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ABSTRACT

Klebsiella pneumoniae is a Gram-negative enterobacterium that has histlyr been and currently remains, a
significant cause of human disease and severas kihthfections in animals. In the present worialdrfor the
isolation ofKlebsiella pneumoniae from diseased and apparently healthy farm anifealss, sheep, goats and
camels) were done for recognitionkiebsiella pneumoniae subspecies. It was noticed that there was a marked
variation between incidences Kfebsiella pneumoniae subspecies in examined animals as regards tchhealt
condition. The frequency was greater among sangoléected from diseased animals 25.2% as compaited w
apparently healthy one 5.5%. It was found thatetivegis great difference between the prevalenddebiiella
isolated from various animal origins. On biocheridantification Klebsiella pneumoniae subsp. pneumoniae
was the most prevalent followed Byebsiella pneumoniae subsp. ozaenae aidebsiella pneumoniae subsp.
RhinoscleromatisKlebsidlla pneumoniae subsp. rhinoscleromatis was not isolated from i@plg healthy
animals. The in vitro sensitivity of isolateskibsiella pneumoniae subspecies recovered from different animal
species to 23 antimicrobial agents was tested.alt found that were resistance to cefoxitin, cefotax
cefoperazone, ceftazidime, ceftriaxone, aztreormmpxicillin and ampicillin. The most potent antitiis
showing 100% activity againklebsiella pneumoniae subsp. isolated in this study were imipenem, éipxacin,
norfloxacin, gentamicin and kanamycin. While 96.286 all examined isolates were sensitive to
amoxicillin/clavulanic acid and ticarcillin/clavuiic acid. SDS-PAGE analysis showed that CPSslddsiella
pneumoniae subspecies contained wide variety of differentenolar weights which ranged from 15.52 kDa
t0106.29 kDa and gave 10-13 bands. Evaluationmwibinal immune response of mice immunized with CP&s w
done using ELISA. It was found that the highest imm response was obtained 14 days post 1st dose of
immunization with extracted CPSs of the thikdebsiella pneumoniae subspecies. When mice were immunized
with CPSs oKlebsiella pneumoniae subspecies, they were protected against virukaitenge with homologous
or heterologous strains, as a result the mortaiss were reduced from 80, 75 and 65 to 5 to 15Rbebsiella
pneumoniae subsp. pneumoniadlebsiella pneumoniae subsp. ozaenae ariflebsiella pneumoniae subsp.
rhinoscleromatis, respectively. Determination @& thisolation rates dflebsiella pneumoniae subspecies from
lung, liver and spleen were done on both immuninég: and challenged and on control mice. Histopadfical
studies have been done on both dead infected nomiieed and immunized mice. Lungs were the maiar@g
that showed macroscopic and microscopic patholbgianges. Finally, ELISA has been used for deteatif
CPSs ofKlebsiella pneumoniae subspecies antibodies in sera of examined anifs.sensitivity of ELISA
using CPSs extracted frokiebsidlla pneumoniae subsp. pneumonia&lebsiella pneumoniae subsp. ozaenae
and Klebsidla pneumoniae subsp. rhinoscleromatis was 87.7, 89.0 and 83é8pgectively. The specificity of
this ELISA was 93.4, 92.9 and 93.1%, respectivElISA using CPSs antigens could therefore serva as
valuable aid in serodiagnosiskigbsella pneumonia.
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1. INTRODUCTION

Klebsiella is an important opportunistic pathogen,
which was reported worldwide. In human, it can esus
infections of respiratory tract, nasal mucosa, pimaand
generally results in primary pneumoni&lebsiella
species were found to be the most frequently isdlat
gram negative bacteria in cases of primary bactereln
is the second pathogen, nextBacoli that causes urinary
tract infection (Renukaet al., 2013). Klebsella
pneumoniae was isolated from milk and dry udder
secretum of cattle and from the bedding of the debi
This represents a serious problem becausKlddsiella
mastitis is severe and difficult to control. Algbebsiellae
are incriminated as the most frequent isolate of
respiratory diseases in all species of domestimalsi
Klebsiella pneumoniae is a facultative anaerobic,
nonmotile, rod-shaped, gram-negative bacterium \aith
prominent polysaccharide capsule. This capsulesesca
the entire cell surface, accounts for the largesapmce

of the organism on gram stain and provides resistan

against many host defense mechanisms. Member of th
Klebsiella genus typically express 2 types of antigens on
their cell surface. The first is a lipopolysacctari(O
antigen); the other is a capsular polysaccharide (K
antigen). Both of these antigens contribute to
pathogenicity (Loschkoet al., 2011). The structural
variability of these antigens forms the basis for
classification into various serotypes. The virukernd all
serotypes appears to be similar. Capsule playsra ve
important role in virulence. Increasing emergende o
multi-drug resistance among(lebsiella pneumoniae
nosocomial isolates (Hotchkissal., 2013) has renewed
interest in the investigation of alternative apptues to
the treatment or prophylaxis ¢flebsiella pneumoniae
infections. The diagnosis dflebsiella infection is made
on the basis of clinical examination, isolation and
identification of the organism. Laboratory identé#tion

is usually carried out by cultures, gram stainimgl a
battery of biochemical tests. Bacterial isolatiakes 24

h and biochemical tests have their own limitationthat

the results may be available only after 48 h. Etheam
accurate identification at species level of theugemay
not be possible in all cases (Shenal., 2013). Hence,
the need arises for reliable and quick serologitethods

for rapid diagnosis ofKlebsiella infections. Several
serological assays for detection of antibody anijan
have been developed and these include capsulalirgyvel
reaction, ELISA and so on. The problems with mdst o
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the reported antibody and antigen detection assayar
have been the low reproducibility, sensitivity and
specificity with high cost. The reason being, mofsthe
antigenic moieties and polyclonal antibodies usesl a
common to many related and unrelated bacterialiespec
As a result most of these assays have exhibited low
potential in endemic areas due to ubiquitous natdre
Klebsiella and shows extensive cross reactions among
themselves (Hackstest al., 2013). Since there is a need
to develop more sensitive and specific assay.With t
aspect in view, the present study was initiatech wlite
following aims and objectives:

To isolate and identifKlebsiella pneumoniae from
faecal, nasopharyngeal and milk samples collected
from diseased and apparently healthy farm animals
to biotypes

To determine the antibiotic profile of isolated
Klebsiella pneumoniae subspecies

To extract and characterize capsular polysaccharide
antigen ofKlebsiella pneumoniae subspecies

To evaluate the immungenicity and protective
capacity of capsular polysaccharide by ELISA,
challenge test and histopathology investigations

To develop rapid and simple antigen detection
immunoassay with capsular polysaccharide for
the diagnosis of Klebsiella pneumoniae
subspecies infection

2. MATERIALSAND METHODS

Samples for isolation ofKlebsiella Pneumoniae
subspecies: A total of 465 samples were collecterh f
various animal species (132 from cows, 113 fronephe
111 from goats and 109 samples were obtained from
camels).The samples included.

