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ABSTRACT:

Escherichia coli, Klebsiella sp. and Pseudomonas sp. causing respira-

tory diseases in sheep from different farms at Sharkia Governorate. A

total of 110 different samples including; 30 nasal swabs and 80 lungs
and tracheas were aseptically collected. The prevalence rates differ from one
bacterial agent to another. M. ovipneumoniae was detected by 31.8%, E. coli
by 21.8%, Klebsiella sp. by 11.8% and finally, P. aeuroginosa by 9.1% from
the collected samples. Biochemical and serological identifications revealed
the presence of M. ovipneumoniae, E. coli of different serotypes, K. pneu-
moniae, K. oxytoca and P. aeuroginosa. Molecular characterization using
PCR test targeting the /65 rRNA genes of these bacterial agents revealing
their specific DNA amplicon sizes of each bacterium except for Klebsiella
sp. which was targeted by gyrA gene. Various pictures of tracheal lesions in
infected sheep were observed and recorded. Different types of pneumonia
were observed macroscopically and microscopically among the different
causative bacterium. Antibiotic profiles show variety of sensitivity. Ciprof-
loxacin is the drug of choice for most isolates. P. aeuroginosa shows high
level of antibiotics resistance.

r I \he current study deals with the prevalence of Mycoplasma mixed with

INTRODUCTION

was produced representing approximately

Sheep production is encouraged in Egypt as
it can improve the daily protein intake of hu-
mans; it is constituted as an important compo-
nent of Egypt food security plan (Elshazly and
Youngs 2019). In 2017, 2.34 million head

7.4% of all red meat production in Egypt (FAO
STAT 2018).

Sheep has occupied an advanced position
within the Egyptian livestock sector because of
their suitability to different agricultural condi-
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tions in the country (Elshazly and Youngs
2019), However sheep diseases represent major
limiting factor for such huge industry where
pneumonia and neonatal diarrhea represents the
more leading health problems (Tarabees et al.
2016).

The respiratory problems particularly differ-

ent types of pneumonia are common in all spe-
cies of domestic animals. The causative agents
are multifactorial and the disease appears due
to the interaction of the infectious micro-
organisms (bacteria; Pasteurella and Mycoplas-
ma, viruses; PI3, reovirus, and adenovirus and
fungi), host defense, environmental factors and
stress (Lacasta et al. 2008; Azizi et al. 2011).

Different species of Mycoplasma are associ-
ated with many pathological problems in small
ruminants including respiratory manifestation,
this problem results in significant losses, espe-
cially in African countries (Palma et al. 2018).
It is highly fastidious microorganisms that re-
quired very precise media to develop in vitro
(Abdel-Halium et al. 2019).

Mycoplasma species commonly associated
with pneumonia in small ruminants are M.
ovipneumoniae, M. arginini, M. capri, M.
capripneumoniae, and M. capricolum (Chinedu
et al. 2016). M. arginini 1s frequently isolated
with M. ovipneumoniae from cases of atypical
pneumonia in sheep and goats (Kumar et al.
2013) and other cases with lung consolidation
(Fernandez et al. 2016). In Egypt, different
Mycoplasma species have been isolated includ-
ing M. arginini, M. ovipneumoniae, and M.
agalactiae (Ammar et al. 2008).

Although the role of M. ovipneumoniae in
sheep respiratory infection is often overlooked,
it may be the primary agent with various mani-
festations (chronic soft persistent cough with
ocular and nasal discharges) but the real prob-
lem lies in that the disease condition become
exaggerated by other bacterial infections
(Ozturkler and Otlu 2020).

E. coli is the most common member of family
Enterobacteriacea frequently isolated from res-
piratory affection in sheep either from nasal

swabs or from pneumonic lungs (Zaghawa et
al. 2010). Also Klebsiella pneumoniae and
Klebsiella oxytoca of the same family are most-
ly associated with ovine pneumonic cases
(Patel et al. 2017; Franco et al. 2019).

Pseudomonas aeruginosa induces various
disease conditions in sheep and goats with res-
piratory illness considered as one of the major
issues mainly represented by pneumonia lead-
ing to significant mortalities and increased eco-
nomic losses (Dapgh et al. 2019).

Mixed infection with different bacterial caus-
es in the same sheep was common and this was
attributed to the respiratory problems which
were considered as multifactorial diseases
where interaction between different microbial
agents as bacteria leads to increase the inci-
dence of those problems (Thrusfield and Rob-
ert 2018).

There has been some degree of resistance of
pathogens isolated from pneumonic sheep to
some of the commercially used antibiotics
(Goodwin-Ray 2006). However, there are
some effective antimicrobial agents as ciprof-
loxacin, ceftriaxone and oxytetracycline for the
treatment of sheep pneumonia (Kumar et al.
2018).

Severe congestion of the nasal sinus with ca-
tarrhal mucous, bilateral pneumonia with pul-
monary congestion of cranial lobes with pro-
gression to the caudal lobes, fibrinous pleurisy,
adhesions to the chest. Histological sections of
the lung revealed suppurative bronchopneumo-
nia with alveoli and bronchioles filled with var-
iable proportions of neutrophils, macrophages,
serofibrinous exudation, degenerated leuko-
cytes and necrotic debris, and multifocal pres-
ence of aggregates of bacteria. Fibrinous pneu-
monia and severe distension of the interlobular
septa by fibrin and edema was also observed
and occasional peribronchiolar lymphocytic
accumulation (Rosario et al. 2010).

Our study aimed to throw a spot of light on
the mixed infection of Mycoplasma with other
bacterial agents isolated from respiratory mani-
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fested sheep and studying their antibiotic sus-
ceptibility patterns for selection of the appro-
priate ones. In addition, the current study eluci-
dated the macroscopic and histopathological
lesions in the affected organs.

MATERIAL AND METHODS
Samples collection:

One hundred and ten samples were collected
from respiratory manifested sheep (fever, nasal
discharge, rales, cough, accelerated respiration,
dyspnea), freshly dead and slaughtered sheep.
Thirty nasal swabs and eighty tissue specimens
including pneumonic lungs and tracheas from
60 freshly dead and 20 slaughtered sheep were
aseptically collected. These samples were col-
lected from different farms at Sharkia Gover-
norate and immediately transported in icebox
to the laboratory.

