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Abstract
Background: Human immunodeficiency virus (HIV) infected individuals are at increased risk of  asymptomatic bacteriuria (ASB) 
due to immune suppression. The increasing resistance of  uropathogens necessitates the need for regular monitoring of  their pro-
file to reduce drug resistance.
Objectives: We determined the prevalence of  ASB and the characteristics of  antibiotic-resistant uropathogens isolated from HIV 
patients.
Methods: Mid-stream urine samples from 100 HIV positive and 100 HIV negative healthy individuals were cultured for significant 
bacteriuria. The isolates were identified by standard techniques and their susceptibility patterns determined by the Kirby-Bauer 
disc diffusion technique. All the Gram-negative isolates were screened for ESBL production by combined disc method, ESBL 
genes and class 1 integrons by Polymerase chain reaction.
Results: Nine (9%) HIV positive individuals and 4 (4%) healthy individuals had ASB yielding a total of  13 (6.5%) uropathogens 
dominated by Escherichia coli (53.9%). All isolates were multidrug resistant. Five isolates harboured both the blaTEM-1 gene and 
class 1integrons while Serratia liquefaciens produced ampC.
Conclusion: There is a higher burden of  ASB characterized by multi-drug resistant uropathogens among HIV patients. Thus em-
phasizing the need for continuous resistance surveillance and antibiotic stewardship in our environment to reduce drug resistance 
and prevent treatment failure.
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Introduction
The Acquired immune deficiency syndrome caused by 
the human immunodeficiency virus (HIV) is a major 
global health problem 1. According to the 2018 UN-
AIDS reports, 1.9 million people with HIV live in Ni-
geria. Of  these, 67% knew their status, 53% were on 
treatment and 42% were virally suppressed 2. Although 
there has been a decline in the number of  AIDS-re-
lated deaths since 2010, with a 26% fall, from 72,000 
to 53,000 deaths,  the number of  new HIV infections 
has increased within the same period from 120,000 to 
130,000. Even with the widespread HIV awareness 
programme, many people still do not know their status; 

they either go on with their lives undiagnosed or pres-
ent with multiple infections later in life 2.
HIV infected individuals are at higher risk of  infections 
due to the alteration of  their normal defence by the 
virus 3. High viral load (≥100,000 copies/ml) promotes 
the danger of  opportunistic infections 4. In individuals 
with high viral load, bladder areflexia and hyporeflex-
ia are regular neurologic complications, which result 
in urinary stasis and eventually urinary tract infections 
(UTIs) 5.

Urinary tract infections may be symptomatic or asymp-
tomatic; whether asymptomatic bacteriuria (ASB) 
precedes symptomatic UTI in people with HIV is not 
clearly understood. ASB is the presence of  at least 
105 CFU/ml of  one or two uropathogens in a culture 
of  mid-stream urine collected from a patient without 
symptoms of  UTI 6. While some studies showed no sig-
nificant differences in the prevalence of  ASB between 
HIV positive and HIV negative populations, majority 
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of  other studies reported a higher prevalence particu-
larly among women and those with high viral load 7–10. 
Associated risk factors for ASB include gender, marital 
status and high viral load/low CD4 count8–10. Although, 
several investigators have looked at the problem of  ASB 
among individuals with HIV in different populations, 
there are still unanswered questions 9. ASB can lead to 
adverse outcomes in pregnant women and patients with 
urological disorders, however, it is unknown if  this so in 
the HIV population 11,12.

Among the group of  antibiotics commonly used to treat 
UTIs, β-lactams are the most extensively used agents 13. 
However, the emergence of  resistance to these agents 
has become a global problem due to the irrational use 
of  antibiotics at both community and hospital levels. 
In the last ten years, there has been an increasing trend 
of  multidrug-resistant uropathogens particularly ES-
BL-producing uropathogens worldwide, including in 
Nigeria 14,15. ESBLs are enzymes that hydrolyzes pen-
icillins, oxyimino-cephalosporins, and monobactams 
16. The specific ESBL-producing strains have different 
genetic characteristics, which may be responsible for 
specific characteristics. Most ESBLs originate from the 
widespread broad-spectrum beta-lactamases SHV-1 
and TEM-1 through definite mutations. Nevertheless, 
their prevalence and occurrence vary significantly in 
different geographical areas 17.

The determinants of  antibiotic resistance are normally 
transferred among bacterial strains by mobile genetic 
elements, including integrons 18. Integrons integrate and 
disseminate resistance genes among bacteria. To date, 
many classes of  integrons have been described based 
on the sequences of  their integrase genes (intI) 19. Of  
these, classes 1 and 2 integrons are the most frequently 
associated with antibiotic resistance in Gram-negative 
bacteria 18.
Assessment of  agents of  UTI and their susceptibility 
profile is imperative as part of  global efforts to contain 
the emergence and dissemination of  antimicrobial re-
sistance. Thus, we investigated the prevalence of  ASB 
and antimicrobial resistance characteristics of  uropath-
ogens isolated from HIV patients.

Materials and methods
Study Area and Study Population 
This study involved 100 HIV positive individuals attend-
ing the Virology research clinic of  Obafemi Awolowo 
University Teaching Hospitals Complex (OAUTHC), 

Ile-Ife, Nigeria. Sampling was performed over three-
months, and midstream urine
samples were aseptically collected consecutively from 
patients aged 18 years and above as they presented to 
the clinic. A control group of  100 healthy HIV negative 
blood donors of  the same age range were also recruited 
at the Department of  Haematology and Blood Trans-
fusion of  the hospital. Those with conditions that can 
predispose them to UTIs and those with symptoms of
UTI and on antibiotics within the preceding 14 days of  
sampling were excluded from the study.
The patients' information was obtained using a pro 
forma. Ethical approval was obtained from the Ethics 
and Research Committee of  OAUTHC to conduct the 
study. Written informed consent was required to par-
ticipate in the study. The samples were collected from 
participants in sterile universal bottles and transported 
on ice to the laboratory for investigations within two 
hours of  collection.  
                                     