Faecal samples: A total of 92 faecal samples were
collected from diarrhoeic; cows (28), sheep (22atg
(22) and camels (20) as well as 73 faecal samptrs w
collected from apparently healthy cows (20), sh@éy,
goats (20) and camels (18) Samples were taken from
rectum under a separate polyethylene bag.

Nasopharyngeal swabs: A total of 89 nasopharyngeal
swabs were collected from animals suffering from
respiratory manifestation; cows (25), sheep (2®gtg
(21) and camels (20) while 69 ones were collectethf
apparently healthy, cows (19), sheep (18), goats dihd
camels (18). Nasopharyngeal swabs were collected fr
animals suffering from respiratory manifestationsd a
apparently healthy animals by mean of sterile cotto
swabs from the same animal species.
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Milk samples: A total of 83 milk samples were
collected from clinically mastitic animals; cows5(2
sheep (21), goats (19) and camels (18). As welb8s,
milk samples were aseptically collected from

obtained from Oxoid. After 24 h incubation at 30°C,
organisms were classified as Sensitive (S),
Intermediately resistant (I) or Resistant (R) oa Hasis
of the size of the zone of bacteria growth inhdaiti

apparently healthy cows (15), sheep (14), goat9 (15 according to the guidelines of the (Chitaal., 2013).

and camels (15). The milk was drawn by hand as

aseptically as possible, the first four streamsngei
discarded. The samples were collected in cleanlester

screw-capped bottles of 30 mL capacity. Each sample

represented one case was incubated at 37°C for 24
before cultivation on solid media.

Samples for serodiagnosis: A total of 465 blood
samples were collected from the same examined #s)ima
then the sera were prepared and stored at -20°C.

2.1. Isolation of Klebsiella Pneumoniae

The isolation of Klebsiela  pneumoniae
subspecieswere done by cultivation of collectedpdam
into Hekton enteric agar, Eosin methylene, bluer,aga
MacConkey’s bile salt agar and Blood agar as desdri
by Gundogan and Avci (2013).

2.2. ldentification of the | solates

The Identification of purified colonies was carried
out mainly according to Chandest al. (2011) as
indicated inTable 1.

2.3. Susceptibility  of  Isolated
pneumoniae Strains to
Antimicrobial Agents

Klebsiella
Different

Klebsiella pneumoniae subspecies strains isolated in
the present study were subjected to susceptitbditing
against 23 antimicrobials commonly used. Suscédipyibi
was determined by the disk-diffusion technique of
Kirby-Bauer on Mueller-Hinton agar plates (Oxoid
Basingstoke, UK) with inocula adjusted to an optica
density of 0.5 McFarland standard units. Disks
containing ampicillin (AMP1Qug), amoxicillin (AML10
ug), amoxicillin/clavulanic acid (AMC30 ug),
pi-peracillin  (PRL100 pg), ticarcillin (TIC75 pg),
ticarcillin/clavulanic acid (TIM85 pg), cephalothin
(KF30 nug), cefoxitin (FOX30ug), cefotaxime (CTX30
ug), cefoperazone (CFP3@®), ceftazidime (CAZ3Qg),
ceftriaxone (CRO30 pg), cefepime (FEP30pug),
aztreonam (ATM30 ng), imipenem (IMP10 pg),
gentamicin  (CN10 pg), kanamycin (K30 pg),
tetracycline (TE30 pg), ciprofloxacin (CIP5 pg),
norfloxacin (NOR10 ng), erythromycin (E15 pg),
trimethoprim/sulfamethoxazole  (SXT25pg) and
chloramphenicol (C3Qug) were used. All disks were
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24.Extraction and Purification of Capsular
Polysaccharides

Klebsiella pneumoniae CPSs were extracted and
Burified according to method of Sikarwar and Batra
(2011). Briefly: Bacteria were grown on trypticasey
broth at 370C withshaking at 100 rpm in a shaker
incubator for 16 h. Organisms were harvested by
centrifugation at 10,00y for 30 min. Cetavlon, was
added to a final concentration of 0.5 %. After ritig

for 30 min at roomtemperature, the precipitate was
collected bycentrifugation. The material was dissd|

in 1M CaCl2 solution and 25% ethanol was added to i
in equal amount. After stirring for 60 min at room
temperature, theprecipitated nucleic acid were
removed by centrifugation at 10,089 for 30 min.
The CPS was precipitated fromthe resultant
supernatant by addition of equal volume of 80%
ethanol. The CPS was dissolved in distilled water
andextracted three times with an equal volume of
chloroform-butanol solution (5:1). The pooled water
phases wereextensively dialyzed against distilledew

at 40C and thenvacuum concentrated. Finally the
solution was centrifugedat 100,00 for 16 h for the
removal oflipopolyssacharide. The resulting pellets
discarded andsupernatant containing CPS was cadlect

2.5. Polyacrylamide Gel Electrophoress

PAGE was carried for molecular characterization of
capsular polysaccharide and the gel was then sebjec
to alcian blue silver staining under normal ligktng the
method developed by Yi-Jiwst al. (2013).

