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ABSTRACT 

T 
his study aimed to identify some of the bacterial causes of pneumonia 
in camel.  
A total of 100 lung samples from slaughtered imported camel were tak-

en. Samples were subjected to bacteriologi]=al examination, antibiotic suscep-
tibility testing and molecular characterization of some antibiotic resistant 
genes. The results showed that the total prevalence of pneumonia in the exam-
ined lung samples were 86%.   
 

In addition, the prevalence of the isolated bacteria were; S. aureus, Strepto-
coccus pyogenes, Klebsiella pneumonia and Mycobacterium bovis with a per-
centage of 38, 31, 13 and 4; respectively. Antimicrobial susceptibility testing 
of most isolates indicated the presence of multidrug resistant strains. Molecu-
lar characterization of some antibiotic resistance genes indicated the presence 
of blaz, Aac(6'), Pbp1A, erm B, Tet (B) in the examined different types of bac-
terial isolates. In addition, Mpb70 as a specific gene for M. bovis. Public 
health significance and recommendations were discussed.  

INTRODUCTION: 
The dromedary camels in Africa represent 

approximately 74% of the global camel popu-
lation. They have a very high socio-economic 
value and serve as an essential source of meat 
and milk for humans (Rhodes et al. 2015). 
International trade has long been recognized as 

a vector for food born infections and has been 
held responsible for introducing new strains of 
pathogens into susceptible population; this is 
why many countries had introduced strict regu-
lations for imported meat so as to save the con-
sumers health. The problem would have a far 
reaching sequellae when living animals are im-
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ported and disseminate the organisms to the 
environment until they are slaughtered (Asadi 
et al. 2023 and Davis et al. 2018). 
 

Multiple stressing factors as rearing sys-
tems, climatic changes, unhygienic conditions, 
and sudden changes in feed with low level herd 
health status were stated to be risk factors asso-
ciated with bacterial and viral causes induced 
pneumonia with camels. Pneumonia outbreaks 
in camels were usually observed during the 
change from dry to rainy seasons (Ben Chehida 
et al. 2021).  

 
However, Camels were formerly assumed to 

be immune to the majority of livestock illness-
es; but new research has proved their suscepti-
bility to a wide range of infections, and camels 
are regarded to function as a carrier or reser-
voir for the spread of various animal diseases 
and zoonoses (Mai-siyama et al. 2014) 

 
Wide varieties of bacteria were isolated 

from infected lungs of diseased camels includ-
ing Staphylococcus aureus , Escherichia coli , 
Klebsiella pneumoniae, Bacillus spp. , Strepto-
coccus pyogenes  pyogenes , Corynebacterium 
spp. , Pasteurella spp. , and Arcanobacterium 
pyogenes (Ismael et al. 2014 wareth et al. 
2014 Abd El Tawab et al. 2016 Gebru et al. 
2018). 

 
In addition, Tuberculosis (TB) is a chronic, 

reportable gran-ulomatous zoonosis caused by 
Mycobacterium tuber-culosis complex and af-
fects many animal species including camels 
(OIE, 2016). 

 
Clinical bacterial isolates frequently exhibit 

resistance to these antibiotics through the enzy-
matic alteration. There are five kinds of amino-
glycoside- modifying enzymes (AME) occur-
ring in Staphylococci spp., AAC (6')and blaz 
genes were studied by Hauschild et al. (2008).  

In Klebsiella pneumoniae isolates, TetA (B) 
gene was identified to be the most prevalent 
tetracycline resistance determinant (Bokaeian 
et al. 2014). 

 
We have investigated the role of Pbp 1A in 

penicillin resistance in and erm gene renders 
Streptococcus pyogenes isolates resistant to 

most macrolides, lincosamides, and streptomy-
cin B compounds (Uruén et al. 2022). 