Bacteriological isolation:

All samples were submitted for bacteriologi-
cal and mycoplasmal examinations. Bacterio-
logical isolation was done by inoculation into
brain heart infusion broth then streaked into
and MacConkey, Ethylene Methelyne Blue
(EMB) (Oxoid- UK) and Cetramide agars
(HIMEDIA) followed by further identification
for suspected isolates. The various members of
family Enterobacteriacae were subjected to bi-
ochemical identification according to Krieg
and Holt (1984). Pseudomonas was identified
biochemically as described by Quinn et al.
(1994). Mycoplasma isolation was done by in-
oculation into PPLO broth media, then plated

Table (1) Primers sequences used of target genes

onto PPLO agar media (Sabry and Ahmed
1975) and maintained at 37°C for 3-7 days
with 24-48h observation interval for “fried
egg” colonies under dissecting microscope
(Reichert Wien — Germany).

Identification of the bacterial isolates:

Biochemical identification of the purified
Mycoplasma isolates was applied according to
Watson et al. (1988). Digitonin sensitivity,
glucose fermentation, arginine deamination
and film and spot formation tests were applied
as mentioned by Emo and Stipkovits (1973)
and Razin et al. (1998). Serological identifica-
tion of the isolated E. coli and Klebsiella iso-
lates was done according to Kok et al. (1996)
and Carter (1984) respectively in “Food Analy-
sis Center - Faculty of Veterinary Medicine -
Benha University.

Molecular confirmation of the bacterial iso-
lates:

The bacterial genomic DNA was obtained
using the extraction kit (GeneJET Genomic
DNA purification Kit Thermo-scientific) fol-
lowing the manufacturer’s instructions. DNA
concentration was determined using nanodrop.
The PCR primers were synthesized by metabi-
on international AG, (Germany), (Table 1).
The PCR reaction was performed in a gradient
thermal cycler (1000S Thermal cycler Bio-
RAD, USA). The total volume of there action
mixture (50ul) contains: 25ul PCR master mix
(Thermo Scientific™ PCR Master Mix (2X)
Cat. no: K0171, USA.), 3ul target DNA, 1pl of
each primers (10p mole/ul) and the mixture
was completed to 50ul by PCR grade water.

Bacterial Isolates Target Primer sequence (5'—3’) Alpplicon Reference
gene Size(bp)
GGG AGC AAA CAG GAT TAG ATA CCC T van
Mycoplasma sp. 16S/RNA  TGC ACC ATC TGT CAC TCT GTT AAC 280 Kuppeveld
CTC et al. 1994
. . TGA ACG GAA TAT GTT AGC TT Mecauliffe et
M. ovipneumonige 165 rRNA GAC TTC ATC CTG CAC TCT GT 361 al. 2003
. GGGGGATCTTCGGACCTCA Spilkeretal.,
P. aeruginosa 16S rRNA TCCTTAGAGTGCCCACCCG 956 2004
Brisse and
. CGC GTA CTA TAC GCC ATG AAC GTA
Klebsiella sp. gyrd ACC GTT GAT CAC TTC GGT CAG G 441 ng)'(‘)‘{ef
. GCT TGA CAC TGA ACA TTG Riffon ef al.
E. coli 165 rRNA GCA CTT ATC TCT TCC GCA TTA G 662 2001
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After amplification as shown in Table (2), the
PCR products for the target genes were sepa-
rated by 1.5% agarose gel electrophoresis
(Sigma, USA) using Tris-boric EDTA buffer

and stained with ethidium bromide using Gene
Ruler 100 base pair DNA ladder (Thermo-
scientific Company, Cat. No. SM0243, USA).

Table (2) PCR amplification conditions for the bacterial PCR products

Bacterial
genes Thermal 1? s/lr RNAl gene 1? ?‘;RNA gene 16 SrRNAgene gyrAgene 16SrRNA gene
profiles of Mycoplasma -0 “OVIPREU= ¢ P geruginosa  of Klebsiella sp. of E. coli
sp. moniae 8
denIaIEEiion -- -- 95°C for 2 min 95°C for 2 min 94°C for 2 min
94°C for 30 94°C for 45
Denaturation 94°C for 1 min 94°C for 30 sec 94°C for 20 sec or 2B see oo see
Annealing 55°C for 1 min 55°C for 30 sec  58°C for 20 sec 55°C for 40 sec 57°C for 1 min
Extension 72°C for2min ~ 72°Cfor30sec ~ 72°C for40sec ~ /2°Cford0sec  72°C for 2 min
Amplification 40 cycles 30cycles 25 cycles 35 cycles 35 cycles
Final extension 72°C for 7 min 72 °C for 1 min 72°C for 10 min  72°C for 10 min
. . Brisse and Riffon et al.
van Kuppeveld = Mcauliffe et al. Spilker et al.
References et al. (1994) (2003) (2004) Verhoef (2001) 2004
Pathological investigations:
RESULTS

All investigated eighty tissue samples in-
cluding 60 freshly dead and 20 slaughtered
sheep were carefully examined for gross ab-
normalities. The gross tissue lesions were ob-
served and recorded carefully, and representa-
tive parts of the tissue samples were fixed in
10% neutral formalin buffer for further histo-
pathological studies. Afterward, the preserved
samples were dehydrated in alcohol, cleared in
xylene, impregnated and embedded in paraftfin
wax, sectioned at 4um and finally stained with
hematoxylin and eosin (H&E) for histopatho-
logical examination as described by Survama
et al. (2013) and examined microscopically.

Antibiotic susceptibility test:

It was performed for the obtained bacterial
isolates by disc diffusion method for testing
their susceptibly to ampicillin, ceftriaxone,
chloramphenicol,  ciprofloxacin, colistin,
doxycycline, erythromycin, gentamycin, linco-
mycin, oxytetracycline, spectinomycin and sul-
famethoxazole + trimethoprimre presenting
different antibiotic classes according to CLSI
(2017).

