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INTRODUCTION

amels are many sided animals that can pull out and
burgeon in arid and semi-arid regions, where other
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ABSTRACT

The bacterial etiologies of pneumonia in camels represent a rising health concern, with
camels being healthy during antemortem examination despite significant losses in
production and mortality attributed to maladies identified only upon postmortem
evaluation. A cross-sectional study was undertaken at an abattoir, spanning the period from
October 2022 to March 2023, to examine gross pathological disorders and identify bacterial
pathogens in the respiratory system (specifically the lungs) of camels (Camelus
dromedaries) suspected of having pneumonia. A total of 100 dromedary camels slaughtered
in Al-Muthanna abattoir were examined. Postmortem examination was performed to
identify any gross changes in camels’ lungs. Then, the swab samples were obtained from
lungs and submitted to bacteriological cultures on both general and selective media.
Additionally, microscopic examination of the bacteria using Gram staining followed by
diagnosis with Vitek 2 system. The number of Gram-negative bacterial species isolated from
camel lungs was 74 isolates, distributed as 31 (41.89%) of Klebsiella pneumoniae, 26
(35.13%) of Escherichia coli and 17 (22.97%) of Pseudomonas aeruginosa. This study
suggests that K. pneumoniae exhibited a higher infection rate compared to E. coli and P.
aeruginosa in pneumonic camels slaughtered at the Al-Muthanna abattoir.
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(3). Al-Muthanna province, situated in the southern part of
Iraqg, the third province in Iraq in terms of camel
inhabitance, with 12.4% of the total camels in the country
(4). However, camels are apt to various diseases that can

livestock may not be able to beat (1, 2). They furnish
diversified output and benefit, such as milk, meat, hides,
and transportation, which are substantial for the livelihood
and nourishment of the people in these towing. In Iraq,
ranching camels is more than a mere seeding vigor; it is an
imitative career passed down among descent. Award to
neoteric statistics, the number of camels in Iraq has shown
an upward orientation, altitude from 23413 heads in 2001,
to 51703 heads in 2008, and then to 88282 heads in 2014
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inspire their output and benevolence, as well as pose a
zoonotic risk to humans (5).

One of the most rife and withering diseases that vestige
camels is pneumonia, which is a respiratory infection
caused by assorted kinds of pathogens, such as bacteria,
viruses, fungi, and parasites (6, 7). Amidst the bacterial
pathogens, three Gram-negative species, namely Klebsiella
pneumoniae, Escherichia coli, and Pseudomonas aeruginosa,
are vastly spy out as the prime ground of pneumonia in
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camels (8, 9). These bacteria can also cause nosocomial
infections and have developed resistance to many
antibiotics, making them difficult to treat and control (10-
12).

Abattoir or slaughterhouses surveillance has been a
critical role in the control and eradication of infectious
disease programs worldwide (13). Despite the economic
and social importance of camels, and the potential threat of
pneumonia, there is a lack of research and development on
camel health and management in Iraq, especially in Al-
Muthanna province. Therefore, the aim of this study was to
fill the existing knowledge gap by diagnosing the Gram-
negative bacteria commonly attributed to pneumonia in
camels using traditional bacteriological methods and the
Vitek 2 automated system. The study also seeks to observe
the associated pathological changes in the lungs of affected
animals.

MATERIALS AND METHODS
Study Design and Ethical Approval

An abattoir-based cross-sectional study was conducted
from October 2022 to March 2023 at the Al-Muthanna
Veterinary Abattoir, Al-Muthanna, Iraq. This research
sought to explore significant pathological abnormalities
and identify bacterial pathogens present in the lungs of 100
suspected  pneumonia-afflicted camels (Camillus
dromedaries). The study received ethical approval from the
local Animal Care and Use Committee at the College of
Veterinary Medicine, University of Baghdad (Approval
Number: 2390/P.G. dated October 31, 2022).

Sample Size

The samples size was determined using the StatCal
feature of Epi Info™ software version 7.2.6.0. With an
expected frequency of 50% (based on the absence of prior
studies in Al-Muthanna province, as to the authors’ best
knowledge), a 10% margin of error, and a 95% confidence
level, the minimum sample size was calculated as 96. To
enhance the accuracy of the results, the study included 100
camels.