2.6. Mice lmmunization

For animal immunization, groups of 20 mice were
immunized intramuscularly with 1 pg of each CPSs of
Klebsiella pneumoniae in 100 pL of PBS on day O and
14. Control mice groups were inoculated with PBS
alone. Blood samples were collected one and two
weeks after 1st dose of immunization and one aral tw
weeks after 2nd dose of immunization. Blood samples
were also collected from control mice; the seruns wa
separated and stored at-20°C for serological
examination using ELISA test.
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Table 1. Differentiation ofKlebsiella species by biochemical tests
Klebsiella pneumoniae subspecies

Test Pneumonia Ozaenae Rhiboscleromatik. oxytoca K. ornithinolytica K. planticola K. terrigena
Ndole - - - + + v (20) -
Methyl red - + + v (20) + + v (60)
Voges Proskauer + - - + v(70) + +
Simmons citrate + v (30) - + + + v(40)
Hydrogen sulfide - - - - - - -
Urease + - - + + + )
Gelatin liquefaction at 22 °C - - - - - - -
D-glucose acid production ~ + + + + + + +
D-glucose gas production + v (50) - + + + v (80)
Lactose + v (30) - + + + +
Sucrose + v (20) v(57) + + + +
D-mannitol + + + + + + +
Dulcitol V (30) - - v(55) - v(15) v (20)
Salicin + + + + + + +
Malonate + - + + + + +
B-gentiobiose + + - + + + +
D-glucosamine + - + + - + +
Mesotartrate - - + + + + +
D-turanose - + - - + + +
D-adonitol + + + + + + +
Inositol + v(55) + + + + v (80)
D-sorbitol + v(65) + + + + +
L-arabinose + + + + + + +
Raffinose + + + + + + +
L-rhamnose + v (55) + + + + +
Maltose + + + + + + +
Trehalose + + + + + + +
(+): Most strains positive (-): Most strains negat{V): Some strains positive, others negative
2.7. Enzyme Linked Immunosor bent Assay 2.9. Reisolation and ldentification of Klebsiella
Enzyme linked immunosorbent assay for detection of pneumoniae after Challenge
anti-capsular polysaccharide antibodies was peddrm Samples from mice internal organs (lung, spleen
as recorded by Zahran and Abd¢2013. and liver) were taken from dead immunized and

control mice at 4 weeks post challenge. The samples

were transferred to test tube contains peptone rwate

The inoculated tubes were incubated at 37°C foh24
Challenge of mice: All groups of control and Then subculture were made on MacConky's agar for

immunized mice were challenged 2 weeks afterfurther 24 h at 37°C suspected colonies were picked

booster dose of immunization I/P with 1 mL of 100 up for further identificationas described before.

LD50 of homologous and heterologous strains . . .

(Isolated from diseased animals) oflebsiella 2.10. Histopathological Studies
pneumoniae subspecies (Liet al., 2013). Samples of lung, spleen and liver were taken for
Mice were clinically observed for 4 weeks after histopathological examination. Tissues were fixed i
challenge. Different organs (lung, liver and spleeare 10% buffered neutral formalin, cut at jgm and stained
collected from died mice for reisolation ®fiebsiella with haematoxylin and eosin stain. The sectionsewer

pneumoniae and for histopatholgical examination. examined microscopicallfdoshiet al., 2012).

2.8. Determination  of  Protection  Using
Challenge Test
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Mortality rates: Mortality rates were recorded ih a that bacteriological examination of a total of Zaimples
groups during experimental period. obtained from apparently healthy animal speciesveko
. . . . that 11 cases (5.5%) harbourktebsiella pneumoniae.
2.11. Serodiagnosis of Klebsiella pneumoniae  Tapie 2 shows the distribution d€lebsiella pneumoniae

Subspeciesin Examined Farm Animals subspecies among different animals It is clear thete

Serum collected from cows, sheep, goats andVaS great difference between the prevalence of
camels were subjected to ELiSA to ’detect anti- Klebsiellaisolated from various animal origins, as it was

: . : . . higher in sheep, followed by cow, goats and lastly
capsular polysaccharide antibodies in examined .

: camels with percentages of 8.5, 5.5, 4.1 and 3.9%,
animals (zahran and Abdeen, 2013). respectively. The biochemical testing of 11 isclatd
Klebsiella pneumoniae revealed their identification into
Klebsiella pneumoniae subsp. pneumoniae (8) and
True positive Klebsiella pneumoniae subsp. ozaenae (3). On the other

The sensitivity and specificity were calculated
according to the following formula.

Sensitivity= it i i i i
Y= True nositive+ False negalh hand, it is of interest to notice thaKlebsiella
pneumoniae subsp. rhinoscleromatis was not isolated
True neaative from apparently healthy animals. The in vitro séwisy
Sepecificity = 9 of 52 Klebsiella pneumoniae subsp. pneumoniae, 17

