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Abstract 

Introduction: Resistance linked to the production of extended spectrum β-lactamase (ESBL) is a particular problem in the treatment of 
Enterobacteria infections. The situation can become alarming for the immune-compromised patients as HIV-positive individuals, who are at risk 
of repeated infections. The objective of this study was to determinate the prevalence of beta-lactamase producing Enterobacteria infection among 
HIV-positive individuals in Cameroon.

Materials and Methods: Based on the symptoms, urine, stool, blood, vaginal exudates and wound swab sample were collected from 204 
HIV-negative and 104 HIV-positive individuals attending the Regional Hospital of Bafoussam-Cameroon from September 2016 to June 2017. 
Specimen were culture using dilution streak technique and Enterobacteria were isolated based on their morphological features, Gram staining 
and biochemical characteristics using API 20E galleries (Biomerieux, France). The antimicrobial susceptibility was determined by Kirby-Bauer 
disc diffusion test, double disk synergy and combination disk tests for beta-lactamase detection.

Results: The prevalence of Enterobacteria infection among HIV-positive individuals was 46.2% versus 27.5% among HIV-negative ones 
(P=0.0014). Resistance rate of 35.5% versus 27.7% was recorded among isolates from HIV-positive versus HIV-negative participants (P=0.0059). 
The prevalence of Enterobacteria harbouring β lactamase enzyme was 32.7% in HIV-positive subjects and 9.3% in HIV-negative ones (P <0.0001), 
with significantly higher prevalence of ESBL and carbapenemase producing Enterobacteria infection among HIV-positive participants (P=0.0215 
and 0.0186 respectively).

Conclusion: Our findings showed that HIV positive patients are more likely to be infected by highly resistant organisms and had the highest 
carriage rate of ESBL, AmpC and carbapenemase producing Enterobacteriaceae in Western-Cameroon.

Keywords: Extended-spectrum beta-lactamase producing Enterobacteriaceae; Carbapenemase-producing Enterobacteriaceae; HIV infection; 
Cameroon

Abbreviations: Pen TEM: Penicillinase TEM; Pen RI: Penicillinase Resistant To Inhibitors ; ESBL: Extended Spectrum Beta Lactamases ; AmpC: 
AmpC Beta Lactamases  ; Carbap A: Carbapenemase Class A  ; MBL: Metallo Beta Lactamases  ; E-ESBLs: Extended-Spectrum Beta-Lactamase-
Producing Enterobacteriaceae ; CPE: Carbapenemase-Producing Enterobacteriaceae

Introduction

Human immunodeficiency virus (HIV) particularly attacks and 
kills CD4 T cells, resulting in the dysfunction and deregulation of 
the immune system and ultimately AIDS.1 Because of the weakened 
immune system, HIV-positive individuals without ART can no 
longer ward off opportunistic infections [1-3]. Several studies  

 
showed that Enterobacteriaceae infections are widely increased 
in HIV positive individuals [4-8]. Enterobacteriaceae infection in 
immune compromised individual are associated with considerable 
morbidity, mortality and associated health care costs [9]. In such 
patients, the spectrum of Enterobacteriaceae infection is diverse, 
ranging from asymptomatic colonization to gastroenteritis, 
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meningitis, wound infections, urinary tracts infections, 
septicaemia and urinary tract infections. Enterobacteriaceae are 
now recognized as one of the most important threat for public 
health, due to the ambiguous resistance of these strains even to 
last classes of antibiotics. For example, some Enterobacteriaceae 
produce extended-spectrum beta-lactamases (ESBLs) which 
break down antibiotics such as penicillins and cephalosporins and 
alter their activity [10], thus making infections caused by ESBL-
producing Enterobacteriaceae more difficult to manage.

Studies on the prevalence of Enterobacteriaceae infection 
among HIV-positive individuals and their susceptibility patterns 
to antimicrobial agents have been conducted in some African 
countries [11,12]. Concerning resistance mechanism, few studies 
on the prevalence of extended spectrum β-lactamase (ESBL) and 
carbapenemase producing members of Enterobacteriaceae (CPE) 
have been documented [13-15], despite the fact that Sub-Saharan 
Africa is the epicenter of the HIV epidemic [16].

Growing concerns exists over the prevalence of HIV infection 
in Cameroon. The prevalence of HIV infection in Cameroon has 
progressively risen from 0.4% in 1987 to 1.2% in 1990 and from 
4% in 1992 [17] to about 7% in 1997 and 11% in 2000 [18]. In 
2004, with the gratuitously of the antiretroviral treatment, the 
national prevalence based on a Demographic and Health Survey 
decreases to 5.5% [19]. In 2018-2020, prevalence rate of HIV 
infection was estimated at 4.3% with women and children the most 
vulnerable subjects [20]. In fact, the mother-to-child transmission 
rate of 14% is still too high, while the antiretroviral treatment rate 
among children and adolescents remains extremely low (13%) 
[20]. In addition, the mortality rate linked to HIV/AIDS continues 
to rise among adolescents [20]. Despite this great negative impact 
of HIV infection in Cameroon, there is a lack of data concerning 
the resistance pattern to antimicrobial agents among HIV-positive 
individuals. Also data on the prevalence of ESBL-E and CPE 
infection among these immuno-compromised subjects is scarce. 

To address these knowledge gaps, the present study is intended 
to estimate the prevalence of Enterobacteriaceae infection among 
HIV-positive individuals attending the Regional Hospital of 
Bafoussam, Western Cameroon, to elucidate the antimicrobial 
susceptibility patterns of Enterobacteriaceae isolated from these 
individuals to β-lactam antibiotics and also to detect among these 
isolates those harbouring β-lactamase enzyme.