Processing of  Samples
The samples (5mL) were centrifuged at 2500 rpm for 
five minutes, and urine sediments were examined un-
der the microscope for casts, crystals, red blood cells, 
leukocytes, and bacteria. Well-mixed uncentrifuged 
specimens were cultured within two hours of  collec-
tion on Cysteine Lactose Electrolyte Deficient Medi-
um (CLED) (HiMedia, India) and blood agar using a 
standard calibrated (0.01mL) platinum wire loop. Each 
culture plate was read after 18–24 hours incubation at 
37ºC under aerobic conditions. Samples that yielded 
one isolate with a colony count ≥ 105 CFU/mL or two 
isolates with one or both colonies count ≥105 CFU/
mL were considered to have significant bacteriuria. 
Samples with counts <105 CFU/mL were not signif-
icant. Bacterial isolates were identified based on their 
morphology, Gram’s staining reaction, and biochemical 
characteristics. The Gram-negative isolates were char-
acterized with MicrobactTM GNB 24E identification kit 
(Oxoid Ltd, Basingstoke, United Kingdom) and identi-
fied with Microbact TM Computer-Aided Identification 
Package, version 2.04 (Oxoid Ltd, Basingstoke, United 
Kingdom).

Antibiotics Susceptibility Testing  
Bacterial susceptibility to 20 antibiotics was deter-
mined using the Kirby-Bauer disc diffusion method 
following the guidelines of  the Clinical and Laboratory 
Standard Institute (CLSI)20. The antibiotics used were: 
nitrofurantoin (300μg), gentamicin (10μg), amoxicil-
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lin-clavulanate (30μg), ceftriaxone (30μg), cefotaxime 
(30μg), sulfamethoxazole-trimethoprim (25μg), chlo-
ramphenicol (30μg), ciprofloxacin (5μg), meropenem 
(10μg), ceftazidime (30μg), penicillin (10U), ofloxacin 
(5μg), cefepime (30μg), ampicillin (10μg), tetracycline 
(30μg), streptomycin (10μg), erythromycin (15μg), and 
cefoxitin (30μg), aztreonam (30μg). Staphylococcus aureus 
ATCC25923 and Escherichia coli ATCC 25922 were used 
as reference strains for the test. The minimum inhibito-
ry concentration (MIC) for vancomycin was determined 
using the microtitre dilution method according to the 
recommendation of  CLSI 20 The Multiple Antibiotic 
Resistance (MAR) index was calculated as described by 
Krumperman 21. Isolates with MAR index values great-
er than 0.2 were considered to have originated from 
high-risk sources where antibiotics were frequently 
used while a MAR index values of  less than or equal 
to 0.2 indicates that the isolate originates from low-risk 
sources where antibiotics are rarely or never used. Mul-
tidrug resistance (MDR) was defined as non-suscepti-
bility to at least one agent in three or more categories 
of  antimicrobial agents 22.

Cefpodoxime 10µg discs with and without clavulanic 
acid (2.5µg) were used to confirm ESBL production by 
the combination disc method. Cefpodoxime 10µg with 
and without boronic acid (400µg) (AmpC inhibitor) 
were used to confirm AmpC production. An increase in 
the inhibition zone diameter of  > 5 mm in a third-gen-
eration cephalosporin disc combined with clavulanic 
acid or boronic acid, compared with the third-gener-
ation cephalosporin alone, indicated ESBL production 
or AmpC production respectively 23. The results were 
interpreted using the Multichrome Antibiotic Suscep-
tibility Test (MAST) disc calculator (Mast group Ltd, 
England).

DNA extraction  
The DNA of  the Gram-negative isolates was extract-
ed using the boiling method 24. Three colonies of  each 
isolate were emulsified in 100µl of  sterile distilled water 
in a clean Eppendorf  tube, boiled for 15 minutes and 
centrifuged at 10,000 rpm for five minutes in a micro-

centrifuge. The supernatant was transferred to a new 
Eppendorf  tube after centrifugation and was used as 
template DNA for polymerase chain reaction (PCR).

Amplification of  extended-spectrum β-lactamase 
genes and Class 1 integrons 
All the Gram-negative isolates that were resistant to am-
picillin but not confirmed as ESBL producers with the 
combination discs were screened by PCR using prim-
ers specific for the detection of  blaSHV, blaTEM and 
blaCTX-M genes as described by Bebe et al. 14 (Table 
1).  A 25µl reaction mix composed of  12.5 µl one Taq 
Quick-Load 2X master mix with standard buffer, 0.5µl 
of  10µM each of  forward primer and reverse primer, 
3µl template DNA and 8.5µl of  nuclease-free water. 
Amplification reactions involved initial denaturation at 
94°C for 5 minutes, 35 cycles of  denaturation at 94°C 
for 1 minute, annealing at 45°C for 30 seconds, and ex-
tension at 72°C for 1 minute, and a final extension at 
72°C for 5 minutes. E. coli ATCC 25922 was used as a 
negative control.

Also, the isolates were screened for class 1 integrons by 
PCR using Levesque 5CS and 3CS primers 25 (Table 1). 
The reaction mix for each strain was constituted as fol-
lows: 12.5µl one Taq Quick-Load 2X master mix with 
standard buffer, 0.5µl of  10µM each of  forward prim-
er and reverse primer, 3µl template DNA and 8.5µl of  
nuclease-free water. Amplification reactions involved 
initial denaturation at 94°C for 5 minutes, 40 cycles of  
denaturation at 94°C for 1 minute, annealing at 50°C 
for 30 seconds, and extension at 72°C for 1 minute, and 
a final extension at 72°C for 10 minutes in GenAmp® 
PCR system 9700 (Applied Biosystems). Each ampli-
con (10μL) was electrophoresed on a 1.5% agarose 
gel pre stained with 0.5μg/mL Ethidium bromide in 
1X Tris-Borate-EDTA (TBE) buffer and viewed with 
a UVitec transilluminator (Avebury, Cambridge UK). 
The position of  amplified products was estimated by 
the position of  the ladder (Biolab, England). The TEM 
genes were sequenced using the Nimagen, Brilliant-
Dye™ Terminator Cycle Sequencing Kit V3.1, BRD3-
100/1000 according to manufacturer’s instructions 26. 
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Table 1: Primers Used for Amplification of Resistance Genes and Class 1 Integrons by 
                   Polymerase Chain Reaction 
  
