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Abstract: Antibiotic resistance is now generally accepted as a major public health issue. This work sought to determine the antibiotic 
resistant  profile of some members of the Enterobacteriaceae family to some commonly used antibiotics. One hundred and twenty (120) 
clinical isolates of Escherichia coli (40), Klebsiella spp (40) and Salmonella spp (40) were collected from General Hospital Akwanga, 
Nasarawa State, Nigeria and were tested against Ciprofloxacin, Streptomycin, Erythromycin, Sulphamethoxazole/Trimethoprim,
Ampicillin , Tarivid, Cefoxime, Gentamicin, Augmentin and Nalidixic acid, using the Agar disc diffusion technique. The results 
revealed 57.5%, 54%, and 49.25% instances of resistance to Escherichia coli, Klebsiella spp and Proteus spp respectively to the tested 
antibiotics. The high resistance recorded is in agreement with the findings of some other researchers. Findings from this work also
show the high susceptibility of the Enterobacterial isolates to Ciprofloxacin (Floroquinolone) antibiotic.  The result suggests that the 
use of the Fluoroqunolones in the treatment of the infections caused by these organisms should be encouraged. Also Search for novel 
antibiotics that would interfere with the genetic mechanism of microbial cells should be encouraged.
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1. Introduction  
Gram-negative rods belonging to the family 
Enterobacteriaceae are common agents of infections in 
hospitalized patients. They cause a large proportion of the 
cases of community and hospital-acquired bacteraemia 
[1]-[3] and majority of cases of hospital-acquired 
pneumonia (Schaberg et al., 1991), both being severe 
infections associated with a high mortality [5], [6]. 
Antibiotic resistance of bacteria is biological risk, which 
increases morbidity and mortality of animals and humans 
[7]. In recent years accumulating problems with bacteria 
that are resistant to antibiotics occur. It is leading them to 
predictions that we return to the time before the discovery 
of antibiotics [8]. 

The distribution of Enterobacteriaceae infections are 
worldwide [9], with more occurrences in developing 
countries. Medical efforts through chemotherapy have 
helped in providing treatment for infections caused by the 
members of the Enterobacteriaceae but most of them are 
increasingly becoming resistant to several antimicrobial 
agents [10]. Decreased susceptibility of most members of 
the Enterobacteriaceae family to most antibiotics as 
passed serious threat to public health. The emergence and 
dissemination of antimicrobial resistance among 
pathogens is one of most serious threat to the successful 
treatment of microbial diseases and this has generated 
worldwide concern in medical community especially in 
developing countries[22], [12]-[14]. 

Antibiotic resistance is now generally accepted as a major  

public health issue. High frequencies of antimicrobial 
resistance have been found in enterobacteria, in faecal 
flora in clinical isolates [15]. Members of the family 
Enterobacteriaceae have a worldwide distribution and are 
found in various environments and hosts such as water, 
soil, plants, human beings, and other animals, but they are 
also significant causes of human diseases. Antibiotic 
resistance among them has been regularly monitored in 
the hospital in some developed countries [16], [17]. In 
contrast, there is still very scarce information of 
enterobacterial resistance to antimicrobial use by humans 
in Nigeria.  

Although Enterobacteriaceae infections occurs worldwide 
[9], some regions of the world have high incidence of the 
infections. For instance Klebsiella rhinoscleromatis which 
causes granulomatis is found mainly in central and South 
America, Morocco and parts of Eastern Europe. 
Enterohaemorrhagic E. coli infections i.e. life threatening 
haemorrhagic diarrhoea or colitis has been reported 
mainly from America and Europe. Recent plague reports 
have come from many parts of Africa, Asia, Europe and 
America (Cheesbrough, 2000). Infections caused by 
extended spectrum beta-Lactamase producing gram-
negative bacilli (majorly enterobacteria) constitute a 
growing worldwide problem [9]. For instance, there are 
164.7 million cases of Shigellosis throughout the world of 
which 163.2 million occur in developing countries with 
1.1 million deaths (61% involving children under five 
years) [18]. 

Since the outcome of severe infections caused by 
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Enterobacteria may depend on rapid and appropriate 
therapy, and the choice of antibiotic is often based on the 
knowledge of the susceptibility profiles of the bacteria 
most commonly encountered [19]. This study was 
conducted to evaluate the susceptibility of the 
enterobacteria isolated from clinical samples to some 
commonly used antibiotics, and to determine the 
antimicrobial resistance pattern of those isolates. 

2. Materials and Method 
2.1 Samples Collection 

For this study, 120 pure clinical isolates of Enterobacteria 
were obtained from the Laboratory section of General 
Hospital Akwanga, Nasarawa State, Nigeria between June 
to November, 2012. These isolates consisted of the 
following Enterobacterial species: Escherichia coli (40 
isolates), Klebsiella spp (40 isolates) and Salmonella spp 
(40 isolates).  

