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‘ ABSTRACT ’ The study included the isolation and identification of 93 Klebsiella species (spp.) from 454 children suffering from acute

diarrhea. The rapid standard iodometric method was used for the detection of (-lactamase production. The Results
showed that 49/93 (52.7%) Klebsiella isolates were positive for B-lactamase production. Klebsiella spp. that showed positive result by using
iodometric method, they had been tested with nitrocefin disk and spot iodometric method (filter paper method) as confirmative tests, whereby
positive results were obtained by using these two methods as well. In the present study, 28/49 (57.1%) isolates appeared belonging to K.
pneumoniae, 10/49 (20.4%) isolates belonging to K. oxyfoca, 10/49 (20.4%) isolates belonging to K. terrigena and 1/49 (2%) isolates belonging
to K. ornithinolytica.
Antibiotic sensitivity test was performed to the 49 B-Lactamase producer using 30 different antibiotics. It was obvious that Imipenem is more
active against Klebsiella spp. followed by ciprofloxacin, norfloxacin, amikacin and cefoxitin, and their resistance were (2.1%), (2.0%), (4.1%),
(4.1%) and (12.2%) respectively, and all isolates showed multidrug resistance against 10 antibiotics at least. Results showed that all the isolate
(100%) were able to resist ampicillin, amoxicillin, clindamycine, rifampicin, and vancomycin; while they were highly resistant to amoxicillin
(97.9%), erythromycin (97.9%), carbencillin (95.9%), cephalothin (91.8%), cephradin (79.6%), cephalexin (75.5%), and pipracillin (69.4%).
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Introduction:

Klebsiella spp. are gram-negative rods belonging to the family
Enterobacteriaceae [1, 2]. The genus Klebsiella comprises five
species, K. pneumoniae, K. oxytoca, K. planticola, K. terrigena and K.
ornithinolytica [3). Klebsiella spp., particularly K. pneumoniae, is an
important cause of nosocomial infections, and the main population at
risk is neonates and immunocompromised hosts. Outbreaks of
multiple resistant K/ebsiella, which caused systemic infections and
death, were widely reported [4]. K. pneumoniae is frequently found in
many different geographical locations, with beta-lactamase resistance
becoming a growing problem [5]. The wide spread use of
antimicrobial agents in the treatment of infections has led to serious
problems of antimicrobial resistance. The emergence and spread of
antibiotic resistance in bacteria of medical importance imposes serious
constraint on the option available for treatment of many infections [6].
Li and Lim mentioned that in the last 10 years, the extensive spread of
multiple antibiotic —resistant K. pneumoniae strains has become a
major threat to the ever-increasing number of immunocompromised
patients [7].

The aims of this study are to investigate the occurrence of Klebsiella
spp. isolates in human stool samples from children suffering from
diarrhea in Kirkuk-city, and evaluating the susceptibility of B-
lactamase producer isolates to some antibiotics.

Materials and Methods:

Sample collection

The study was carried out on children (outpatients as well as inpatients
suffering from acute diarrhoea) attended Azadi teaching hospital and
Pediatric hospital in Kirkuk city, from June 2009 to June 2011, where a
total of (454) children submitted to the study under physician
supervision. Stool specimens were collected in disposable, clean
screw-capped, commercially available containers used for this
purpose. All specimens were processed immediately or were kept
using Carry Blair transport media in case of delay for 1-2 hours after
their collection, and to be cultured thereafter [8].

Bacterialisolation and identification:
Collected samples were cultured directly on MacConkey agar; Xylose
Lysine deoxycholate (XLD) agar, Salmonella Shigella (SS) agar and

Eosin Methylene Blue (EMB) agar for primary isolation of the
Enterobacteriaceae and blood agar to detect beta hemolytic isolate [8].
All isolates incubated aerobically at 35 °C for 24 hours, and select
suspicious colonies for definitive microscopic examination, culture
characteristics, biochemical testing and the usage of API 20E System
(BioMérieux/France) for identifying Enterobacteriaceae and other
gramnegativerods[9, 8, 10,11, 12,13, 14].

Detection of B-lactamase by three methods:

1. Rapidiodometric method[15]

2. Spotiodometric method (Filter paper method) [16]
3. Cefinase test -Nitrocefin disk/Fluka[17, 13]

Antibiotic susceptibility test by disk diffusion method (Kirby
Bauer test)

This method is one of the best standardized tests and that its
performance is continually updated by the National Committee for
Clinical Laboratory Standards (NCCLS) consensus effort. The test
was performed as follow.

* Preparing of inoculum and inoculation of test plate and disc
placement

Inoculums from the tested bacterium was prepared. A single colony
was transferred to a fresh test tube contained 5ml nutrient broth then
incubated at 37 °C for 24 hr. to prepare inoculums at a log-phase. After
comparing and adjusting with McFarland tube number 0.5, a sterile
cotton swab is dipped into the inoculum and then swabbed evenly
across the surface of a Muller-Hinton agar plate. Within the following
15 minutes after inoculation, the antimicrobial-containing disks
(Table-1) are applied to the agar with a forceps pressed firmly to ensure
contact with agar and then plate inverted and incubated at 37 °C for 18
hours.

* Reading the results

After incubation, the diameter of each inhibition zone was measured
by millimeter (mm), and the isolate was interpreted as either
susceptible, intermediate, or resistant to a particular drug by
comparison with standards inhibition zone [18]. The diameters of
inhibition zones around the antibiotic disks were measured and
compared with the standard manual recommended by the national
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committee for clinical laboratory standards (NCCLs) guideline
(Table-1).