Materials and Methods 	

Study design and setting 

This cross sectional study was conducted at the Bafoussam 
Regional Hospital, in the western region of Cameroon. The study 
population consisted of HIV-positive individuals and HIV-negative 
individuals attending the selected health facility from September 
2016 to June 2017 and presenting signs and symptoms of various 
infections. The detected type of infections were bacteremia, 
wound infections and those from the urinary, genital and digestive 

tract. We employed a consecutive sampling for data collection, 
requesting consent from all volunteer patients (or from children’s 
parents or guardian if participant was a child or an adolescent) 
who fulfilled the eligibility criteria of the study. Exclusion criteria 
were 

a)	 Patients under antibacterial therapy within the last two 
weeks 

b)	 Patients with mixed types of infection

c)	 Non-cooperative patients who refused to give their 
consent or to participate to the study

d)	 HIV-positive and HIV-negative individuals who 
were severely ill and unable to provide sample. Pregnant and 
breastfeeding women were also excluded from the study.

Variables

The socio-demographic data (age, gender) as well as others 
factors (previous history of antibiotics treatments, diagnosis for 
opportunistic infections) were requested from the volunteer 
subjects in a structured questionnaire. HIV test was conducted for 
every volunteer eligible participant and they were then divided 
according to HIV status as HIV-positive individuals and HIV-
negative individuals.

Research ethics and patient consent 

The study was conducted in accordance with the Declaration 
of Helsinki, and the protocol was approved by the Institutional 
Review Board of the Regional Hospital of Bafoussam (Ref. 1853/L/
MINSANTE/SG/DRSPO/HRB/D) and the Centre Regional of Ethics 
Committee for Human Health Research (CRERSHC) (Ref. 00618/
CRERSHC). Each patient provided written informed consent to 
participate in the study. Children were enrolled after their parents 
or legal guardians provided a written informed consent. 

Sample collection 

Due to the fact that, Enterobacteriaceae affects several systems 
of the body, various clinical specimens were collected based on 
symptoms or clinical signs presented by participants. Patients 
with mixed types of infection were excluded from the study, so 
one sample type was collected per participant at the location that 
correlated with symptoms. They were midstream urine sample 
for participants with clinical signs of urinary tract infection, stool 
sample for those with gastrointestinal disorders, blood for those 
with clinical signs of bacteraemia,vaginal exudates for those with 
clinical signs of genital tract infections and wound swab for those 
with wound infections.

Participants with urinary or digestive tract infection were 
instructed to collect stool and urine samples aseptically by the 
health personnel and were provided with sterile containers 
labelled with unique identification numbers for the collection 
of specimens. The collection of vaginal exudates, wound swab 
and blood samples was done under aseptic conditions by well 
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trained personnel of the hospital. For patients with clinical signs 
of bacteraemia, 2ml of blood was collected into a clean test tube. 
All the collected samples were processed for culture and the result 
were analyzed according to HIV status of participants.

HIV infection detection 

For each participant, two milliliters (2ml) of venous blood 
was drawn for HIV serology detection. The blood was transferred 
into a clean test tube and allowed to clot naturally by standing the 
sample at room temperature for 10mn. Clear serum sample was 
obtained by spinning the tubes at 3000rpm for 5mn and used for 
HIV serology detection using OnSite HIV-1/2 Ab plus Comb Rapid 
Test-Cassette kit (CTK BIOTECH, San Diego USA).

Culture and identification of Enterobacteriaceae 

The Clinical specimens were plated on solid cultures media; 
urine samples, vaginal swab and wound swab on Mac Conkey 
agar and blood agar, stools samples on Salmonella/Shigella (SS) 
agar and Mac Conkey agar, and blood samples on blood agar. Fecal 
samples were dissolved in sterile physiological water to obtain a 
10% diluted solution and the mixture was homogenized using a 
Vortex mixer before culture. 

Each specimen was culture using dilution streak technique. 
The first quadrant of the plate was streaked using a spot of the 
collected sample and each successive quadrant was streaked 
using a new bacteriologic loop in order to dilute the number of 
bacteria in each quadrant. Inoculated plates were incubated at 
37oC for 24 hours. Quantification was expressed as 0, 1+, 2+, 3+, 
or 4+ based on the number of quadrants with bacterial growth: 
0 for no bacterial growth, bacterial growth limited on quadrant 
1 was taken as 1+, bacterial growth on quadrants 1 and 2 as 2+, 
bacterial growth on quadrants 1, 2, and 3 as 3+, and bacterial 
growth on all the 4 quadrants as 4+. Enterorobacteria in a sample 
was considered as a colonizer or a pathogen according to the 
extent of the bacteria growth to quadrant. Enterobacteria growth 
even only on quadrant 1 in blood sample was taken as pathogen. 
For others clinical samples, Enterobacteria growth of categories 
3+ and 4+ was taken as pathogen and Enterobacteria growth 
less than the above limits were taken as a colonizer. Participant 
which sample demonstrated Enterorobacteria growth considered 
as pathogen was taken as infected and non-infected those with 
Enterorobacteria growth considered as a colonizer [21]. 

Isolated colonies from culture sample of participants 
considered as infected were processed for sub-culturing 
and identified as Enterobacteriaceae species based on their 
morphological features, Gram staining and using API 20E galleries 
(Biomerieux, France). 

Antibacterial susceptibility testing

All the isolates were subjected to antibiotic sensitivity test. 
Susceptibility of isolates to antibiotics was evaluated on Mueller 
Hinton Agar (MHA) using Kirby-Bauer disc diffusion method 

according to the Clinical and Laboratory Standards Institute 
guidelines 2016 [22]. The antibiotic tested (Bioanalyse) were: 
Amoxicillin (25µg); amoxicillin + clavulanic acid (25/10µg); 
Piperacillin (100µg); Piperacillin + tazobactam (100/10µg); 
Cefuroxim (30µg); Cefuroxim + sulbactam; Cefotaxim (30µg), 
Ceftazidim (30µg); cefoxitin (30µg); Aztreonam (30µg), Imipenem 
(10µg). The tested Enterobacteriaceae species were classified as 
sensible, intermediate and resistant according to the cut-off point 
value of the inhibition zone recommended by the Clinical and 
Laboratory Standard Institute 2017 [23].