True negative+  False posit Klebsiella pneumoniae subsp. ozaenae andlébsiella

pneumoniae subsp. rhinoscleromatis isolates recovered
3. RESULTS from different animal species to 23 antimicrobigkats
was determined. The results are presentéihbiie 4 (in
Bacteriological examination of a total of (246) percentage) it is evident that &lebsiella pneumoniae
samples obtained from diseased different animatispe  subsp isolates were resistancéddactams antibiotics as
showed that 62 cases (25.2%) harboutddbsiella cefoxitin, cefotaxime, cefoperazone, ceftazidime,
pneumoniae. Moreover, it was found that there was great ceftriaxone and aztreonam Moreover, all isolatedirss
difference between the prevalencekdébsiella isolated were resistance to amoxicillin and ampicillin. Timest
from various animal origins, as it was higher invep potent antibiotics showing 100% activity against
followed by sheep, goats and lastly camels with Klebsiella pneumoniae subsp. Isolated in this study were
percentages of 25.6, 24.2, 21.2 and 20.7%, respécti  imipenem, ciprofloxacin, norfloxacin, gentamicindan
(Table 2). The biochemical testing of 62 isolates of kanamycin. While 96.2% of all examined isolates
Klebsiella pneumoniae revealed their identification into were sensitive to amoxicillin/clavulanic acid and
Klebsiella pneumoniae subsp. pneumoniae 44 (17.9%), ticarcillin/clavulanic acid. Results obtained fig. 1,
Klebsiella pneumoniae subsp. Ozaenae 14 (5.7%) and revealed that when CPSs #lebsiella pneumoniae
Klebsiella pneumoniae subsp. rhinoscleromatis 4 (1.6%), isolated from different animals species were sepdra
from 246 samples obtained from diseased animals. Iby polyacrylamide gel electrophoresis, they gave
Table 2, regarding to the distribution and frequency of about 10 to 13 bands ranged in their molecular
occurrence oKlebsiella pneumoniae subspecies isolated weights from 15.52 kDa to 106.29 kDa. For
from diseased cows in relation to its sites ofatioh, it evaluation of humoral immune response of mice
can be concluded that the incidence Igfebsiella immunized with CPSs, the ELISA was conducted and
pneumoniae subspeciesin faecal samples (32.1%) the absorbance values were detected.As it could be
followed by nasopharyngeal swabs (28.7%), the lbwes seen from Table 5, the absorbance values were
incidence could be isolated from milk samples (9.0 increased 7 days post first immunization and redche
In sheep,Klebsiella pneumoniae subspecies incidence to 0.280+0.006, 0.395+0.009 and 0.313+0.031 in mice
recovered from faecal samples (40.9%), nasophaaynge immunized with CPSs extracted fronKlebsiella
swabs (17.4%) and milk samples (14.3%). In goats,pneumoniae subsp. Pneumonia&]ebsiella pneumoniae
Klebsiella pneumoniae subspecies were isolated from subsp. ozaenae andlebsiella pneumoniae subsp.
faecal samples, nasopharyngeal swabs and milk sampl rhinoscleromatis, respectively. The highest abswmba
in an incidence of (31.8%), (26.3%) and (19.0%) values were obtained 14 days after 1st dose of
respectively. In camel, Klebsiella pneumoniae immunization with the three extracted CPSs. Froma da
subspecies incidence recovered from faecal samplegpresented ifable6, it is evident that on challenging the
(40.0%), nasopharyngeal swabs (15.0%) and milkmice immunized with CPS<Klebsiella pneumoniae
samples (5.6%). Results illustratedTiable 3, revealed  subsp. pneumoniae witkebsiella pneumoniae subsp.
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Table 2. Incidence oKlebsiella pneumonia subspecies in diseased animals as regards toiearidtthe sites of isolation

Cows (78) Sheep (66) Goats (62) Camels (58)

Klebsellapneumonia F.S N.S M.S F.S N.S M.S F.S N.S M.S F.S N.S M.S oNo
subspecies (28%) (25%) (25%) (22%) (23%) (21%) (R2%81%) (19%) (20%) (20%) (218%) olates
K. pneumonia 621.4 416.0 312.0 5227 4174 148 5227 3143 .8315630.0 315.0 15.6 4417.9
subsp. Pneumonia
K. pneumonia 27.1 28 14.0 313.6 00.0 295 145 1438 00.0 210.000.0 00.0 145.7
subsp. ozaenae.
K.pneumoniae subsp  13.6 14.0 00.0 145 00.0 00.0 145 00.0 00.000.0 00.0 00.0 41.6
Rhinoscleromatis
Total 932.1 728.0 416.0 940.9 4174 3143 731.8 .0419326.3 840.0 315.0 15.6 6225.2

20 25.6% 1624.2% 1421.2% 1220.7%

Table 3. Incidence of differenKlebsiella pneumoniae subspecies in apparently healthy animals as regandariation of the sites of isolation

Cows (54) Sheep (47) Goats (49) Camels (51)
Klebsiellapneumonia  F.S N.S M.S F.S N.S M.S F.S N.S M.S F.S N.S M.S  ofNo
subsp (20%) (19%) (15%) (15%) (18%) (14%) (20%) %)4 (15%) (18%) (18%) (15%) olates
K. pneumonia 0.00 15.3 16.7 16.70 211.10 00.0 15.0 00.0 00.0 .515 155 00.0 84.0
subsp. Pneumonia
K. pneumonia 15.0 00.0 00.0 16.70 00.00 00.0 15.0 00.0 00.0 0 00. 00.0 00.0 315

subsp. Ozaenae

K.pneumoniae subsp ~ 00.0 00.0 00.0 00.00 00.00 00.0 00.0 00.0 .0 00 00.0 00.0 00.0 00.0

Rhinoscleromatis

Total 15.0 15.3 16.7 2133 211.10 010.0 20.0 00.0 0.00 155 15.5 00.0 1155
35.5% 48.5% 24.1% 23.9%

Table4. Variations in susceptibilities (%) among differdfitebsiella pneumoniae subspecies isolates recovered from different anima
species (using disk diffusion method)

K. pneumoniae subsp K. pneumoniae K. pneumoniae. Total
Pneumoni (52) subsp. ozaenae (17) subsp. (4) ) (73

Antibiotics used  No. (%) No. (%) No. (%) No. (%)
AMP 0 0.00 0 0.00 0 0 0 0.00
AML 0 0.00 0 0.00 0 0 0 0.00
AMC 50 96.20 17 100.00 4 100 70 95.90
TIC 6 11.50 0 0.00 0 0 6 8.20
TIM 50 96.20 17 100.00 3 75 70 95.90
PRL 0 0.00 0 0.00 0 0 0 0.00
KF 28 53.80 4 23.50 1 25 33 45.20
FOX 0 0.00 0 0.00 0 0 0 0.00
CRO 0 0.00 0 0.00 0 0 0 0.00
CAZ 0 0.00 0 0.00 0 0 0 0.00
CFP 0 0.00 0 0.00 0 0 0 0.00
CTX 0 0.00 0 0.00 0 0 0 0.00
FEP 1 1.90 0 0.00 0 0 1 1.40
ATM 0 0.00 0 0.00 0 0 0 0.00
IMP 100 100.00 17 100.00 4 100 73 100.00
CIP 100 100.00 17 100.00 4 100 73 100.00
NOR 100 100.00 17 100.00 4 100 73 100.00
K 100 100.00 17 100.00 4 100 73 100.00
CN 100 100.00 17 100.00 4 100 73 100.00
TE 0 0.00 0 0.00 0 0 0 0.00
C 3 5.80 0 0.00 0 0 3 4.10
E 0 0.00 0 0.00 0 0 0 0.00
SXT 5 9.60 1 5.90 0 0 6 8.20
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Table 5. Humoral immune response of mice immunized with C&®sacted fronKlebsiella pneumoniae subspecies

CPSs extracted from

K.pneumoniae subsp.

