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Abstract: Nasal colonization of Methicillin-resistant Staphylococcus aureus (MRSA) is a potential source of spread and a
prerequisite for staphylococcal infections. MRSA colonization, which causes infection in people living with HIV (PLWHIV), could
lead to a longer hospital stay, increased medical costs, and prolonged antibiotic administration. This study aims to determine the nasal
colonization rate, associated risk factors, and antibiotic susceptibility patterns of MRSA among PLWHIV at Jimma University
Medical Center (JUMC), Southwest Ethiopia. An institution-based cross-sectional study was conducted among PLWHIV at JUMC
from July to October 2021. Data on associated risk factors were collected by using a structured questionnaire and by reviewing
patients’ medical records. Nasal swabs were cultured on mannitol salt agar and S. aureus was identified by the standard
bacteriological procedures. S. aureus isolates were subjected to antibiotic susceptibility tests by the modified Kirby- Bauer disc
diffusion method and resistance to the cefoxitin (30ug) disk signified MRSA. Binary and multivariable logistic regressions were
employed to identify factors associated with MRSA nasal colonization, and a p-value < 0.05 was taken as statistically significant. A
total of 351 PLWHIV were included in our study. The overall nasal colonization rate was 17.7% (62/351) for S. aureus and 6.0%
(21/351) for MRSA. Hospitalization in the previous six months, 27.35 (95% CI: 4.042-185.08; p = 0.001), a viral load greater than
1000 copies/mL, 24.44 (95% CI: 1.885-317.12; p = 0.014) and rural residence, 9.49 (95% CI: 1.404-64.19; p = 0.021), were
associated with increased odds of MRSA nasal colonization. Among the total MRSA isolates, 81.2% were multidrug resistant with
the highest resistance rate against Erythromycin (85.8%), followed by Sulfamethoxazole-trimethoprim (66.6%), and Clindamycin
(66.6%). Only 23.7% of MRSA isolates were resistant to Chloramphenicol and Gentamicin. A relatively low rate of MRSA nasal
colonization was documented among PLWHIV. The majority of the MRSA isolates were, however, multidrug-resistant, which calls
for regular screening of PLWHIV during their follow-up periods for the control and prevention of MRSA.
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1. Introduction

Staphylococcus aureus is a typical commensal of the body
that is found within the upper respiratory tract and on the
skin. Even though S. aureus is a commensal, it can cause skin
diseases including abscesses, respiratory infections like
sinusitis, and food poisoning [1]. Moreover, it is liable for
causing severe infections such as endocarditis, necrotizing
pneumonitis, and osteomyelitis among others [2]. Pathogenic
strains regularly advance infections by delivering harmful
factors like powerful toxins and the declaration of adhesion
protein that ties and inactivates antibodies [3].

Colonization and infection of Methicillin-resistant
Staphylococcus aureus (MRSA) have been perceived more in
people living with HIV (PLWHIV) than in the general
population [4]. Reduced host resistance among them places
them at higher risk for infections, including those that carried
S. aureus and MRSA as supplies for resulting transmission to
others [5]. Additionally, a higher predominance of
pathogenic MRSA strains has been archived among
PLWHIV, which indicates HIV infection as a risk component
for MRSA colonization [6] and subsequent infections by the
same colonizing strain [7, 8].

