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Infectious diarrhoea continues to cause significant morbidity and mortality, 

particularly among children worldwide. This problem is especially acute in 
developing countries. This study aimed to determine the prevalence, antimicrobial 

susceptibilities and plasmid-profile based molecular characterization of enteric 

bacteria isolated from patients with infectious diarrhoea in Cairo, Egypt. A total of 

465 bacterial isolates were isolated from 412 diarrhoea faecal specimens and swabs 
collected from children and adults patients presenting acute diarrhoea, during the 

period from December 2013 to December 2015, at three hospitals in Cairo, Egypt. 

The fecal specimens were cultured by conventional methods for enteric bacterial 
pathogens. The biochemically identified bacterial isolates were subjected to the 

antimicrobial susceptibility testing using Kirby-Bauer disc diffusion method. For 

multi-drug resistant (MDR) isolates, identification and antimicrobial susceptibility 

pattern was confirmed by the automated MicroScan Walkaway system. Plasmid 
DNA was isolated from MDR isolates and different profiles were assessed by 

agarose gel electrophoresis. It was found that E. coli represents the most prevalent 

bacterial species among isolates (46.7 %), followed by K. pnemoniae (29.9 %), P. 
vulgaris (14.3 %), Enterobacter spp. (5.3 %), P. mirabilis (4.4 %), Citrobacter spp. 

(1.7 %) and Shigella spp. (0.7 %). Isolates in this study showed high levels of 

multidrug antimicrobial resistance to the antimicrobials tested as 46.9 % of isolates 
were MDR. The plasmid profile analysis revealed that plasmids were diverse and 

distributive among isolates, thus different patterns were detected. In conclusion, 

this study revealed that infectious diarrhoea is attributed to different bacterial 

species, with E. coli is the most prevalent one. Most of isolated enteric bacterial 
pathogens are MDR, which could be explained by the indiscriminate and 

widespread use of antimicrobial agents and the empirical antibiotic therapy in 

hospitals. The diverse patterns of plasmid profiles observed could be due to higher 
exposure of people to enteric bacterial pathogens in these places. Thus, regular 

surveillance for the etiological agents of infectious diarrhoea to monitor the 

changing epidemiology of these resistant bacteria is warranted. 
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Introduction 
 

Infectious diarrhoea is a major cause of 

morbidity and mortality especially among 

children worldwide. This disease represents 

an emerging problem in developing 

countries where adequate sanitation facilities 

are lacking (Sang et al., 2012). It is 

estimated in developing countries that more 

or less 25 % of all deaths in children 

younger than five years old are associated 

with an acute infectious diarrhoeal disease 

(Putnam et al., 2004; Alikhani et al., 2013). 

In addition, travelers from developed 

countries must expect an incidence rate of 

travelers’ diarrhoea above 20 %, while 

sometimes even exceeding 50 % during a 

two weeks’ stay in a developing country 

(WHO, 2014). Therefore, surveillance for 

the etiological agents of infectious diarrhoea 

is needed in developing countries in to better 

estimate the burden of this disease (Gómez-

Duarte et al., 2010). 

 

Different pathologic conditions may be 

associated with diarrhoea, while the most 

common causes being infections by enteric 

pathogens, including bacteria, viruses and 

parasites (Collins, 2007). Still, 

unfortunately, many cases of infectious 

diarrhoea are not properly diagnosed, either 

because they are mild and/or self-limiting, 

thus the patient does not seek medical 

interest, or because the medical and 

laboratory resources are not available, 

especially in developing countries (Qadri et 

al., 2005). In Africa, although regular 

investigations of diarrhoea have not been 

reported, the diarrhoea-specific mortality in 

children younger than five years of age has 

been estimated at about 106 per 1000 

(Olowe et al., 2003). In Egypt, enteric 

infections associated diarrhoea remain the 

leading cause of morbidity among infants 

and young children, where the incidence of 

infection in children under age of 5 years  

was reported to be between 14.3 - 23.6 % 

during the period from 1994 to 2005 (El-

Gilany and Hammad, 2005). However, 

earlier reports indicated that until 1979, 

diarrhoeal diseases accounted for 

approximately half of all childhood deaths in 

Egypt, partly because curative care was 

largely inappropriate (Miller, 1992). 