K. pneumoniae subsp.

K. pneumonia subs-

Time of sampling pneumoniae ozaenae prhinoscleismat Control
Preimmuinization 0.102+0.001* 0.062+0.005 0.08183.0 0.099+0.007
1st immuinization (1 WPI) 0.280+0.006 0.395+0.009 0.313+0.031 0.121+0.003
(2WPI) 0.891+0.018 0.921+0.013 0.982+0.011 0.103a9.
2nd immuinization (IWPI) 0.783+0.009 0.831+0.021 857+0.015 0.094+0.009
(2WPI) 0.882+0.010 0.811+0.018 0.893+0.021 0.10010.

* = Mean Optical density + Standard deviation WRNeakpostimmunizationOptical density vat®e2 consider positive

Table 6. Mortality rate and reisolation &flebsiella pneumoniae subspecies from mice organs 4 weeks post challenge

Reisolation from

Mice immunized by Challenge  No. of Mortality Lung iver Spleen
CPSs extracted from organism  dead rate (%) No. (%) o. N (%) No. (%)
Klebsiella pneumoniae K.P.P. 1/20 5 1* 5 0 0 1 5
subsp. pneumoniae K.P.oz. 2/20 10 2 10 1 5 2 10
K.P.rh. 2/20 10 2 10 1 5 2 10
Klebsiella pneumoniae K.P.P. 2/20 10 2 10 1 5 2 10
subsp. ozaenae K.P.oz. 1/20 5 0 0 0 0 1 5
K.P.rh. 2/20 10 2 10 1 5 2 10
Klebsiella pneumoniae K.P.P. 3/20 15 2 10 1 5 3 15
subsp. rhinoscleromatis K.P.oz. 2/20 10 2 10 2 10 2 10
K.P.rh. 2/20 10 1 5 1 5 2 10
Control (non-immunized) K.P.P. 15/20 75 11 55 11 55 15 75
K.P.oz. 16/20 80 12 60 12 60 16 80
K.P.rh. 13/20 65 10 50 10 50 13 65

K.P.P. =K. pneumoniae subsp. Pneumonia, K.P. oXKpneumoniae subsp.ozaenae K. P. rhKspneumoniae subsp. rhinoscleromatis *No.
of culture positive percent calculated accordingdoof culture positive to total number of eachliemged group

Fig. 1. Analysis of CPSs of three strains d&flebsiella
pneumoniae subspecies Lane (1) Marker Lane (2)
CPSs ofK. pneumoniae subsp. pneumoniae. Lane (3)
CPSs ofK. pneumoniae subsp. ozaenae. Lane (4)
CPSs oK. pneumoniae subsp. Rhinoscleromatis
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Pneumoniae, 5% of mice contracted the diseaseiadd d
while, 10% of immunized mice with CPSéebsiella
pneumoniae subsp. Pneumoniae and challenged with
Klebsiella pneumoniae subsp. Ozaenae arilebsiella
pneumoniae subsp. rhinoscleromatis contracted the
disease and died. As well as 10% of mice immunized
with CPSs Klebsiella pneumoniae subsp. Ozaenae
challenged with Klebsiella pneumoniae  subsp.
Pneumoniae and Klebsiella pneumoniae  subsp.
rhinoscleromatis died (heterologous) while, 5% only
died from mice challenged witklebsiella pneumoniae
subsp. Ozaenae (homologous). In case of mice
immunized with CPSKlebsiella pneumoniae subsp.
rhinoscleromatis 15 and 10% died when challenged wi
heterologous strains oklebsiella pneumoniae subsp.
pneumoniae andlebsiella pneumoniae subsp. Ozaenae,
respectively while 10% died when challenging with
homologous strain ofKlebsiella pneumoniae subsp.
Rhinoscleromais. Meanwhile 80, 75 and 65% of the
control non-immunized mice contracted the diseask a
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died from Klebsidlla pneumoniae subsp. pneumoniae, more lobes, often affecting the entire lobe in pidgl
Klebsella pneumoniae subsp. ozaenae anHlebsiela lobar distribution. The involvement  was
pneumoniae subsp. rhinoscleromatis, respectively. In group characteristically massive and voluminous, dullygsi

of mice immunized with CPSs tflebsiella pneumoniae regions, which released copious amounts of exudates
subsp. pneumoniae, the reisolation rates from Juings ~ Upon sectioning with marked swelling of the lung N
and spleen were 5, 0 and 5% in mice challenged withother —organs —showed marked gross changes.
homologous strain while 10,5 and10%respectivelyipem Microscopic examination of the lungs of dead inett
challenged with heterologous strains. In group aem non-|mmur_1|zed mice rgvealed lobar pneumonia where
immunized withKlebsiella pneumoniae subsp. ozaenae, in the alveoli, peribronchial areas and the perivascul
homologous challenge the organism was isolated from@réas infiltrated with granulocytes and macrophages
spleen only in rate of 5%. In heterologous chalierthe acc_ompan_u?d by marked Sept"%‘* perivascular e_demha an
isolation from each lung and spleen was 10 whilefés¥h perlvascul!t|s. Area_s of NECrosis could be foufih(2
liver.Regarding to group of mice immunized with ar_1d 3). M|cro_scop|c exa_mlna_tlon of spleen appeared
Klebsidlla pneumoniae subsp.  rhinoscleromatis,  the with hypoplasia and proliferation of reticuloendelifl

. ) : cells Fig. 4). Lesion in liver changed from congestion,
isolation rate from each lung and liver W.""55 Trom vaculation of the hepatic cells to necrosis andpity
spleen on homologous challenge, while in heteralsgo

: ; > ; where the hepatic cord appeared with disorganiaatio
challenge withKlebsiella pneumoniae subsp. pneumoniae  gng the nucleus revealed different stages of nicros

the isolation rates were 10, 5 and 15% from lungriand (i 5). Regarding to macroscopic examination of the
spleen, respectively. Whereas in heterogonousedit®l  jjmunized mice, most of the lesion became mild and
with Klebsiella pneumoniae subsp. ozaenae, the isolation organs appeared to be normal. While microscopic
rate was 10% from all examined organs. Concerrfieg t examination of Lung of immunized infected mice
control non-immunized mice challenged wittiebsella showed mild pneumoniaF{g. 6), while spleen showed
pneumoniae subsp. pneumoniae, the isolation rates frommild hypoplasia of white pulpFig. 7). Moreover, liver
lung and liver were 55% of each, while 75% fromespl  showed slight congestion of the central vein arpbkie
Whereas the isolation rates from mice challengeth wi cells appeared with normal arrangemeftig( 8).
Klebsella pneumoniae subsp. ozaenae, were 60% from ELISA has been used for detection #&febsiella
lung and liver and 80% from spleen. The isolatiates in pneumoniae antibodies in farm animals as shown in
mice challenged withKlebsidla pneumoniae subsp.  Table 7. From the results illustrated ihable 7 it is
rhinoscleromatis from lung, liver and spleen wefe 50  clear that the sensitivity of ELISA using CPSs

and 65%, respectively. extracted from Klebsiella pneumoniae subsp.
. . o pneumoniae,Klebsiella pneumoniae subsp. ozaenae
3.1. Histopathological Findings andKlebsiella pneumoniae subsp. rhinoscleromatis was