 
This study aim to demonstrate different mi-

crobial hazards from apparently healthy 
slaughtered imported camels and antibiogram 
profile for the isolated bacteria. In addition, 
detection of antibiotic resistance genes in the 
most prevalent isolates  
 
MATERIALS and METHODS  
Ethical approval: All procedures performed 
in this study, including the collection of sam-
ples, were in accordance with the Egyptian eth-
ical stan-dards of Animal Health Research In-
stitute, and the Animal Rights and Ethical Use 
Committee of Agriculture Research Center, 
Animal Health Research Institute, Dokki, Giza, 
Egypt.  
 
Sampling: Lung samples were collected 
from one hundred slaughtered camels. PM ex-
amination was performed fol-lowing previous-
ly described procedures by Taiwo (2005). 
 
Isolation and identification of Gram positive 
and Gram negative bacteriaaccording to 
Quinn et al. (2011). 

The surface of collected tissues was burned 
by hot scalpel blade and inoculum samples 
were taken from the inner part of the lung us-
ing sterile cotton swab, After 24h of incubation 
in broth, the cultures were mixed; aloopful of 
the culture was streaked over a 7% sheep blood 
agar, MacConkey agar, Mannitol salt agar and 
Edward’s media and incubated aerobically 
at37°C for 24h.Primary identification of the 
bacteria was performed using colony morphol-
ogy, Gram reaction, cellular morphology, cata-
lase and oxidase tests. Final identification was 
carried out by subjecting pure cultures of sin-
gle colony type into a series of secondary bio-
chemical tests, namely, methyl-red, indole, cit-
rate utilization, coagulase, motility, TSI, escu-
lin hydrolysis, as well as sugar fermentation 
tests, as required for each bacterial spp. All 
media were purchased from Hi media® 
  
Isolation and identification of Mycobacteria 
according to Marks technique (1972):  

The samples were examined for the isola-
tion and identification of M. bovis using con-
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ventional methods such as direct smear, cul-
ture, and biochemistry and molecular methods 
such as PCR.  
 
Antibiotic susceptibility testing: isolates cul-
tivated into Muller Hinton broth tubes and in-
cubated aerobically at 37 ͦ C for 18hr and then 
cultured into Muller Hinton agar plates and 
incubated as above for antimicrobial suscepti-
bility testing, which was carried out by the 
standard disk diffusion method according to 
CLSI (2022). The following antibiotic discs 
were used, Ampicillin (AMP, 15µg), 
Cephalexin (CL, 30µg), Clindamycin (DA, 
10µg), Gentamicin (CN, 10µg), Imipenem 
(IMP, 10µg), Ofloxacin (OFX, 10µg), Rifam-
picin (RF, 5µg), Streptomycin (S, 10µg) and 
Tobramycin (TOB, 10µg).Antibiotic sensitivi-
ty in relation to zone of inhibition interpreted 
by the Manufacturing Company MAST® 
group. 
 
 
Molecular characterization of isolates: 

For DNA isolation: from Gram negative 
bacteria according to Wilson (1997), 1.5 ml of 
the bacterial inoculated culture was spinned in 
a microcentrifuge at 10000 rpm for 2mins., or 
until a compact pellet forms. The supernatant 
was discarded. The pellet was resuspended in 
570μl of TE, SDS (final concentration, 0.5%), 
and proteinase K (final concentration, 100 mg 
mL−1), and incubated at 37°C for 1h. To this 
mixture, 100ml of 0.8 M NaCl and 80μl of 
CTAB/NaCl (10% CTAB in 0.7 MNaCl) were 
added, and the microtubes were incubated for 
10min. at 65°C. An equal volume of phenol/
chloroform/isoamyl alcohol was added, ex-
tracted thoroughly, and spinned in a microcen-
trifuge at 10000rpm at 4°C for 5min. The 
supernatant was transferred to a fresh tube. 
0.6vol isopropanol was added to precipitate the 
nucleic acids and spinned in a micro centrifuge 
at room temperature. The DNA was washed 
with 70% ethanol to remove residual CTAB 
and respin at 10000 at room temperature rpm 
for 5min to re-pellet it. The pellet was re-
dissolved in 100µl TE buffer. Due to a high 
concentration of peptide and cross-bond pep-
tides in the cell wall, Gram positive species are 
often more resistant to cell lysis. It required 
addition of lysozymes to the lysis buffer 

(Schindler and Schuhardt 1964 Ezaki and 
Suzuki 1982 Zschöck et al. 2000 Mason et al. 
2001). 
 
