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Abstract 
Introduction: Entero bacteria are mainly found in the gut of man and ani-
mals. The frequent acquisition of antibiotic resistance mechanisms explains 
why they are the bacteria most often implicated in human infectious pathol-
ogy. It is estimated to be involved in 50% of sepsis, 60% of enteritis, 70% of 
urinary tract infection case. Objective: To determine the prevalence of ente-
robacterial infections diagnosed at Fann Infectious Diseases Clinic, and de-
scribe their epidemiological, clinical, therapeutic and evolutionary aspects. 
Patients and Methods: This is a retrospective and descriptive study, on pa-
tients hospitalized from January 2013 to December 2014, at Fann Infectious 
Diseases Clinic, with bacteriological confirmation of an enterobacteria infec-
tion. Results: A total of 129 cases were collected during the study period. The 
average age was 41 years, and female were predominant (60%) with a sex ra-
tio of 0.67. Comorbidity was found in 88.4% of the cases, most of which were 
HIV infection. The most common clinical signs were infectious syndrome 
(53.49%) and general impairment (40.31%). The main gateway was urinary 
(55.8%). Samples were monomicrobial in 76.7% of cases. Klebsiella and 
Escherichia were the most common and 68.7% of the subjects had probabilis-
tic treatment. Most enterobacterial strains were resistant to third generation 
cephalosporins (C3G), aminoglycosides to ciprofloxacin and cotrimoxazole. 
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Aside from 4% of them, all were sensitive to imipenem. Conclusion: The ad-
vent of antibiotics has brought hope in the treatment of enterobacterial infec-
tions. However, an increase in their resistance to the usual antibiotics has 
been noted in recent years. As a result, the fight against antibiotic resistance 
must be a priority. 
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1. Introduction 

Enterobacteria are the most common bacteria found in human pathology. There 
are optional Gram-negative bacilli (BGN) found in the soil, water, and especially 
in the gut of humans and animals. They are diverse and include a very large 
number of species. Their great number in the intestine, their mobility, their rap-
id multiplication and frequent acquisition of antibiotic resistance mechanisms 
explain why they are the bacteria mostly involved in human infectious patholo-
gy, especially in hospitals [1]. 

Enterobacterial infections are estimated to be involved in 50% of sepsis cases, 
60% of enteritis and 70% of urinary tract infection [2]. 

Today, hospital studies focus more and more on bacterial resistance, which is 
becoming very worrying at the global level [3]; this phenomenon is a real chal-
lenge when it comes to management of infections while limiting therapeutic op-
tions and generating high therapeutic costs. 

In Senegal, a few studies have addressed enterobacteria cases, and more par-
ticularly at the Fann clinic of Infectious and Tropical Diseases (SMIT). Our 
study was carried out within this context and the main objectives were to assess 
enterobacterial infections diagnosed at SMIT. The specific objectives were to de-
termine the prevalence, the epidemiological, clinical, therapeutic and evolutio-
nary aspects. 

2. Patients and Methods 

This was a descriptive retrospective study based on the records of patient who 
have been hospitalized for infectious and tropical diseases collected over a 
24-month period from January 1, 2013 to December 31, 2014. All the patients 
who were hospitalized at SMIT, bacteriologically confirmed with enterobacterial 
infection were included in this study during the study regardless of their status 
of HIV serology. 

Epidemiological data (age, sex, geographical origin, occupation, marital status, 
status mainly HIV) and clinical data (reasons for hospitalization, associated di-
agnosis) were collected from patients’ files. 

From a paraclinical point of view, bacteriological data (isolated germs, antibi-
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ogram obtained (bacterial resistance), culture status (mono or polymicrobial) 
and biological (NFS, renal function, CRP, glycemia) were reported. 

Therapeutic data (antibiotics used, duration of treatment, association or not), 
evolutionary and prognostic (time of hospitalization, length of hospital stay, 
evolutionary modalities) were also collected from patients’ files. 