 

The Enterobacteriaceae members are 

among the most important enteric bacterial 

pathogens with medical significance. 

Because of their medical importance, an 

extremely large number of enteric bacteria 

have been isolated and characterized. 

Pathogenic strains of Escherichia coli are 

common cause of acute infectious diarrhea, 

while enterotoxigenic E. coli and Shigella 

H44Tspp. are the most important enteric 

bacterial pathogens causing diarrhoea in 

childhood (Alikhani et al., 2013). Other 

enteric bacteria causing infectious diarrhoea 

include Enterobacter aerogenes and E. 

cloacae, which are opportunistic and only 

infect infants and those 

immunocompromised (Sang et al., 2012). 

 

There has been some success in treatment of 

enteric infections and/or infectious diarrhoea 

using antimicrobial agents. However; the 

rapid development of multidrug resistance 

has become an increasingly emerging 

problem with serious consequences on 

public health (Sankaran, 2000; WHO, 2014). 

Indeed, many reports have described 

resistance of enteric bacteria to different 

commonly prescribed antimicrobial agents 

with increasing treatment failures, which 

could be explained by the high frequency 

with which antimicrobials are used 

empirically to treat these disease (Putnam et 

al., 2004). While intestinal carriage of MDR 

bacteria often persists for years without 

disease, these bacteria can occasionally 

cause bloodstream and urinary tract 

infection even in patients without 
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healthcare-associated risk factors. In 

addition, these MDR bacteria are potential 

source of cross transformation and the 

possibility of horizontal gene transfer 

conferring resistance to other bacteria in the 

intestinal tract. This led to raised concern of 

enteric bacteria in the medical community, 

because these bacteria are associated with 

enteric infections and resistant strains 

represent potential risk for both individual 

and community (Huttner et al., 2013). 

Multidrug resistance of enteric bacterial 

pathogens is related to possessing high 

molecular weight plasmids, which could be 

transferred between bacteria. This 

transmissibility of resistance-mediated 

plasmids poses public health threat, which 

could be heightened if disseminated across 

countries by travelers (Chigor et al., 2010). 

 

In this study, we investigated the prevalence, 

antimicrobial susceptibility patterns and 

plasmid-profile based microbial diversity of 

enteric bacteria isolated from patients with 

infectious diarrhoea in Cairo, Egypt. 

 

Materials and Methods 

 

Study Population and Specimen 

Collection  

 

During December 2013- December 2015, a 

total of 412 diarrhoea faecal specimens and 

rectal swabs were collected from 412 

patients with acute infectious diarrhea, 

during the early stages of the disease, 

attending to three hospitals in Cairo: Abu 

El-Resh Hospital for Children, Abbasia 

Tropical Hospital and El-Hussein University 

Hospital. The study group of patients (n = 

412) included 183 non-hospitalized patients 

and 229 hospitalized patients of different 

age groups. Among the 412 specimens and 

rectal swabs, 230 (55.8 %) were from 

children aged ≤ 5 years old and 182 (44.2 

%) from adolescents and adults patients. 

Diarrhoea was defined following Sang et al. 

(2012) as at least three loose stools in 24 

hours, or any number of watery stools. The 

diarrhoea faecal specimens were collected 

into sterile transparent wide mouthed 

bottles. Sterile cotton swabs were used to 

collect rectal swabs and transported to lab 

over a period of two hours in Cary-Blair 

transport medium. All collected specimens 

were processed in the same day of 

collection. 