2.Oligonucleotide Primer:  

The primers usedwere provided by Metabi-
on (Germany), and theyarelistedin Table (1).  
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Table 1. Primers sequences, target genes, amplicon sizes and cycling conditions for conventional PCR. 

Bacterial 
Spp. 

Tar-
get 
gene 

Primers sequences Am-
plified 
seg-
ment 
(bp) 

Initial 
denatur-
ation 

Amplification (35 cycles) Final 
exten-
sion 

Refer-
ence Second-

ary de-
naturati
on 

An-
nealin
g 

Exten-
sion 

Myco-
bacteria 
Spp. 

Mpb7
0 

ACCCTCAACAGCGGTC
AGTAC 
TTACGCCG-
GAGGCATTAGCAC 

314 95ºC 
5min 

94ºC 
1min 

55 ºC 
1min 

72 ºC 
1min 
  

72 ºC 
10min 
  

Zhang 
et al. 
2016 

S.aureus Blaz GAAGTACGCAGAAGA-
GA 
ACATGGCAA-
GCTCTAGGA 

173 95ºC 
5min 

94ºC 
1min 

54ºC 
1min 

72 ºC 
1min 

72 ºC 
10min 

Marti-
neau et 
al. 
2000 

Aac
(6') 

ACTTCAACAC-
CTGCTGCTTTC 
TGACCACTTTTATCAG-
CAACC 

491 95ºC 
5min 

94ºC 
1min 

57 ºC 
2min 

72 ºC 
30S 

Choi et 
al. 
2003 

Strepto-
coccus 
pyogenes 
Spp. 

Pbp 
1A 

AGGGGTAGTAG-
CATTACCAT 
CAACTATATGACTGG-
GATCG 

939 95ºC 
5min 

95ºC 
30S 

47ºC 
30S 

72ºC 
30S 

72ºC 
10min 

Kanni-
ka et 
al. 
2017 
  

ermB GAAAAGGTACTCAAC-
CAAATA 
AGTAACGG-
TACTTAAATTGTTTAC 

639 95ºC 
15min 

94ºC 
20S 

53ºC 
20S 

72ºC 
40S 

Sut-
cliffe et 
al. 
1996 

Klebsiel-
la pneu-
moniae 
Spp. 

Tet 
(B) 

CCTCAGCTTCTCAAC-
GCGTG 
GCACCTT-
GCTCATGACTCTT 

633 95ºC 
5min 

94ºC 
1min 

52ºC 
30S 

72ºC 
1min 
  

72ºC 
10min 

Walker 
et al. 
2001 

RESULTS 
Table 2. prevalence of bacterial isolates from the examined lung samples 

Total no. Positive samples Negative samples 

100 No. % No. % 

86 86% 14 14% 

This table showed the prevalence of pneumonia in the examined camel lung samples. Out of examined 100 
lung sample, there were 86(86%) positive samples and 14(14%) negative for bacteriological examination  

Table 3. Frequency of bacterial isolatesfrom lung lesions of camel (n=100) 

  
Type of 
infection 
  

Isolated Microorganism 
Total Num-
ber 

Percent 

Single in-
fection 

Staphylococcus aureus 38 38% 

Streptococcus pyogenes 31 31% 

Klebsiella pneumoniae 13 13% 

Mycobacterium bovis 4 4% 

Mixed in-
fections 

Staphylococcus aureus&Streptococcus pyogenes 20 20% 

Staphylococcus aureus, Streptococcuand Klebsiella pneumoniae 5 5% 
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This table showed the Frequency of bacterial 
isolates from lung lesions of camel. Some lung 
lesions showed single bacterial infection others 
showed mixed infections. Out of examined 100 
lung sample, there were 38 (38%) Staphylococ-
cus aureus isolates; Streptococcus pyogenes 31
(31%); K. pneumoniae 13(13%) and M. bovis 

4(4%). Mixed bacterial infection was detected 
as Staphylococcus aureus and Streptococcus 
pyogenes as 20% and Staphylococcus aureus, 
Streptococcus pyogenes and K. pneumonia as 
5%. 