Table-1: Antibiotic disc used in the present study

Antibiotics  |Symbol{Concen| Inhibition zone /mm |Manufa
tration cturer
pg/disc R I S
Penicillin
Bioanal
Amoxicillin AX 25 <13 | 14-16 | >17 | ysed/
England
Ampicillin AM 10 <13 | 14-16 | >17 =
Pipracillin PRL | 100 | <17 | 18-20 | >21 =
Amoxicillin + =
Clavulanic Acid AMC | 30 <13 | 14-17| =18
Carbencillin CB 100 <19 | 18-22| >23 =
Cephalosporins
Cephalexin CL 30 <14 |17-15| >18 =
Cephalothin CF 30 <14 |17-15| >18 =
Cephradin CE 30 <14 | 17-15] =18 =
Cefoxitin FOX 30 <14 | 17-15| >18 =
Ceftriaxone CRO 30 <19 |20-22| >23 =
Cefotaxime CTX 30 <14 |22-15| >23 =
Ceftazidime CAZ 30 <17 | 18-20| >21 =
Cefixime CFM 5 <15 | 16-18 | >19 =
Carbapenems
Imipenem M | 10 | <19 [2022] >23 | =
Aminoglycosides
Gentamicin GM 10 <12 | 13-14| >12 =
Amikacin AK 30 <14 |15-16 | >17 =
Tobramycin TOB 10 <12 | 13-14| =15 =
Macrolides
Erythromycin E 10 <20 | 28-21 | >29 =
Azithromycin AZM 15 <13 | 17-14 | >23 =
Lincosamide
Rifampicin RA 10 <8 - >8 =
Trimethoprim TMP 5 <10 | 11-15| >16 =
Quinolones
Vancomycin VA 30 <9 [10-11 ]| >I2 =
Ciprofloxacin CIP 5 <15 | 16-20 | >21 =
Chloramphenicol] C 30 <12 | 17-13 | =18 =
Clindamycine CA 15 <14 | 16-15| >21 =
Nalidixic Acid NA 30 <13 | 18-14| >19 =
Nitrofurantoin F 300 <14 |15-17| >17 =
Norfloxacin NOR 10 <12 | 13-16 | =17 =
Tetracyclines
Doxycycline DA 2 <12 | 13-15| =16 =
Tetracycline TE 30 <14 | 15-18 | >19 =
Results

Isolation and identification:

The results showed that among the 454 cultured stool sample, 433
samples revealed positive cultures and 767 bacteria have been isolated
from children with diarrhea. Ninety three (93, 12.13%) Klebsiella spp.
isolates were obtained from the positive stool samples.

Detection of B-lactamase production

Table-2 confirmed that 49 out of 93 (52.7%) Klebsiella isolates had
positive results for B-lactamase production, which had been shown
using rapid iodometric method. The table shows the percentages of
different Klebsiella species which produced B-lactamase (namely, K.
pneumonia, K. oxytoca, K. terrigena, K. ornithinolytica). In the other
hand, itis clear that some of these strains were negative for 3-lactamase
production as itis listed in the table.

Table-2: 3 lactamase result of Klebsiella spp.

Isolates K. K. K. K.
pneumoniae| oxytoca | terrigena |ornithinolyt|Total
Characters ica

No| % | No| % | No| % | No | %
-lactamase| 28 |45.9| 10 |55.6| 10 {833 1 |50%| 49
+ve % % %

-lactamase-{ 33 |54.1| 8 |444| 2 |16.7| 1 [50%| 44
ve % % %

Total (93) | 61 [100%| 18 [100%| 12 |100%| 2

100%| 93

All Klebsiella strains that had positive result by iodometric method
were furthermore tested with nitrocephin disk and spot iodometric
method as confirmative tests, where they showed positive result by
these two methods (Figure-1). The remaining 44 isolates (47.3%)
failed to produce -lactamase enzyme (no color change was detected
by iodometric method).

Figure-1: B-Lactamase detection: A- rapid Ilodometric method, B-
Nitrocefin disks, and C- filter paper methods.

Resistant to antibiotics:

All 49 B-lactamase producing Klebsiella isolates were tested for their
antibiotic resistance against 30 of antimicrobial agents using disk
diffusion method.

The antibiotics were represented by B-lactams, aminoglycosides,
Lincosamide, quinolones, tetracyclines, and others. All isolates were
found to be resistant to at least different 10 antibiotics to which they
were tested, hence all the isolates were considered as multidrug
resistant.

Susceptibility tests were performed for the 49 -lactamase producer
Klebsiella spp. (28 isolates as K. pneumoniae, 10 as K. oxytoca, 10 as
K. terrigena, and 1 as K. ornithinolytica). The results in Table-3 and
Table-4 show that all those Klebsiella spp. are resistant to ampicillin
(100%), amoxicillin + clavulanic acid 100%, clindamycine 100%,
rifampicin 100%, vancomycin 100%, metronidazole 100%,
amoxicillin 97.9%, erythromycin 97.9%, carbencillin 95.9%,
cephalothin 91.8%, Cephradin 79.6%, Cephalexin 75.5%, pipracillin
69.4%, tetracycline 51%, trimethoprim 49%, cefotaxime 49%,
Ceftriaxone 36.7%, ceftazidime 36.7%, cefixime 30.6%,
nitrofurantion 18.4%, gentamicin 18.4%, tobramycin 14.3%,
azithromycin 14.3%, chloramphenicol 14.3%, cefoxitin 12.2%,
nalidixic acid 12.2%, amikacin 4.1%, norfloxacin 4.1%, Ciprofloxacin
2.1% and Imipenem 2.1%.

It was also clear from Table-4 that 34/49 (69.4%) of isolates were
resistant to piperacillin.

The results also revealed high resistance of Klebsiella isolates to first
generation cephalosporins; wereby 39/49 (79.6%) of Klebsiella
isolates were resistant to Cephradin, 37/49 (75.5%) were resistant to
Cephalexin and 45/49 (91.8%) were resistant to Cephalothin, but they
showed low level of resistance (6/49; 12.2%) to Cefoxitin, a second
generation member.

This study clarified that about half of Klebsiellae isolates were
resistant to third generation cephalosporins (3GC). Cefotaxime
resistance was seen in 24 out of 49 (49%) of Klebsiella isolates, but
they showed moderate to low level of resistance to ceftazidime in 18
out of 49 (36.7%) of Klebsiella isolates, ceftriaxone (18/49; 36.7%)
and cefixime (15/49;30.6%).