Gene Primer Sequence (5’-3’) Size(bp) T0C 
SHV SHV-F     CGCCTGTGTATTATCTCCCT 293 45 

  SHV-R CGAGTAGTCCACCAGATCCT     
TEM TEM-F TTTCGTGTCGCCCTTATTCC 403 45 

  TEM-R ATCGTTGTCAGAAGTAAGTTGG     
CTX-M CTX-M-F CGCTGTTGTTAGGAAGTGTG 874 45 

  CTX-M-R GGCTGGGTGAAGTAAGTGAC     
Class 1 
Integrons 

Lévesque5CS GGC ATC CAA GCA GCA AG variable 50 

  Lévesque3CS AAG CAG ACT TGA CCT GA     
 

Sequence chromatogram analysis was performed using 
Finch TV analysis software version 1.4.0.
Data Analysis   
R statistical Package version 1.2.5033 was used for data 
analysis 27. Data distribution was assessed using Fish-
er’s Exact Test to compare case and control groups for 
similarity. Association or non-association of  parame-
ters and inferences were based on the generated 2-sided 

P-values. A p-value less than or equals to 0.05 was con-
sidered significant.

Results
Demographic Characteristics of  the Study Participants
One hundred HIV infected individuals and 100 HIV 
negative healthy individuals were recruited into the 
study from July to October 2019. Both subjects and 

Table 2: Demographic Characteristics of the Study Participants 

Variable Number 
Examined 

HIV positive 
n (%) 

HIV negative 
n (%) 

Age group       
18-33 36 18(50.0) 18(50.0) 
34-49 104 53(51.0) 51(49.0) 
50-65 60 29(48.3) 31(51.7) 
Mean±SD   42.53±10.29 41.01±11.86 
Gender       
Male 40 20(50.0) 20(50.0) 
Female 160 80(50.0) 80(50.0) 
Marital Status       
Married 153 89(58.2) 64(41.8) 
Single 47 11(23.4) 36(76.6) 
Occupation       
Civil Servant 37 9(24.3) 28(75.7) 
Self Employed 92 62(67.4) 30(32.3) 
Artisan 28 24(85.7) 4(14.8) 
Unemployed 43 5(11.6) 38(88.4) 
Religion       
Christianity 154 66(42.9) 88(57.1) 
Islam 46 34(73.9) 12(26.1) 
Marriage pattern       
Monogamy 154 89(57.8) 65(42.2) 
Polygamy 2 1(50.0) 1(50.0) 
Education Level       
No formal 2 2(100.0) 0(0.0) 
Primary 13 12(92.3) 1(7.7) 
Secondary 103 66(64.1) 37(35.9) 
Tertiary 82 20(24.4) 62(75.6) 
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controls were similar in sex distribution, mean age but 
different educational levels (Table 2).

Prevalence of  Asymptomatic Bacteriuria in the 
Study Population
Nine (9%) HIV positive individuals and 4 (4%) HIV-neg-
ative individuals had ASB. All positive cases were found 
in females in both groups (Table 3). Patients in the age 
range of  34-49 years had the highest prevalence of  
ASB (n=4; 44.4%) while those between 50-65 years 
had the lowest (n=2; 22.2%). There was no significant 
association between age group and ASB ( p=0.5134). 
Six (66.7%) married patients had ASB compared to 3 

(33.3%) that were single. The prevalence of  ASB was 
significantly higher among the married compared with 
the single (p=0.05).  One (11.1%) patients with primary, 
6 (66.7%) patients with secondary and 2 (22.2%) pa-
tients with tertiary education had ASB respectively. Six 
(100%) patients in monogamy and none (0%) in polyg-
amy had ASB. There was no relationship between type 
of  marriage and the prevalence of  ASB (p>0.05) (Table 
4).  Patients with a viral load between 20-100 had the 
highest prevalence of  ASB (n=5; 55.6%) while those 
with a viral load above 100 had the least prevalence of  
ASB (n=1; 11.1%). There was no significant association 
between the prevalence of  ASB and viral load (p>0.05).

Table 3: Prevalence of asymptomatic bacteriuria in the study population 

Parameter Subject   Control   

  Frequency (Total) % Frequency (Total) % 
ASB prevalence         

ASB prevalence in males 0 (20)   0.0      0 (20) 0.0 

ASB Prevalance in Females 9 (80) 11.25      4 (80) 5.0 

Overall ASB prevalence 9 (100)   9.0      4 (100) 4.0 

   Table 4: Prevalence of ASB in Relation to Gender, Age group, Marital  
                      status and Educational level 

Parameter ASB Total p-valuea 
  Yes (%) 

N=9 
No (%) 
N=91 

No (%) 
N=100 

  

Gender       0.198 
Female 9 (100) 71 (78.0) 80 (80.0)   
Male 0 (0.0) 20 (22.0) 20 (20.0)   
Age group       0.513 
18-33 3 (33.3) 15 (16.5) 18 (18.0)   
34-49 4 (44.4) 49 (53.8) 53 (53.0)   
50-65 2 (22.2) 27 (29.7) 29 (29.0)   
Marital status       0.05 
Married 6 (66.7) 83 (91.2) 89 (89.0)   
Single 3 (33.3) 8 (8.8) 11 (11.0)   
Religion       1.000 
Christian 6 (66.7) 60 (65.9) 66(66.0)   
Muslim 3 (33.3) 31 (34.1) 34(34.0)   
Education level       1.000 
No formal 0 (0.0) 2 (2.2) 2 (2.0)   
Primary 1 (11.1) 11 (121) 12 (12.0)   
Secondary 6 (66.7) 60 (65.9) 66 (66.0)   
Tertiary 2 (22.2) 18 (19.8) 20 (20.0)   
Occupation         
Civil servant 2 (22.2) 7(7.7) 9 (9.0) 0.2796 
Self employed 4 (44.4) 59(64.8) 63 (63.0)   
Artisan 3 (33.3) 20(22.0) 23 (23.0)   
Unemployed 0 (0.0) 5 (5.5) 5 (5.0)   
Marriage       1.000 
Monogamy 6/6 