Table 4. Results of antimicrobial susceptibility for the isolates: 

Antibiotic classes 
Antimicrobial agents 

S. aureus 
(N=10) 

Streptococcus py-
ogenes 
(N=10) 

K. pneumoniae 
(N=10) 

S. R. S. R. S. R. 
β- lactamases 

Penicillin Ampicillin 4 6 0 10 8 2 

Carbapenem Imipenem 2 8 0 10 7 3 

Cephalosporin Cephalexin 4 6 0 10 9 1 

Aminoglocosides 

Gentamicin 9 1 10 0 8 2 

Streptomycin 7 3 10 0 7 3 

Tobramycin 4 6 10 0 8 2 

Flouroquinolone Ofloxacin 9 1 10 0 9 1 

Macrolids 
Rifampicin 6 4 0 10 2 8 

Clindamycin 5 5 10 0 3 7 

Results in table (4) revealed that, out of test-
ed ten S. aureus isolates, most isolates were 
resistant to all used β- Lactamases group of 
antibiotics. Concerning used Aminoglocosides 
antibiotics, out of tested ten isolates to Gen-
tamicin, streptomycin and Tobramycin, there 
were 1, 3 & 6 resistant strains: respectively.  

Only one S. auresus isolates showed re-
sistance to Ofloxacin. In addition, in testing the 
sensitivity to Macrolides such as Rifampicin 
and Clindamycin, there were 4 and 5 resistant 
strains: respectively. 

All isolated Streptococcus pyogenes showed 
resistance to all used β- lactamases group of 
antibiotics, sensitive to all used Amino-
golcosides and Flouroquinolones.  

In addition, all isolates were resistant to Ri-
fampicin and sensitive to Clindamycin. 
Klebsiella pneumoniaeisolates showed high 
sensitivity to Flouroquinolones and Cephalo-
sporins and high resistance to Macrolides. 
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Authors Examined sample type Most predominant isolated bacteria 

Refai at al. (1984) Lymphnodes Salmonella spp. 

Ali et al. (1987) Uterine sample Citrobacter spp. and E. coli 

Mostafa et al. (1987) Raw milk Staph spp., E. coli and C. perfrengens 

El- Sayed et al. (1987) Raw milk Salmonella spp. and Citrobacter spp. 

El Seedy et al. (1990) Uterine sample Protus spp 

Powers et al. (1990) Uterine sample E. coli 

Tibary Anouassi (1997) Uterine sample Pseudomonas aeruginosa 

Tibary et al. (2006) Uterine sample Klebsiella pneumoniae pneumonia 

Hanan et al. (2010) Uterine sample 
E. coli, Salmonella spp., Pseudomonas aerugino-
sa, Klebsiella pneumoniae pneumoniae, Protus 
and Citrobacter spp. 

Abo-El naga and Osman 
(2012) 

Lung samples 
Bacillus spp., Staphylococcus spp., Streptococ-
cus pyogenes , Klebsiella pneumoniaeand E. coli 

Ismail et al. (2014) Lung, blood, nasal & tracheal swabs 
Bacillus spp., Staphylococcus spp., Pseudo-
monasspp., Klebsiella pneumoniae spp and E. 
coli 

Wareth et al. (2014) Lung samples 
Bacillus spp., Staphylococcus spp., Streptococ-
cus pyogenes  Spp., Klebsiella pneumoniae spp 
and E. coli and Corynebacterium spp. 

Nahed et al. (2017) 
Lung tissues, blood samples and 
nasopharyngeal swabs. 