 

Processing of Specimens 

 

Primary isolation was performed following 

the conventional methods for isolation of 

enteric bacteria utilizing culture media to 

recover the most predominant bacterial 

isolate. The media used for isolation 

included Selenite F broth, MacConkey agar, 

Eosin methylene blue and Xylose Lysine 

Deoxycholate (XLD) agar. The specimens 

were inoculated onto the culture medium by 

streaking for isolation. The plates were then 

incubated at 37°C for 24 - 48 hours. The 

isolates were selected based on the colonial 

appearance and distinguishing characters.  

 

Bacteriological Investigation of Collected 

Specimens  

 

Isolated pure cultures of bacteria were 

subjected to various morphological and 

biochemical tests. All isolated bacteria were 

identified to the genus level and in some 

cases to the species level. Isolates were 

identified by microscopic, culture 

characteristics (macroscopic) and 

conventional biochemical methods as 

described by Wim and Konman (2006) and 

Murray and Baron (2007). 

 

Antimicrobial Susceptibility Testing  

 

The antimicrobial susceptibility testing of 

each isolate was carried out using Kirby- 
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Bauer disc diffusion method (Bauer et al, 

1966), following the National Committee for 

Clinical Laboratory Standards guidelines 

(CLSI, 2014). Discs of 16 diverse 

antimicrobial agents tested purchased from 

Oxoid (UK) were ampicillin (AMP), 

piperacillin (PRL), amoxicillin-clavulanate 

(AMC), cefazolin (KZ), cefepime (FEP), 

cefotaxime (CTX), ceftazidime (CAZ), 

cefuroxime (CXM), aztreonam (ATM), 

meropenem (MEM), gentamicin (GN), 

amikacin (AK), doxycycline (DO), 

ciprofloxacin (CIP), trimethoprim-

sulfamethoxazole (SXT) and 

chloramphenicol (C). The test was 

performed on Muller Hinton agar (Oxoid, 

UK), the diameter of the zone of inhibition 

was compared with zone diameter 

interpretative chart of CLSI (2014) to 

determine the sensitivity of the isolates to 

diverse antimicrobial agents tested.  

 

Microscan Analysis of Bacterial Isolates 

 

The MicroScan WalkAway (Siemens 

Healthcare, Germany) automated system 

was used to confirm identification and 

assays the susceptibility of the tested isolates 

to a set of antimicrobial agents. The 

interpretation was based on rules contained 

within the MicroScan Lab Pro Information 

System (version 2.0). 

 

Plasmid Isolation and Plasmid Profile 

Analysis 

 

Pure isolates were inoculated into 5 mL 

Luria Berteni broth and incubated overnight 

at 37°C and 200 rpm. Plasmid DNA 

isolation was performed using commercially 

available plasmid isolation kit 

(QIAprep
®
Spin Miniprep Kit, QIAGEN, 

Germany) according to the manufacturer 

instruction. The extracted plasmid DNA was 

subjected to electrophoresis on a 0.8 % 

agarose gel stained with ethidium bromide 

in a horizontal tank at 100 mA and 100 V 

for 60 minutes. DNA molecular weight 

marker GelPilot 1 kb Ladder, 9 fragments: 

1000–10,000 bp (Qiagen, Germany) was 

loaded to compare DNA band sizes. After 

electrophoresis, plasmid DNA bands were 

visualized by UV-transilluminator. The 

patterns of plasmid DNA profile was then 

analyzed and compared among isolates. 

 

Results and Discussion 

 

Phenotypic and Microscan WalkAway 

technique identification of enteric bacterial 

isolates 

Out of 412 diarrhoea faecal specimens and 

rectal swabs collected from children > five 

years of age, adolescents and adults patients 

presenting acute diarrhea at three hospitals 

in Cairo, Egypt, a total of 465 bacterial 

isolates were recovered. The prevalence of 

different bacterial species among total 

isolates as well as in relation to age is shown 

in Table 1. E. coli and K. pneumoniae 

represented the most prevalent bacterial 

species isolated in this study with 

percentages of 46.7 % and 29.9 %, 

respectively. 