Gross examination of the lungs of dead infected87.7, 89.0 and 83.6%, respectively. The specifioity
non-immunized mice showed involvement of one or this ELISA was 93.4, 92 and 93.1%, respectively.

Table 7. Detection of CPSs d&flebsiella pneumoniae subspecies antibodies in the serum of examinesbdsiregarding to culture status
ELISA test using CPSs extracted from

K. pneumoniae subsp. K. pneumoniae subsp. K. pneumoniae subsp.

Pneumoniae ozaenae rhinoscleromatis
Culture status Sensit  Speci
positive for No No. (%) Optical density No (%) Ogal density No. (%) Optical density ivity ficity

K.pneumoniae subsp. 52 47* 90.4 0.811+0.018 46 88.5 0.798#D.046 88.5 0.903+0.008 87.7 934
Klebsiella pneumoniae 17 14 824 0.857+0.015 16 94.1 0.782+0.020 11 7 46.0.834+0.019 89.0 929

Klebsiella pneumoniae 4 3 750 0.796+0.019 3 75.0 0.807+0.015 4 100.0 925*0.019 83.6 931

Total positive 73 64 87.7 0.745#0.019 65 89.0 080009 61 83.6  0.846+0.015

Total negative 392 26 6.8 0.501+0.019 28 7.1 0.6080 27 6.9 0.544+0.018
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Fig.5. Liver showed necrosis and degeneration of the tisepa
cells and its nucleus with disorganization of thepdtic

Fig. 2. Lung showed pneumonia where most of the alveoli
cords in non-immunized challenged mice. (Stain H&E

filled with RBCs and infiltrated by mononuclear cells
and macrophages in non-immunized challenged mice 40)

(Stain H&E X100)

Fig. 6. Lung showed mild pneumonia where most of the
alveoli are free in immunized challenged mice. ifSta

H&E X100)

Fig. 3. Lung showed pneumonia and dilated blood vessels wi
perivascular edema and vesculitis in non-immunized
challenged mice. (Stain H&E X100)

Fig. 4. Spleen showed hypoplasia of white pulb with
reticuloendothelial cell proliferation in non-imnined

challenged mice. (Stain H&E X100)

Fig. 7. Spleen showed mild hypoplasia of the white pulb in
immunized challenged mice. (Stain H&E X100)
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percentage of isolateldlebsiella pneumoniae was 5.6%
from caprine. In the present work trials for
differentiation of various strains ofKlebsiella
pneumoniae isolates to subspecies revealed that the
biochemical testing of 62 isolates oKlebsiela
pneumonia from diseased animalsshowed Khettsiella
pneumonia subsp. pneumoniae was the most prevalent
44 (17.9%) followed byKlebsiella pneumoniae subsp.
Ozaenae 14 (5.7%) arilebsiella pneumoniae subsp.
rhinoscleromatis 4 (1.6%)T@ble 2). This seems to
coincide with observation of Munoa al. (2007) who
found thatKlebsiella pneumoniae subsp. pneumoniae
was predominant isolate (25% of cases) from 56 ahim
suffering from clinical mastitis. As shown ihable 2 it
Fig. 8. Liver showed slight congestion of the central vaird was concluded that in diseased cows the highestofat
hepatic cells appeared with normal arrangement injsolation was obtained from faecal samples (32.1%)

immunized challenged mice. (Stain H & E X 40) followed by nasopharyngeal swabs (28.7%), the lowes
incidence could be isolated from milk samples (4§.0
4. DISCUSSION These results agreed to great extent with the rignaif

. ) ) ) Hiroi et al. (2012) who isolateKlebsdla pneumoniae

K. pneumoniae is an important Gram-negative from nasal swabs and bronchial mucous collecteth fro
opportunistic pathogen involved in hospital outlieafl  caves suffering from  bronchopneumonia. Moreover,
nosocomial infections including; acquired urinargct Munoz et al. (2007) reported thalebsidla pneumoniae
infections, ~pneumonia, septicemia and infantile haq peen isolated from faecal samples of diarrhzgies..
meningitis (Livermore, 2012). In additiorklebsiella As regard to sheep samples in this stughgbsidla
pneumoniaeis present in soil, faeces, water, among other pneymoniae was mainly predominant in faecal samples,
locations within a dairy herd. The pathogen showgga  npasopharyngeal swabs and milk samples 40.9, 1@4 an
genetic diversity with different strains been isethfrom 14.3%, respectively. Shahrzae al. (2013) isolated
several sources in dairy herds (Vertasal., 2011). The  Klebsiella pneumonia from lung of sheep suspected to be
control measure of klebsiellosis depends mainlynupe  jnfected with pneumonia in an incidence of 15.098d a
detection and treatment of infected domesticatedGameele al. (1991) isolatedKlebsiella pneumoniae
animals. However, proper diagnosis confirmed by subsp. ozaenae from small nodules on chest wall and
isolation and complete identification of the iselht lungs of sheep slaughtered in Al-Ahsa Saudi Arabi.
microorganisms is important. In the present worialg shown in Table 2 it was clear thatKlebsella
for the isolation oKlebsiella pneumoniae from diseased  pneumoniae isolated from faecal samples,
and apparently healthy farm animals were done fornasopharyngeal swabs and milk samples of examined
recognition ofklebsiella pneumoniae subspecies. Atotal goats were 31.8, 26.3 and 19.0 respectively. These
of 246 samples collected from diseased farm animalinding support the statements of Sugenal. (2012),
were investigated bacteriologically. It was notideaim who isolatedKlebsiella pneumoniae from goat’s milk.In
Table 2 out of 246 diseased animals, 62 animals the present study, the highest isolation rat&lebsiella
revealedKlebsiella pneumoniae with overall incidence  pneumoniae from camels samples was recorded from
of 25.2%. The results obtained iaple 2) showed the  faecal samples (40.0%), followed by nasopharyngeal
relation between the kind of animal species exadine swabs (15.0%) and milk samples (5.6%). In this espe
and the prevalence of isolatddebsiella pneumoniae Tibary and Anouassi (2000) reported that mast#is i
subspecies (Gundogan and Avci, 2013). relatively infrequent disease in camelidae. Incaenf