The results revealed that among the 49 of Klebsiellae isolates, 48
(97.9%) were sensitive to carbapenems (imipenem) (Table-3). The
resistance to aminoglycosides were recorded in 9 (18.4%), 2 (4.1%),
and 7 (14.3%) isolates to gentamycin, amikacin, and tobramycin
respectively, versus 0 (0%), 5 (10.2%), 5(11.6%) and 2 (4.1%) isolates
were intermediately resistant to antibiotics mentioned above
respectively.
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Table-3: Antibiotic susceptibility of - lactamase producer

10| Ceftriaxone CRO| 15 (53.6] 1 [10%| 2 [20%| O [0%
0,

Klebsiella spp. %
Tsolates Klebsiella spp. (49) 11| Cefotaxime CTX| 19 [67.9] 2 |20%]| 3 |30%]| O | 0%
%
S I R
Antibiotic — Symbol 12|Ceftazidime  |CAZ| 11 [39.3] 3 [30%| 3 [30%| 0 |0%
Penicillin : % _ . _
1 [Amoxicillin AX | 0(0%) | 1(2.0%) [48(97.9%)|  |13|Cefixime CEM) 124071 1 {10%) 2 120%) 0| 0%
2 [ Ampicillin AM | 0(0%) 0(0%) | 49 (100%) - >
14(1 IMP| 1 [37] 0 [0%]| 0 [0%] 0 [0%
3 [Pipracillin PRL | 8 (16.3%) | 7 (14.3%) | 34 (69.4) e 0, ° ° 0
4 |Amoxicillin+ — |AMC| 0 (0%) 0(0%) | 49 (100%) 15| Gentamicin GM | 6 [185] 2 [20%| 1 [10%| 0 | 0%
Clavulanic acid %
5 |Carbencillin CB 2(41) O(O%) 47 (959%) 16| Amikacin AK| 1 [13.7] 0 0% 1 [10%] 0 [0%
Cephalosporins %
6 [Cephalexin CL | 6(122%) | 6 (12.2%) |37 (75.5%) 17|Tobramycin  |TOB| 5 [18.5] 1 [10%| 1 [10%| 0 |0%
7 | Cephalothin CF | 3(6.1%) | 1(2.0%) |45 (91.8%) %
8 | Cephradin CE | 3(6.1%) | 7(14.3%) |39 (79.6%) 18| Erythromycin E |28 100f 10 |100( 10 {100 0 |0%
9 | Cefoxitin FOX [39(79.6%) | 4(82%) | 6 (12.2%) : : % i % .
10| Ceftriaxone CRO | 22 (44.9) | 9(18.4%) |18 (36.7%) 19| Azithromycin  |AZM] 5 ‘35 1 110%| 1 110%| 0 | 0%
1 0, 0, 0, 0
il Cefotaxime CTX |13 (26.5%) | 12 (24.5%) | 24 (49%) 20| Rifampicin RA | 28 [100] 10 | 100] 10 [100| 1 |100
12| Ceftazidime CAZ[29(592%)| 2(41) |18(36.7%) % % % 9
13| Cefixime CFM [33(673%)| 1(2.0%) |15 (30.6%) 21| Trimethoprim  |TMP| 18 [62.9] 1 [10%| 5 [50%| 0 [0%
Carbapenems 6%
14]Imipenem | IMP [48 (97.9%)| 0(0%) | 1(2.1%) 22| Vancomycin VA |28 [100| 10 {100] 10 [100| 1 [100
Aminoglycosides % %o % %
15| Gentamicin GM [40 (81.6%)[ 0(0%) | 9(18.4%) 23| Ciprofloxacin | CIP | 1 30~7 0 ]0%| 0 |0%]| 0 |0%
16| Amikacin AK 42 (85.7%) | 5(102%) | 2 (4.1) i % . . .
B Tobramycin TOB [40 81.6%)| 2@1) 7(143%) 24| Chloramphenicol] C | 5 104/.8 1 {10%| 1 [10%| 0 |0%
T 0
Dol 25|Clindamycine | CA | 28 |100] 10 |100] 10 [100| T |100
18] Erythromycin E [ 1(20%) | 0(0%) [48(97.9%) o, o o o
19| Azithromycin  |AZM | 37 (75.5%) | 5 (10.2%) | 7 (14.3%) 26[Nalidixic Acid | NA | 5 [14.8] 1 [10%]| 0 [0% [ 0 [0%
Lincosamide %
20| Rifampicin RA | 0(0%) 0(0%) |49 (100%) 27|Norfloxacin ~ |NOR| 1 [3.7] 0 [0% | 1 [10%| 0 [0%
21| Trimethoprim | TMP | 24 (49%) | 1(2.0%) | 24 (49%) %
22| Vancomycin VA 0 (0%) 0(0%) | 49 (100%) 28| Nitrofurantion F |6 108.5 1 [{10%| 2 [20%| 1000
23| Ciprofloxacin CIP | 46(93.9) | 2(41) | 1(2.0%) il ) YN 13)0 o1 o oo lg’o
24| Chloramphenicol | C |41 (83.7%) | 1(2.0%) | 7 (14.3%) oxycycime ”, ”, 0, ”,
[ Clindamycine | CA | 0(0%) | 0(0%) | 49(100%) 30| Tetracycline TE | 15 |51.8] 4 [40%| 6 |60%]| 0 |0%
26|Nalidixic Acid | NA |40 (81.6%) | 3 (6.1%) | 6 (12.2%) 504
27| Nitrofurantoin F 29 (59.2%) | 11 (2204%)| 9 (18.4%)
28| Norfloxacin NOR | 46 (93.9%) | 1(2.0%) 2(4.1) The resistance pattern of Klebsiellae isolates to tetracycline and
Tetracyclines ciprofloxacin was represented by 25/49 (51%) and 1/49 (2.0%) isolates
29 Doxycycline DA 0 (0%) 0 (0%) 49 (100%) respectively, while 10/49 (204%) and 2/49 (41%) of isolates gave
30| Tetracycline TE 14.(28.6) |10(204%) | 25 (51%) intermediate resistance to those antibiotics.