(100.0) 
82/89(98.8) 88(88.0)   

Polygamy 0/6 (0.0) 1/89 (1.2) 1 (1.0)   
Viral load       0.547 
< 20 3(33.3) 17(18.7) 20   
20-100 5(55.6) 57(62.6) 62   
>100 1(11.1) 17(18.7) 18   

                             aFisher’s exact test 
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Isolated Uropathogens from HIV positive and 
HIV-Negative Individuals
Thirteen uropathogens were isolated from both groups, 
comprising nine from HIV positive individuals and 
four from HIV negative individual. Most isolates were 
Gram-negative bacilli. Escherichia coli preponderated 

among the isolates 7(53.9%). Other bacteria isolated 
included Staphylococcus aureus (n=1; 7.7%), Enterobacter 
agglomerrans (n=2; 15.4%), and Staphylococcus epidermidis 
(n=1; 7.7%). Klebsiella oxytoca (n=1; 7.7%) and Serratia 
liquefaciens (n=1; 7.7%) were isolated only from HIV 
negative individuals (Table 5).

Table 5: Gene Variant, Integrons and Resistance Patterns of Isolated Uropathogens 

  
  

S/N 

  
Name of 

Organism 

No of 
Antibiotics Class 

Used 

No to 
which 
Isolate

s 
Were 
resista

nt 

MAR 
Index 

  
Gene 

Gene 
Variant 

Class 1 
Integrons 

Sizes of variable regions 
in Class 1 Integrons 

  
AmpC 

Resistance Pattern 

HIV Positive Individuals                 
S2 Staphylococcus 

aureus 
13 3 0.3 ND ND ND ND ND CXM, SXT, FEP, CRO, CTX, CAZ 

S87 Staphylococcus 
epidermidis 

13 3 0.5 ND ND ND ND ND CXM, ERY, NIT, 

S12 Escherichia coli 13 7 0.4 TEM TEM 1 YES 
(TWO) 

400bp/1100bp NO AMP, PEN, ERY, OFL, CIP, GEN, CXM, FOX, SXT, FEP 

S69 Escherichia coli 13 7 0.5 TEM TEM1 YES 
(TWO) 

400bp/1700bp NO AMP, PEN, ERY, GEN,CXM, CHL,SXT, TET, CEFP 

S75 Enterobacter 
agglomerans 
complex 

13 7 0.4 TEM TEM 1 NONE NA NO AMP, PEN, ERY, NIT, CIP, GEN, CXM, SXT, CTX 

S81 Enterobacter 
agglomerans 
complex 

13 6 0.5 TEM TEM 1 YES 
(THREE) 

400bp/1000bp/1900bp NO AMP, PEN, ERY, OFL, CIP, GEN, CHL, SXT 

S85 Escherichia coli 13 7 0.3 NEG ND ND NA ND CIP, GEN, CXM, SXT, ERY, FEP, CRO, CTX, AMP, PEN, CEFP 
S92 Escherichia coli 13 7 0.4 NEG ND ND NA ND CIP, GEN, CXM, FOX, ERY,AMP, PEN 

S99 Escherichia coli 13 3 0.2 NEG ND ND NA ND GEN, ERY, AMP, PEN 
HIV Negative Individuals                 
C16 Escherichia coli 13 7 0.4 TEM TEM 1 NONE NA ND GEN, CXM, SXT, ERY, FEP, CRO, AMP, PEN 
C29 Klebsiella 

oxytoca 
13 2 0.2 TEM TEM 1 YES 

(THREE) 
400bp/1500bp/1600bp NO AMP, PEN, ERY 

C46 Serratia 
liquefaciens 
complex 

13 6 0.4 TEM TEM 1 NONE NONE YES AMP, PEN, ERY, GEN, CXM, FOX, AUG 

C98 Escherichia coli 13 6 0.4 TEM TEM 1 YES 
(FOUR) 

400bp/1000bp/1900bp/2500bp NO AMP, PEN, ERY, OFL, CIP, GEN, SXT 

OFL= Ofloxacin, NIT= Nitrofurantoin, CIP= Ciprofloxacin, GEN= gentamicin, CXM= Cefuroxime, CHL= Chloramphenicol, FOX= Cefoxitin, SXT= Sulphamethoxazole-trimethoprim, ERY= Erythromycin, FEP= Cefepime; CRO= Ceftriaxone, 
TET= Tetracycline, CTX= Cefotaxime, CAZ= Ceftazidime, MEM= Meropenem, AUG= Amoxicillin-clavulanate, AMP= Ampicillin, ATM= Aztreonam, PEN= Penicillin, VAN= Vancomycin, OXA= Oxacillin CEFP=Cefpodoxime, NA= Not 
applicable, ND= Not determine 

Antibiotic Resistance Patterns of  Isolated Urop-
athogens
All the isolates were sensitive to meropenem. The 
Gram-positive and Gram-negative isolates were resist-
ant to cefuroxime and ampicillin respectively. S. aureus 
was resistant to cefepime and cefotaxime while S. epi-
dermidis was resistant to nitrofurantoin, erythromycin, 
sulphamethoxazole-trimethoprim. All Gram-negative 
isolates were susceptible to ceftazidime, meropenem, 
and aztreonam (Table 5).
The multiple antibiotic resistance (MAR) index rang-
es from 0.2 - 0.5. All uropathogens were isolated from 
high-risk sources (MAR index >0.2). The highest num-
ber of  classes of  antibiotics to which an organism was 
resistant to was seven while the lowest was two (Table 

5). The two isolates of  E. agglomerans from the subjects 
were resistant to seven and six classes of  antibiotics re-
spectively while S. epidermidis isolated from the subject 
was resistant to three classes. The seven isolates of  E. 
coli from both subject and control were resistant to 3-7 
classes (Table 5).