Prevalence and identification:

M. ovipneumoniae, E.coli, Klebsiella sp. and
P. aeruginosa were detected with recovery
rates (31.8, 21.8, 11.8 and 9.1%, respectively)
(Table 3). Biochemical identification de-
clared that all Mycoplasma isolates were posi-
tive for digitonin inhibition and glucose fer-
mentation but negative for arginine hydrolysis
and film and spot formation. Different types of
pneumonia including; alveolar pneumonia,
bronchopneumonia, fibrinous bronchopneumo-
nia, hemorrhagic pneumonia and interstitial
pneumonia were correlated with their causitive
agents and thus, multiple types were observed
in the mixed infections. Alveolar pneumonia
was the most prominent type associated with

M. ovipneumoniae, E. coli and P. aeruginosa
(Table 3).
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Table (3) Prevalence of bacterial isolates associated with type of pneumonia

Bacterial isolat Typeof  Swabs  Tracheas  Lungs Total  TYPes of pneumonia involved
acterialisolates infection n=30 n=40 n=40 ota with each single infection
M. ovipneumoniae Single 4 6 13 23 -Alveolar pneumonia
n=35 (31.8%) Mixed 2 4 6 12 -Bronchopneumonia
. -Alveolar pneumonia
E. coli Single 3 5 4 12 -Bronchopneumonia
n=24 (21.8%) -Fibrinousbroncho-pneumonia
Mixed 2 4 6 12 -Hemorrhagic pneumonia
Klebsiclla sp Sngle. 2 ? 0 iterstital preumonia
n=13 (11.8%) , L p 4
Mixed 1 0 3 4 -Fibrinousbroncho-pneumonia
) -Alveolar pneumonia
P. aeruginosa Single 1 0 5 6 -Bronchopneumonia
n=10 (9.1%) -Hemorrhagic pneumonia
Mixed 1 0 3 4 -Fibrinousbroncho-pneumonia
Total 82 (74.5%)
n= number
Mixed infections between different bacteri- tion with E. coli and P. aeruginosa while
al isolates were illustrated in Table (4). M. K. pneumoniae. was detected with E. coli and
ovipneumoniae was observed in mixed infec- P. aeruginosa (Table 4).

Table (4) Mixed infection between the bacterial isolates

Bacterial isolates Swabs Tracheas Lungs Total
n=30 n=40 n=40 n=110

M. ovipneumoniae + E. coli 4 8 8 20
M. ovipneumoniae + P. aeruginosa 0 0 4 4
E. coli + K. pneumoniae 0 0 4 4
K. pneumoniae. + P. aeruginosa 2 0 2 4
n= number of samples

Members of family Enterobactariaceae was the most prominent serogroup. All
were serologicaly identified and results re- Klebsiella sp. were identified as K. pneumoni-
vealed the detection of E. coli serogroups ae except for only one isolate was identified as

(0153, 044, 091, 084 and O8) where O153 K. oxytoca in a single infection (Table 5).

Table (5) Serological identification of E. coli and Klebsiella sp.:

Bacterial isolates Sero- group Number of identified isolates

0153
044
091
084
08
Un-typed
K. pneumoniae K1 (HVKP)
K. pneumoniae K2 (HVKP)
K. pneumoniae K1 (CKP)
K. oxytoca

(9}

E. coli (24)

Klebsiella sp. (13)

—_— W A Ok~ WSABDHN
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Molecular identification:

Conventional PCR test was carried out on
the culturally positive bacterial isolates after
being biochemically and serologically identi-
fied for confirmation of these isolates. The ob-
tained results revealed the detection of 16SrR-

NA genes specific for Mycoplasma sp. and M.
ovipneumoniae in seven and eight examined
isolates which gave their characteristic bands
at 280bp and 361bp, respectively as shown in
Fig. (1 and 2).

Fig (1): Agarose gel electrophoresis of the group-
specific primer set of Mycoplasma 16S rRNAgene.
Lane (1): 100bp DNA ladder. Lane (2): control neg-
ative. Lane (3): control positive. Lanes(4-10): posi-
tive samples for the target gene at 280bp

16S rRNA specific gene of P. aeruginosa
was amplified in five isolates showing its char-
acteristic band at 965 bp as illustrated in Fig

Q).

Fig (3): Agarose gel electrophoresis of P. aeru-
ginosa 16S rRNA gene. Lane (1):100 bp DNA
ladder. Lane (2): control positive. Lane (3): con-
trol negative. Lanes (4-8): positive samples for
the target gene at 956bp.

Fig (2): Agarose gel electrophoresis of M. ovipneu-
moniae 16S rRNA gene. Lane (1): 100bp DNA lad-
der. Lane (2): control positive. Lane (3): control
negative. Lanes (4-11): positive samples for the tar-
get gene at 361bp.

E. coli 16S rRNA gene was successfully
amplified in six tested E. coli isolates repre-
senting different serogroups at 662 bp (Fig 4).

Fig (4): Agarose gel electrophoresis of E.coli 16S
rRNA gene. Lane (1):100 bp DNA ladder. Lane
(2): control positive. Lane (3): control negative.
Lanes (4-9): positive samples for the target gene
at 662bp.
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Klebsiella gyrA gene was amplified in six isolates (5 K. pneumonaie and 1 K. oxytoca) and gave a specific

band at 441bp (Fig 5).

Fig (5): Agarose gel electrophoresis of Klebsiella gyrA gene. Lane (1): 100bp DNA Ladder. Lane (2): control
positive. Lane (3): control negative. Lanes (4-9): positive samples for the target gene at 441bp.

Gross Findings:

Grossly, tracheas showed limited gross le-
sions restricted in mild to moderate congestion
in some cases and petechial hemorrhage in
other few cases. Lung lesions were observed
and described then categorized into the follow-
ing types: (1) Congestion (15%), (2) hemor-
rhage (20%), (3) mixed congestion and hemor-
rhage (35%), (4) hepatization of lungs (20%)
and (5) emphysema (10%) (Fig. 6).

Microscopic findings:

Various pictures of tracheal lesions in infect-
ed sheep were observed. Tracheal lesions were
not specific to certain pathogen. Most cases
showed submucosal and periglandular leuko-
cytic cells infiltration (Fig. 7a and 7b). Only
heavy infected cases revealed necrosis of some
chondrocytes of tracheal rings cartilage (Fig.
7¢). Metaplasia of some tracheal epithelium
into goblet cells common lesion (Fig. 7d). Five
types of pneumonia were identified, micro-
scopically, categorized and summarized in Ta-
ble (3) with its related pathogens. Peribron-
chial hyalinization of connective tissues with
hyperplasia of bronchial epithelium was ob-
served (Fig 8a). Alternative red and grey
hepatization of pulmonary tissue (Fig 8b) was
the most observed lesion as common stages of
pneumonia. Alveolar pneumonia was charac-
terized by dilated and congested pulmonary
blood vessels with the presence of serous alve-
olar exudate with leukocytic cells infiltrations.