Table-4: Antibiotic resistance of  -lactamase producer Klebsiella
spp-

Isolates K. K. K K.
pneumonia| oxytoca | terrigena |ornithinoly
e (28 (10) (10) tica (1)

Antibiotic - Symbol [ No [ % [No [ % [ No | % | No [ %

—

Amoxicillin [ AX | 28 | 100| 10 | 100| 9 [90%| 1 [ 100

% % %
2 [Ampicillin | AM | 28 | 100 | 10 [100| 10 [ 100| 1 | 100
% % % %

3 [Pipracillin [ PRL | 21 |75%| 6 |60%| 6 [60%| 1 |100
%

4 |Amoxicillin [AMC| 28 | 100 | 10 {100 | 10 |100| 1 |100
0, 0, 0,

+ Clavulanic % % % %

acid
5|Carbencillin| CB | 26 {92.9( 10 |100| 10 [ 100| 1 | 100
% % % %

6 |Cephalexin | CL | 22 |78.6| 9 |90%| 6 [60%| O | 0%
%

7 |Cephalothin | CF | 25 [89.3| 10 | 100| 10 [100| O | 0%
% % %

8|Cephradin | CE | 23 |82.1| 9 |90%| 7 |70%| O | 0%
%

9|Cefoxitin  |FOX| 4 |143| 0 [0% | 2 [20%| O | 0%
%

The results of the present study have shown that 24/49 (49%) of
Klebsiellae spp. isolates were resistant to trimethoprim which is a
member of sulfonamides.

The present study recorded that 7/49 (14.3%) of Klebsiella isolates
were resistant to chloramphenicole while 1/49 (2.0%) were
intermediately resistant to it.

L-Form formation by Klebsiella spp.

Some Klebsiella isolates exhibited L- form around some antibiotics
(Table-5 and Figure-2) during the process of antibiotic sensitivity test,
and they recovered their original shape when subcultured on
MacConkey agar and Blood agar media. They also showed the same
biochemical reaction when reidentified except lacking the mucoid
colony. Both Nalidixic Acid (NA) and trimethoprim (TMP) caused L-
form formation more than other antibiotics.

Table-5: L- Form production by Klebsiella spp.

Isolates name | Isolates | Antibiotics induced 1-form formation
NO.
1 |K. pneumoniae 129 CFM, CRO, TMP, CTX, PRL, ATM
2 [K. pneumoniae 130 TMP
3 |K. pneumoniae 131 NA, CFM, CTX, PY
4 |[K. pneumoniae 140 NA
5 |K. pneumoniae | 292 NA
6 |K. pneumoniae | 307 TOB
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7 |K. pneumoniae| 486 NA, CTX, CRO

8 |K. pneumoniae| 488 NA, AFM

9 K. oxytoca 467 TMP, FOX

10|K terrigena 63 TMP, CAZ, PRL, CTX

11[K. terrigena 67 TMP

12[K. terrigena 93 NA, TMP

13|K. terrigena 256 | TMP, CFM, ATM, NA, CRO, TE, FOX,
CL, CE

14|K. terrigena 324 NA, ATM

Figure-2: L- Form production by Klebsiella spp. A: K. pneumoniae
isolate number 129. B: K. ferrigena isolate number 256.

Discussion

In general, some pathogens are responsible for diarrhea in infants and
young children worldwide; and the frequency and proportion of the
specific diarrhoeal pathogens identified may be different in different
places and laboratories [19]. In recent years, many studies were
conducted to evaluate the role of agent causing gastroenteritis
previously thought to be mere commensals of the gastrointestinal tract
[20], several cases of diarrhea due to Hafnia alvei [21,22], Citrobacter
freundii [23, 24], Enterobacter aerogenes [25], Morganella morganii
[26], Providencia alcalifaciens [27, 28], Proteus mirabilis [29],
Pseudomonas aeruginosa [30,31] and Klebsiella spp. [32, 33] have
beenreported.

The current work declared that Klebsiella spp. composed 12.13% of
the bacteria isolated from the positive cultures of the stool samples. A
result which does not differ from the reports mentioned above.

As a cause of nosocomial gram-negative bacteremia, Klebsiella is
second only to Escherichia coli [34, 35, 36, 37] in pediatric wards [38].
Klebsiella pneumoniae and Klebsiella oxytoca, both commensals of
the human gastrointestinal tract, have been reported to be an
occasional cause of diarrhea in humans [39]. K. pneumoniae is found
in the intestinal flora of healthy individuals, but usually in small
numbers [40]. In the tropics, however, strains of K. pneumoniae have
been isolated in high numbers from the small bowel of persons with
acute diarrhoea [41, 42] and malnourished children who have chronic
diarrhoea [43,44].

Regarding the enzymatic activity, the current work indicated that
production of B-lactamase was prevalent in more than half (52.7%) of
Klebsiella isolates. The remaining (47.3%) failed to produce B-
lactamase enzyme. A negative 3-lactamase test result does not rule out
resistance due to other mechanisms, like decreased permeability or
decreased affinity of the target PBPs particularly in Klebsiella [45].
The other reason may be due to production of low quantities of the
enzyme in the periplasmic space, making its detection is more difficult
[46].

Rapid iodometric method was used for detection of B-lactamase
production in Klebsiella strains. This method depends on detection of
penicilloic or cephalospoic acid, resulted from breakdown of amide
bond in B-lactam ring for each of penicillins or cephalosporins (46,47].
It was found that the rapid reaction iodine into iodide is based on the
concentration of the released penicillinase or cephalosporinase
enzyme. Factors such as temperature and pH also play an important
role in enhancement or reduction of enzyme activity [48].

Iodine reacts with starch for formation of dark blue complex, which
stay without changing in the absence of 3-Lactamase enzyme (Figure-
1: A). In the case of B-Lactamase producing bacteria, the resulting
penicilloic or cephalospoic acid will reduce iodine into iodide;
consequently, decolorization of starch-iodine complex occurs
(changing the color directly to white) of an isolate is a B-lactamase
producer but not if the enzyme is absent [49].

The rapid iodometric assay was characterized by; simplicity to

perform it, short period for yielding results, and availability of
materials required for achieving the test [50, 51].