 

Antimicrobial Susceptibility Patterns and 

Detection of MDR Isolates 

 

The antimicrobial susceptibility studies 

showed that an overall higher resistance 

profile of bacterial isolates in this study to 

ampicillin (95.5 %), piperacillin (90.1 %), 

trimethoprim-sulfamethoxazole (66.7 %), 

chloramphenicol (64.3 %), amoxicillin-

clavulanate (59.4 %) and gentamicin (55.9 

%). On the other hand, isolates had low 

resistance frequency to meropenem (13.3 

%), ciprofloxacin (23.7 %) and cefepim 

(36.3 %). The antimicrobial resistance 

profiles of isolates are listed in Table 2. The 

recovered bacterial isolates in this study 

showed high levels of multidrug resistance 
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to the antimicrobial agents tested as 218 out 

of 465 (46.9 %) were described as MDR that 

were resistant to three or more classes of 

antimicrobial agents. Table 2 shows the 

prevalence of MDR isolates among all 

isolates of different bacterial species isolated 

in this study. More investigation was done 

by the automated system Microscan 

WalkAway technique, which showed that 9 

out of 465 (1.9 %) were confirmed as 

extensively drug resistant (XDR) which are 

bacterial isolates remain susceptible to only 

one or two categories. This included four 

isolates of E. coli, four isolates K. 

pneumoniae and one isolate P. mirabilis. 

 

Plasmid Profile Analysis-based 

Characterization of MDR Isolates 

 

Plasmid profile-based molecular 

characterization was carried out on 40 

selected MDR isolates of the most 

predominant bacterial species including 20 

E. coli isolates and 20 K. pneumoniae 

isolates. Thirty one (77.5 %) isolates showed 

detectable plasmid bands which were not 

less than ~ 1 kbp in size. The plasmid 

profiles found among tested isolates 

included 1 - 5 bands of different sizes. The 

sizes of the plasmids among E. coli isolates 

ranged from 1.2 kbp to 5.3 kbp. The plasmid 

profiles among E. coli isolates included 

single plasmid band (8 isolates) with sizes 

ranging from of around 1.2 kbp to 5.3 kbp; 

two plasmid bands (3 isolates) of sizes 

ranging from of around 1.2 kbp to 5 kbp; 

three plasmid bands (2 isolates) of sizes 

ranging from of around 1.2 kbp to 4 kbp; 

four plasmid bands (one isolate) of sizes 

ranging from of around 1 kbp, to 4 kbp; five 

plasmid bands (one isolate) of sizes ranging 

from of around 1.2 to 3.5 kbp; and 5 isolates 

showed no detectable plasmid bands. 

Among K. pneumoniae isolates, eight of the 

isolates had single plasmid band of different 

sizes ranging from around 1 kbp to 3.5 kbp; 

three isolates possessed two bands with sizes 

ranging from 1 kbp to 8 kbp; three isolates 

possessed three bands with sizes ranging 

from 1 kbp to 5 kbp; one isolate possessed 

four bands with sizes ranging from 1 kbp to 

5 kbp; one isolate possessed 6 bands with 

sizes ranging from 1.5 kbp to 5 kbp and four 

isolates showed no detectable plasmid 

bands. 

 

Infectious diarrhoea remains a major public 

health concern, representing the second most 

important cause of mortality in childhood in 

developing countries. It is estimated that 1.4 

billion episodes of diarrhea occurs annually 

among children younger than five years 

worldwide, causing around 1.87 million 

deaths (Boschi-Pinto et al., 2008). 