Screening for potential ESBL-producing isolates

The isolates that showed an inhibition zone size of ≤ 22 mm 
with ceftazidim (30μg) and/or ≤ 27 mm with cefotaxim (30μg) 
were considered as potential ESBL-producer and were selected 
for confirmation of ESBLs production. E. coli (ATCC 25922) and 
Klebsiella pneumoniae (ATCC 700603) were used as ESBLs 
negative and positive reference strains respectively.

Confirmation of extended spectrum β-lactamase (ESBL) 
and AmpC production 

Isolates resistant to cephalosporin of the 3rd generation 
(cefotaxim, ceftazidim) or to monobactam (aztreonam) in 
antibiotic sensitivity test were tested for ESBL and AmpC 
production by the Double Disc Synergy Test [24].

In a lawn culture of the strain into Mueller Hinton agar plate 
(MHA), amoxicillin/clavulanic acid (amoxyclav) disc (20µg+10µg) 
was placed in the centre of petri dish and cefotaxim (30µg), 
ceftazidim (30µg) and aztreonam (30µg) were placed on either 
side of amoxicillin/clavulanic acid disc at a distance of 18 to 
20mm. A disc of cephalosporin of the 4th generation; cefoxitin 
(30µg) was also placed at a distance of 15mm from cefotaxim and 
ceftazidim disc. Plates were incubated at 37°C for 16 to 18 hours. 
Organism which showed extension inhibition zone of cefotaxim 
or ceftazidim or aztreonam towards amoxyclav disc was taken 
as ESBL screen positive. Blunting of inhibition zone of ceftazidim 
towards cefoxitin was taken as AmpC screen positive. Blunting of 
zone of inhibition of ceftazidim towards amoxyclav was taken as 
inducible AmpC positive.

Screening and confirmation for carbapenemase 
producing isolates 

Isolates selected for this test were those known as ESBL 
producers from the above screening and those which were not 
susceptible to imipenem in antibiotic sensitivity test. Confirmation 
of the carbapenemase class A production was evaluated using 
Double Disc Synergy Test [24]. In a lawn culture of the selected 
isolates, amoxicillin/clavulanic acid (20µg+10µg) and imipenem 
(10µg) discs were placed in petri dish at a distance of 20mm from 
each other. Plates were incubated at 37°C for 16 to 18 hours. 
Organism which showed extension of inhibition zone of imipenem 
towards amoxyclav disc was taken as carbapenemase class A 
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screen positive.

Phenotypic detection for Metallo beta Lactamases (MBL) or 
carbapenemase class B production was done by combination disc 
test using discs of Ceftazidim (30µg) and imipenem (10µg) alone 
and those combined with EDTA [25]. The stock solution of EDTA 
(Sigma-Aldrich, Germany) was prepared by dissolving anhydrous 
EDTA in distilled water at a concentration of 0.1M. From this 
solution, 10µl was dispensed onto Ceftazidim (30µg) and 
imipenem (10µg) discs. The discs were dried and used within 60 
minutes. The test was performed by inoculating the test organism 
on Mueller Hinton Agar and placing one disc of Ceftazidim (30µg) 
and imipenem (10µg) without any inhibitor and two discs of 
Ceftazidim (30µg) and imipenem (10µg), each containing EDTA. 
The agar plates were incubated at 37°C overnight. The diameter 
of the growth inhibitory zone seen around the Ceftazidim (30µg) 
and imipenem (10µg) disc with EDTA was compared with that 
seen around the plain Ceftazidim (30µg) and imipenem (10µg) 
disc [25]. Regardless of the diameter zone, a 5mm increase in zone 
diameter of Ceftazidim (30µg) and imipenem (10µg) tested in 
combination with EDTA versus Ceftazidim (30µg) and imipenem 
(10µg) zone size when tested alone was taken as carbapenemase 
class B or Metallo beta lactamases production [25].

Statistical analysis

Data were analysed using IBM SPSS Statistics 20. The 
association between variable and the outcome was done taken 
HIV-negative participants as reference group. We tested for 

association in categorical variables such as prevalence of enteric 
bacterial infection, rate of Enterobacteria positivity per sample 
type, frequency of enteric bacterial species, resistance rate, 
prevalence of β lactamase producing enteric bacteria among 
HIV-positive and HIV-negative individuals using the chi-square 
test or fisher’s exact test, reporting corresponding p-values. 
The level of statistical significance for the study was set at p < 
0.05. The outcome measure was the detection of the presence 
of Enterobacteriacea among clinical samples from HIV-positive 
and HIV-negative participants with clinical signs of various tract 
infection, the susceptibility of the isolated Enterobacteriaceae to 
β-lactam antimicrobial agents and the detection of beta-lactamase 
and carbapenemase enzyme production.

Results 

Prevalence of Enterobacteriaceae infection in the study 
population

The study included three hundred and eight (308) participants 
with clinical sign of infection, their age ranged from 1 to 85 
years with mean 36.5±16.6 years. From these participants, 49.4, 
34.1 and 9.5% were with clinical signs of urinary, genital and 
gastrointestinal tract infection respectively, while 4.6, and 2.6% 
of them were with those related to wound and blood infection. 
Participants were made up of 104 HIV-positive individuals (64 
females and 40 males, mean age 35.64 ± 15.87 years) and 204 HIV-
negative individuals (116 females and 88 males, mean age 34.18 ± 
16.48 years) (Table 1).

Table 1: Socio-demographic characteristic and distribution of enteric bacterial infection according to HIV status of the participants.