Bronchopneumonia was characterized by the
pneumonia presence of inflammatory cells
consisted of mainly neutrophils within the lu-
men of bronchiole. Fibrinous bronchopneumo-
nia (Fig. 8c¢) characterized by peribronchial
inflammatory zone with intrabronchial fibrin-
ous exudates with visible fibrin strand, thick-
ened interlobular septa, congestion of pulmo-
nary blood vessels. Hemorrhagic pneumonia
was also detected and characterized by exces-
sive extravasated erythrocytes within the bron-
chi, alveoli and interalveolar septa related to
leukocytic cells infiltration. Leukocytic cells
infiltrated pulmonary tissues suffering from
extravasated erythrocytes (Fig. 8d) were ob-
served in some cases. Lung showed emphyse-
ma (Fig. 8e). Interstitial pneumonia character-
ized by congestion with reactive cells in and
around the bronchial wall, and sometimes in-
trabronchial exudate contained few fibrin
threads with peribronchial inflammatory zone
with fibroblast and thickened interlobar septa.

13
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Fig (6): Lung of infected sheep with E. coli . M. ovipneumoniae showing multiple focal areas of
congestion and hepatization of lung tissue (arrows).

Fig (7): Photomicrograph of trachea of infected sheep. (a): trachea infected with Klebsiella sp.
showing submucosal leukocytic cells infiltration (arrow) (H&E x 200). (b): trachea infect-
ed with M. ovipneumoniae showing periglandular leukocytic cells infiltration (arrow)
(H&E x100). (c): trachea infected with P. aeruginosa showing necrosis of some chondro-
cytes (arrows) (H&E x 400). (d): trachea infected with E. coli showing metaplasia of some

14
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Fig (8): Photomicrograph of lung of infected sheep. (a): lung infected with M. ovipneumoniae + P.
aeruginosa showing peribronchial hyalinization (arrows) with hyperplasia of bronchial epithelium
(arrow head) (H&E x400). (b): lung infected with Klebsiella sp. + M. ovipneumoniae showing alter-
native red and grey hepatization of pulmonary tissue (H&E x100). (¢): lung infected with P. aeru-
ginosa + E. coli showing intrabronchial exudate and peribronchial inflammatory zone with fibrin
threads and mild thickened interlobar septa (H&E x200). (d): lung infected with P. aeruginosa
showing leukocytic cells infiltrated pulmonary tissue (arrow) suffering from extravasated erythro-
cytes (H&E x100). (e): lung infected with M. ovipneumoniae showing emphysema (arrow) (H&E

x400).

Anti-biogram susceptibility:

Results revealed absolute resistance to some
antibiotics and variable resistance levels to
other ones that vary from one bacterium to an-
other. M. ovipneumoniae were sensitive to
doxycycline lincomycin, oxytetracycline and
spectinomycin. E. coli isolates showed highest
susceptibility to colistin and ciprofloxacin with
absolute resistance to oxytetracycline and
ceftriaxone and variable resistance levels to
rest of the used antibiotics. Klebsiella isolates
represented susceptibility to ciprofloxacin,

gentamycin and chloramphenicol and variable
susceptibility to other antibiotics P. aeruginosa
was only sensitive to ciprofloxacin and gen-
tamycin and highly resistant to other tested
antibiotics. Highest susceptibility levels were
recorded for ciprofloxacin on all examined
bacteria (Table 6).
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Table (6) Anti-biogram susceptibility results of the isolated bacteria

M. ovipneumoniae E. coli Klebsiella sp. P. aeruginosa
Antibiotic / symbol (ﬁg ency (n=35) (n=24) (n=13) (n=10)
S R S R S R S R
Ampicillin (AMP) 10 - - 4 20 6 7 1 9
Ceftriaxone (CTX) 30 - - 0 24 2 11 0 10
Chloramphenicol (C) 30 10 25 6 18 8 5 1 9
Ciprofloxacin (CIP) 10 30 5 20 4 13 0 8 2
Colistin (CT) 10 - - 23 1 - - - -
Doxycycline (Do) 30 29 6 2 22 7 6 0 10
Erythromycin (E) 15 20 15 2 22 2 11 0 10
Gentamycin (CN) 10 12 23 12 12 8 5 7 3
Lincomycin (MY) 15 29 6 - - - - - -
Oxytetracycline (OT) 30 30 5 0 24 6 7 0 10
Spectinomycin (SH) 100 33 2 - - - - - -
Sulimatboses 23 R R
S= sensitive R=resistant
DISCUSSION al. 2014).

Sheep respiratory diseases are sometimes
acute and fatal. Early rapid and specific diag-
nosis allowed designing appropriate prevention
and control strategies to alleviate the economic
losses (Chakraborty et al. 2014), consequently
the present study aimed to correlate the histo-
pathological findings in respiratory diseased
sheep with their bacterial etiologies.

Prevention and control of fatal infectious res-
piratory diseases of small ruminants require
many diagnostic strategies to be adopted and
routine antibiotic sensitivity tests to be done.
The diagnostic tests include combination of
conventional and advanced diagnostic investi-
gations. However, the initial suggestive diag-
nosis involves clinical signs observation ac-
companied by postmortem examination fol-
lowed by isolation, serological and molecular
detection of etiological agents (Chakraborty et

The obtained data of the bacteriological ex-
amination indicated the role of M. ovipneu-
moniae, E. coli, Klebsiella sp. and Pseudomo-
nas sp. in occurrence of respiratory diseases.
The total bacterial recovery rate was 82/110
(74.54%) which is in accordance with Zagwa
et al. (2010) (78.3% ).Furthermore, results
revealed the presence of these bacterial species
as single or mixed infection as reported in the
previous studies (Kumar et al. 2018; Mona
2019; Nahed and Allam 2019). Mixed infec-
tions with different bacterial etiologies in res-
piratory affection are common and that can be
explained by the fact that infection with one
bacterial agent can increase the chance of in-
fection with another (Mona 2019).

Myccoplasma is considered a part of the res-
piratory tract micro biota in sheep that can turn
pathogenic under certain conditions. Primary

16
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infection with M. ovipneumoniae can lead to
secondary infection by other micro-organism
(Franco et al. 2019). Isolation rates showed
that M. ovipneumoniae was the highly detected
bacterium (31.8%). Our findings are in accord-
ance with Ibrahim et al. (2018) who isolated
Mycoplasma from 29% of pneumonic sheep
where M. ovipneumoniae was the main detect-
ed species but higher than that reported by
Ozturkler and Otlu (2020) who isolated My-
coplasma form 10.4% of sheep pneumonic
lungs showing that M. ovipneumoniae was the
most predominant specie and the isolation rate
variation may be attributed to the different cir-
cumstances in the geographies studied.