Therefore, surveillance for the etiological 

agents of infectious diarrhoea is needed in 

developing countries to better estimate the 

burden of this disease (Gómez-Duarte et al., 

2010). In this study, 412 diarrhoea fecal 

specimens and rectal swabs from three study 

hospitals in Cairo, collected between 

December 2013 and December 2015 from 

patients with infectious diarrhoea were 

analyzed. The patient groups included in this 

study are children less than five years old, 

adolescent and adults. The stool samples 

were analyzed by conventional cultural and 

biochemical methods, antimicrobial 

susceptibility testing and plasmid-profile 

analysis. In addition, for selected MDR 

isolates, further confirmation of 

identification and antimicrobial 

susceptibility was performed using the fully 

automated MicroScan Walkaway system. 

 

A total of 465 isolates out of the 412 

diarrhoea faecal specimens and rectal swabs 

were recovered as some specimens showed 

more than one predominant enteric bacterial 

isolate. By analyzing the prevalence of 

bacterial species, E. coli represented the 

most prevalent among isolates 217/465 (46.7 
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%). In relation to age, E. coli was also the 

most predominant in both children and adult 

groups. This finding is in agreement with 

many studies that revealed high rates of 

isolation of E. coli from infectious diarrhoea 

(Hart et al., 1993; Jindale et al., 1995; Yah 

et al., 2007). In the 1940s, E. coli was 

incriminated in outbreaks of childhood 

diarrhoea, especially in nurseries (Carpenter, 

1989). Since then, E. coli has found to be the 

most common cause of acute bacterial 

diarrhoea in children and neonates in 

developing countries (Hart et al., 1993). In 

an Indian study investigating enteric 

bacterial infections in diverse age groups, 

the predominant isolate was E. coli with 

percentage of 44.4 % (Jindale et al., 1995). 

In a similar study was conducted in Nigeria, 

eight different bacterial species were 

isolated with E. coli (41.3 %) was the most 

predominant one and others included 

Shigella dysenteriae (17.4 %), Pseudomonas 

aeruginosa (9.2 %), Salmonella Typhi (8.3 

%), Staphylococcus aureus (3.2 %), Proteus 

mirabilis (2.3 %), Enterococcus faecalis 

(11.5 %) and K. pneumoniae (6.9 %) were 

isolated from diarrheal stool of paediatric 

patients (Yah et al., 2007). In a another 

study from Nigeria, E. coli was also found to 

be the most frequently isolated bacteria in 

all age groups with diarrhoea (62.6 %), 

however other bacterial species showed 

lower rates of isolation including 

Pseudomonas spp. (4.32 %), Salmonella 

spp. (2.88 %), Staphylococcus aureus (5.76 

%), Proteus spp. (12.23 %), Enterobacter 

cloacae (2.16 %), Shigella spp. (1.44 %) and 

K. pneumoniae (8.63 %) (Akinnibosun and 

Nwafor, 2015). Conversely, in the current 

study, we have not isolated any Shigella, 

Pseudomonas spp., Staphylococcus or 

Enterococcus bacteria from specimens 

collected from children. However, 

Enterobacter and Citrobacter bacteria were 

isolated from children’s fecal specimens, 

and Shigella spp. was isolated only from 

adults. Notably, the panel of bacterial 

species isolated from children was the same 

as the panel of species isolated from adults 

group, except Shigella bacteria which 

isolated from adults only. This could be due 

to higher exposure of people in this region to 

the enteric bacterial pathogens. 

 

Enteric bacterial pathogens are known to 

have multidrug resistance characteristics 

(Sankaran and Neeraja, 2000; WHO, 2014). 

This study demonstrated high resistance 

profiles of isolated enteric bacteria from 

patients in the three study hospitals. 

