in-vitro sensitivity tests is highly
important (Caprioli et al., 2000). The

majority of the bacteria were found
susceptible to norfloxacin, amoxicillin and
gentamicin but resistant to the action of
ampicillin and tetracycline. Similar studies
had been conducted in Nigeria by El-
Mahmood et al. (2009). Antibiotic
resistance can be passed from one bacterial
strain to another by gene transfer (Simjee
and Gill, 1997) from commensals to
pathogenic bacteria when both types of
microorganism are present in animals. A
large number of pastoralists medicate their
animals themselves and that too a low
dosage and not as per scientific rationale
(Mu’uz et al., 2012). The resistance patterns
were more evident to antibiotics frequently
used like ampicillin and tetracycline. This
finding is in agreement with that reported
by Hariharan et al. (2004). Lower resistance
to norfloxacin drug was also reported by
other workers (Zhao et al., 2006; Lestari et
al., 2009). The emergence and spread of
resistance can also be reduced through
appropriate or careful use of antimicrobial
drugs and increasing awareness among the
population to the hazards of inappropriate
antimicrobial use through public education
campaign. Antibiotic sensitivity tests thus
are highly useful and may be of enormous
help to the clinician in the treatment of
infections.

It may be concluded that diarrhea is
considered as the major cause of morbidity
and mortality in camel calves. Age and
colostrum feeding were the major risk
factors associated with bacterial isolation
and occurrence of calf diarrhea. The
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demonstration of pathogenic bacteria in
convalescent and healthy calves confirms
the role of the calves as areservoir and their
faeces as a source of contamination for
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