K. Pneumoniae, S. aureus, Shigella spp., E. coli, 
Proteus spp., P. aeruginosa and Pasteurella spp. 

El- Harriri et al. (2017) Meat samples Pseudomonas spp. 

Al Amery et al. (2019) Meat samples Staphylocoocus aurus 

El- Naker (2019) Serum samples Mycobacterium bovis 

Shahin et al. (2021) Diarrheic neonatal camel E. coli 

Table 5. Available review on bacteria isolated from camels in Egypt 

DISCUSSION: 
The respiratory tract of apparently healthy 

animals acts as a reservoir for many species of 
microorganisms that reached the nasal cavity 
through various ways. This study has shown 
that a wide variety of bacterial species colonize 
the respiratory passageways of camels in the 
study area. This is supported by several re-
searchers in Egypt who previously demonstrat-
ed diverse bacterial species from various re-
gions of the camel respiratory tract: nasal 
tracts, tonsil, trachea and lungs (Ismail et al. 
2014; Wareth et al. 2014; Ahmed and Musa 
2015 and Nahed et al., 2017). 

  
The consistent isolation of these organisms 

from the pneumonic lungs of various species of 
animals might indicate their role in causing 

different respiratory infections especially when 
the immune system of the animal is compro-
mised by some other external factors. The nor-
mal bacterial flora of a healthy individual can 
be altered by several factors such as changes in 
the hygienic condition, environmental and cli-
matic conditions, and nutritional and immuno-
logical status of the animal. Such factors could 
lower the resistance of the lung tissue and the 
existing organism most probable would get the 
upper hand, leading to the presentation of a 
variety of pathologies (Bosch et al. 2013).  

 
Tables (2) and (3) showed the prevalence of 

pneumonia in the examined camel lung sam-
ples. Out of examined 100 lung sample, there 
were 86(86%) positive samples and 14(14%) 
negative for bacteriological examination. 
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In the examined lung samples, there were 
single bacterial infection; S. aureus, Strepto-
coccus pyogenes, Klebsiella pneumonia and M. 
bovis as well as mixed bacterial infections. 
Similar bacterial isolates were detected by Ba-
ni Ismail (2017). 

 
Staphylococcus aureus is known to occur as 

a commensal on the skin, the nose, and mucous 
membranes of healthy humans and animals and 
also an opportunistic pathogen in multiple in-
fectious diseases (Lozano et al. 2016).   

                                
In this study, S. aureus was the commonest 

bacteria in the pneumonic lungs, 38%, which is 
higher when compared to the report of Azizol-
lah et al. (2009),Wareth et al. (2014), Ismail 
et al. (2014), Hussain et al. (2017) and Al-
Amery et al. (2019) as 14, 14.5, 37.1, 24.8 and 
14.5 percentages; respectively, from lungs of 
apparently healthy camels.  Higher results were 
obtained by Ben Chehida et al. (2021) who iso-
lated S. aureus from (95.6%) examined sam-
ples. The present and previous data suggest 
that the bacteria reside as a normal inhabitant 
of upper respiratory tract and possibly as a 
causative agent of secondary pneumonia.  

 
Most species of the genus Streptococcusare 

considered potential pathogens, occur in na-
ture, and some are commensal in the respirato-
ry, genital, and alimentary tracts and skin of 
animals and man (Parks et al. 2015). Our re-
sults showed that, out of examined 100 lung 
sample, Streptococcus pyogenes were isolated 
from 31(31%).  Streptococcus pyogenes have 
been isolated from clinically healthy camels 
although they were not definitely identified 
and characterized (Azizollah et al. 2009). 
Lowerresults were obtained by Wareth et al. 
(2014) as 10% isolation rate. On the contrary, 
higher isolation rate were detected by Ahmed 
et al. (2015) as 94% from examined pneumon-
ic lung.  