Detection of  AmpC, TEM I and Class 1 Integrons
None of  the Gram-negative isolates was an ESBL pro-
ducer. AmpC was detected only in Serratia liquefaciens. 
Eight isolates harboured the TEM 1 gene (Figure 1). 
Five of  the eight isolates with TEM1 harboured class 
1 integrons with different variable regions (Figure 2) 
(Table 5).
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 Figure 1: PCR Amplification of TEM (403bp) 

Lane 1: 100bp Ladder; Lane 2: S81- Enterobacter 
agglomerans complex; Lane 3: S75- Enterobacter 
agglomerans complex; Lane 4: C46- Serratia 
liquefaciens complex; Lane 5: S69- Escherichia coli; 
Lane 6: S12- Escherichia coli; Lane 7: C98- Escherichia 
coli; Lane 8: C16- Escherichia coli 

 Figure 2: Gel picture of Class I 
Integrons Lane M: 1kb+ ladder; Lane 1: 
C16- Escherichia coli; Lane 2: C98-
Escherichia coli; Lane 3: S75-
Enterobacter agglomerans; Lane 4: 
S69- Escherichia coli; Lane 5: S12- 
Escherichia coli; Lane 6: C46-Serratia 
liquefaciens; Lane 7:S81-Enterobacter 
agglomerans complex; Lane 8: C29- 
Klebsiella oxytoca 
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Discussion
We observed a higher prevalence of  ASB in patients 
infected with HIV (9%) compared to HIV-negative 
individuals (4%) in our study. The prevalence of  ASB 
as observed is similar to the prevalence of  6.0-25% re-
ported in previous studies 8,28,29. The higher prevalence 
of  ASB in HIV patients may be attributed to immuno-
suppression 3.
Contrary to reports that high viral load promotes infec-
tions in HIV patients 30,31, we did not find any significant 
association between the prevalence of  ASB and viral 
load. This may be because all the patients were on an 
antiretroviral drug when the study was conducted. All 
positive cases of  ASB were found only in the females 
in both groups. ASB was more prevalent among the fe-
males and highly significant among the married.. The 
higher prevalence of  bacteriuria in the females could 
be attributed to the shortness of  their urinary tracts 28.

E. coli was the commonest isolate (53.9%) followed by 
Enterobacter agglomerans (15.4%). ASB aetiology var-
ies from one location to another and with patients ‘con-
ditions. Globally, E. coli is the commonest uropathogens 
implicated in ASB 32,33. Previous studies in Nigeria have 
also reported it as the commonest pathogen implicated 
in ASB 28,34. Consequently, its dominance is in tandem 
with the previous reports. We isolated two strains of  
E. agglomearans exclusively from HIV patients. E. ag-
glomearans is an opportunistic pathogen that has been 
implicated in hospital-acquired infections mostly in im-
munocompromised individuals 35. Hence, its isolation 
from HIV patients corroborates their impaired immune 
status 36. Isolation of  S. aureus and S epidermidis is not 
limited to our study. Previous studies in the study envi-
ronment and across the globe similarly reported them 
as frequently isolated uropathogens 14,30,34. Isolation of  
these bacteria may be because they are mostly normal 
skin flora and can be accidentally introduced to the ure-
thra during sexual intercourse 37.

Multi-drug resistant (MDR) bacteria continue to be a 
problem in hospitalized patients worldwide. The fre-
quency of  MDR among clinical isolates varies global-
ly and in different geographic locations and is rapidly 
changing with time 22. The MAR index ranges of  0.2 - 
0.5 observed in this study implies that the uropathogens 
were isolated from sources where they make use of  an-
tibiotics frequently. The rates of  resistance we observed 
in our study are similar to that of  other studies in other 
developing countries 30,38. All the isolates were suscepti-
ble to meropenem. Apart from meropenem, cefoxitin, 

vancomycin, oxacillin, augmentin, chloramphenicol, 
penicillin, ampicillin and tetracycline were also active 
against the Gram-positive bacteria. However, all the 
Gram-positive and negative bacteria were resistant to 
cefuroxime and ampicillin respectively. Also, most of  
the Gram-negative isolates were resistant to cotrimoxa-
zole (n=8; 61.6%) which agrees with the previous stud-
ies on ASB in the HIV population 7,39. Since the use of  
cotrimoxazole as prophylaxis to prevent opportunistic 
infections in HIV Infected individuals, resistance to it 
has increased sharply. A recent study by Aina and Ola-
juyigbe 40 in Nigeria showed that prolong use of  cotri-
moxazole is associated with the rapid development of  
resistance to the antibiotic. Other investigators have 
also reported this trend in HIV patients that were on 
cotrimoxazole prophylaxis 39,41. Hence, high resistance 
to cotrimoxazole in HIV patients in our study may be 
due to its use as prophylaxis against opportunistic infec-
tions in this environment. A high percentage (71.4%) 
of  the Gram-negative isolates from HIV patients was 
resistant to ciprofloxacin. Globally, resistance to fluo-
roquinolones by uropathogens has been increasing. Ac-
cording to the report of  the Study for the monitoring 
of  antimicrobial resistance trends (SMART) that inves-
tigated fluoroquinolone resistance in Gram-negative 
uropathogens worldwide, the rates of  fluoroquinolone 
resistance varied widely across countries with a range of  
6% to 75% 42. Studies across Nigeria have also reported 
different rates of  fluoroquinolone resistance up to 50% 
which is comparable to the present study 43,44. Unregu-
lated use of  fluoroquinolones in Nigeria has probably 
led to a low degree of  susceptibility of  uropathogens to 
this drug. Hence, rational use of  this drug may allow it 
to recover its potency.