While spot iodometric method (Figure-1: C) has several useful
features; the reaction is completed within 10 min. There is no need to
prepare reagents or to adjust pH, and Gram iodine is readily available
in most microbiology laboratories. In addition, the penicillin powder is
inexpensive and stable in dry form for at least 6 months or more. It is
particularly useful when the tests are performed infrequently [16].

The more sensitive technique is to measure 3-Lactamase activity with
a chromogenic cephalosporin, usually nitrocephin [52] which changes
from yellow to pink/red on hydrolysis. In addition, for many 8-
lactamases, nitrocephin is the substrate that is most readily hydrolyzed
by the enzyme. This property makes it often the most sensitive
detection system and it provides a very rapid and continent method for
detection of B-lactamases. nitrocefin can be used as a solution or as
disks (Figure-1: B) upon which test cultures are smeared [46].

The iodometric method is cheaper than nitrocephin and, given care,
almost as sensitive, but it might give false-positive results, which
probably reflect non specific reaction of iodine with bacterial proteins
after one hour of reaction. However, this disadvantage has been
eliminated and the test has been improved in the present study by
reducing the time of the reaction to 5 min., thus only rapid 8-lactamase
producers can be detected.

Other disadvantage of this method is that the low levels of inducible
chromosomal B-Lactamases are often inadequate to give a color
reaction. However, Klebsiella B-lactamases differ greatly from the
class C enzymes of many gram-negative rods such as Enterobacter
spp., Morganella morganii, Providencia stuartii, P. rettgeri, and
Pseudomonas spp., which typically have inducible expression of these
enzymes [45,53,54,55,56,57].

Increase in the colonization rates with Klebsiella was observed and it
occurred primarily in patients receiving broad spectrum or multiple
antibiotics [58], furthermore, widespread use of antimicrobial therapy
has often been responsible for the occurrence of multiply resistant
Klebsiella strains in hospitals [59, 60].

The high resistance of all Klebsiella spp. to ampicillin 100%,
amoxicillin + clavulanic acid 100%, amoxicillin 97.9% and
carbencillin 95.9%, as it is clear in this study, was related to different
mechanisms which mediate antibiotic resistance in Klebsiellae that
were recorded by other local investigators, Al-Saedi, who observed K.
pneumoniae (98.2%) resistance to amoxicillin, and Darweesh who
observed that all isolated Klebsiella spp. from different clinical
specimens showed high resistance (100%) against ampicillin [61, 62].
Lucet et al., demonstrated that Klebsiellae can resist cephalosporins,
penicillins and other B-lactamase via alternating the permeability of
plasma membrane preventing antibiotics from entry to the bacterial
cell, and also it was found that the major mechanism of resistance in
gram negative bacteria causing clinically significant infection is the
expression of B-lactamases, of which there are several classes
including plasmid encoded and chromosomally encoded enzymes
[63]. The emergence of chromosomally encoded resistance to
ampicillin, and carbenicillin has been reported by many studies, which
also found that the -lactamase enzyme SHV-1 was widely distributed
among Klebsiella spp. conferring resistance to these B-Lactam
antibiotics [47, 64].

We found that more than two thirds of isolates were resistant to
piperacillin. Although this antibiotic was first introduced in clinical
therapy in 1978 [65], the low level of resistance to this drug as
compared to other 3-Lactam antibiotics may be attributed to the fact
that it was recently introduced into Iraqi market.

As the cephalosporins are concerned, the high resistance of Klebsiella
isolates to first and second generations cephalosporins was made clear
in this work. These results are in agreement with results reported by
other researchers who found that chromosomally encoded resistance
to first and second generation cephalosporins in strains of Klebsiella
has been emerged in many hospitals [47, 66].

Besides, about half of Klebsiellae isolates showed resistance to third
generation cephalosporins (3GC), whereby 49% of Klebsiella isolates
were Cefotaxime resistant, but they showed moderate to low level of
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resistance to ceftazidime in 36.7% of Klebsiella isolates, ceftriaxone in
36.7% and cefixime in 30.6%. This is consistent with number of
reports. Ceftazidime and cefotaxime resistances are markers for the
presence of extended spectrum B-lactamases (ESBLs). Resistance of
Klebsiella spp. to 3GC has been reported by many researchers.
Transferable resistance to cefotaxime was demonstrated in K.
pneumoniae and it was found that the enzyme responsible was SHV-2
B-lactamase [67]. In addition, plasmid mediated B-Lactamases with
high hydrolytic activity against cefotaxime was also reported in strains
of K. pneumoniae [68]. Although ceftazidime is remarkably resistant
to the activities of most 3-lactamases, its use has been associated with
the isolation of Klebsiella strains which elaborate plasmid mediated
enzymes with a high degree of activity against this agent [69].

In this study, resistance to other antimicrobial agents was studied. The
results revealed that 97.9% of Klebsiellae isolates were sensitive to
carbapenems (imipenem). This result goes in agreement with the result
ofTrohaetal.[70].

The results illustrated that aminoglycosides are more active against
Klebsiella spp. Gentamycin resistance was (18.4%), a result which
disagrees with the results recorded by Iroha et al., which were (92.6%)
and with that of Al-Shamarti which were 25 (58%) [70, 71].

It was obvious that ciprofloxacin is more active against Klebsiella spp.
A-result which goes with with Granier et al., who recorded that 60% of
Klebsiella spp. isolates were susceptible to ciprofloxacin [72]; and
Bonnet, who recorded that 68.8% of K. pneumoniae were susceptible
to ciprofloxacin [73].

About half of the Klebsiellae spp. isolates showed resistance to
trimethoprim. This finding disagree with the result reported by Iroha et
al. and Al-Shamarti who found that 79% and 83.7% of K. pneumoniae
isolates were resistant to trimethoprim [70, 71].

When resistance to chloramphenicole was examined, the results of this
work were lower than what was recorded by Al-Shammarti, in which
there were as 32.5% showed resistance and 4.6% showed intermediate
resistance. Disagreement in antibiotic resistance rates with other
studies could be related to the differences in source of samples, places
and time of performing the study [71].