Our study clarified the potential role of E.
coli in the occurrence of respiratory disease in
sheep, its incidence rate was 21.81% which
was nearly similar to that reported by Ertan
(2006) (24.56%) and Kumar et al. (2018)
(25%), but higher than reports of Garedew et
al. (2010) (11.41% ) and Nehra and Jakhar
(2018) (12.5%). However, Azizi et al. (2013)
failed to isolate E. coli from trachea and lung
of pneumonic goats.

Klebsiella sp. isolation emphasized its im-
portance as an etiological pathogen in respira-
tory disorders in sheep with total recovery rate
(11.8%).Isolation rate of Klebsiella sp. varied
greatly among studies (Azizi et al. 2013
(15.09%); Obaid and Khudair, 2016 (13.6%)
and El-Mashad et al. 2020 (3.84%). Herein,
we isolate K. pneumonia and K. oxytoca, both
species were detected in former studies (Patel
et al. 2017 and Franco et al. 2019) in the con-
trary many previous studies did not isolate
Klebsiella sp. from ovine pneumonic lungs
(Garedew et al. 2010).

P. aeruginosa involvement was obvious in the
present study as it was isolated with recovery
rate (9.09%). This was somewhat similar to
that reported by Nahed and Allam (2019) who
isolated P. aeruginosa from sheep with 10%
and Mona (2019) where its isolation rate was
11.4% from the examined lung tissues. In the
contrary Dapgh et al. (2019) found that P.
aeruginosa was isolated from 5.8% of the ex-
amined sheep and Zagwa et al. (2010) isolat-
ed P. aeruginosa with low rates 5.85% from
both nasal swabs and pneumonic lung tissues.

Molecular techniques have proved beneficial
impact in bacterial diagnosis as it overcomes

some disadvantages of conventional methods
in addition to its sensitivity and rapidity (Kaber
et al. 2004) and in spite of that cultured
based methods remain to the forefront of clini-
cal microbial detection (Srinivasan et al. 2015).
Bacteria identification by PCR is founded
mainly on target gene amplification that should
be highly conserved (Gangwal and Kashyap
2017). 16SrRNA gene, a molecular marker for
identification of bacterial species, is ubiquitous
to members of this domain (Srinivasan et al.
2015).

Therefore this gene gave positive amplifica-
tions at 280 and 361bp for Mycoplasma sp. and
M. ovipneumoniae, respectively (Besser et al.
2008) which was in accordance to Mona
(2019) who proved that /6S¥rRNA PCR based
assay for Mycoplasma species identification in
sheep is more accurate than other methods.

The results of conventional method was con-
firmed by PCR applied on different E. coli iso-
lates representing different serotypes indicating
that the primer set used herein is highly specif-
ic to E. coli species and could be used in the
future in direct E. coli detection from various
clinical cases without need to time consuming
culturing methods as mentioned before (Saei et
al. 2012).

In most laboratories, the detection of P. aeru-
ginosa is still accomplished by culturing and
biochemical tests. Although this result is relia-
ble, they are time consuming (Deschaght et al.
2009). Moreover, in some cases in which the
bacterial count is low it gave false-negative
results. Thus, access to rapid and specific
methods that have a high sensitivity as PCR is
of a great importance. Suspected P. aeruginosa
isolates gave positive amplification for 16SrR-
NA at 956bp as mentioned by Spilker et al.
(2004).

DNA-based method has been developed for
the detection of pathogenic Klebsiella sp.
(Jonas et al. 2004). In the present study tested
isolates for gyrA gene amplified a region of
441 bp. This is in accordance to Brisse and
Verhoef (2001) who mentioned that subunit
A of DNA gyrase is encoded by gyrA gene that
is considered the main target of fluroquino-
lolnes in Klebsiella and also used for confirma-
tion of genus Klebsiella.
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Concerning the antibiotic sensitivity test re-
sults, M. ovipneumoniae declared susceptibil-
ity to both oxytetracycline and ciprofloxacin.
Maksimovié et al. (2020) mentioned that ox-
ytertacycline had the highest values of minimal
inhibitory concentration (MIC) but ciprofloxa-
cin showed the lowest ones.

E. coli exhibited high susceptibility to colistin
and ciprofloxacin, moderate sensitivity to gen-
tamycin and high resistance level to others.
These results are similar to some extent with
Nehra and Jakhar (2018) who stated that E.
coli showed high sensitivity to gentamycin and
ciprofloxacin and high resistance to tetracy-
cline. Seai et al. (2014) mentioned that E. coli
isolated from sheep showed absolute resistance
to penicillin and erythromycin, low resistance
level to tetracycline and gentamicin. Our re-
sults also detected multiple drug resistance in
E. coli isolates and that highlighted that ovine
host can act as reservoir of resistant isolates
which may transfer to human.

Klebsiella isolates showed susceptibility to
ciprofloxacian, gentamycin and doxycycline
and chloramphenicol which was in agreement
with Wassif and El-Kattan (2015) as they
proved the susceptibility of Klebsiella isolated
from sheep to cephalosporin, gentamycin,
ciprofloxacin and chloramphenicol.

Infection caused by P. aeruginosa is one of
the major issues in sheep and associated with
significant mortality rates, consequently early
diagnosis and correct medical treatments are
the best strategies for saving animal life
(Bangar et al. 2016). Our results showed
that P. aeruginosa displayed elevated re-
sistance level to all tested antibiotics except for
ciprofloxacin and gentamycin as mentioned by
Dapgh et al. (2019) who detected their sus-
ceptibility to both ciprofloxacin and norfloxa-
cin and complete resistance to ampicillin,
erythromycin, tetracycline, sulfamethoxazole
+trimethoprim and chloramphenicol. P. aeru-
ginosa is commonly resistant to antibiotics are
consequently difficult to eliminate when they
infect a compromised site (Kadhim 2020). An-
tibiotics resistance property among P. aeru-
ginosa isolates could be attributed to the exist-
ence of the unusually restricted outer mem-
brane permeability which acts as a safeguard
barrier for antibiotics also there is other second

-ary intrinsic factors as multidrug efflux pumps
(Xu et al. 2014).