Variable N (%) n=308 HIV-Positive N (%) n=104 HIV-Negative N (%) n=204 X2, [t] (P value)

Gender, Sex ratio (M/F) 1/1.37 1/1.48 1/1.32

Male 130 (42.2) 42(40.4) 88(43.1) -0.7146

Female 178(57.8) 62(59.6) 116(56.9)

Age (Years), Mean± SD 36.5 ± 16.6 35.64 ± 15.87 34.18 ± 16.48 [0.7411] (0.4592)

≥ 20 67(21.6) 20(19.2) 47(23.0)

2.683 (0.4432)
21-35 97(31.5) 30(28.9) 67(32.8)

36-50sd 86(27.9) 35(33.7) 51(25.0)

≥ 51 58(18.8) 19(18.3) 39(19.1)

Clinical signs related to

Urinary tract infection 152 (49.4) 57(54.8) 95(46.6)

5.797 (0.2149)

Genital tract infection 105(34.1) 27(3.0) 78(38.2)

Wound infection 14(4.6) 4(3.8) 10(4.9)

Gastrointestinal tract infection 29(9.5) 13(12.5) 16(7.8)

Blood infection 8(2.6) 3(2.9) 5(2.5)

Enteric bacterial Infection

Yes 104(33.8) 48(46.2) 56(27.5)
0.0014*

No 204(66.2) 56(53.9) 148(72.6)
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From these participants, 308 non-repetitive clinical specimen 
were collected based on the symptoms. Urine samples, which 
constituted 49.4% of the overall collected specimens were the 
most present, following by vaginal swab (34.1%) (Table 2). Out of 
the 308 participants enrolled, 104 were with sample positive or 
sample that demonstrated enteric bacterial growth quantification 
to be consider them as Enterobacteria infected subjects, given an 
infection prevalence of 33.8% in our sample population. Out of 
the 104 HIV-positive individuals, 48 (46.2%) were with positive 
sample versus 56 out of the 204 (27.5%) among HIV-negative 
individuals. This difference was significant (P=0.0014). 

The proportion of positive sample per sample type was as 
follow: 62.1, 50.0, 50.0, 30.9 and 26.7% respectively for stool, 
wound swab, blood, urine and vaginal swab samples. Regarding 
the proportion of positive sample among sample type according to 
group of participants; excepted stool (46.2 vs 75.0), urine (40.4 vs 
25.3%), vaginal swab (55.6 vs 16.7%), blood (66.7 vs 40.0) from 
HIV-positive participants were with a higher risk of Enterobacteria 
positivity compared to sample from HIV-negative individuals. But 
the different was statically significant only with vaginal swab 
sample (p= 0.0002) (Table 2).

Table 2: Distribution of Enterobacteriaceae positivity sample type according to HIV status.

Sample 
Type

Sample Collected 
N (%)

Entero +ve Sam-
ple N (%)

HIV-Positive Patients n=104 HIV-Negative Patients n=204
 P value

Sample Collected Entero +ve 
Sample n (%) Sample Collected Entero +ve Sam-

ple n (%)

Urine 152 (49.4)  47(30.9) 57 23 (40.4) 95 24 (25.3) 0.069

Vaginal 
swab 105(34.1)  28(26.7) 27 15 (55.6) 78 13 (16.7) 0.0002*

Wound 
Swab 14(4.6)  7(50.0) 4 2 (50) 10 5 (50) >0.9999

Stool 29(9.5)  18(62.1) 13 6 (46.2) 16 12 (75.0) 0.1426

Blood 8(2.6)  4(50) 3 2 (66.7) 5 2 (40.0) >0.9999

Total 308  104 (33.8) 104 48 (46.2) 204 56 (27.5) 0.0014*

Frequency of Enterobacteriaceae isolates 

A total of 104 consecutive, non-repetitive clinical isolates of 
Enterobacteriaceae were recovered from the samples. Fourteen 
Enterobacteria species were identified among the overall isolates 
in variable proportion; Escherichia coli (36.5%), Klebsiella 
pneumoniae (8.7%), Klebsiella rhinoscleromatis (1.9%), Klebsiella 
oxytoca (7.5%), Serratia odorifera (5.8%), Serratia mascecens 
(4.8%), Enterobacter aerogenes (4.8%), Enterobacter cloacae 
(4.8%), Enterobacter agglomerans (3.8%), Citrobacter freundii 
(7.7%), Proteus mirabillis (2.9%), Proteus vulgaris (7.7%), 

Salmonella spp (2.9%), and Providencia rettgeri (1.0%) (Table 3). 
Among the overall identified species, 48 were from the 104 HIV-
positive participants (46.2%) and 56 from the 204 HIV-negative 
ones (27.5%). Escherichia coli was the most predominant species 
among both HIV-positive (16.4%) and HIV-negative individuals 
(10.3%). This species was followed by Klebsiella oxytoca (4.8%), 
Proteus vulgaris (4.8%), Enterobacter aerogenes (3.9%) and 
Citrobacter freundii (3.9%) among HIV positive individuals 
and by Klebsiella pneumonia (2.9%), Serratia odorifera (2%), 
Enterobacter agglomerans (2%) and Citrobacter freundii (2%) 
among HIV negative individuals.

 Table 3: Enterobacteriaceae species distribution in HIV-positive and HIV-negative individuals.