Sampling and Physical Examination

Camels were brought to the abattoir for routine
slaughter, and those suspected of having pneumonia based
on owner information (when available) and visible signs
were selected. Detailed case histories, including age, breed,
and sex, were recorded. Physical examinations were
conducted antemortem and postmortem, focusing on
clinical signs of pneumonia such as abnormal heart rate,
increased temperature, and irregular respiration (14).
Sampling for bacteriological examination was performed
on 3-5 camels per abattoir visit, occurring three to four
times a week.
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Sample Collection

Lung swab and tissue samples were collected
postmortem. The lung surface was sterilized by flaming
before making an incision with a sterile blade. Samples
from lesions or apparently affected areas were placed in
sterile tubes containing nutrient broth (HiMedia, India)
then transported in an icebox and subjected to
bacteriological examination within two hours of collection
(15).

Bacterial Culture and Identification

Collected lung swab samples were cultured on
MacConkey’s agar (HiMedia, India) and incubated at 37 °C
for 24 h. Colonies indicative of bacterial growth were
further cultured on blood agar for hemolysis assessment
and on a CHROM orientation (HiMedia, India) agar and
eosin methylene blue ([EMB], HiMedia, India) agar for
selective isolation of E. coli, P. aeruginosa, and K
pneumoniae (15).

Microscopic and Vitek 2 Examination

Following bacterial culture, Gram-stained smears of the
colonies were prepared and examined under an oil
immersion lens (100x) at the Internal and Preventive
Medicine Laboratory of the College of Veterinary Medicine,
University of Baghdad.

The Gram-negative bacteria that were isolated by
culture media and examined by Gram staining were further
diagnosed using Vitek 2 system (BioMerieux, France) with
specific Gram-negative cards. The cards contained 64 wells;
each well represented a specific biochemical test (16).

Statistical Analysis

The Statistical Analysis System (SAS) program, as of
2018, was employed to analyze the impact of various
factors on our study parameter. In this study, the Chi-
squared (x?) statistical test was used to compare
significance of results (0.05 probability).

RESULTS AND DISCUSSION
Description of the Sample Studied

The sample was categorized based on age and sex. In
terms of sex, the studied cohort included 28 male camels
and 72 female camels. Based on age, the animals were
grouped as follows: 5 to 7 years, 23 camels; 8 to 10 years,
49 camels; and 11 to 12 years, 28 camels).

Physical Examination

The major clinical manifestations observed in
pneumatic camels are presented in Table 1. The physical
examination indicated that camels had irregular
respiration and abnormal lung sounds due to pneumonia.
The auscultation revealed moist crackles sound, in addition,
the camels suffered from fever.
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Table 1. Important clinical signs were documented in camels which were
brought into Al-Muthanna abattoir

Clinical sign Percent %

Fever 64
Nasal discharge 88
Eye lacrimation 67
Enlargement of lymph node 8
Coughing 39
Emaciated 23
Increase pulse rate 47
Rabid shallow respiration 47
Crackle sound 58
Clear loud sound 36
Grunting sound 6
P-value 0.049
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Postmortem Examination

Postmortem examination of the lungs showed that there
were areas of lung hepatization that were prominently firm
and blunted end (Figure 1 A). Additionally, petechial
hemorrhage and red consolidation were also observed
(Figure 1 B).

The grossly inspection that was reported in this study is
relatively convenient with (17), who found that
postmortem examination of 24 camels from Al-Najaf and
Al-Qadisiya had disclosed lungs with elastic texture,
greyish, parts of consolidations and meaty cut-surface.

Figure 1. Postmortem examination photograph of the camel (A) right lung reveals pneumonic
lesions with firm, blunted end (black sequare), (B) left lung petechial hemorrhage and
consolidation (white errows)

Bacterial Culture

E. coli on MacConkey agar appeared pink to red owing
to the presence of lactose fermentation. E. coli colonies
typically appear small, round, and smooth. On the other
hand, E. coli on blood agar exhibit gamma hemolysis (non-
hemolytic). Eosin Methylene Blue (EMB) agar was used as
selective media, the bacterium produced green metallic
sheen (Figure 2A). The isolation of E. coli in this study
accounted for 26 (35.13%), which relatively disagrees with
the findings of (19) who reported (27.14%) from a total of
100 examined camels' lungs. In addition, (20) recorded a
lower percentage of 10 (17.5%) E. coli from a total of 54
isolated bacterial species.