Although, earlier reports stated that 

ampicillin, chloramphenicol, tetracycline 

and aminoglycoside have distinct 

antibacterial activity against enteric bacterial 

pathogens (Brooks et al., 1991). The 

antimicrobial susceptibility studies in this 

study showed that an overall higher 

resistance profile of bacterial isolates to 

ampicillin (95.5 %), piperacillin (90.1 %), 

trimethoprim-sulfamethoxazole (66.7 %), 

chloramphenicol (64.3 %) and gentamicin 

(55.9 %). These findings suggested that 

these antimicrobial agents are not suitable 

for initiation of empirical treatment of 

enteric bacteria causing diarrhoea in the 

population of a developing country like 

Egypt. This may be explained by the 

overuse or misuse of these antimicrobial 

agents in developing countries which leads 

to an increase of resistance to them (Nguyen 

et al., 2005). On the other hand, isolates had 

low resistance frequency to meropenem 

(13.3 %), ciprofloxacin (23.7 %) and 

cefepim (36.3 %). This lower resistance rate 

could be attributed to the limited use of 

theses antimicrobial agents. In addition, 

isolates showed resistance rate of 53.3 % to 

doxycycline. In consistent to our results, 

study of Akinnibosun and Nwafor (2015) 

showed high resistance rate of enteric 

bacteria to doxycycline. Tetracyclines have 

been progressively displaced by safer and 
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equally effective drugs for the treatment of 

these conditions in which they are likely to 

be more effective. However, the benefits of 

therapy with a tetracycline can exceed the 

risks if alternative drugs which could be are 

associated with more significant side effects 

(Diniz-Santos et al., 2006). In a prospective 

diarrhoea surveillance cohort study of 1,034 

infants of low socioeconomic communities 

in Lima, Peru to determine the prevalence 

and antimicrobial drug susceptibility of the 

diarrheagenic E. coli. The resistance 

frequencies to tetracycline was 65 %, to 

ampicillin was 85 %, to trimethoprim-

sulfamethoxazole was 79 % (Ochoa et al., 

2009).  

 

Significantly, in the current study, 

meropenem, ciprofloxacin and cefepim were 

first, second and third effective 

antimicrobial agents against enteric bacterial 

isolates tested. From these findings, these 

antimicrobial agents may be considered as 

empirical therapy for infectious diarrhea 

and/or enteric infections in these hospitals. 

 

Table.1 Frequency of Bacterial Species Recovered from Diarrhoea Faecal Specimens and 

Rectal Swabs in Relation to Age 

 

Bacterial species 

Total No. of 

isolates 

(Percentages)* 

Age groups of study population  

No. of isolates (Percentages)** 

Children*** Adolescents and adults 

E. coli 217 (46.7 %) 136 (51.7 %) 81 (40 %) 

K. pneumoniae 139 (29.9 %) 63 (24 %) 76 (37.6 %) 

P. vulgaris 59 (12.7 %) 37 (14 %) 22 (10.9 %) 

P. mirabilis 18 (3.9 %) 13 (5 %) 5 (2.5 %) 

Enterobacter spp. 22 (4.7 %) 12 (4.6 %) 10 (5 %) 

Citrobacter spp. 7 (1.5 %) 2 (0.7 %) 5 (2.5 %) 

Shigella spp. 3 (0.6 %) 0 (0 %) 3 (1.5 %) 

Total No.  465 263 202 
*Percentage correlated to the total number of isolates. **Percentage correlated to the total number of isolates 

from children group or adolescents and adults group. ***Children aged ≤ 5 years old 

 

Figure.1 Agarose Gel (0.8 %) Electrophoresis of Plasmid Profiles of Selected MDR E. coli 

Isolates. M, DNA Molecular Weight Marker, Lanes 1 – 10 in each Panel, E. coli Isolates 
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Table.2 Antimicrobial Resistance Profiles of Isolated Bacteria and Prevalence of MDR 

Isolates among Enteric Bacterial Species Isolated in this Study 

 

Antimicrobial 

agent* 

Bacterial species (No. of isolates) 

E. coli 

(217) 

K. pneumoniae 

(139) 

Proteus 

spp. 