 
Klebsiella pneumoniaewas recovered at an 

enormously comparable frequency from the 
pneumonic and healthy lungs. Our results 
showed that, out of examined 100 lung sample, 
Klebsiella pneumonia was recovered from 13 
(13%). Al-Doughaym et al. (1999) recorded 

similar results from the lungs of pneumonic 
camels 10.9%. Higher isolation rates were re-
ported by Wareth et al. (2014) and Nahed et al. 
(2017) as 26.7 and 44.0%; respectively.  Lower 
figures have also been reported by Abubakar et 
al. (2010) in Nigerian and Ismail et al. (2014) 
and Ahmed and Musa (2015) in Egypt as 6.3, 
1.8 and 0.1% percentages; respectively from 
apparently healthy camels.  

 
Several studies on camel TB have been con-

ducted in several countries, including Egypt, 
confirming the occurrence of TB in camel pop-
ulations (Koni et al. 2016). 

   
A high prevalence of camel TB is usually 

found among farmed camels and those in close 
proximity to cattle, which are mainly affected 
by Mycobacterium bovis (Bennet et al. 2014). 
The transmission of M. bovis between animals 
primarily occurs through aerosols, direct con-
tact, sharing the same food and water and suck-
ling (El-Sayed et al. 2016). 

 
The prevalence of TB in camels based on 

bacteriological examination was 4% (Table3). 
Higher TB prevalence rate were obtained by 
Beyi et al. (2014), Narnaware et al. (2015), 
Jibril et al. (2016), Ahmad et al. (2019), and 
Elnaker et al. (2019) who reported a preva-
lence rate of 8.3, 19.56, 9.82, 33.4 and 60.87 
percentages; respectively. On the other hand, a 
lower TB rate in Egypt than that obtained in 
this study was reported by Manal and Gobran 
(2008), who concluded that the prevalence of 
TB in camels was 0.7%.  

 
Concerning the mixed bacterial infection 

which dominated by S. aureusand Streptococ-
cus pyogenes then S. aureus, Streptococcus 
pyogenes and Klebsiella pneumoniaewere de-
tected as 20% and 5% of examined lungs; re-
spectively. These findings were explained by 
Mostafa (2004) who stated that, the pulmonary 
mixed infection is commonly detected because 
the respiratory air passages act as a reservoir 
for potential pathogenic microorganisms which 
develop pneumonia on the onset under stress 
factors, poor sanitation, and climatic condi-
tions. 
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Pneumonic mixed pathogens demonstrated 
the complexity of the disease where S. aureus 
may predispose infection by other pathogens. 
These results agree with Taha et al. (2007), 
Sayed and Zaitoun (2009), Abo El naga and 
Osman (2012) and Gebru et al. (2018). 

 
In addition, the failure to isolate bacteria 

from some examined lung tissues with lesions 
might be due to the involvement of other path-
ogens such as anaerobic bacteria, virus, Myco-
plasma, fungi and may be parasites (Lopéz, 
2001). 

 
Furthermore, this study assessed the antibi-

otic susceptibility profiles of the bacterial iso-
lates in order to choose the most effective anti-
microbial agents that could be used to treat 
camels with respiratory problems as shown in 
table (4) which revealed that, out of tested ten 
S. aureus isolates, most isolates were resistant 
to all used β- Lactamases group of antibiotics. 
Concerning used Aminoglocosides antibiotics, 
out of tested ten isolates to Gentamicin, strep-
tomycin and Tobramycin, there were 1, 3 & 6 
resistant strains: respectively. Only one S. 
auresus isolates showed resistance to Ofloxa-
cin. In addition, in testing the sensitivity to 
Macrolides such as Rifampicin and Clindamy-
cin, there were 4 and 5 resistant strains: respec-
tively. 

 
All isolated Streptococcus pyogenes showed 

resistance to all used β- lactamases group of 
antibiotics, sensitive to all used Amino-
golcosides and Flouroquinolones. In addition, 
all isolates were resistant to Rifampicin and 
sensitive to Clindamycin. Klebsiella pneu-
moniaeisolates showed high sensitivity to 
Flouroquinolones and Cephalosporins and high 
resistance to Macrolides. 