It was found that the cows and sheep showed themastitis may increase in dairy camels due to hand
highest prevalence dflebsiella pneumoniae subspecies  milking and teat malformation. As shownTmble 2 and
(25.6 and 24.2% respectively). Moreover, the praved 3, it was noticed that there was a marked variation
of isolation from diseased goats and camels wer2 21 between incidences #fiebsiella pneumoniae subspecies
and 20.7%, respectivelyTéble 2). In this aspect, in examined animals as regards to health condifite.
Srinivasan et al. (2003) recovered Klebsiela frequency was greater among samples collected from
pneumoniae from lambs with uppemespiratory tract diseased animals 25.2% as compared with apparently
infection. Moreover Aheet al. (2012) recorded that the healthy one 5.5%. Moreover there was great difilezen
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between the prevalence dflebsiella isolated from
various apparently healthy animal origins, as itswa

that all Klebsiella pneumoniae subsp isolates were
resistance to B-lactams antibiotics as cefoxitin,

higher in sheep, followed by cow, goats and lastly cefotaxime, cefoperazone, ceftazidime, ceftriaxand
camels with percentages of 8.5, 5.5, 4.1 and 3.9%aztreonam. These results agreed to great extehttiat

respectively Table 3). These findings support the
statement by Dieget al. (2013) who reported that, the
natural flora of the intestine includes a large ydapion
of coliform bacteria includinglebsiella pneumoniae.
Faeces are an important source of these organisthe i

finding of Sarathbabwt al. (2012). Who reported that
this species can become resistant to multfplactams
and particularly to aztreonam and ceftriaxone. &/l
the present study about 96.2% of all examined tesla
were sensitive to amoxicillin/clavulanic acid and

environment. This can become a serious problem adicarcillin/clavulanic acid, these findings suppdtie

Klebsiella pneumoniae then commonly contaminate the
water supply and other environmentlebsiella
pneumoniae are commonly found in environments where

statement by Papagiannit@sal. (2011) who reported
that Clavulanic acid seemed to be active and tdbinh
the pB-lactams so combination of B-lactams

dairy cattle arekept. The biochemical testing of 11 withclavulanic acid seems to be effective. Capsular

isolates of Klebsiella pneumoniae from apparently
healthy animals revealed their identification into
Klebsiella pneumoniae subsp. pneumoniae (8) and
Klebsiella pneumoniae subsp. ozaenae (3) On the other
hand; it is of interest to notice thatllebsiella

polysaccharide is one of the most important vircéen
factors ofKlebsiella pneumoniae. The role of CPSs of
Klebsiella pneumoniae has been proposed to have
infection-promoting capabilities by inhibiting thelease
of acid phosphatase from lysosomal fractions otqezal

pneumoniae subsp. rhinoscleromatis was not isolated macrophages to the extralysosomal fracti&iebsiella

from apparently healthy animals. Antibiotics areedis
extensively to prevent or to treat microbial infens in

pneumoniae strains constitutively express capsular
polysaccharides that are critical for organism'ditstto

human and veterinary medicine. The most commonresist complement-mediated opsonophagocytic killing

response of the cell to antibiotics is to ceasewgrg
(bacteriostasis), but classes of compounds such-as
lactams, continued growth is permitted, with intidon
of the target in the organism leading indirectly ctll
death. There has been growing concern about antiomdt
resistance for some years now (Diegiaal., 2013). The
antibiogram of pathogens could be variable froncelm
place and from case to another. This may be exgdain

(Zou et al., 2011). Gel electrophoresis provides
important and rapid method for molecular
characterization of bacterial CPSs. The combinedais
alcian blue and silver stain in the rapid detectbPSs
fragment  separated by  polyacrylamide
electrophosrsis affords a 100 fold increase in ieitg
over previous methods. SDS-PAGE of extracted CPSs
of examinedKlebsiella pneumoniae subspecies strains

gel

by the wide use of chemotherapeutic drugs and therevealed difference in profileF{g. 1). The size and

variation in its use which may produce new resistan
mutants. Multidrug resistantklebsiella pneumonia
strains are becoming an increasingly relevant na¢dic
problem worldwide with limited clinical treatment
options (Arnoldet al., 2011). For this reason, one of the
steps in the controlling of klebsiellosis is thee usf
appropriate antibiotics. The kind of antibiotic altbbetter
be selected on the basis of its sensitivity whichl@ be
detected by laboratory examination (Badinal., 2012).
As shown inTable 4, the most effective antibiotics for
Klebsiella pneumoniae subsp. were imipenem,
ciprofloxacin, norfloxacin, gentamicin and kanarnmyci
(100% each).The superiority of flumequine and
gentamicin for the in vitro action inKlebsiella
pneumoniae was reported by Sarathbalkual. (2012),
who reported that all tested strains #febsiella
pneumoniae were highly sensitive to gentamicin and
flumequine. Also, Irohaet al. (2011) reported that all
isolated Klebsiella pneumoniae subsp. pneumoniae
strains were highly sensitive to enrofloxacin and
norfloxacin. The results illustrated ihable 4 revealed
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intensity of CPSs bands varied between the straiigs;
molecular weight of CPSs extracted frdfhebsiella
pneumoniae subsp. gave about 10 to 13 bands ranged
in their molecular weights from 15.52 kDa to 106.29
kDa. These results nearly similar to that recortgd
Yi-Jiun et al. (2013) who subjected CPSs isolated by
classical methods from different bacteria to gel
electrophoresis and stained them with alcian bilvers
stain. They found that all samples analyzed prodiuce
distinct pattern in gel electrophoresis and havéemdar
weight ranged from 10 to 100 kDa. The difference in
behavior might be due to any of many variables lvead