The prevalence of MRSA among PLWHIV in Ethiopia has
been reported to be 16.8% and 37.3% among pediatric patients
in Northwest Ethiopia, 2.4% in Mekelle, Northern Ethiopia,
and 20.8% in Arba Minch, Southern Ethiopia [9-12]. In Jimma,
Southwest Ethiopia, the colonization rate of MRSA is reported
high among school children, prisoners, and medical students
[13, 14]. The studies, however, included a minute percentage
of HIV-infected people who do not represent the general
population of PLWHIV. There was a gap in MRSA nasal
colonization rate, associated risk factors, and antimicrobial
susceptibility patterns among PLWHIV at Jimma University
Medical Center (JUMC) during their treatment follow-up and
counseling. Moreover, to the best of our knowledge, no such
study exists in the Southwest region of Ethiopia. Our study,
therefore, sought to fill this gap and generate up-to-date
information on the colonization rate, associated risk factors,
and antimicrobial resistance patterns to be available at the
national and local levels to guide the rational use of existing
antimicrobials among PLWHIV. Hence, our study was carried
out to determine the MRSA nasal colonization rate, associated
risk factors, and antimicrobial susceptibility patterns among
PLWHIV attending JUMC in southwest Ethiopia.

2. Materials and Methods
2.1. Study Setting

The study was conducted at JUMC, a tertiary teaching
medical center in Jimma town in southwest Ethiopia, which
is 352 Km from Addis Ababa, the capital city of Ethiopia. It
is one of the largest medical centers in the Oromia regional
state that delivers health services in areas of emergency,
gynecology and obstetrics, pediatrics, child health, surgery,
psychiatry, internal medicine, dermatology, ophthalmology,
anesthesiology, dentistry, antiretroviral therapy (ART) clinic,

clinical laboratory, and other diagnostic services. There are
different units in the laboratory wing including microbiology,
parasitology, hematology and immunohematology, clinical
chemistry, and serology that provide laboratory services for
the clients. The ART clinic at JUMC provides counseling,
initiation treatment, CD4 count for newly enrolled and viral
load for follow-up care. During the study period, the clinic
serves 3062 PLWHIV with regular three months follow-up
which includes a physical examination, counseling, medical
test, routine viral load three months-, six months-, and twelve
months- post ART initiation, and annual viral load test.

2.2. Study Design and Period

An institution-based cross-sectional study was conducted
from July to October 2021 among PLWHIV attending the
ART clinic at JUMC.

2.3. Recruitment of Study Participants

A total of 351 study participants (aged > 18 years) were
consecutively recruited from 3062 PLWHIV during their
regular follow-up visits to the ART clinic at JMC for ART
treatments, medical checkups, viral load tests and counseling
sessions. Participants with nasal infections (swollen and
bleeding) and/or on antibiotics during the data collection
period were excluded. A single population proportion formula
was used to calculate the sample size of 351 with the following
assumptions; 20.8% prevalence of MRSA nasal colonization
among PLWHIV from a previous study [12], 95% confidence
level, 4% margin of error, and 10% non-response rate.

2.4. Data Collection Procedure

2.4.1. Socio-Demographic Characteristics and Associated
Risk Factors

Data on socio-demographic characteristics and associated risk
factors, such as the previous history of hospitalization, presence
of a chronic wound, opportunistic infection, CD4 count, viral
load, invasive procedure, history of diabetes mellitus, history of
chronic diseases, AIDS clinical-stage, and history of repeated
antibiotic usage were collected using structured questionnaires
and from participants’ medical records by trained health
professionals. The questionnaire was prepared in English and
translated into Afan Oromo and Ambharic, as study participants
either spoke one or both local languages.

2.4.2. Nasal Swab Collection

Nasal swabs were collected from each participant’s
anterior nares with sterile cotton swabs moistened with sterile
normal saline. Briefly, a cotton swab was inserted
approximately 2-3 cm into one nostril and rotated gently
against the inner surface 3-5 times, and repeated to the 2™
nostril using the same cotton swab by trained health
professionals. The collected nasal specimens were placed in
test tubes containing Amies transport medium (Oxoid, UK),
labeled with a study ID, time of collection, and transported to
the Medical Microbiology Laboratory of Jimma University
using a cold chain within 2 hours of collection.
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2.5. Laboratory Procedure

2.5.1. Culturing and Isolation of Staphylococcus Aureus

At the microbiology laboratory, nasal specimens were
cultured onto mannitol salt agar (Oxoid, UK) and incubated at
37°C for 24- 48 hours. Characteristic golden yellow or cream
colonies with yellowish backgrounds rising from the overnight
culture were noted as presumptive S. aureus colonies. The
colonies were further characterized by standard bacteriological
procedures such as Gram reaction, catalase test, and coagulase
test. Colonies that were Gram-positive, catalase-positive, and
coagulase-positive were confirmed as S. aureus.