 
Findings in table (5) were similar to Al 

Amery et al. (2019) and Ben Chehida et al. 
(2021) who find similar antibiogram profile for 
isolated S. aureus. Simlar anti-biogram profile 
of Streptococcus pyogeneswas detected by Ah-
med et al. (2015) and Mutua et al. (2017). Ac-
cordingly, increased level of resistance among 
the respiratory pathogens against the common-
ly used antimicrobials in respiratory tract in-
fections was observed. There was agreement in 

presence of multidrug resistant strains with the 
results of Elhariri et al. (2017). The high rate of 
resistance observed in many of the isolates 
could be either because they are frequently and 
unnecessarily prescribed or sold over the coun-
ter in the open market and private veterinary 
drug shops without prescription. Therefore, 
there is a need for practitioners and researchers 
to be aware of the bacterial flora of the camels 
and of their antibiotic sensitivities to be in-
formed of the appropriate antibiotics to be used 
in the course of respiratory infections and con-
trol programs (Shryock and Richwine, 2010 
and Ding and He, 2010).  

 
Transfer of resistance in bacteria has been 

documented to occur between different animal 
species, within humans, from animals to hu-
mans, and from humans to animals (Mutu et 
al., 2017).  

 
In studying the resistance pattern of the iso-

lated bacteria Fig. (1), (2), (3), (4) and (5) 
showed the different amplified fragments of 
different detected antibiotic resistance genes.In 
addition, Fig. (6) Showed the amplified frag-
ment of M. bovis specificgene. 

 
Clinical bacterial isolates frequently exhibit 

resistance to these antibiotics through the enzy-
matic alteration of aminoglycosides. Staphylo-
cocci, streptococci, and enterococci are gram-
positive cocci. AAC (6') has a particular signif-
icance because it modifies aminoglycosides of 
therapeutic importance, including kanamycin, 
tobramycin, and gentamicin, respectively (Abo
-State et al. 2018).  

Penicillin resistance in staphylococci is 
caused by several methods. The most im-
portant methodis the resistance due to a peni-
cillin-binding protein, PBP2a, encoded by me-
cA, and is primarily connected to human iso-
lates. Investigations into blaZ-encoded penicil-
lin resistance have been considerable. Addi-
tionally, blaZ has been linked to penicillin re-
sistance in coagulase-negative staphylococci 
(CoNS). 

(Liao et al. 2017). 
 
Enterobacteriaceae family members such as 

Klebsiella pneumoniae often produce ESBLs; 
however, other genera of the Enterobacteri-
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aceae family have recently been reportedto 
contain some other enzymes.  

 
Tetracycline has been used regularly to treat 

various diseases, but regrettably this has led to 
the emergence of resistance forms. In prior 
clinical surveys, tetA  (B) gene was identified 
as the most prevalent tetracycline resistance 
determinant with a wide host range since it re-
sides on highly mobile genetic elements that 
readily transfer between different bacterial 
genera (Bokaeian et al. 2014). 

 
Penicillin inhibits the growth of streptococci 

by the inactivation of penicillin-binding pro-
teins (PBPs). Streptococcal resistance to peni-
cillin is due to the production of altered PBPs 
which have a decreased affinity for the antibi-
otic. We have investigated the role of PBP 1A 
in penicillin resistance and confirm that that 
alteration of PBP 1A plays a vital role in full 
penicillin resistance development. 

 
In addition, Target modification occurs at 

the level of the ribosomes via an erm gene en-
coding a 23S rRNA methylase. There are cur-
rently at least eight classes of erm genes distin-
guishable by hybridization criteria. Erm 
methylases add either one or two methyl resi-
dues to a highly conserved adenine residue in 
domain V, the peptidyl transferase center, of 
23S rRNA. Uruén et al. (2022). 