None of  the Gram negative isolates was positive to the 
phenotypic ESBL test but eight isolates (72.2%) were 
positive for blaTEM-1 gene. TEM-1 is the most preva-
lent β-lactamase in Gram-negative bacteria and is com-
monly found on conjugative plasmids which contribute 
to its spread in bacteria. TEM-1 beta-lactamase encodes 
resistance to penicillin, ampicillin and first-generation 
cephalosporins 16. Although TEM-1 only encodes resist-
ance to penicillins and early cephalosporins, the resist-
ance of  its variants has surpassed second-, third-, and 
fourth-generation cephalosporins, and monobactams16. 
TEM-1 and TEM-2 penicillinases are the evolutionary 
precursors of  the TEM family which is the largest and 
extensively circulated group of  these enzymes of  which 
TEM-1 is encoded by series of  gene alleles, blaTEM-1A 
to blaTEM-1F which differ from each other by definite 
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silent mutations 45. This implies that isolates that harbor 
TEM-1 genes can serve as reservoirs of  ESBL genes 
that may emerge through mutations. Thus, the detec-
tion of  TEM-1 genes in Gram-negative bacteria should 
be included as one of  the strategies for preventing the 
spread of  ESBLs producing organisms.
Furthermore, five of  the eight isolates (62.5%) with 
TEM-1 genes harboured Class 1 integrons with variable 
regions ranging from 400bp to 2500bp. Integrons are 
reservoirs of  antimicrobial resistance genes in bacte-
ria25. The resistance genes are found in their variable re-
gions as cassettes, and might encode resistance to many 
antibiotics 25. Until date, more than 8000 gene cassettes 
have been identified and they encoded resistance to al-
most all antibiotics 46. Although, we did not characterize 
the gene cassettes of  the identified integrons, however, 
their presence in some isolates with TEM 1 may con-
tribute to its dissemination and the multidrug resistance 
phenotypes exhibited by the bacteria. Interestingly, the 
four isolates from HIV patients with integrons were re-
sistant to cotrimoxazole. This may be because integrons 
normally carry a dfr gene that encodes trimethoprim 
resistance and a sul gene that encodes sulphonamide 
resistance which could be responsible for cotrimoxaz-
ole resistance 24.

The only isolate (Serratia liquefaciens) that produced 
AmpC was obtained from a healthy HIV negative in-
dividual. The isolate was resistant to ampicillin, penicil-
lin, erythromycin, gentamicin, cefotaxime, cefoxitin and 
augmentin. AmpC beta-lactamase confers resistance to 
cephalothin, cefazolin, cefoxitin, most penicillins, and 
beta-lactamase inhibitor-beta-lactam combinations. 
AmpC enzymes are encoded by either chromosomal 
or plasmid-mediated genes in the Enterobacteriaceae, 
Most chromosomal AmpC β-lactamases can be found 
in Enterobacter, Serratia, Pseudomonas, Acinetobacter and 
Citrobacter spp 47. The presence of  AmpC in this isolate 
may cause failure in cephalosporin treatment, which is 
considered to be effective in vitro. The presence of  this 
organism may be due to selective pressure imposed by 
the indiscriminate use of  antibiotics in this environ-
ment. This finding indicates that both healthy and sick 
individuals can serve as reservoirs of  resistant bacteria 
in this environment.

Limitation 
The small number of  isolates in our final analysis in 
spite of  our sample size, which may not allow for a gen-
eral conclusion to be made on the magnitude of  an-
timicrobial resistance in the study group. Despite this 
limitation, our study shows the presence of  multi-drug 

resistance in all the uropathogens recovered from the 
study group which requires guided prescriptions and 
rational use of  antibiotics.  Larger studies are needed 
to further investigate the magnitude of  antimicrobial 
resistance in HIV patients.

Conclusion
There is a higher burden of  ASB among HIV positive 
individuals, predominantly among females. The impli-
cated isolates are multi-drug resistant which requires 
guided prescriptions and rational use of  antibiotics. 
There is a need for antibiotic stewardship programmes 
to control antibiotic resistance and prevent the spread 
of  resistant organisms.

Ethics of  Study
Permission to conduct this research was obtained from 
the Research Ethics Committee of  Obafemi Awolowo 
University Teaching Hospitals Complex, Ile-Ife, Nige-
ria. (Reference number: IRB/IEC/0004553).

Conflict of  interest
None.

Acknowledgment
We thank the nurses and doctors at the Virology Re-
search Clinic of  OAUTHC, Ile-Ife, and the participants 
for their cooperation.

Funds
No financial support.

References
1.  Charles A Janeway, Paul Travers, Mark Walport, 
Mark J Shlomchik. Acquired immune deficiency syn-
drome. In: Charles A Janeway, Travers P, Walport M, 
Shlomchik MJ, eds. Immunobiology: The Immune System 
in Health and Disease. 5th Edition. Garland Science; 2001. 
https://www.ncbi.nlm.nih.gov/books/NBK27126/
2.  UNAIDS. HIV REVIEW. Accessed April 11, 2020. 
https://www.unaids.org/en/regionscountries/coun-
tries/nigeria
3.  Chang CC, Crane M, Zhou J, et al. HIV and co-in-
fections. Immunological reviews. 2013;254(1):114-142. 
doi:10.1111/imr.12063
4.  Skrzat-Klapaczyńska A, Matłosz B, Bednars-
ka A, et al. Factors associated with urinary tract in-
fections among HIV-1 infected patients. PLoS One. 
2018;13(1):e0190564. doi:10/gct5nh
5.  Okware SI. Advances in HIV and AIDS Control. 
BoD – Books on Demand; 2018.
6.  Rubin RH, Shapiro ED, Andriole VT, Davis RJ, 

African Health Sciences, Vol 22 Issue 1, March, 2022483



Stamm WE. Evaluation of  new anti-infective drugs 
for the treatment of  urinary tract infection. Infectious 
Diseases Society of  America and the Food and Drug 
Administration. Clinical Infectious Diseases. 1992;15 Suppl 
1:S216-27. doi:10.1093/clind/15.supplement_1.s216