Grossly, our study showed limited gross le-
sions restricted in mild to moderate congestion
and petechial hemorrhage in the trachea which
were in partial accordance with those de-
scribed by Radostits et al. (2002) who de-
scribed tracheal congestion, hemorrhage, ede-
ma, obstruction and pustular. In the present
study, the lung exhibited several gross forms
as congestion, hemorrhages, emphysema and
pulmonary tissue hepatization similar to those
described by many authors (Akbor et al. 2007
and Sukanta et al. 2018). On the other hand,
Jubb et al. (1993) observed pus and cyst in
the pulmonary tissue which could be explained
on the base of differences in pathogen nature
and severity of the disease. Our current study
could not find out any pathognomonic lesions
related to any of the previously isolated patho-
gen in both lungs and tracheas and this was in
accordance with that recorded by Damassa et
al. (1992) who mentioned that clinical myco-
plasmosis often lacks pathognomonic charac-
teristics and symptoms can be shared by or can
mimic other clinically significant infections.
Pneumonic lesions in our study were summa-
rized in five types including; alveolar pneumo-
nia, bronchopneumonia, fibrinous broncho-
pneumonia, hemorrhagic pneumonia and inter-
stitial pneumonia; with their related frequen-
cies in each pathogen. Similar pneumonic lung
tissues were described by many authors (Collie
et al. 2013; Lindstrom et al. 2018; Sukanta
et al. 2018).The most pneumonic lesion rec-
orded was; alveolar pneumonia followed by
fibrinous bronchopneumonia and hemorrhagic
pneumonia then interstitial pneumonia. No pu-
rulent pneumonianor purulent bronchopneu-
monia were detected, which was opposite to
that recorded by Akbor et al. (2007) and
Sukanta et al. (2018) in spite of the isolation
of E .coli which is one of the pyogenic patho-
gens having the ability to progress the purulent
lesion. This could be attributed to the virulence
of the isolated strains and the response of the
sheep immune system. Mixed infections have
obvious pneumonic lesions than those declared
in single ones similar to that mentioned by
Novert (2002). Histopathology of broncho-
pneumonia and hemorrhagic pneumonia de-
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scribed in this investigation corresponded to
the lesions of other investigators (Ashok et al.
2004).

CONCLUSION:

Mixed bacterial infection including M. ovip-
neumoniae, E. coli, K. pneumonaie, K. oxytoca
and P. aeruginosa causing different degrees of
respiratory disease in sheep is observed. They
are accompanied with general respiratory man-
ifestations and five characteristic types of
pneumonia are related to these pathogens. Mo-
lecular investigations are beneficial in con-
firming the isolated bacterial agents. High lev-
el of antibiotics resistance especially in P. ae-
ruginosa is alarming.

REFERENCES

Abdel-Halium MA, Salib FA, Marouf SA, Ab-
del Massieh ES. 2019. Isolation and molecu-
lar characterization of Mycoplasma sp. in
sheep and goats in Egypt. Vet World 12(5):
664—670.

Akbor MGH, Ahmedullah FM, Khan MIH,
Hossain MM. 2007. Pathology of trachea
and lungs of buffaloes. Bangl. J. Vet. Med. 5
(1 & 2): 87-91.

Ammar AM, Eissa SI, El-Hamid MIA, Ahmed
HA, El-Aziz A.E.E. 2008. Advanced study

on Mycoplasmas isolated from sheep. Zag.
Vet. J. (36): 128-137.

Azizi S, Tajbakhsh E, Rezaii A, Nekouei SH,
Namjoo AR. 2011. The role of Mycoplas-
maovi pneumoniae and Mycoplasma arginini

in pneumonic lungs of slaughtered sheep.
Rev Méd Vét. 162 (6): 310-315.

Azizi S, Korani FS, Oryan A. 2013. Pneumo-
nia in slaughtered sheep in south-western
Iran: pathological characteristics and aerobic
bacterial etiology. Vet. Italiana J. 49 (1): 109
-118.

Bangar YC, Pachpute ST, Nimase RG. 2016.
The survival analysis of the potential risk
factors affecting lamb mortality in Deccani
sheep. Dairy Vet. Anim. Res. J. 4(2): 266-
270.

Besser TE, Cassirer EF, Potter KA, Vander-
schalie J, Fischer A, Knowles DP, Herndon
DR, Rurangirwa FR, Weiser GC, Srikuma-
ran S. 2008. Association of M. ovipneumoni-
ae infection with population limiting respira-
tory disease in free-ranging Rocky Mountain
bighorn sheep (Oviscana-densiscanadensis).
Journal of Clinical Microbiol. (46): 423-230.

Brisse S, Verhoef J. 2001. Phylogenetic diver-
sity of K. pneumoniae and K.oxytoca clinical
isolates revealed by randomly amplified pol-
ymorphic DNA, gyrA and parC gene se-
quencing and automated ribotyping. Int. J.
Syst. Vol. Microbiol.; (51): 915-924.

Carter GR. 1984. Serotyping of P. multocida.
Methods in Microbiology (16): 247-58.

Chakraborty S, Kumar A, Tiwari R, Rahal A,
Malik Y, Dhama K, Pal A, Prasad M. 2014.
Advances in diagnosis of respiratory diseases
of small ruminants. Vet Med Intl. 1-16.

Chinedu AA, Kennedy FC, Stephen 1O, Jude
SR. 2016. Pathogenicity of local isolates of
Mycoplasma ovipneumoniae and Mycoplas-
maarginini in experimental West African
dwarf goats. J. Adv. Vet. Anim. Res., 3(3):
242-251.

CLSI “Clinical and Laboratory Standards Insti-
tute” 2017. Performance standards for anti-
microbial susceptibility testing. 27" ed., Vol-
ume 4, Issue 1. Supplement M100. Wayne,
Pennsylvania.

Collie D, Govan J, Wright S, Thornton E. and
Tennant, P. 2013. A Lung segmental model
of chronic pseudomonas infection in Sheep.
PLoS ONE 8 (7): Dairy Vet. Sci. J. 6:(4)
e67677.

DaMassa AJ, Wakenell PS, Brooks DL. 1992.
Mycoplasmas of goats and sheep. J] Vet Di-
agn Invest. 4(1): 101-113.

Dapgh AN, Hakim AS, Abouelhag HA, Abdou
AM., Elgabry EA. 2019. Detection of viru-
lence and multidrug resistance operons in
Pseudomonas aeruginosa isolated from
Egyptian Baladi sheep and goat. Vet World
J. 12 (2): 1524-1552.

19


https://www.sciencedirect.com/science/article/pii/S0580951708703945#!
https://www.sciencedirect.com/science/journal/05809517
https://www.sciencedirect.com/science/journal/05809517/16/supp/C
https://www.sciencedirect.com/science/journal/05809517

Rania et al

Egyptian Journal of Animal Health 1, 1 (2021), 7-22

Deschaght P, DeBaere T, Van Simaey L,
DeBaets F, DeVos D, Pirnay J.P. 2009.
Comparison of the sensitivity of culture,
PCR and quantitative real-time PCR for the
detection of P. aeruginosa in sputum of cystic
fibrosis patients. BMC Microbiol J. 9 (1):
244

Elshazly AG, Youngs C.R. 2019. Feasibility of
utilizing advanced reproductive technologies
for sheep breeding in Egypt. Egypt Sheep
and Goat Sci J. 14 (1): 39- 52.