Furthermore, L phase variants (L forms) are wall-defective microbial
forms that can replicate serially as nonrigid cells and produce colonies
on solid media. Some L phase variants are stable; others are unstable
and revert to bacterial parental forms. Wall-defective forms are not
genetically related to mycoplasmas. They can result from spontaneous
mutation or from the effects of chemicals. Treatment of eubacteria
with cell wall-inhibiting drugs or lysozyme can produce cell wall-
defective microbial forms. Protoplasts are such forms usually derived
from gram-positive organisms; they are osmotically fragile, with
external surfaces free of cell wall constituents.

Spheroplasts are cell wall-defective forms usually derived from gram-
negative bacteria; they retain some outer membrane material. Cell
wall-defective forms continue to synthesize some antigens that are
normally located in the cell wall of the parent bacteria. Reversion of L
forms to the parental bacterial form is enhanced by growth in the
presence of 15-30% gelatin or 2.5% agar. Reversion is inhibited by
inhibitors of protein synthesis. It is uncertain whether cell wall-
defective microbial forms cause tissue reactions resulting in disease.
They may be important for the persistence of microorganisms in tissue
and recurrence of infection after antimicrobial treatment, as in rare
cases of endocarditis [ 14].

In the present study, both Nalidixic Acid (NA) and trimethoprim
(TMP) caused L- form formation more than other antibiotics. This may
be resulted from frequent usage of these two antibiotics specially in
UTI treatment. Besides, these two antibiotics are bacteriostatic not
bactericidal.

Conclusions:

1. Aremarkable percentage of Klebseilla spp. produce B-lactamase.

2. All B-lactamase producer Klebseilla spp. were multidrug
resistant.

3. Meropenem and imipenem are the drugs of choice to treat
infections caused by extended spectrum B-lactamases producing
Klebsiella spp.

4. Nalidixic Acid (NA) and trimethoprim (TMP) caused L- form
formation more than other antibiotics.

References

1. Hormes, B., and R. J. Gross. 1983. Coliform bacteria; various other members of the
Enterobacteriaceae, Klebsiella, p. 292-296. In M. T. Parker (ed.), Topley and Willson's
principles of bacteriology, virology and immunity, 7th ed., vol. 2. Edward Arnold Ltd.,
London.

2. Orskov, I. 1984. Genus V. Klebsiella Trevisan 1885, 105AL, p. 461-465. In N. R. Krieg
and J. G. Holt (ed.), Bergey's manual of systematic bacteriology, vol. 1. The Williams &
Wilkins Co., Baltimore.

3. Abbott, S. (1999). Klebsiella, Enterobacter, Citrobacter, and Serratia In: Murray RP. et
al. Manual of Clinical Microbiology. 7.ed. Washington, American Society for
Microbiology, p.475-482.

4. Podschum, R.; Ullmann, U. (1998). Klebsiella spp. as nosocomial phathogens:
epidemiology, taxonomy, typing methods, and pathogenicity factors. Clin. Microbiol.
Rev., 11,589-603.

5. Matthew, M. 1979. Plasmid mediated b-lactamases of Gram-negative bacteria:
distribution and properties. J. Antimicrob. Chemother. 5:349-358.

6. Nikaido, H. 1998. Multiple antibiotic resistance and efflux. Curr. Opin. Microbiol.
1:516-523.

7. Li, L. and Lim, C.K.2000.A novel large plasmid carrying multiple beta-lactam
resistance genes isolated from a Klebsiella pneumoniae strain. J. Microbiol.88:1038-
1048.

8. Baron EJ, Peterson LR, finegold SM. Baily & Scott's Diagnostic microbiology.9th ed.
Mosby Company. USA. 1994.

9.  William H, Ewing and Martin WJ. Enterobacteriaceae. In: Lennette EH, Spaulding EH,
and Truant JP. Manual of Clinical Microbiology. 2nd edition. Washington, DC.
American Society for Microbiology, 1976.

10. Holt JG, Krieg NR, Sneath PHA, Staley JT, Williams ST. Bergey,s manual of
determinable bacteriology 9th ed . William and Wilkins, Baltimore. 1994.

11. World Health Organization (WHO). Manual of basic techniques for a health laboratory
References—result and discussion. 2nd edition. World Health Organization. Geneva.
2003.

12. Winn W, Allen S, Janda W, Koneman E, Procop G, Screckenberger P, Woods G.
Koneman's Color Atlas and Textbook of Diagnostic Microbiology. 6th Ed. Lippincott,
Williams & Wilkins. 2006.

13. Cheesbrough M. District Laboratory Practice in Tropical Countries Part 2 2nd Editions.
USA2006.

14. Brooks GF, Butel JS, Morse SA. "Medical Microbiology". Jawetz, Melnick and
Adelbergs. 25nd ed., McGraw-Hill Companies. Appleton and Lange, California. 2010.

15. WHO, (1978). Techniques for the detection of B-lactamase producing strains of
Neisseria gonorrhoeae 616: 137-143.

16.  Lee WS, Komary L. Iodometric spot test for detection of beta lactamase in Haemophilus
influenzae. J. Clin. Microbiol, 1982; 13(1): 224-225.

17.  Murray PR, Baron EJ, Jorgensen JH, Pfaller MA, Yolken RH. Manual of Clinical
Microbiology. 8thed. Vol. 1. ASM press, Washington. 2003.

18. Mahon C, Manuselis G. Text book of Diagnostic microbiology 2nd edition. W. B.
Saunders Company. 2000.

19.  Carlos CC, Saniel C. Etiology and Epidemiology of Diarrhea. Pill. J. Microbial Inect
Dis. 1990; 19(2): 51-53.

20. Abbott SL, Janda JM. Bacterial gastroenteritis. I. Incidence and etiological agents. Clin
Microbial Newsl, 1992; 14:17-21.

21.  Albert MJ, Alam K, Islam M, Montanaro Rahman H, Haider K M, Hossain A, Kibriya
M, and Tzipori S. Hafnia alvei, a probable cause of diarrhea in humans. Infect. Immune.
1991;50: 1507-1513.