The findings showed the presence of K. pneumoniae on
MacConkey agar. The bacterial colonies displayed a smooth,
convex, and circular morphology with a moist, mucoid
consistency. The colony sizes ranged from smaller to larger,
and the growth displayed a pattern of expansion and
contraction, as depicted in. On blood agar, K. pneumoniae
exhibited a non-hemolytic appearance. Meanwhile, when
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isolated on CHROM agar, K. pneumoniae colonies appeared
steel blue, as shown in (Figure 2B). The gram-negative
bacterial isolate with the highest prevalence was K
pneumoniae, accounting for 31 cases (41.89%). This
percentage is higher than the findings reported by (19) who
identified a prevalence of 26.71% from total 97 of bacterial
isolates. Furthermore, out of the total samples obtained
from one hundred pneumonic camels in the abattoir,
31(41.89%) were K. pneumoniae isolates. This percentage
is lower than that found by (21) who identified 47 (72.30%)
isolates out of a total of 65 samples, 47 of which were
camels diseased with pneumonia and 18 of which were
healthy camels. On the other hand, our study found a higher
percentage of isolates than (22) who recorded 4 of K
pneumoniae isolates out of a total of 100 Gram-negative
bacterial isolates from pneumonic lungs.

In this study, P. aeruginosa appeared smooth and
mucoid on MacConkey agar. On blood agar, P. aeruginosa
appears to undergo f3-Hemolysis and forms white colonies.
On the other hand, P. aeruginosa forms blue-green colonies
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under CHROM agar (Figure 2C). The number of P.
aeruginosa isolates. The result shows 17 (22.97%) isolates
out of a total one hundred pneumonic camels. This result
disagrees with the findings of (23) who documented 6
(8.6%) isolates from a total of 70 examined samples
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collected from camel lungs. On the other hand, the
incidence of P. aeruginosa was 17 (22.97%), which is higher
than the findings of (24) who reported 10 (7.81%) out of
total Gram-negative bacterial isolates.

Figure 2. (A) E. coli on Eosin Methylene Blue (EMB) agar. (B) K. pneumoniae on CHROM agar orientation. (C) P. aeruginosa on CHROM agar

orientation

Conformation of Bacteria by Vitek 2 system

The number of Gram-negative bacteria as confirmed by
Vitek 2 are shown in Table 2.

Table 2. Gram-negative bacterial isolates by using Vitck 2 System

Bacterial Isolates

Bacterial spp Number % Probability (100%)
K. pneumonia 31 41.89 99

E. coli 26 35.13 99

P. aeruginosa 17 22.97 99

Total 74 100

X2 4.661

P-value 0.049

The results were represented as 41.89 % for K
pneumoniae, 35.13% of E. coli and 22.97% for P. aeruginosa
from total 74 Gram-negative bacterial isolates. P.
aeruginosa represented 22.97% of a total of 74 Gram-
negative bacterial isolates; similar percentage was noted by
(25) who reported 22% from total 100 samples of
pneumonic camels were examined by Vitek 2 system
technique. On the other hand, K. pneumoniae recorded
31(41.89%) from total 74 Gram-negative bacterial isolates
examined by Vitek2 system. The results are not compatible
with (7) who reported 3 (0.42%) from total 52 Gram-
negative bacterial isolates diagnosed with Vitek2 system.
Meanwhile, E. coli diagnosed by Vitek2 system technique
was 26 (35.13%), lower number recorded by (26) who
recorded 17 (11.3%) of E. coli isolates diagnosed by Vitek2
system in camels. The differences between results of this
study and other studies may be associated with several
factors; one important factor is the quality of the specimen

AL-MAALY AND WATBAN

collected for analysis. Adequate cultivation and incubation,
transportation, and storage were essential for optimal test
results. Moreover, it is essential that the specimens are
collected using a standardized protocol to reduce
variability (27).

Percentage of Infection

In this study, significant differences were found
between male and female camels in terms of positive for
Gram-negative bacterial infection (Table 3). The number of
male camels that were infected with pneumonia is
relatively consistent with the study by (18) which reported
29 males out of a total of 150 examined camels. On the other
hand, the number of infected female camels was higher than
the (18) study which recorded 16 females out of a total of
150 camels. The statistical analysis showed that there were
non-significant differences between the groups of ages used
in this study. These results disagree with (18) who reported
a significant difference at (P<0.05) between the groups of
ages that were recorded.

Table 3. The distribution of pneumonic camels recording age and sex in
Al-Muthanna abattoir

Category Subcategory  Number % X2 P-value
Sex Male 21 28.38

Female 53 7162 1384 <0.001
Age (year) 5-7 19 25.67

8-10 32 43.24 3.638 0.162

11-12 23 31.08

This study suggests that K. pneumoniae showed a higher
rate of infection than E. coli and P. aeruginosa isolated from
camels that suffered from pneumonia slaughtered in Al-
Muthanna abattoir. The study recommended the necessity
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of conducting research studies on camels and their diseases
in Iraq. In addition, the use of the Vitek2 system technique
in the investigation rate of the infection.
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