 
In Streptococcus pyogenes, two specific pri-

merswere used, ermB and Pbp1A. ermBprod-
uct was 639bp which was compatible with 
Uruén et al. (2022). Like Kannika et al. (2017) 
the amplified fragment of PbP1A gene was 
939. Penicillin inhibits the growth of pneumo-
cocci by the inactivation of penicillin-binding 
proteins (PBPs).  

 
Concerning S.aureusisolates, blaZ and 

AAC6' genes were detected. The obtained PCR 
product was 173bp and 491bp; respectively. 
Our results agreed with Martineau et al. (2000) 
and choi et al.(2003); respectively.  

 
All tested Klebsiella pneumoniae isolates 

harbored Tet B gene. The amplified fragment 
was 633bp and these results agreed with Bo-
kaeian et al. (2014). Mpb70 gene of Mycobac-

teria bovis was detected in all tested isolates.  
The amplified fragment was 314bp which was 
like Zhang et al. (2017). 

 
Table (5) showed the available  literature for 

several studies on camel in Egypt. From 1967  
to 2022. These studies discussied either live 
animal samples such as raw milk samples, di-
arrheic samples, Genital tract washes, nasal 
and tracheal swabs or slaughtered camel sam-
ples from abbattoir including meat samples, 
lymphnodes, lung samples and genital tract 
samples. 

 
In conclusion, the present study in this area 

pointed out that respiratory infection is consid-
ered as the major cause of morbidity and mor-
tality in camels. It is a multifactorial process 
among which a variety of bacterial species 
have been associated with respiratory prob-
lems. Furthermore, our isolates have shown 
considerable resistance to commonly pre-
scribed antimicrobials in the country calling 
for the need to conduct susceptibility testing 
for control of camel respiratory infections in 
the area. 

 
 

RECOMMENDATIONS: 
controlling respiratory diseases of the cam-

el’s should give due attention in alleviating 
stress during different managemental practices 
including transportation, lairaging, feeding, 
watering, etc. and on those measures that has 
to be taken during stressful conditions. 

 
Transborder camel movements should be 

controlled. 
 
Abattoir workers should be educated to 

avoid infecting themselves or spreading the 
pathogens. 

 
Proper abattoir records can serve as indica-

tors for field disease conditions and conse-
quently aid in planning, prevention and control 
programs by relevant authorities.  

 
Restrictions for abuse of antibiotics in live-

stock production to avoid the emerging of anti-
biotic resistant pathogens. 
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Fig. 1 Agarosegel electrophoresis of PCR products showing amplification of Streptococcus pyogenes sperm 
Bgene productsat639bp.MWM-molecularweightmarker(100-1000bpDNAladder) + control (positive, 
negative), all Ten  isolates were positive for ermB gene. 

Fig. 2 Agarosegel electrophoresis of PCR products showing amplification of Streptococcus pyogenes 
Pbp1Agene productsat939bp.MWM-molecularweightmarker(100-1000bpDNAladder).+ control 
(positive, negative), all Ten isolates were positive for pbp1A gene. 
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Fig.3 Agarose gel electrophoresis of PCR products showing amplification of S. aureusblaz gene prod-
uctsat173bp.MWM-molecularweightmarker(100-1000bpDNAladder) + control (positive, negative), all 
Ten isolates were positive for blaZ gene.  

Fig.4 Agarose gel electrophoresis of PCR products showing amplification of S. aureusaac(6)gene prod-
uctsat491bp.MWM-molecularweightmarker(100-1000bpDNAladder) + control (positive, negative), all 
Five isolates were positive foraac(6) gene. 

Fig. 7 Agarose gel electrophoresis of PCR products showing amplification of K. pneumoniae TetA(B)
geneproductsat633bp.MWM-molecularweightmarker(100-1000bpDNAladder)+ control (positive, nega-
tive), all six isolates were positive for TetA (B) gene. 
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Fig.8 Agarose gel electrophoresis of PCR products showing amplification of M. bovis specific m p b 7 0 gene 
productsat314bp.MWM-molecularweightmarker(100-1000bpDNAladder)+ control (positive, negative), 
all Four isolates were positive formpb70 gene. 
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