Data entry was done using Epi-Data software version 3.5.1 and their exploita-
tion was done using the Epi-info software version 7.1.5.0. 

The categorical variables were expressed in proportions and the quantitative 
variables in mean ± standard deviation (in the case of normal distribution) or in 
the median and extreme (in the case of non-normal distribution). 

3. Results 
3.1. Epidemiological Data 

During the 24 months of our study, 1922 patients were hospitalized, including 
129 cases of enterobacterial infections, a prevalence of 6.71%. The average age of 
the patients was 41 years with extremes of 14 and 92 years. The age group be-
tween 20 - 40 years was the most represented with 44.2% as shown in Table 1. 
Female were predominant (60%) with a sex ratio of 0.67, mostly from suburban 
areas (44.7%). Of those whose marital status was investigated (92 cases), more 
than half (61.9%) were married. Regarding the profession, it was only reported 
in 53 patients. They were mostly housewives with 17 cases or 32.1%. 

When it comes to comorbidities, they were found in 114 patients. This was 
most common in HIV infection, 97 cases, or 85% of co-morbidities and high 
blood pressure in 14 patients, or 12.3%. 

3.2. Clinical Data 

Of the clinical signs, infectious syndrome (53.49%), general impairment 
(40.31%) and pulmonary condensation syndrome (22.48%) were the most 
common. The primary gateway was urinary in more than half of the cases 
(55.8%) (Figure 1) and HIV infection was the most commonly associated diag-
nosis (75.2%, n = 97), followed by urinary tract infections (31.8%, n = 41 cases) 
and septicemia (17.8%, n = 23 cases) (Figure 2). 
 
Table 1. Patient Distribution by Age group. 

 
Age group Population (n) Relative frequency (%) 

 
<20 5 3.9% 

 20 to 40 57 44.2% 

 40 to 60 50 38.8% 

 60 to 80 14 10.9% 

 >80 3 2.3% 

 Total 129 100 
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Figure 1. Distribution of patients by gateway. 
 

 
Figure 2. Distribution of patients based on the associated diagnosis. **Other: *GEA 
*Psoas infection *Infected lymphadenopathy *Sepsis *Basedow *Kaposi. 

3.3. Paraclinical Data 

More than half of the patients in our study population (70 cases or 55.1%) had 
moderate anemia and more than one-third had severe anemia (39.4%) with an 
average hemoglobin count of 8.6. g/dl. The average white blood cell count was 
8950.01 and one quarter of patients had leukocytosis. 2/3 of patients had neu-
tropenia. The average CRP level was 80.47 mg/L, glycemia at empty stomach was 
0.95 mg/L. In most cases (77.1%), the blood glucose was normal. 
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For those in the study population who had HIV infection, the average TCD4 + 
cell count was 87.82 cells/mm3, and almost all 83% had a CD4 + T cell count of 
less than 200 cells/mm3. 

3.4. Bacteriological Data 

Samples were monomicrobial in more than 3 4  cases (76.7%) and the most 
frequently isolated enterobacteria were Klebsiella (57 strains) and Escherichia 
(54 strains) (Figure 3). However, as shown in Figure 4 in the polymicrobial 
samples, the most isolated were Klebsiella pneumoniae + Staphylococcus aureus 
(5 cases) and Klebsiella pneumoniae + Acinetobacter (4 cases). 

Table 2 summarizes all cases of antibiotic resistance. In fact, isolated Kleb-
siella, Escherichia and Enterobacter strains exhibited high resistance to third 
generation cephalosporins (C3G), aminoglycosides, ciprofloxacin and cotri-
moxazole. Salmonella infections were sensitive to most of the antibiotics tested 
except cotrimoxazole and amoxicillin-clavulanic acid (20%). The Proteus strains 
had high levels of resistance to C3G (66.66%). Finally, the resistance of entero-
bacterial strains isolated to imipenem did not exceed 4%. 
 

Table 2. Distribution of cases by antibiotic resistance. 