7.  Debalke S, Cheneke W, Tassew H, Awol M. Urinary 
Tract Infection among Antiretroviral Therapy Users 
and Nonusers in Jimma University Specialized Hospi-
tal, Jimma, Ethiopia. International Journal of  Microbiology. 
2014;2014:1-6. doi:10/gcbf4c
8.  Olowe O, Ojo-Johnson B, Makanjuola O, Olowe 
R, Mabayoje V. Detection of  bacteriuria among hu-
man immunodeficiency virus seropositive individuals 
in Osogbo, south-western Nigeria. European Journal of  
Microbiology and Immunology. 2015;5(1):126-130. doi:10/
gffjsz
9.  Ezechi OC, Gab-Okafor CV, Oladele DA, et al. 
Prevalence and risk factors of  asymptomatic bacteriuria 
among pregnant Nigerians infected with HIV. The Jour-
nal of  Maternal-Fetal & Neonatal Medicine. 2013;26(4):402-
406. doi:10.3109/14767058.2012.733782
10.  Widmer TA, Theron G, Grove D. Prevalence and 
risks of  asymptomatic bacteriuria among HIV-positive 
pregnant women. Southern African Journal of  Epidemiology 
and Infection. 2010;25(1):28-32. doi:10/ggtcg7
11.  Smaill FM, Vazquez JC. Antibiotics for asympto-
matic bacteriuria in pregnancy. Cochrane Database of  Sys-
tematic Reviews. 2019;(11). doi:10/ggtckh
12.  Givler DN, Givler A. Asymptomatic Bacteriuria. 
In: StatPearls. StatPearls Publishing; 2020. Accessed 
April 28, 2020. http://www.ncbi.nlm.nih.gov/books/
NBK441848/
13.  Thakuria B, Lahon K. The Beta Lactam Antibiotics 
as an Empirical Therapy in a Developing Country: An 
Update on Their Current Status and Recommendations 
to Counter the Resistance against Them. J Clin Diagn 
Res. 2013;7(6):1207-1214. doi:10/ggtckg
14.  Bebe T, Odetoyin B, Bolarinwa R. Occurrence 
of  Multidrug-resistant Uropathogens Implicated in 
Asymptomatic Bacteriuria in Adults with Sickle Cell 
Disease in Ile-Ife, Southwest Nigeria. Oman Medical Jour-
nal. 2020;35(2):e109. doi:10.5001/omj.2020.27
15.  Eshetie S, Unakal C, Gelaw A, Ayelign B, Endris M, 
Moges F. Multidrug resistant and carbapenemase pro-
ducing Enterobacteriaceae among patients with urinary 
tract infection at referral Hospital, Northwest Ethiopia. 
Antimicrobial Resistance and Infection Control. 2015;4:12. 
doi:10.1186/s13756-015-0054-7
16.  Rupp ME, Fey PD. Extended spectrum beta-lacta-
mase (ESBL)-producing Enterobacteriaceae: consid-

erations for diagnosis, prevention and drug treatment. 
Drugs. 2003;63(4):353-365. doi:10.2165/00003495-
200363040-00002
17.  Bajpai T, Pandey M, Varma M, Bhatambare GS. 
Prevalence of  TEM, SHV, and CTX-M Beta-Lactamase 
genes in the urinary isolates of  a tertiary care hospital. 
Avicenna J Med. 2017;7(1):12-16. doi:10/ggtckm
18.  Deng Y, Bao X, Ji L, et al. Resistance integrons: 
class 1, 2 and 3 integrons. Annals of  Clinical Microbiology 
and Antimicrobials. 2015;14(1):45. doi:10.1186/s12941-
015-0100-6
19.  Gillings MR. Integrons: Past, Present, and Future. 
Microbiol Mol Biol Rev. 2014;78(2):257-277. doi:10.1128/
MMBR.00056-13
20.  Cockerill FR, Clinical and Laboratory Standards In-
stitute. Performance Standards for Antimicrobial Sus-
ceptibility Testing ; Twenty-Third Informational Sup-
plement. Clinical and Laboratory Standards Institute; 
2013.
21.  Krumperman PH. Multiple antibiotic resistance in-
dexing of  Escherichia coli to identify high-risk sources 
of  fecal contamination of  foods. Applied and Environ-
mental Microbiology. 1983;46(1):165-170.
22.  Magiorakos A-P, Srinivasan A, Carey RB, et al. 
Multidrug-resistant, extensively drug-resistant and pan-
drug-resistant bacteria: an international expert propos-
al for interim standard definitions for acquired resist-
ance. Clinical microbiology and infection: the official publication 
of  the European Society of  Clinical Microbiology and Infec-
tious Diseases. 2012;18(3):268-281. doi:10.1111/j.1469-
0691.2011.03570.x
23.  Chanawong A, Nanta J, Lulitanond A, et al. Eval-
uation of  cefpodoxime combination disc test with 
clavulanic acid and boronic acid for detection of  ex-
tended-spectrum β-lactamases and plasmid-mediated 
AmpC β-lactamases. Journal of  the Medical Technologist As-
sociation of  Thailand. 2010;38(2). Accessed April 27, 2020. 
https://jmt-amtt.com/?journal=jmt-amtt&page=arti-
cle&op=view&path%5B%5D=23
24.  Odetoyin BW, Labar AS, Lamikanra A, Aboderin 
AO, Okeke IN. Classes 1 and 2 integrons in faecal Es-
cherichia coli strains isolated from mother-child pairs in 
Nigeria. Nübel U, ed. PLoS One. 2017;12(8):e0183383. 
doi:10/gbsd96
25.  Lévesque C, Piché L, Larose C, Roy PH. PCR 
mapping of  integrons reveals several novel combina-
tions of  resistance genes. Antimicrob Agents Chemother. 
1995;39(1):185-191.
26.  BrilliantDyeTM Terminator (v3.1) Cycle Sequenc-
ing kit (100 rxn). Innovators in DNA tech - Nima-
Gen. Published April 29, 2020. Accessed April 29, 