2.2 Antimicrobial Susceptibility Test 

The isolates were screened for antimicrobial 
susceptibility, using the agar disk diffusion method [20]. 
The following antibiotics (Oxoid) were used: Augmentin 
(10 µg), Gentimicin (10µg), Ciprofloxacin (5µg), 
Streptomycin (10µg), Nalidixic acid (30µg), Tarivid 
(30µg), Cefotaxime (30µg), Ampicillin (10µg), 
Erythromycin (5µg) and 
Sulphamethoxazole/Trimethoprim (25µg). 

The isolates were uniformly streaked on Muller-Hinton 
agar plate and the antibiotic impregnated discs were 
applied onto the inoculated plates using sterile forceps. 
The plates were then incubated at 37oC for 24hrs, after 
which clear zones of inhibition for each antibiotic were 
measured using transparent ruler. The results were 
interpreted using the Clinical and Laboratory Standards 
Institute (CLSI) criteria [21]. 

3. Results
The results of the in vitro activity of the antibiotics 
against the tested enterobacterial isolates are as presented 
in Tables 1 and 2. These results show that 26 (65%) of the 
40 E. coli isolates were sensitive to Ciprofloxacin, 21 
(52.5%) were sensitive to Streptomycin, 24 (60%) were 
sensitive to Erythromycin, 19(47.5%) were sensitive to 
Sulphamethoxazole/Trimethoprim, 22 (55%) were 
sensitive to Tarivid, 14 (35%) were sensitive to 
Cefotaxime, 15(37.5%) were sensitive to Gentimicin, 
13(32.5%) were sensitive to Augmentin, while 8 (20%) 

were sensitive to Ampicillin and Nalidixic acid (Table 1). 

However, 32 (80%) of the 40 E. coli isolates were 
resistant to Ampicillin and Nalidixic acid, 27 (67.5%) 
were resistant to Augmentin, 26 (65%) were resistant to 
Cefotaxime, 25 (62.5%) were resistant to Gentamicin, 21 
(52.5%) were resistant to 
Sulphamethoxazole/Trimethoprim, 19 (47.5%) were 
resistant to Streptomycin, 18 (45%) were resistant to 
Tarivid, 16 (40%) and 14 (35%) were resistant to 
Erythromycin and Ciprofloxacin respectively (Table 2).  

 Out of the 40 Klebsiella spp tested, 28 (70%) were 
sensitive to Ciprofloxacin, 26 (65%) were sensitive to 
Erythromycin, 25 (62.5%) were sensitive to 
Streptomycin, 24 (60%) were sensitive to Tarivid, 22 
(55%) were sensitive to Gentamicin, 15 (37.5%) were 
sensitive to Augmentin, 14 (35%) were sensitive to 
Cefotaxime, 12 (30%) were sensitive to 
Sulphamethoxazole/Trimethoprim and Nalidixic acid,  6 
(15%) were sensitive to Ampicillin (Table 1).  

More so, 34 (85%) of the 40 Klebsiella spp isolates were 
resistant to Ampicillin, 28 (70%) were resistant 
Sulphamethoxazole/Trimethoprim and Nalidixic acid, 26 
(65%) were resistant to Cefotaxime, 25 (62.5%) were 
resistant to Augmentin, 18 (45%) were resistant to 
Gentamicin, 16 (40%) were resistant to Tarivid, 15 
(37.5%) were resistant to Streptomycin, 14 (35%) were 
resistant to Erythromycin, and 12 (30%) were resistant to 
Ciprofloxacin (table 2). 

Out of the 40 Proteus spp isolates tested, 32 (80%) were 
sensitive to Ciprofloxacin, 30 (75%) were sensitive to 
Streptomycin, 29 (72.5%) were sensitive to Erythromycin 
and Tarivid, 20 (50%) were sensitive to Gentamicin, 18 
(45%) were sensitive to Augmentin, 17 (42.5%) were 
sensitive to Sulphamethoxazole/Trimethoprim, 11 
(27.5%) were sensitive to Nalidixic acid, 10 (25%) were 
sensitive to Ampicillin, and 7 (17.5%) were sensitive to 
Cefotaxime (Table 1).  