(77) 

Enterobacter spp., 

Citrobacter spp., 

Shigella spp. (32) 

Total 

(465) 

No. (%) 

AMP 
202 

(93.1) 

133 

(95.7) 

77 

(100) 

32 

(100) 

444 

(95.5) 

PRL 
186 

(85.7) 

128 

(92.1) 

74 

(96.1) 

31 

(96.9) 

419 

(90.1) 

AMC 
120 

(55.3) 

80 

(57.6) 

68 

(88.3) 

8 

(25) 

276 

(59.4) 

KZ 
119 

(54.8) 

90 

(64.7) 

51 

(66.2) 

14 

(43.8) 

275 

(59.1) 

FEB 
78 

(35.9) 

55 

(39.6) 

28 

(36.4) 

8 

(25) 

169 

(36.3) 

CTX 
91 

(41.9) 

71 

(51.1) 

36 

(46.8) 

12 

(37.5) 

210 

(45.2) 

CAZ 
77 

(35.5) 

61 

(43.9) 

24 

(31.2) 

7 

(21.9) 

169 

(36.3) 

CXM 
112 

(51.6) 

78 

(56.1) 

41 

(53.2) 

13 

(40.6) 

244 

(52.5) 

ATM 
122 

(56.2) 

73 

(52.5) 

32 

(41.6) 

19 

(59.4) 

246 

(52.9) 

MEM 
30 

(13.8) 

26 

(18.7) 

4 

(5.2) 

2 

(6.3) 

62 

(13.3) 

GN 
100 

(46.1) 

91 

(65.5) 

48 

(62.3) 

21 

(65.6) 

260 

(55.9) 

AK 
81 

(37.3) 

65 

(46.8) 

32 

(41.6) 

10 

(31.3) 

188 

(40.4) 

DO 
98 

(45.2) 

78 

(56.1) 

54 

(70.1) 

18 

(56.3 

248 

(53.3) 

CIP 
52 

(24) 

33 

(23.7) 

19 

(24.7) 

6 

(18.8) 

110 

(23.7) 

SXT 
136 

(62.7) 

83 

(59.7) 

69 

(89.6) 

22 

(68.8) 

310 

(66.7) 

C 
134 

(61.8) 

82 

(59) 

62 

(80.5) 

21 

(65.6) 

299 

(64.3) 

No. of MDR 

isolates (%)** 

94 

(43.3) 

78  

(56.1) 

37  

(48.1) 

9 

(28.1) 

218  

(46.9) 
*AMP, ampicillin, PRL, piperacillin, AMC, amoxicillin-clavulanate, KZ, cefazolin, FEB, cefepime, CTX, 
cefotaxime , CAZ, ceftazidime, CXM, cefuroxime, ATM, aztreonam, MEM, meropenem, GN, gentamicin, 

AK, amikacin, DO, doxycycline, CIP, ciprofloxacin, SXT, trimethoprim-sulfamethoxazole, C, 

chloramphenico. **Percentage correlated to the total number of isolates of each bacterial species. 
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Figure.2 Agarose Gel (0.8 %) Electrophoresis of Plasmid Profiles of Selected MDR K. 

pnemoniae Isolates. M1, DNA Molecular Weight Marker, Lanes 1 – 10 in each Panel,  

K. pnemoniae Isolates 

 

 
 

Multidrug resistance is defined as the non-

susceptibility to at least one agent in three or 

more classes of antimicrobial agents 

(Magiorakos et al., 2012). Following this 

definition, 218 (46.9 %) of the bacterial 

isolates in this study were described as 

MDR with higher percentage among K. 

pneumoniae isolates. Moreover, 9 isolates 

were described as XDR which are bacterial 

isolates remain susceptible to only one or 

two categories of antimicrobial agents. The 

extensive use of antimicrobial agents in 

treating infections in developing countries 

has led the emergence and spread of 

antimicrobial resistance in bacteria of 

medical importance (Temu et al., 2007). 

Thus, regular antimicrobial screening must 

be done before drugs are prescribed for 

enteric infections and/or infectious diarrhoea 

in developing countries.  