in the strain, genotype and source of isolate aigienic
structure. Antimicrobial agents affect the prodoctand
structure of CPSs oklebsiella pneumoniae as well as
affect capsule size by promoting the release of LPS
from the bacterial cellKlebsiella pneumoniae CPSs are
involved in the immunoprotctive activity of antigen
preparations extracted from this bacterium. Protect
immunity and immunological characteristic of CP8&s i
experimental klebsiellosis in mice were one of the
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objectives of this study to evaluate the humorahime control and immunized animal, whereas only minor
response of mice immunized with capsular pathological alteration were seen in these orgaos f
polysaccharides ofKlebsiella pneumoniae using immunized animalsKig. 3-8). These results agree with
ELISA test. Data presented rable 5 illustrated that ~ Zahran and Abdeen (2013). who previously shown that
significant increase in antibodies titre of anti- anti-CPSs either passively transferred or engeddere
Klebsiella pneumoniae was observed during different following immunization with CPSs were highly
intervals post immunization, the level of antibdagr protective in mice model protection and were ceied
reached to the highest level at the 2nd week psst 1 with high titers of circulating anti-CPSs antibody/hile
dose of immunization. This result similarly agrees immunization didn’t prevent colonization of the {un
with Zahran and Abdeen (2013), who reported thatfollowing challenge, it did facilitate clearance tie
maximal anti-CPSs antibody titre were seen 14 dfigs invading organisms and prevent bacteraemia. This wa
a single dose of immunization. Let al. (2013), found an anticipated event, since anti-CPSs antibodies ar
that the immunization with CPSs evoked high titfe o known to promote the uptake and Killinglebsiella
anti-CPSs antibodies, which conferred a significant pneumoniae organism by polymorphnuclear leukocytes.
degree of protection againktebsiella pneumoniae. The The emergences ¢flebsiella pneumoniae subspecies as
present experimental study has demonstrated th&sCP a significant animal pathogen and its recogniti@naa

of Klebsiella pneumoniae subspecies were capable of zoonotic agent have stimulated research on techrfimu
inducing protective immunity against virulent clealtje detection of infected herds. Bacterial culture barused
with homologous and hetrologous strains in mitab{e to establish a diagnosis Kfebsiella pneumoniae but this

6). This result revealed that CPSs have high immunemethod was time consuming and some time fails
protective activity in mice due to their molecular especially in animal treated with antibiotic. Tretettion
conformation and other constituents of cell surfaceof antibodies toKlebsiella pneumoniae CPSs might
preparation as protein and LPSs act as adjuvacdroier overcome these problems inherent to this technitjue.
for CPSs (Zahran and Abdeen, 2013). It has beertqubi  the present study, CPSs antigen based indirectAtdS
that in vivo growth of bacteria and their reisatats from detect antibodies againstKlebsiella pneumoniae
lung, liver and spleen in experimentally infectestipd subspecies in sera of examined animals was dewklope
of time are useful criteria by which protective innnity and compared with culture resulfBaple 7). It is clear

to Klebsiella is detected,Table 6. In this study it is that the standardized CPSs-ELISA gave satisfactory
noticed that the reisolation rates oKlebsiella result using CPSs extracted frdfhebsiella pneumoniae
pneumoniae subspecies from lung, liver and spleen of subsp. pneumoniaeKlebsiella pneumoniae subsp.
immunized mice and challenged with homologous andozaenae  and Klebsiella  pneumoniae  subsp.
heterologous strains were (0 to 10%), (0 to 10%) @  rhinoscleromatis due to cross-reaction shared b$sCP
to 15%), respectively. Whereas the reisolationsrétem between thesKlebsiella pneumoniae subspecies. This
the same organs of control mice were 50 to 600580t may be related to presence of common epitope in
and 65 to 80%, respectively. The results of bioassst CPSs of thes&Klebsiella pneumoniae subspecies and
and shedding of the organism come in agreement withthis cross reaction may also due to antigenic
results recorded by Liet al. (2013) who showed that the similarities in chemical composition and molecular
protective capacity of CPSs can be reflected byhtgh conjugation (Liuet al., 2013). The sensitivity of
guantitation of bacteria in the lung, liver andegs of ELISA using CPSs extracted fromKlebsiela

control than immunized mice. Moreover Yamy al. pneumoniae subspeciespneumoniae, Kilebsiella
(2011) reported that CPS may be important for thepneumoniae subspecies ozaenae andlebsiela
establishmentof pneumonia, because activepneumoniae subspecies rhinoscleromatis was 85.10,

immunizationwith purified CPS protects experimental 79.79 and 81.91%, respectively, while specificitpsw
rats against lethalKlebsiella pneumonia. Klebsiella 93.48, 92.05 and 94.30%, respectivelialjle 8). This
pneumoniae is particularly dangerous bacteria becauseresult confirmed that an immunological cross-reacti
once it has been established a disease it is estyem between CPSs from different bacterial species caotd
difficult to control. This would suggest that akdrlung be completely ruled out (Zahran and Abdeen, 2013).
pathology durindglebsiella pneumoniae infections is the  ELISA significantly reduced the level of cross-réac
result of bacterial persistence and the actionoofistic obtained with whole cell ELISA when sera to other
antigens such as CPSs, LPSs or CPSs-LPSs andnprotecapsular types were tested. However, cross-reaction
complex (Chikaet al., 2013). Microscopic examination were still observed with some capsular types, prbba
of fixed and stained lung, spleen and liver tisslesved  due to presence of common epitopes in their capsule
a marked difference in the pathology observed betwe (Liu et al., 2013). Moreover our results coincided with
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infected with Klebsiella pneumonia mount an 1Gg Riboli and M.L.R.S. Cunhat al., 2013. Molecular
antibody response to both homologous and hetrelbbgou epidemiology and extended-spectriactamases
CPSs antigens. ELISA using CPSs antigens could production ofKlebsiella pneumoniae isolated from

therefore serve as a valuable aid in serodiagnofis three dairy herds. Vet. Bras, 33: 855-859. DOI:
Klebsiella pneumonia. 10.1590/S0100-736X2013000700005
Gameel, A.A., S.M. El-Sanousi, F. Al-Nawawi and
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