African Health Sciences, Vol 22 Issue 1, March, 2022 484



2020. https://www.nimagen.com/shop/products/
brd3-100/brilliantdye-terminator-v31-cycle-sequenc-
ing-kit-100-rxn
27.  R Core Team. R: A language and environment for 
statistical computing. Published online 2019. https://
www.R-project.org/
28.  IDUORIYEKEMWEN NJ SWASA. Asympto-
matic bacteriuria in HIV positive Nigerian Children. 
Journal of  Biomedical Sciences. 2012;11(1):85-94.
29.  Akinbami AA, Ajibola S, Bode-Shojobi I, et al. 
Prevalence of  significant bacteriuria among sympto-
matic and asymptomatic homozygous sickle cell disease 
patients in a tertiary hospital in Lagos, Nigeria. Nigerian 
Journal of  Clinical Practice. 2014;17(2):163-167. doi:10/
gfgwx9
30.  Okechukwu AA, Thairu Y. Bacteria urinary tract 
infection in HIV-infected children and adolescents in 
Abuja, Nigeria: a cross-sectional study. Af  J Clin Exp 
Micro. 2019;20(4):306. doi:10.4314/ajcem.v20i4.6
31.  Kaplan JE, Hanson DL, Jones JL, Dworkin MS, 
Adult and Adolescent Spectrum of  HIV Disease Pro-
ject Investigators. Viral load as an independent risk fac-
tor for opportunistic infections in HIV-infected adults 
and adolescents. AIDS. 2001;15(14):1831-1836. doi:10/
bq86hr
32.  Okafor HU, Ibe BC, Njoku–Obi AN, Okoro 
BA. Bacteriology of  asymptomatic bacteriuria in pre-
school children in Enugu. Orient Journal of  Medicine. 
2005;17(3):37-42. doi:10/cxbw43
33.  Samuel SO Salami, TAT, Adewuyi, GM, Babatope, 
E& Ekozien, MI. Prevalence of  urinary tract infections 
among a cohort of  HIV positive patients accessing care 
in rural health center in Nigeria. 2012;2(4):507-510.
34.  Odetoyin BW, Olaniran O, Afolayan DO, Aderi-
bigbe IA, Alaka O, Onanuga AA. Asymptomatic bac-
teriuria in an apparently healthy population and its 
relation to hypertension. African Journal of  Clinical and 
Experimental Microbiology. 2018;19(4):282. doi:10/gffcf6
35.  Salimiyan Rizi K, Ghazvini K, Farsiani H. Clin-
ical and pathogenesis overview of  Enterobacter in-
fections. Reviews in Clinical Medicine. 2020;6(4):146-154. 
doi:10.22038/rcm.2020.44468.1296
36.  Jalalpoor S MS. Frequency of  ESBLs in Escherichia 
coli and Klebsella pneumoniae strains isolated from 
hospitalized and out-patients with urinary tract infection 
in selective centers in Esfahan (2009–2010). 2011;(18; 
http://web.archive.org/web/20200413224032/
https://www.ncbi .nlm.nih.gov/pmc/ar t icles/

PMC5971167/). Accessed April 11, 2020. https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC5971167/
37.  Omoregie R, Eghafona NO. Urinary tract infection 
among asymptomatic HIV patients in Benin City, Nige-
ria. Br J Biomed Sci. 2009;66(4):190-193. doi:10/ggtcsn
38.  Ayoyi AO, Kikuvi G, Bii C, Kariuki S. Prevalence, 
aetiology and antibiotic sensitivity profile of  asymp-
tomatic bacteriuria isolates from pregnant women in 
selected antenatal clinic from Nairobi, Kenya. Pan Afr 
Med J. 2017;26. doi:10/ggtcr9
39.  Marwa KJ, Mushi MF, Konje E, Alele PE, Kidola J, 
Mirambo MM. Resistance to Cotrimoxazole and Other 
Antimicrobials among Isolates from HIV/AIDS and 
Non-HIV/AIDS Patients at Bugando Medical Cen-
tre, Mwanza, Tanzania. AIDS Research and Treatment. 
2015;2015:1-8. doi:10/gb56sk
40.  Aina OO and Olajuyigbe OO. Effect of  Trimeth-
oprim-Sulfamethoxazole and Azithromycin Prophylax-
is on Antimicrobial Resistance of  Faecal Escherichia 
coli Isolated from HIV-Infected and TB Patients in 
Ekiti State. American Journal of  Clinical Microbiology and 
Antimicrobials. 2018;1(6):1027.
41.  Murugesh K, Deepa S, Ravindranath C, Venkatesha 
D. Multi Drug Resistant Uropathogens in HIV: Are They A 
Threat to Community? 2014;2(3):5.
42.  Bouchillon S, Hoban DJ, Badal R, Hawser S. Fluo-
roquinolone resistance among gram-negative urinary 
tract pathogens: global smart program results, 2009-
2010. Open Microbiol J. 2012;6:74-78. doi:10/ggtcsf
43.  Kemajou TS, Ajugwo AO. Antibiotic Resistance of  
Bacterial Isolates from HIV Positive Patients with Uri-
nary Tract Infection (UTI) in Portharcourt, Nigeria. J 
AIDS Clin Res. 2016;7(8). doi:10/ggtcp4
44.  Omoregie R, Igbarumah IO, Egbe CA, Ogefere 
HO, Ip. O. Prevalence of  extended spectrum ß-lacta-
mase among Gram-negative bacteria isolated from 
surgical wound and blood stream infections in Benin 
City, Nigeria. NZ J Med Lab Science. Published online 
2010:74-76.
45.  Bradford PA. Extended-spectrum beta-lactamases 
in the 21st century: characterization, epidemiology, and 
detection of  this important resistance threat. Clin Micro-
biol Rev. 2001;14(4):933-951, table of  contents. doi:10/
fdv8f7
46.  INTEGRALL. Accessed April 28, 2020. http://
integrall.bio.ua.pt/
47.  Jacoby GA. AmpC β-Lactamases. Clinical Microbiolo-
gy Reviews. 2009;22(1):161-182. doi:10/c4zvtz  

African Health Sciences, Vol 22 Issue 1, March, 2022485