Antibiotics 
seed 

Salmonella  
N = 5 (%) 

Escherichia 
N = 53 (%) 

Klebsiella 
N = 55 (%) 

Enterobacter 
N = 18 (%) 

Proteus 
N = 3 (%) 

Serretia 
N = 1 (%) 

Citrobacter 
N = 2 (%) 

Providentia 
N = 1 

Amoxicilline 1 (20%) 31 (54.5%) 35 (63.6%) 12 (66.7%) 1 (33.3%) 0% 1 (50%) 100% 

Amoxicillin-clavulanic 
acid 

1 (20%) 35 (66%) 47 (85.4%) 14 (77.8%) 0% 100% 1 (50%) 100% 

3rd generation  
cephalosporin 

0% 27 (50.9%) 30 (54.5%) 11 (61.1%) 2 (66,7%) 0% 2 (100%) 100% 

Ciprofloxacin 0% 29 (54.71%) 30 (54.5%) 5 (27.8%) 0% 100% 0% 0% 

Peéloxacine 0% 7 (13.20%) 6 (10.90%) 1 (5.55%) 0% 0% 0% 0% 

Imipenem 0% 2 (3.77%) 1 (1.81%) 0% 0% 0% 0% 0% 

Piperacillin 0% 10 (18.86%) 17 (30.9%) 1 (5.5%) 0% 0% 0% 0% 

Kanamycin 0% 11 (20.7%) 24 (43.4%) 4 (22.2%) 0% 0% 0% 0% 

Gentamicin 0% 11 (20.7%) 22 (40%) 4 (22.2%) 0% 0% 0% 0% 

Cotrimoxazole 1 (20%) 25 (41.2%) 29 (52.7%) 7 (38.9%) 0% 0% 1 (50%) 0% 

Oxacillin 0% 0% 2 (3.6%) 1 (5.5%) 0% 0% 0% 0% 

Lincocin 0% 0% 0% 0% 0% 0% 0% 0% 

Erythromycin 0% 0% 1 (1.81%) 0% 0% 0% 0% 0% 

Fusidic acid 1 (20%) 0% 24 (43.4%) 6 (33.3%) 0% 0% 1 (50%) 0% 

Vancomycin 0% 0% 0% 0% 0% 0% 0% 0% 

Aztreonam 0% 21 (39.6%) 17 (30.9%) 3 (16.6%) 2 (66.6%) 0% 1 (50%) 0% 
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Figure 3. Distribution according to the different germs of isolated enterobacteria. 

 

 
Figure 4. Distribution of isolated bacteria according to poly-microbial samples. 

3.5. Therapeutic and Evolutionary Data  

In the study population, 88 patients or 68.7% had received probabilistic treat-
ment. More than 65.9% of patients received poly antibiotic therapy with the 
most (43.2%) use of two antibiotics. In monotherapy, ceftriaxone was the most 
commonly used antibiotic (50%) and in dual therapy the amoxicillin-clavulanic 
acid plus spiramycin combination was the most commonly used (21.1%). 

The average time of hospitalization was 35 days. Most of the patients were 
hospitalized 30 days after the onset of symptoms for a hospital stay of more than 
30. In addition, the average hospital stay was 27 days. 

In more than 2 out of 5 of the cases, the evolution led to death, 41.1% (n = 53). 

4. Discussion 

During our study period, we had a proportional morbidity of 6.71% and a sex 
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ratio of 0.67 dominated by women. This view is shared by the literature. In Se-
negal, a female predominance was noted in the study conducted by Lo et al. [4] 
in 2014, which found 52.7% of women and the one of Dia et al. [5] also con-
ducted in 2014, which found a sex ratio of 0.85. On the contrary, in 2015, Diallo 
[6] found a male predominance with a sex ratio of 1.7. This male predominance 
in Diallo’s study can be explained by the fact that it concerned all ages, unlike 
many studies that laid the emphasis on adults. 