 

The present study findings revealed that 

high frequencies of infectious diarrhoea in 

both children and adult were caused by 

antimicrobial resistant commensally gut 

bacteria, thus significantly representing the 

effect of established unregulated 

antimicrobial use. Enteric pathogens easily 

share genes for antimicrobial resistance; in 

addition to the continuous selective pressure 

applied by the over counter availability of 

these agents as well as the frequent 

prescription of those agents at health 

centres. A number of studies have 

demonstrated a high prevalence of MDR 

bacteria in normal bowel flora. These 

bacteria were suggested to act as a reservoir 

for resistance to enteric pathogens. In a 

study investigated the commensally gut flora 

of children. It was found that 39 % of 

children had strains resistant to all 

antimicrobial agents tested and more than 70 

% of the children had strains resistant to at 

least 4 of antimicrobials (Shears et al., 

1988). 

 

Plasmid profile analysis is a rapid and useful 

method for epidemiologic typing to follow 

the spread of the epidemic strain and may be 

more helpful than other typing methods 

(Mayer, 1988). The current study examined 

the plasmid profile of 40 selected MDR 

enteric bacterial isolates including 20 E. coli 

and 20 K. pneumoniae isolates. This plasmid 

profile-based molecular characterization was 

carried out as a useful method to investigate 

microbial diversity among bacteria isolated 

in this study. It appears that plasmids are 

ubiquitous in this bacterial population, 

although different plasmid profiles were 

detected which coexisted in tested isolates. 

The plasmid analyses revealed that there 

were detectable plasmids in 31 (77.5 %) out 

the 40 isolates, while 9 (22.5 %) had no 

plasmids. In the isolates that harboring 

plasmids, about 10 different plasmids were 
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detected with 15 isolates carrying from 2 to 

6 plasmids. This finding is consistent with 

the finding of Fujita (1993) study which 

detected 31 plasmids in 14 of 45 MDR 

resistant enteric bacterial isolates with some 

isolates carrying 2 to 4 plasmids. Plasmid 

profile analysis could differentiate these 

selected isolates. This may reflect the 

presence of a large number of different 

endemic isolates or a high rate of plasmid 

transfer amongst isolates or both (Olukoya 

and Oni, 1990). The diverse patterns of 

plasmid profiles observed among isolates in 

the current study could be also due to higher 

exposure of people to enteric bacteria in 

these places with poor sanitation (Olukoya 

and Oni, 1990).  

 

The different plasmid profiles detected in 

this study indicated that the MDR enteric 

bacteria comprised large number of clones 

within each species, which couldn’t be 

elucidated by antimicrobial susceptibility 

testing alone. These findings are in 

agreement to the findings of a study 

conducted in Bangladesh by Tacket and 

Cohen (1983) which revealed that plasmid 

profiles differentiated enteric bacterial 

isolates. In the current study, all isolates that 

had plasmids were resistant to ampicillin, 

doxycycline, 

trimethoprim/sulfamethoxazole, gentamicin 

and chloramphenicol. Thus, the 

demonstration of high molecular weight 

plasmids in the isolates and the finding that 

these isolates are MDR could be plasmid-

mediated is significant. McPherson and 

Gealt (1986) revealed the relation of 

multidrug resistance of enteric bacterial 

pathogens and possessing high molecular 

weight plasmids, which could be transferred 

among bacteria. This transmissibility of 

resistance-mediated plasmids poses public 

health threat, which could be heightened if 

disseminated across countries by travelers 

(Chigor et al., 2010). 

In conclusion, there is an alarming increase 

of infections diarrhoea caused by MDR 

bacteria. This study has revealed diverse 

plasmid profiles and wide spread of 

antimicrobial resistance patterns of some 

enteric bacterial pathogens from Cairo, 

Egypt. Thus, a public health policy on 

appropriate prescribing and the rational use 

of antimicrobial agents is a foundation. In 

addition, the implementation of periodic 

active surveillance for MDR enteric bacteria 

will be useful to monitor the changing 

epidemiology of these bacteria. 
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