22. Seral C, Castillo FJ, Llorente MT, Varea M, Clavel A, Rubio MC, Gomez-Lus R. The
eaeA gene is not found Hafnia from patients with diarrhea in Aragon, Spain. Springer-
Verlag and SEM. Int Microbiol. 2001; 4: 81-82.

23.  Guarino A, Capano G, Malamisura B, Alessio M, Guandalini S, Rubino A. Production of
Escherichia coli STa- Like heat-stable enterotoxin by Citrobacter freundii isolated from
humans J. Clin. Microbial. 1987;25 (1): 110-114.

24.  Al-Hashimmi ES. Pathogenicity of Citrobacter freundii Bacterium & Toxins Isolated
from Some Diarrhoetic Cases in Infants at Mosul City. M. Sc. Thesis. University of
Mosul. College of Science. 2002. (In Arabic).

25.  Al-Mashriky JH. A study of identification and Pathogenicity on Enterobacter aerogenes
Isolated from Infantile Diarrhoeal Cases in Mousel. M. Sc. Thesis. University of Mosul.
College of Science. 2003. (In Arabic).

26.  Ahren CM, Jertborn M, Herclik L, Kaijser S, Svennerholm AM. Infection with bacterial
enteropathogens in Swedish traveler's to South — East Asia: a prospective study.
Epidemiol. Infect. 1990; 105:325-333.

27.  Albert MJ, Alam K, Ansaruzzaman M, Islam MM, Rahman SM. Haider K, et al.
Pathogenesis of Providencia alcalifaciens induced diarrhoea. Infect Immun. 1992a; 60:
5017-5024. [Abstract].

28.  Al-Qas MA. A study of Providencia alcalifaciens isolated from infantile diarrhoeal
cases. M. Sc. Thesis. University of Mosul. College of Science. 2002. (In Arabic).

29. Abu Al-Maali HM. A study of some aerobic diarrheal bacteria in children of Kerballa
city and its sensitivity to some antibiotics. M. Sc. thesis. Ramadi. College of Science,
University of Anbar. 2004. (In Arabic).

30. Adlard PA, Kirov SM, Sanderson K, Cox GE. Pseudomonas aeruginosa as a cause of
infectious diarrhea. Epidemiol Infect. 1998; 121:237-241.

31. Ismail AKM. Diagnostic Study of Some Intestinal Parasites and its Relationship with
Pathogenic Bacteria Causing Diarrhoea in Children. Ph.D. Thesis. Tikrit University-
College of Medicine. 2006.

32.  Zhang W, Robertson DC, Zhang C, Bai W, Zhao M, Francis DH. Escherichia coli
construct expressing human or porcine enterotoxins induce identical diarrheal diseases
inapigletinfection model. Appl. Env. Microb. 2008; 74, 5832-5837.

33. Janczura A, Maczynska B, Kasprzykowska U, Smutnicka D, Przondo—Mordarska A,
Junka A, Mokracka—Latajka G. Presence of Enterotoxin Genes in Klebsiella Strains
Isolated from Children with Diarrhea. Wroclaw Medical University. Adv Clin Exp Med.
2009;18,3,283-290.

34. Bryan CS, Reynolds KL, Brenner ER. Analysis of 1,186 episodes of gram-negative
bacteremia in non-university hospitals: the effects of antimicrobial therapy. Rev. Infect.
Dis. 1983;5:629-638.

35. Duggan JM Oldfield GS, Ghosh HK. Septicaemia as a hospital hazard. J. Hosp. Infect.
1985;6:406—412.

36. Pittet D, Li N, Wenzel RP. Association of secondary and polymicrobial nosocomial
bloodstream infections with higher mortality. Eur. J. Clin. Microbiol. Infect. Dis. 1993;
12:813-819.

37. Yinnon AM, Butnaru A., Raveh D, Jerassy Z, Rudensky B. Klebsicella bacteremia:
community versus nosocomial infection. Monthly J. Assoc. Physicians. 1996;
89:933-941.

38.  Gotoff SP. Sepsis in the newborn, 1992. P: 402—418. In Krugman SL, Katz A, Gershon

I INDIAN JOURNAL OF APPLIED RESEARCH I 547




Volume - 7 | Issue - 7 | July - 2017 | ISSN - 2249-555X | IF : 4.894 | IC Value : 79.96

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

A, Wilfert CM. (ed.), Infectious diseases of children, 9th ed. Mosby-Year Book, St.
Louis, Mo.

Arora DR, Chugh TD, Vadhera DY. Enterotoxigenicity of Klebsiella pneumoniae.
Indian J Pathol Microbiol 1983;26:65-70.

Orskov 1. The genus Klebsiella (medical aspects), in The prokaryotes, a handbook on
habitats, isolation and identification of bacteria. Springer-Verlag, Berlin, Heidelberg.
1981;P: 1160-1165.

Gorbach SL, Banwell JG, Chatterjee BD, Jacobs B, Sack RB. Acute undifferentiated
human diarrhea in the tropics. I. Alterations in intestinal microflora, J. Clin. Invest. 1971;
50,881-889.

Coello-Ramirez P, Lifshitz F, Zuniga V. Enteric microflora and carbohydrate intolerance
ininfants with diarrhea, Pediatrics. 1972; 49, 233-242.

Gracey M, Stone DE. Microbial contamination of the gut: another feature of
malnutrition, Am. J. Clin. Nut. 1973;26, 1170-1174.

Heyworth B, Brown J. Jejunal microflora in malnourished Gambian children, Arch. Dis.
Child. 1975;50,27-33.

Sanders CC, Sanders WE. p-lactam resistance in gram negative bacteria : global trends
and clinical impact. Clin. Infect. Dis., 1992; 15: 824-839.

Livermore DM. —Lactamases in laboratory and clinical resistance. Clin. Microbiol.
1995; Rev. 8(4): 557-584.

Sykes RB, Mathew M. B- lactamase of Gram —negative bacteria and their role in
resistance to -lactam antibiotics. J. Antimicrob. Chemother. 1976;2: 115-157.

Foley JM, Perret GJ. Screening bacterial colonies for penicillinase production. Schweiz-
Med-Wochenchr. 1962; 121(39): 1399-1407.