Elsewhere in Africa, and specifically in Morocco, Elfane et al. [7] reported a 
sex ratio of 1.5 with female predominance. Ditto for Amhaouch Z et al. [8], who 
had objectified this same female predominance. 

In France, and specifically in Guyana, C Baizet [9] also found a female pre-
dominance with a sex ratio to 0.3 in her study. 

This leads to the assumption that the female predominance is mainly since 
most of the results are from studies on nosocomial urinary infections that oc-
curred most of the time during surveys. The 20- and 40-year-old age group more 
frequently observed in our study population was different from the age group in 
the studies of Diallo and [6] and Diop [10] whose study population was over 50 
years old. This difference can be explained by the fact that these are rather com-
partmental studies considering only uro-pathogenic enterobacteria while ours 
takes them into account thoroughly. 

Patients were mainly from suburban area (44.7%). In such zone, hygienic 
conditions are often poor, mostly related to a low purchasing power but espe-
cially to the precariousness in which the patients live. This exposes them even 
more to infections that can affect the prognosis of patients. 

Of the comorbidities found, HIV infection was widely represented. This pre-
dominance was the same as in Tchegho’s study [11]. This preponderance of 
people living with HIV (PLHIV) constitutes a selection bias because the Clinic of 
infectious diseases is the reference center dedicated to the treatment of people 
infected by HIV. Thus, they represent the 2/3 of hospitalized people. Moreover, 
because of their often very advanced immunodepression, they are prone to BGN 
infections, and most specifically to enterobacteria. 

Clinically, the rate of HIV-infected patients in our series (75.2%) with severe 
immunosuppression (CD4 count <200 cells/mm3) of 85.6% could explain the 
frequency of the alteration of the general state. As for pulmonary condensation, 
it was mainly due to pulmonary tuberculosis, which is the first opportunistic in-
fection in Senegal [12]. 

The associated diagnosis was dominated by HIV infection, which is a favora-
ble area for the occurrence of enterobacterial infections. 

The most common gateway was urinary tract infection (55.8%). This may be 
of community origin (extrinsic or intrinsic obstacles) or nosocomial (indwelling 
urinary catheter, instrumental maneuvers). It is the most frequent entry point 
for Enterobacteriaceae, especially in Cameroon [13]. They also accounted for 
68.7% of isolated urine germs in the Khaira study on broad-spectrum be-
ta-lactamase secreting enterobacteria (EBLSE) [14]. 
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Regarding the biological aspects, a quarter of our study population had leu-
kocytosis that could be related to the severe immunosuppression of almost all 
the study population living with HIV but also to the inflammatory response in 
response to the presence of a microorganism. 

Bacteriologically, bacteriological examination was in most cases mono-microbial 
(76.7%) and polymicrobial in 23.3%. The main germs identified were Klebsiella, 
Escherichia and Enterobacter. 

The predominance of these Enterobacteriaceae has also been demonstrated in 
other studiesin Cameroon (71%), Dakar (86.24%) and Morocco (25% in 2012) 
[13] [15] [16]. 
 The Klebsiella 

Klebsiella pneumoniae is one of the microorganisms that deserves special at-
tention because of growing resistance problems that cause a high number of in-
fections acquired in health facilities or in the community. They mainly infect the 
urinary and respiratory tracts or cause bacteremia [17]. 

In our study Klebsiella pneumoniae was the most represented organism with 
38.8% of isolated strains. This predominance was also noted in other studies. 
Notablyat Fann Hospital with 38.07% [16] and in Morocco with 4% in 2008 and 
6% in 2012 [16]. These strains exhibited significant resistance to C3G, aminog-
lycosides and ciprofloxacin. This is a worrying situation which is mainly related 
to the misuse of antibiotics inducing the emergence of multidrug-resistant 
strains. Such levels of resistance have also been found in similar work: more than 
70% resistance in a study done at Fann bacteriology laboratory [15], 15% in 
MKAOUAR’ study [18], 60% in another series at Fann hospital [19]. To solve 
this problem, it is necessary to build the capacity of practitioners by training 
them to prescribe antibiotics according to recommendations. 
 Escherichia species 

They are responsible for more than 80% of community-acquired UTIs and 
40% - 50% of those acquired in hospitals [1]. 