Enterobacteriaceae Species Isolated Species N(%) HIV-Positive Patients N 
(%) n=104

HIV-Negative Patients N (%) 
n=204 P Value 

Escherichia coli 38 (36.5) 17 (16.4) 21(10.3) 0.1439

Klebsiella pneumonia 8(8.7) 2(1.9) 6(2.9) 0.7215

Klebsiella rhinoscleromatis 2(1.9) 0(0) 2(1.0) 0.5513

Klebsiella oxytoca 8(7.7) 5(4.8) 3(1.5) 0.1249

Serratia odorifera 6 (5.8) 2(1.9) 4(2.0) >0.9999

Serratia mascecens 5(4.8) 2(1.9) 3(1.5) >0.9999

Enterobacter aerogenes 5(4.8) 4(3.9) 1(0.5) 0.0461*

Enterobacter cloacae 5(4.8) 2(1.9) 3(1.5) >0.9999

Enterobacter agglomerans 4(3.8) 0(0) 4(2.0) 0.3041

Citrobacter freundii 8(7.7) 4(3.9) 4(2.0) 0.4499

Proteus mirabillis 3(2.9) 2(2.0) 1(0.5) 0.2643

Proteus vulgaris 8(7.7) 5(4.8) 3(1.5) 0.1249
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Salmonella spp 3(2.9) 2(1.9) 1(0.5) 0.2643

Providencia rettgeri 1(1.0) 1(1.0) 0(0) 0.3377

Total 104 48 56  

n: Number, *: Significant

The distribution of the identified species according to HIV 
status of the participants showed that Escherichia coli, Klebsiella 
oxytoca, Enterobacter aerogenes, Citrobacter freundii, Proteus spp 
and Salmonella spp were highly accounted among isolates from 
HIV-positive than HIV-negative participants, but the difference 
was significant only with Enterobacter aerogenes (p=0.0461) 
(Table 3). Some species were specific for a group of participants, 
Providencia rettgeri in HIV-positive participants, Klebsiella 
rhinoscleromatis and Enterobacter agglomerans in HIV-negative 
participants (Table 3).

Antibiotic resistance pattern of Enterobacteria isolates 
according to HIV status 

Resistance rate ranged from 4.2 to 72.9% among isolates from 
HIV-positive participants and from 0.0 to 73.2% among those 
coming from HIV-negative ones. The overall resistance rate were 
27.7 and 35.5% respectively among isolates from HIV-negative 
and HIV-positive participants. This difference was significant (P 

= 0.0059), indicating that HIV-positive subjects are more in risk 
to develop resistance to antibiotics than HIV-negative individuals.

When examining resistance to single antibiotic, we noticed 
that with the exception of Piperacillin + Tazobactam (4.2 vs 
10.7%), higher resistance rate was detected among isolates from 
HIV-positive participants compared to those from HIV-negative 
participants. Resistance rate of 10.4 vs 0.0%, 33.33 vs 25% , 37.5 vs 
10.7%, 41.7 vs 35.75, 58.3 vs 35.7% and 50 vs 35.7% were noticed 
against imipenem, cefotaxim, cefoxitin, piperacillin, ceftazidim 
and cefuroxim respectively among isolates from HIV-positive vs 
HIV-negative participants. This difference was significant regarded 
imipenem (P = 0.0186), cefoxitin (P = 0.002) and ceftazidim (P = 
0.0298). Resistance rate detected against amoxicillin, amoxicillin/
clavulanic acid and aztréonam were independent of the HIV status 
of patients. Resistance rate against imipenem and cefuroxine/
sulfobactam were detected only among isolates from HIV-positive 
patients (Table 4).

Table 4: Resistance rate of isolates to antibiotics according to HIV status of participants.

Antibiotics Breakpoint 
(mm)

Resistance rate N (%) Isolates from 
HIV-Positive Participants n=48 

Resistance rate N (%) Isolates from 
HIV-Negative Participants n=56 P Value

Amoxicillin 14-17 35 (72.9) 41 (73.2) >0.9999

Amoxicillin + clavu-
lanc acid 14-17 29 (60.5) 33 (58.9) >0.9999

Piperacillin + Tazo-
bactam 18-20 2 (4.2) 6 (10.7) 0.2818

Piperacillin 18-20 20 (41.7)  20 (35.7) 0.5512

Aztreonam 16-21 8 (16.7) 11 (19.6) 0.8013

Imipenem 14-15  5 (10.4) 0(0) 0.0186*

Cefotaxim 15-22 16 (33.3) 14 (25) 0.3904

Ceftazidim 15-17 28 (58.3) 20 (35.7) 0.0298*

Cefoxitin 15-17 18 (37.5) 6 (10.7) 0.002*

Cefuroxim 15-17 24 (50) 20 (35.7) 0.1663

Cefuroxim + Sul-
bactam 15-17 2 (4.2) 0 (0) 0.2106

Overall resistance 
rate (%)   -35.5 -27.7 0.0059*

n: Number, *: Significant.

Magnitude of ESBL, AmpC, and Carbapenemase 
producing Enterobacteriaceae 

Of all the enteric bacteria isolates, 25% (26/104) were 
positive for the screening test of ESBL production. For all the 
isolates detected as ESBL producer, E. coli accounted for 34.6% 
(9/26), Enterobacter spp for 15.4% (4/26), Klebsiella spp, Proteus 

spp and Citrobacter freundi for 11.5% (3/26) each. Only P. rettgeri 
was not detected as ESBL producer.

The overall prevalence of AmpC producing Enterobacteria 
infection among the isolates was found to be 21.2% (22/104). 
For all the isolates detected as AmpC producer, E. coli accounted 
for 40.9% (9/22) followed by Enterobacter spp 18.2% (4/22) 
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and Klebsiella spp. 18.2% (4/22). P. rettgeri and Salmonella 
spp were not detected as AmpC producers. Approximately 5% 
of isolates (4.8%; 5/104) were detected as Carbapenemase 
producing Enterobacteria, 1.9% (2/104) for class A and 2.9% 

(3/104) for class B or MBL. E. coli and Klebsiella pneumonia 
were the only carbapenemase producing Enterobacteria detected, 
in the proportion of 80% and 20% respectively of the overall 
carbapenemase isolates producer detected (Table 5).

Table 5: Distribution of ESBL, AmpC and carbapenemase production among the overall Enterobacteria species.