However, 33 (82.5%) of the 40 Proteus spp isolates tested 
were resistant to Cefotaxime, 30 (75%) were resistant to 
Ampicillin, 29 (72.5%) were resistant to Nalidixic acid, 
23 (57.5%) were resistant to 
Sulphamethoxazole/Trimethoprim, 22 (55%) were 
resistant to Augmentin, 20 (50%) were resistant to 
Gentamicin, 11 (27.5%) were resistant to Erythromycin 
and Tarivid, 10 (25%) were resistant to Streptomycin and 
8 (20%) were resistant to Ciprofloxacin (Table 2).  
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Table 1: Invitro Antimicrobial Susceptibility Pattern of Enterobacteria Isolates to Some Commonly used Antibiotics General 
Hospital Akwanga, Nigeria 

Table 2: Invitro Antimicrobial Resistance Pattern of Enterobacteria Isolates to Some Commonly used Antibiotics in General 
Hospital Akwanga, Nigeria 
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4. Discussion 
Antimicrobial resistance among several members of the 
family Enterobacteriaceae has been recognized worldwide 
as a serious threat to humanity in medical community, 
especially in developing countries and this has 
complicated treatments of microbial diseases [12], [13]. 
The pattern of resistance to these antimicrobial agents has 
also been well documented [22]. The results presented in 
this work are also in agreement to the previous 
documentation. 

Most of the 120 Enterobacterial isolates examined 
displayed resistance to one or more antibiotics in different 
percentages. This is in line with previous reports which 
suggested that the unwarranted use of some of these 
antibiotics has been a key factor in the emergence of 
antimicrobial resistance [12].  

The highest resistance was recorded in E. coli, with 
57.5% of the isolates being resistant to the antibiotics, 
where resistance to Ampicillin and Nalidixic acid were 
the highest. The multi-resistance of E. coli isolates to 
most of the antibiotics used in the present study has been 
reported by several investigators [23], [3]. The high 
resistance observed among E. coli isolates could be as a 
result of their wide spread urinary tract infections with 
various strains which have been exposed to most of the 
commonly used antibiotics. This correlates with the 
previous work carried by Schroeder et al. [12], who 
reported high resistance among E. coli isolates. 

About 54% of Klebsiella spp isolates tested were resistant 
to the antibiotics, with approximately all displaying 
multiple resistances. This may have been because of the 
wide range of nosocomial and respiratory tract infections 
caused by some Klebsiella spp. These results are in 
agreement with those isolates reported by several authors 
[24], [25], [2]. 

The lowest resistance recorded among the Enterobacterial 
isolates tested was found in Proteus spp with 49.25% 
resistance. Among the isolates of Proteus spp tested, 
resistance was very high to Ampicillin. This may be due 
to the frequent exposure as well as patients’ attitude 
towards these antibiotics. For these commonly used 
antibiotics, resistance of the members of 
Enterobacteriaceae family tested is in the order E. coli > 
Klebsiella spp> Proteus spp.  

Resistance to Nalidixic acid, Ampicillin, and Gentamicin 
was expected to be very low, as these antibiotics are 
effective against the Enterobacteriaceaea. However, 
significant instances of resistance were shown to these 
antibiotics. This could probably be due to frequent usage 
of these antibiotics. 

Ciprofloxacin was found to be highly effective in all the 
isolates tested. This shows the effectiveness of the 
Fluoroquinolones. This is in agreement with the finding 

of Scheld [13], suggesting the use of this class of 
antibiotics against infections caused by 
Enterobacteriaceae members. Ciprofloxacin is a potent 
broad spectrum antibacterial agent. Prior to its use, 
resistance was rare [26]. Egri-Okwaji et al. [27] also 
reported 100% susceptibility of E. coli isolates to 
Ofloxacin while Kesah et al. [28] recorded a 2% 
resistance of E.coli to fluoroquinolone. A previous 
assessment of some six antibiotics against clinical isolates 
of E. coli showed Ciprofloxacin to be the most efficacious 
[30]. However some workers have recently reported 
resistance to the quinolones in Nigeria as well as in other 
countries [29], [30]. 

Resistance was found to be relatively low to 
Streptomycin. This is probably because of less exposure 
to the antibiotic due to the discouraged use of the 
antibiotic and the fact that it is usually administered 
intravenously thereby restricting indiscriminate use [18]. 
This shows that Streptomycin can be used as an antibiotic 
of choice against Enterobacteriaceae infections, except for 
its serious side effect [14]. Although Gentamicin is a 
narrow spectrum antibiotic against gram-negative 
pathogens, yet significant resistance was noticed. This 
may be due to the frequent prescription of this antibiotic 
which has greatly decreased its usefulness. 

The multiple resistances observed in this study may have 
been from the spread of mobile genetic elements, since 
most of the isolates resistant to a particular antibiotic were 
found to be resistant in another. This has been suggested 
by Schroeder et al. [12]. Some of the enterobacterial 
isolates tested exhibited intermediate resistance. The 
antibiotics that showed such characteristic may likely 
respond to treatment if the concentration of the antibiotic 
is increased. Larger doses are used or the antibiotic is 
concentrated at the site of infections.  
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