Sykes RB, Mathew M. Detection, assay and immunology of — Lactamases, 1979; P: 17-
49.1InJ. M. T. Hamilton-Miller and J. T. Smith (ed.) — Lactamases. Academic Press, Ltd.,
London.

Eliasson I, Kamme C. Characterization of plasmid mediated —Lactamases in
Branhamella catarrhalis, with special reference to substrate affinity. J. Antimicrob.
Chemother. 1985; 15: 139-149.

Eliasson I, Kamme C, Vand M, Waley SG. Characterization of cell-bound papain-
soluble —Lactamases in BRO-1 and BRO-2 producing strains of Moraxella
(Branhamella) catarrhalis and Moraxella nonliquifaciens. Eur. J. Clin. Microbiol. Infect.
Dis. 1992; 11:313-321.

O'Callaghan CH, Morris A, Kirby SM, Shingler AH. Novel method for detection of -
lactamases using a chromogenic cephalosporin substrate. Antimicrob. Agents
Chemother. 1972; 1:283-288.

Curtis NAC, Eisenstadt RL, Rudd C, White AJ. Inducible type I —Lactamase of gram-
negative bacteria and resistance to — Lactam antibiotics. J. Antimicrob. Chemother.
1986;17:51-61.

Livermore DM. Clinical signification of ~Lactamases induction and stable derepression
in gram-negative rods. Eur. J. Clin. Microbiol. 1987; 6:439-445.

Sanders CC, Sanders WE. Clinical importance of inducible beta-lactamases in Gram-
negative bacteria. Eur. J. Clin. Microbiol. 1987; 6: 435-438.

Yang Y, Livemore DM. Chromosomal —Lactamase expression and resistance to
—Lactam antibiotics in Proteus vulgaris and Morganella morganii. Antimicrob. Agents
Chemother.1988;32:1385-1391.

Yang Y, Livemore DM. Williams RJ. Chromosomal —Lactamase expression and
antibiotic resistance in Enterobacter cloacae. J. Med. Microbial. 1988;25:227-233.
Pollack M, Niemann RE, Reinhardt JA, Charache P, Jett MP, Hardy PH. Jr. Factors
influencing colonisation and antibioticresistance patterns of gram-negative bacteria in
hospital patients. Lancetii: 1972;668-671.

Selden R, Lee S, Wang WL, Bennett JV, Eickhoff TC. Nosocomial Klebsiella infections:
intestinal colonization as a reservoir. Ann.Intern. Med. 1971; 74:657-664.

Tullus K, Berglund B, Fryklund B, Ku“hn I, Burman LG. Epidemiology of fecal strains
ofthe family Enterobacteriaceae in 22 neonatal wards and influence of antibiotic policy.
J. Clin.Microbiol. 1988;26:1166—1170.

Al-Saedi TA. Isolation and identification of Klebsiella pneumoniae from various
infections and detection of some virulence factors associated in their pathogenicity in
Hilla broviince. M. Sc. Thesis. College of science. University of Babylon. (2000).
Darwesh MA. Study of Klebsiella isolated from clinical cases and soil in Al-Anbar
governorate. Msc. Thesis submitted to the College of Science. University of Al-Anbar.
(2000).

Lucet JC, Chevret S, Decre D, Vanjak D, Macrez A, Bedos JP,Wolff M, Regnier B.
Outbreak of multiply resistant Enterobacteriaceae in an invasive care unit:
Epidemiology and risk factors acquisition. Clin. Infect. Dis. 1996;22:430-436.

Sawai T, Mitsuhashi S, Yamagishi S. Drug resistance of enteric bacteria. XIV.
Comparison of —Lactamases in gram negative bacteria resistant to a-
aminobenzylpenicillin. Jpn. J. Microbiol., 1968; 12: 423-434.

Fu KP, Neu HC. Piperacillin, a new penicillin active against many bacteria resistant to
other penicillins. J. Antimicrob Agents Chemother. 1978; 13: 358-367.

Korfmann G, Kliebe C, Wiedemann B. —lactam antibiotics and selection of resistance:
speculation on the evolution of R-plasmid. J. Antimicrob. Chemother. 1986; 18
(Suppl.C): 113-121.

Kliebe C, Nies BA, Meyer JF, Tolxdorff-Neutlinng RM, Wiedemann B. Evolution of
plasmid-coded resistance to broad-spectrum cephalosporins. Antimicrob. Agents
Chemother. 1985;28:302-307.

Sirot D, Sirot J, Labia R, Morand A, Courvalin P, Darfeuille- Michaud A, Perroux R,
Clunzel R. Tranferable resistance to third-generation cephalosporins in clinical isolates
of Klebsiella pneumoniae: identification of CTX-1, a novel — Lactamases. J.
Antimicrob. Chemother. 1987;20:323-334.

Jacoby GA, Medeiores AA, Medeiros TF. Broad Spectrum, transmissible Lactamases f3-
lactamases. N. Engl. J. Med.1988;319:723-724.

Iroha IR, Oji AE, Afiukwa TN, Nwuzo AC, Ejikeugwu PC. Extended Spectrum -
lactamase (ESBL) Mediated Resistance to Antibiotics among Klebsiella pneumonia in
Enugu Metropolis. Macedonian. Jornal of Medical Sciences. 2009; 15:2(3):196-199.
Al-Shamarti MJ. A Comparative Study for Spreading of Genes Encoding Antibiotic
Resistance among Klebsiella spp. Isolates Isolated from Different Infections. Msc.
Thesis submitted to the College of Science University of Kufa. 2010.

Granier SA, Leflon-Guibout V, Nicolas-Chanoine MH, Bush K, Goldstein FW. The
extended-spectrum K1 beta-lactamase from Klebsiella oxytoca is a member of the bla
(OXY-2) family of chromosomal Klebsiella enzymes. Antimicrob. Agents Chemother.
2002;46(6): 2056-7.

Bonnet R. Growing Group of Extended-Spectrum —Lactamases: the CTX-M Enzymes.
Antimicrob. Agents Chemother. 2004; 48:1-14.

548 I INDIAN JOURNAL OF APPLIED RESEARCH I




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