β Lactamase
Enterobacteriaceae Species, N (%)

Total (%)
E. coli Klebsiella 

spp
Salmonella 

spp P. rettgeri Serratia 
spp

Enterobacter 
spp C. freundii Proteus 

spp

 Wild 7 3 1 1 1 3 2 2 20 (19.2)

Pen TEM 3 4 0 0 3 2 0 2 14 (13.5)

Pen RI 6 3 0 0 4 1 1 2 17 (16.3)

ESBL 9 
(34.6) 3 (11.5) 2 (7.7) 0 (0.0) 2 (7.7) 4 (15.4) 3 (11.5) 3 (11.5) 26(25)

AmpC 9 
(40.9) 4 (18.2) 0(0.0) 0(0.0) 2(9.1) 4(18.2) 2(9.1) 1(4.5) 22(21.2)

Carbap A 2 0 0 0 0 0 0 0 2(1.9)

MBL 2 1 0 0 0 0 0 0 3(2.9)

Total Carbap 4(80) 1(20) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 5(4.8)

 Total 38 18 3 1 12 14 8 10 104

N: Number, Pen TEM: Penicillinase TEM, Pen RI: Penicillinase Resistant To Inhibitors, ESBL: Extended Spectrum Beta Lactamases, AmpC: AmpC 
beta Lactamases, Carbap A: Carbapenemase class A, MBL: Metallo Beta Lactamases. E. colI: Echerichia coli, P. rettgeri: Providencia rettgeri, C. 
fruendii: Citrobacter freundii.

The overall prevalence of β lactamase enzyme producing 
Enterobacteria infection was 17.2% (53/308) in our sample 
population, 8.4% (26/308), 7.1% (22/308) and 1.6% (5/308) 
respectively for ESBL, AmpC, and Carbapenemase enzyme. This 
prevalence of infection varied significantly (p<0.0001) according 
to HIV status of the participants with the pic of infection with these 

pathogens among HIV-positive participants. In fact, the prevalence 
β lactamase enzyme producing enterobacteria infection were 
32.7 % (34/104) and 9.3% (19/204) respectively among HIV-
positive and HIV-negative participants (p<0.0001), suggesting 
that Enterobacteria harbouring this enzyme were more present 
among HIV-positive subjects than HIV-negative ones. 

Table 6: Prevalence of ESBL, AmpC and carbapenemase Enterobacteria-producing infection according to HIV status of participants.

β lactamase Isolates N (%) n=104 HIV-Positive Participants N (%) 
n=104

HIV-Negative Participants N (%) 
n=204 P value

Wild 20 (19.2) 6 (5.8) 14 (6.9) 0.1367

Pen TEM 14 (13.5) 3(2.9) 11 (5.4) 0.0811

Pen RI 17 (16.3) 5(4.8) 12 (5.9) 0.1842

ESBL 26(25) 17 (16.3) 9 (4.4) 0.0215*

AmpC 22(21.2) 12(11.5) 10 (4.9) 0.4715

Carbap A 2(1.9) 2(1.9) 0 (0.0) 0.2106

MBL 3(2.9) 3(2.9) 0 (0.0) 0.0884

Overall carbapenemase 5 (4.8) 5 (4.8) 0(0) 0.0186*

Overall lactamase producing 
infection (%) 53/308 (17.2) 34(32.7) 19(9.3) <0.0001

n: Number, *: Significant, Pen TEM : Penicillinase TEM, Pen RI : Penicillinase resistant to inhibitors, ESBL : Extended Spectrum Beta Lactamases, 
AmpC: AmpC beta Lactamases, Carbap A: Carbapenemase class A, MBL: Metallo beta Lactamase

Considering each individual β lactamase enzyme, the higher 
prevalence of infection with organism-producer was noticed 
among HIV-positive individuals compared to HIV-negative 
individuals. ESBL, AmpC, carbapenemase class A, carbapenemase 
class B (MBL) and total carbapenemase producing Enterobacteria 

infection prevalence of 16.3 vs 4.4%, 11.5 vs 4.9%, 1.9 vs 0.0%, 
2.9 vs 0.0% and 4.8 vs 0.0% were noticed respectively among 
HIV-positive individuals vs HIV-negative ones. The difference was 
significant regarded ESBL (P = 0.0215) and total carbapenemase 
(P = 0.0186) producing Enterobacteria (Table 6).
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Discussion 
Enterobacteriaceae are a large family of bacteria that commonly 

cause infections both in healthcare settings and in communities. 
Enterobacteriaceae infections are common and more likely to 
cause invasive conditions in HIV-positive individuals than healthy 
ones [2]. The absence of these data in our population has hinder 
the better understanding of the harmful effect of HIV infection in 
our society and also slow down the planning for resources which 
can enable us to best fight against this disease. Thus, the present 
study have evaluated the prevalence of Enterobacteria infection, 
the antimicrobial susceptibility patterns and the prevalence of 
β-lactamase enzyme producing enteric bacterial infection among 
HIV-positive individuals compared with HIV-negative ones in a 
healthcare setting.

On the overall samples currently collected, urine (49.4%) and 
vaginal swab (34.1%) were the most frequent. Such observation 
indicate that affections of urinary and genital systems are the most 
common health complain in our milieu. Our data shown that HIV-
positive individuals (46.2%, 48/104) are significantly more prone 
to Enterobacteria infection than HIV-negative ones (27.47%, 
56/204), (P=0.0014). A compromised immunity resulting from 
HIV infection could help to understand the vulnerability of HIV-
positive individuals to infection. Additionally, others risks factors 
to which HIV-positive individuals are commonly exposed such 
as prolonged hospitalization, intensive-care unit stay could 
also explained the positive relationship between HIV infection 
and high positivity to Enterobacteria infection. Our finding is in 
accordance with previous studies reporting that rates of Gram-
negative bacterial enteric infections are at least 10-fold higher 
among HIV-positive adults than in the general population [3-6].