Ero H, Stipkovits L. 1973. Bovine mycoplas-
mosis: Cultural and biochemical studies. Ac-
ta Vet Scand. (14): 450-463.

Ertan OR, 2006. The pathologic and bacterio-
logic comparison of pneumonia in lambs.
Turk. Vet Anim Sci J. (30): 593-99.

FAO STAT 2018. Live animals. Downloaded
December 5, 2018 from http://www.fao.org/
faostat/en/#data/QA.

Fernandez S, Galapero J, Rey J, Pérez CJ, Ra-
mos A, Rosales R, Ayling R, Alonso JM,
Goémez L. 2016. Investigations into the sea-
sonal presence of Mycoplasma species in fat-
tening lambs Vet J. (212): 80-82.

Franco MF, Gaeta NC, Aleman MAR, Mell-
ville PA, Jorge Timenetsky J, Balaro FA,
Gregory L. 2019. Bacteria isolated from the
lower respiratory tract of sheep and their re-
lationship to clinical signs of sheep respirato-
ry Disease Pesq Vet Bras J. 39 (10): 796-801.

Gangwal A, Kashyap SK. 2017. Identification
of Bovine Mastitis Associated Pathogens by
Multiplex PCR. Dairy Vet Sci J. 3 (5): 1-6.

Garedew L, Ayelet G, Yilma R, Zeleke A, Ge-
laye E. 2010. Isolation of diverse bacterial
species associated with maedi-visna infection
of sheep in Ethiopia. African Microbiol Res
J. 4 (1): 014-021.

Goodwin-Ray KA. 2006. Pneumonia and pleu-
risy in sheep: Studies of prevalence, risk fac-
tors, vaccine efficacy and economic impact.
PH.D. thesis Massey University, Palmerston
North New Zealand.

Ibrahim NA, EL Beskawy MA, Dina Elshafay

Y, Amany M. Abd-Elmoaty FElnaker YF.
2018. Mycoplasma ovipneumonia: isolation
and molecular identification in diseased
sheep flock in delta region, Egypt. Assiut Vet
Med J. 64 (158): 70-76.

Jonas DB, Spitzmiiller FD, Daschner J,
Verhoef J, Brisse S. 2004. Discrimination of
K.pneumoniae and K. oxytoca phylogenetic
groups and other Klebsiella species by use
amplified fragment length polymorphism.
Research in Microbiology J. 155(1): 17-23.

Jubb KVF, Kennedy PC, Palmer N. 1993. Pa-
thology of Domestic Animals.(4"edn.) (2):
634-638.

Kadhim H. 2020. Molecular and bacteriologi-
cal study of P. aeruginosa in otitis media in
lamb. Biochem. Cell. Arch. J. 20 (1): 197-
200.

Kaper JB, Nataro JP, Mobley HLT. 2004.
Pathogenic Escherichia coli. Nat Rev Micro-
bial J. (2):123-40.

Kok T, Worswich D, Gowans E. 1996. Some
serological techniques for microbial and viral
infections. In Practical Medical Microbiolo-
gy (Collee J.; Fraser A.; Simmons A., eds.)
14™ ed., Edinburgh, UK.

Krieg NR, Holt JG. 1984. Bergey’s manual of
systemic Bacteriology Vol 1. Williams and
Wilkins, Baltimore.

Kumar V, Rajneesh R, Somya M, Pramod K.R.
2013. Isolation and characterization of My-
coplasma mycoides subspecies capri from

milk of natural goat mastitis cases. ISRN Vet
Sci. 593029.

Kumar SS, Chowdhury MR, Mahbub-E-Elahi
ATM, Siddique A. 2018. Bacteriological and
histopathological investigation of pneumonia
in Black Bengal Goat.

Lacasta D, Ferrerb LM, Ramosb JJ, Gonzaleza
JM, Herasc M.D. 2008. Influence of climatic
factors on the development of pneumonia in
lambs. Small Rumin Res. (80): 28-32.

Lindstrom L, Tauni FA, Vargmar K. 2018.
Bronchopneumonia in Swedish lambs: a
study of pathological changes and bacterio-

20


http://www.fao.org/faostat/en/#data/QA
http://www.fao.org/faostat/en/#data/QA

Rania et al

Egyptian Journal of Animal Health 1, 1 (2021), 7-22

logical agents Acta Vet Scand. 60: 54.

Maksimovi¢ Zinka, AzraBaci¢ Maid Rifatbe-
govi¢ 2020. Antimicrobial susceptibility of
caprine andovine Mycoplasma ovipneumoni-
ae isolates. Microb Drug Resist 26(10): 1271
-1274.

Mcauliffe L, Ellis RJ, Ayling RD, Nicholas
RAJ. 2003. Differentiation of Mycoplasma
species by 16S Ribosomal DNA PCR and
Denaturing Gradient Gel Electrophoresis
Fingerprinting J Clin Microbiol. (41): 4844—
4847.

Mona MA. 2019. Studies on respiratory affec-
tions of sheep in Matrouh governorate,
Egypt. European Biomedical Pharmaceutical
SciJ. 6 (13): 505-12.

Nahed SS, Allam T.S. 2019. Pneumonia in
Sheep: Bacteriological and Clinicopathologi-
cal Studies. Am Res Comm J. 2 (11) 70-88.

Nehra SV, Jakhar K.K. 2018. Aectio-
Pathological studies of digestive and respira-
tory affections in lambs. Pharma Innov J. 7
(5): 100-105.

Novert M.H. 2002. Bacteriological and myco-
logical studies on lung infection in newly
born calves. J Egypt Vet Med Assoc. (62):
189-194.

Obaid AH, Khudair Z.W. 2016. The role of
Klebsiella Pneumonia for effect on pneumo-
nia in the sheep Vet Med Sci. 7 (2): 159-175.

Oztiirkler O, Otlu S. 2020. A phylogenetic
analysis of Mycoplasma strains circulating in
sheep pneumonia in the Kars region of Tur-
key Turk Vet Anim Sci J. (44): 805-813.

Palma S, Dora P, Eszter O, Mercedes M, Norb-
ert W, Katinka P, Dmitriy VV, Vladimir EC,
Susan S, Laszlo S, Sarolta K. 2018. Eosino-
philic fasciitis associated with Mycoplasma
arginini infection. J Clin Microbiol. 2018 50
(3): 1113-1117.