In our study, Escherichia also had significant resistance to C3G, aminoglyco-
sides and ciprofloxacin but also to amoxicillin. In recent years, there has been an 
increase in E. coli resistance to some previously effective antibiotics such as 
amoxicillin [20] [21] [22]. Likewise, in our study we noted resistance to amox-
icillin in more than half of the cases. This observation was not only made in Se-
negal 20% of resistance to amoxicillin [22] but also in France with 60% of resis-
tance [23]. In about 20 years, resistance to C3G, aminoglycosides and ciproflox-
acin worsened in the Clinic. At that time, it was estimated only around 10% [24]. 
This situation reflects the dangerous evolution of antibiotic resistance often due 
to their inappropriate use. 
 Enterobacter species 

Enterobacter species are often found in intensive care units and account for 
8.6% of nosocomial infections, according to the Center for Disease Control and 
Prevention (CDC) [25]. 
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Resistance of Enterobacter to amoxicillin is estimated at 66.67%. These results 
are close to that of Sanaa [26]. This may also be related by the fact that there is a 
natural resistance of Enterobacter to amoxicillin by production of betalactamas-
es [27]. 

However, all Enterobacter species tested were sensitive to lincocine, erythro-
mycin and to vancomycin. 
 Les Salmonella species 

Salmonellae have good sensitivity for all antibiotics tested; sensitivity varies 
between 80% and 100%. As stipulated by the Francophone journal of laborato-
ries [28], African salmonella strains are very sensitive. The rate of this sensitivity 
was similar to the one found in a Moroccan study [29]. 
 Les Proteus species 

It is a germ which sensitive to most antibiotics tested at 100% except for 
amoxicillin, C3G, and aztreonam. Many studies have shown the sensitivity of 
Proteus to various antibiotics especially for Aminoglycosides (gentamicin and 
kanamycin) [30] [31]. 
 Citrobacter species 

Citrobacter was 100% sensitive to most antibiotics tested. However, there was 
a total resistance against C3G. Tine [22] found greater resistance for some germs 
with 100% for cotrimoxazole. 

Therapeutically and progressively, more than half of the study population re-
ceived probabilistic antibiotic therapy. In this group the majority had benefited 
from bi-antibiotic therapy. The most commonly used molecule in monotherapy 
(50%) or in combination was Ceftriaxone, a similar finding had already been 
made elsewhere in Europe [32] [33]. 

In our study, the lethality was very high, testifying to the severity of entero-
bacterial infections, especially when they occur on certain specific sites such as 
immunosuppression due to HIV. This mortality is often related to the high re-
sistance to the usual antibiotics. It would be necessary to conduct further studies 
to identify the factors associated with this important lethality. 

5. Conclusions 

In recent years, we have seen an increase in the resistance of enterobacteria to 
antibiotics that were previously very sensitive to them. The increase in resistance 
is mainly due to a high rate of probabilistic treatment, to self-medication by an-
tibiotics but also to misuse of antibiotics. This resistance is at the origin of the 
restriction of the number of effective antibiotics chosen in first intention, of the 
use of a poly-antibiotherapy more and more in first intention and the increase of 
the therapeutic failures. 

Thus, from this study it appears that measures should be taken by the authori-
ties, to fight against antibiotic resistance by setting up a surveillance program for 
antimicrobial resistance including enterobacteria. 

In addition, it is necessary to develop antibiotic prescribing guidelines adapted 
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to our context, and to organize updating meetings regularly. Concerning health 
care providers, they should carry out undertake a strict asepsis during treatment 
and make sure antibiotics are prescribed according to the recommendations. 

On the other hand, the sensitization of the consequences with regards to 
self-medication and compliance with the prescription period of antibiotics 
would be of great benefit. 
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