Approximately 34% (33.8%) of the overall sample collected 
were Enterobacteria positive. When examining the proportion of 
sample positivity according to sample type, we noticed that stool 
sample (62.1%) was the one with the highest positivity. This is 
true, since Enterobacteria are commensal enteric flora usually 
not pathogenic, but which in certain conditions can cause various 
infections such as gastroenteritis [26]. Some Enterobacteria 
infections of the digestive tract may lead to watery or bloody 
diarrhea in infected patients or necrotizing enterocolitis in 
infected newborn infants [27]. Urine (p= 0.069), vaginal swab 
(p= 0.0002) and blood samples (p>0.9999) from HIV-positive 
participants were with a higher risk of Enterobacteria positivity 
compared to sample from HIV-negative individuals, suggesting 
that enteric bacterial infections of the urinary, genital and blood 
systems are common in HIV-positive individuals compared to HIV-
negative ones. Our finding is in accordance with previous reports 
showing that, among opportunistic infections of AIDS defined 
illness, urinary tract infections accounts for 60% [28]. The high 
positivity of enteric bacteria in blood of HIV-positive individuals 
compared to HIV-negative ones seem to be real, since among 
HIV-positive subjects the most prevalent enteric infection such 

as salmonellosis and shigellosis develops in more than 40 [29] 
and 50% [30] of cases respectively into bacteremia. Bloodstream 
infection (BSI) is a frequent complication found in HIV-positive 
individuals and is usually associated with a poor prognosis, 
responsible for the immediate cause of death in up to 32% of HIV-
positive individuals [31].

Regarding stool samples, Enterobacteria positivity rate of 46.2 
vs 75.0% was noticed respectively among HIV-positive and HIV-
negative individuals. This is not unexpected, since Enterobacteria 
are not pathogenic commensal enteric flora in healthy individual. 
But, these bacterial are pathogenic in HIV-positive individuals 
because of the immunological response repression at the mucosal 
level that prevent intestinal idiopathic defense mechanisms [32]. 
The present rate of Enterobacteria positivity of HIV-positive stool 
sample (46.2%) is higher than the previous rates of 8.3% from 
Arba Minch General Hospital in Southern Ethiopia [33], 12.6% in 
Southwest Ethiopia [34], 12.5% in Cambodia [35] and 14.5% in Peru 
[36], 19.2% in Uganda [37], 29% in India [38], 16% in Southwest 
Ethiopia (Jimma) [39] reported among HIV-positive individuals. 
However, it is similar to the 43.3% enteric bacteria isolate rate 
reported in South Africa among HIV-positive individuals [40]. 
The observed difference in the rates of Enterobacteria positivity 
among stool sample could be attributed to differences in risk 
factors of the various populations. Since the probable source for 
most enteric infections is ingestion of contaminated food or water 
[3], factors like hand washing practice, contact with animals, 
consumption of raw food and others are indicated as potential 
factors for acquiring enteric bacterial infection [41].

After considering the colony morphology and biochemical 
characteristics, our finding revealed that Escherichia coli, 
Klebsiella oxytoca, Enterobacter aerogenes, Citrobacter freundii, 
Proteus spp and Salmonella spp were highly accounted among 
isolates from HIV-positive than HIV-negative participants, with 
a significant difference regarded Enterobacter aerogenes (p = 
0.0461). Our findings concerning the commonest of Salmonella 
and Escherichia coli species among enteric bacteria isolates 
from HIV-positive individuals agree with previous finding. In 
fact, it is reported that Salmonella, Shigella, Campylobacter and 
Escherichia coli are the most common enteric bacterial pathogens 
in HIV-positive individuals [42] and etiologic agents with potential 
cause of severe illness among them [32]. Additionally, 66.7% of 
the overall Salmonella spp isolates were recorded from HIV-
positive individuals. Our findings correlated with previous reports 
that HIV-positive individuals have a higher risk of salmonellosis 
than healthy individuals [29]. The present rate of Salmonella 
infection among HIV-positive individuals (1.9%) is similar to that 
reported in Peru (1%) [36] and Southern Ethiopia (2.8%) [33], 
but rather lower than a result from Southern Ethiopia (5.1%) 
[34] and Uganda (8.1%) [37]. In the present study, blood sample 
were not cultured on specific medium for Samonella spp. This 
may be the reason of the discrepancy between the current rate 
of Salmonella isolate and those of the previous studies, since in 
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immune compromised individuals, salmonellosis mostly develops 
into bacteremia [30].

Resistant of bacteria to common antibiotics reduce the efficacy 
of these drugs to treat these infections and increase the frequency 
of therapeutic failure. The situation can become alarming for the 
immune-compromised patients as HIV-positive individuals, who 
are at risk of repeated infections. In the present study, resistance 
rate of 27.7 and 35.5% were detected respectively among isolates 
from HIV-negative and HIV-positive participants (P = 0.0059), 
indicating that HIV-positive subjects are more in risk to develop 
resistance to antibiotics than HIV-negative participants. Similarly, 
previous studies revealing higher resistance rate to antimicrobials 
among enteric bacterial coming from HIV-positive individuals has 
been documented [43,44].

Regarding resistance to single antibiotic, significant higher 
resistance rate was detected against imipenem (P = 0.0186), 
cefoxitin (P = 0.002) and ceftazidim (P = 0.0298) among isolates 
from HIV-positive participants compared to those from HIV-
negative participants. Moreover, resistance rate against imipenem 
and cefuroxine/sulfobactam were detected only among isolates 
from HIV-positive participants. Recurrent used of antimicrobials 
and long term exposure to antimicrobials in order to cure or to 
prevent opportunistic infections in HIV-positive subjects may 
lead to the emergence of multidrug-resistant bacteria [45]. In 
fact, co-trimoxazole is recommended to HIV-positive adults and 
children born to HIV-positive women as prophylaxis measures 
against opportunistic infection [46]. The continuous exposure 
to this drug has result to the emergence of co-trimoxazole-
resistant bacteria in HIV-positive population and the therapeutic 
failure against bacterial infections. This highlights the need for 
susceptibility testing of Enterobacteria isolates prior to therapy 
initiation, since antibiotics given empirically without proper 
antibiotic susceptibility testing, a clinical common practice in our 
milieu is one of the major cause in the clonal selection of resistant-
organisms.