Patel SS, Chauhan HC, Patel AC, Shrimali
MD, Patel KB, Prajapati BI, Kala JK, Patel
MG, Rajgor M, Patel M.A. 2017. Isolation
and identification of Klebsiella pneumoniae
from sheep. Int. Curr Microbiol Appl Sci J. 6

(5): 331- 334.

Quinn PJ, Carter ME, Markey B, Carter G.R.
1994. Clinical Veterinary Microbiology. 1st
Ed. Mosby-year book Europe limited.

Radostits OM, Blood DC, Gay C.C. 2002. Vet-
erinary Medicine. Text Book of the Diseases
of Cattle, Sheep, Pigs, Goats and Horses. 13t
edn., Billiere Tindall. USA. pp. 545-591.

Razin S, Yogev D, Naot, Y. 1998. Molecular
biology and pathogenicity of Mycoplasma.
Microbiology. Mo. Biol Rev. (62): 1094-
1156.

Riffon R, Sayasith K, Khalil H, Dubreuil P,
Drolet M, Lagacé, J. 2001. Development of a
rapid and sensitive test for identification of

major pathogens in bovine mastitis by PCR.
J Clin Microbiol. 39: (7) 2584-5809.

Rosario Gongalves, Isabel Mariano, Alejandro
Nufiez, Sandra Branco, Graham Fairfoul and
Robin Nicholas. 2010. Atypical non-
progressive pneumonia in goats. Vet. J.
(183): 219-221.

Sabry MZ, Ahmed A.A. 1975. Evaluation of
media and culture procedure for the primer
isolation of Mycoplasma from female genita-
lia of farm animals. J Egypt. Vet Med Assoc.
(35) 18-34.

Saei HD, Ahmadi E, Kazemnia A, Ahmadinia,
M. 2012. Molecular identification and antibi-
otic susceptibility patterns of E. coli isolates

from sheep faeces samples. Comp Clin
Pathol J. (21): 467—473.

Sahay S, Doley J, Krithiga N, Reddy GM, Patil
SS, Shome BR, Shome R. 2016. Isolation
and Characterization of Klebsiella pneumoni-
ae from Respiratory infection of Yak, India.

Adv in Animal and Vet Sci J. 4 (12): 637-41.

Spilker T, Coenye T, Vandamme P, LiPuma,
JJ. 2004. PCR-Based Assay for Differentia-
tion of Pseudomonas aeruginosa from Other
Pseudomonas Species Recovered from Cyst-
ic Fibrosis Patients. J Clin Microbiol. (42):
2074-2079.

Srinivasan R, Karaoz U, Volegova M,
MacKichan J, Maeda M, Miller S, Nadarajan

21


https://pubmed.ncbi.nlm.nih.gov/?term=Maksimovi%C4%87+Z&cauthor_id=32412832
https://pubmed.ncbi.nlm.nih.gov/?term=Ba%C4%8Di%C4%87+A&cauthor_id=32412832
https://pubmed.ncbi.nlm.nih.gov/?term=Rifatbegovi%C4%87+M&cauthor_id=32412832
https://pubmed.ncbi.nlm.nih.gov/?term=Rifatbegovi%C4%87+M&cauthor_id=32412832
https://pubmed.ncbi.nlm.nih.gov/11427573/?from_term=Development+of+a+Rapid+and+Sensitive+Test+for+Identification+of+Major+Pathogens+in+Bovine+Mastitis+by+PCR&from_pos=1
https://pubmed.ncbi.nlm.nih.gov/11427573/?from_term=Development+of+a+Rapid+and+Sensitive+Test+for+Identification+of+Major+Pathogens+in+Bovine+Mastitis+by+PCR&from_pos=1
https://pubmed.ncbi.nlm.nih.gov/11427573/?from_term=Development+of+a+Rapid+and+Sensitive+Test+for+Identification+of+Major+Pathogens+in+Bovine+Mastitis+by+PCR&from_pos=1

Rania et al Egyptian Journal of Animal Health 1, 1 (2021), 7-22

R, Brodie EL, Lynch S.V. 2015. Use of fections of sheep. Menoufia Vet J. 7 (1): 93:
16SrRNA gene for identification of a broad 105.

range of clinically relevant bacterial patho-

gens. PLoS. ONE 10 (2): 1-22.

Sukanta KS, Mohammed RC, Mahbub EE,
Abu B.S. 2018. Bacteriological and Histo-
pathological Investigation of Pneumonia in
Black Bengal Goat. Dairy and Vet Sci J. 6
(4): 555-695.

Suvarna KS, Layton CH, Banchroft J.D. 2013.
Theory and practice of histological tech-
nique. 4™ ed.; New York. Churchill; Living-
ston. J. of Virol. 8884 —8892.

Tarabees R, Elsify AM, Mahboub HD, Elbalal
S.S. 2016. Multi-Drug Resistant Aerobic
Bacteria Associated with Pneumo-Enteritis in
Small Ruminants in Three Egyptian Provinc-
es a field Study. Alx Vet Sci. J. 51 (1): 37-
47.

Thrusfield M, Robert C. 2018. Veterinary Epi-
demiology, 4™ Edition. Blackwell Science
Ltd., UK P 888.

Van Kuppeveld FJM, Johansson KE, Galama
JMD, Kissing J, Bolske G, Van Der Logt
JTM, Melchers, WJG. 1994. Detection of
Mycoplasma contamination in cell cultures
by a Mycoplasma group-specific PCR. Appl
Environ Microbiol, 60(1): 149 —152.

Wassif M, El-Kattan A.M. 2015. A case report
multifocal pulmonary and liver abscesses due
to Klebsiella pneumoniae infection in a lamb
in Sidi-barrani city, Matrouh Governorate,
Egypt. Egyp. Desert Res. J. 65 (1): 75-80.

Watson HL, McDaniel LS, Blalock DK, Fallon
MT, Cassell GH. 1988. Heterogenicity
among strains and a high rate of variation
within strains of a major surface antigen of

Mycoplasma pulmonis. Infect Immun. (56):
1358-1363.

Xu ZQ, Flavin MT, Flavin J. 2014. Combating
multidrug-resistant Gram-negative bacterial
infections. Expert Opin. Invest. Drugs J. 23
(2): 163-82.

Zaghawa A, Hassan H, El-Sify A. 2010. Clini-
cal and Etiological study on respiratory af-

22