β-lactam antibiotics such as penicillins, cephalosporins and 
carbapenems are the most commonly used antibacterial drugs. 
The predominant drug resistance mechanism against β-lactam 
antibiotics among Gram-negative bacteria is the production of 
β-lactamase enzymes. Most important β-lactamase enzymes are 
extended spectrum β-lactamases (ESBLs), AmpC β- lactamase 
(AmpC) and Metallo β-lactamase (MBL). In this study, bacterial 
isolates from HIV -positive participants were highly resistant to 
cephalosporins (cefotaxim, ceftazidim, cefoxitin, cefuroxim) and 
lowly to cefuroxine/sulfobactam and piperacillin/tazobactam, 
characteristics which are specific to extended spectrum β-lactam 
antibiotics producing microorganisms. Few of them were also 
resistant to imipenem. Thus, the magnitude of extended-spectrum 
beta-lactamases (ESBLs) and carbapenemase production were 
evaluated among these isolates according to HIV status of the 
participants.

 Our data showed that 25% (26/104), 21.1% (22/104) and 
4.8% (5/104) of the isolated Enterobacteriaceae were found to 
be ESBL, AmpC and carbapenemase producing bacterial infection 
independently of the HIV status of the participants. The highest 
frequency of ESBL and AmpC production was observed among 
E. coli, followed by Enterobacter spp whereas carbapenemase 
producing Enterobacteriaceae were predominantly E. coli and 
Klebsiella pneumonia (Table 5).

The overall prevalence of infection with β lactamase enzyme 
producing member was 17.2% (53/308) in our sample population, 
8.4% (26/308), 7.1% (22/308) and 1.6% (5/308) respectively for 
ESBL, AmpC, and Carbapenemase producing Enterobacteriaceae. 
Enterobacteria harboring β lactamase enzyme were more present 
among isolates from HIV-positive subjects (32.7%) than HIV-
negative ones (9.3%), (P <0.0001). Taking individual lactamase 
enzyme, significantly higher prevalence of infection with ESBL 
(16.3 vs 4.4%, P= 0.0215) and carbapenemase (4.8 vs 0.0%, P= 
0.0186) producing Enterobacteria were noticed among HIV-
positive vs HIV-negative participants (Table 6).

Among the Enterobacteria isolates from HIV–positive 
participants, 35.4, 25 and 10.4% respectively were ESBL, AmpC 
and carbapenemase producing enteric bacterial infection. 
The current findings on the prevalence of extended spectrum 
β-lactamases producing Enterobacteria among HIV infected 
patients (35.4%) is comparable with studies from Ethiopia 
like Jimma (38.4%) [47], and Harar (33.3%) [48]. However this 
prevalence was higher compared with that documented in studies 
from others parts of Ethiopia (25%) [49], (21.4%) [50] and Saudi 
Arabia (22%) [51] and far higher than reports in the United States 
(8.6%) [52] and the United Kingdom (1%) [53]. On the other hand, 
it was lower than reports from different African countries such as 
Ghana (49.3%) [54], Addis Ababa (52%) [55] and Uganda (62%) 
[56]. This variation might be due to the difference in sampling 
population, the policy of antibiotics prescription, as well as socio-
cultural and economic factors.

 In Cameroon, few studies on the extent of E-ESBL circulating 
strains among the general population have been investigated but 
none among HIV-positive individuals. A ESBL carriage of 12% and 
16% was reported among enteric bacteria isolates respectively 
in HIV-negative patients in Yaoundé and in the community 
of Ngaoundéré [57,58]. Approximately 45% (45.3%) enteric 
bacteria produced ESBL was isolated from women with urinary 
tract infections in Yaoundé-Cameroon prior to antibiotics use 
[59]. The discrepancy in the prevalence of extended spectrum 
β-lactamases producing Enterobacteria of this study compared 
with the aforementioned reports may be due to the difference 
in sampling population. In fact, HIV-positive individuals are 
in high risk for ESBL carriage because they are commonly 
subjected to infections and hospitalization, and more likely to 
consume antimicrobial agents than HIV- negative persons. This 
may also justify the present high prevalence of AmpC (25%) 
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and carbapenemase (10.4%) producing Enterobacteria infection 
among HIV-positive participants compared to HIV-negative ones. 
Carbapenems are antibiotics usually used to treat extended-
spectrum and AmpC β-lactamases producing pathogens [60]. 
However, the spread of enzymes that break down these antibiotics 
has been reported [61]. This situation may further compromise 
therapeutic alternatives using every beta-lactam antibiotics but 
also those using non-beta-lactam, since carbapenemase mediated 
resistance are usually transposon- and/or integron-encoded 
determinants which can easily disseminated [62]. The use of 
appropriate infection prevention practices via minimizing risks of 
β lactamase producing organisms transmission such as intensive-
care unit stay, sharing a room with a known carrier of β lactamase 
strain, prolonged hospitalization may reduce the spread of these 
pathogens in our healthcare setting.

Conclusion

Our findings showed that HIV-positive individuals are 
significantly more affected by Enterobacteriaceae infection 
than HIV-negative ones. The present study also indicates that 
HIV positive individuals are more likely to be infected by highly 
resistant organisms and that they are more prone to be infected by 
ESBL, AmpC and carbapenemase producing Enterobacteriaceae 
than HIV-negative individuals in our milieu. Ongoing studies on 
the prevalence of ESBL, AmpC and carbapenemase infection 
among HIV-positive individuals in other region of the country are 
performing in order to fully elucidate this issue and to establish 
a well-defined national surveillance program that monitor the 
evolution of lactamase producing Enterobacteria in Cameroon. 
Future efforts should focus on determining the presence of 
transferable resistance plasmids through genomic analysis in 
order to track the spread of these resistance genes within the 
population.
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