2.5.2. Isolation of MRSA

Staphylococcus aureus isolates were inoculated on nutrient
agar (Oxoid, UK) and the susceptibility to Cefoxitin was tested
to identify MRSA [15]. All the isolates were subjected to a
Cefoxitin disc diffusion test using a 30ug disc. A 0.5
McFarland standard suspension of the isolates was made and
inoculated on a Mueller Hinton agar plate and then a cefoxitin
disk was placed. Plates were incubated at 37°C for 18-24
hours and inhibition zone diameters (mm) were measured. An
inhibition zone diameter of < 2lmm was reported as
Methicillin/Cefoxitin resistant and > 22mm was considered as
Methicillin/Cefoxitin susceptible according to the guideline of
the Clinical and Laboratory Standards Institute (CLSI) [15].

2.5.3. Antimicrobial Susceptibility Testing

Following the identification of MRSA, antimicrobial
susceptibility testing was carried out by using Kirby—Bauer’s
disk diffusion method. Briefly, 0.05 McFarland suspensions of
MRSA and MSSA were prepared and inoculated on Mueller-
Hinton agar. Then antibiotic discs were placed on the surface
of the inoculated agar as recommended by the CLSI guideline
[15]. The following antibiotics (Oxoid, UK) were tested:

lincosamide; clindamycin (2pg), amphenicol; chloramphenicol
(30pg), macrolide; erythromycin (15pg), aminoglycoside;
gentamicin (10 pg) and amikacin (30 pg), sulfonamide;
sulfamethoxazole-trimethoprim (25 pg), and tetracycline;
tetracycline (30 pg). The diameter of inhibition around the
discs was measured to the nearest millimeter and interpreted as
sensitive (S), intermediate (I), or resistant (R) according to the
defined breakpoints of CLSI guidelines [15]. A control strain
of S. aureus ATCC 25923 was used to monitor the
effectiveness of antimicrobial discs and inoculating media.

2.6. Data Processing and Analysis

Data were entered into Epi data 3.1 version software, checked
for inconsistencies and cleaned accordingly, and analyzed by
SPSS software version 25. Descriptive analysis, such as
frequencies was used. The binary and multivariable regression
and adjusted odds ratios were calculated to see whether there is a
statistically significant association between dependent and
independent variables. All variables with a p-value less than
0.25 in the bivariate analysis were included in the multivariable
model. Statistical significance was set at p-value <0.05.

3. Results

3.1. Socio-Demographic Characteristics of the Study
Participants

A total of 351 PLWHIV were included in our study.
Females accounted for 61.5% (216/351) of the total. The
mean age of study participants was 39.7+ 9.8 years. The
majority of the participants in our study were between the
ages of 35 and 44, with a maximum age of 75 years.
Approximately, 85% (299/351) had a residency in Jimma and
the nearby towns, with the rest living in rural areas (Table 1).

Table 1. Distribution of S. aureus and MRSA by the sociodemographic characteristic of study participants among PLWHIV at JUMC, Southwest Ethiopia,

from July to October 2021.

S. aureus
Variables Categories N (%) . Culture Positive
Culture Negative MRSA MSSA
Sex Male 135 (38.5) 113 (83.7) 8(5.9) 14 (10.4)
Female 216 (61.5) 176 (81.5) 13 (6.0) 27 (12.5)
18-24 23 (6.6) 17 (73.9) 1(4.3) 5(21.3)
25-34 71 (20.2) 58 (81.7) 6 (8.4) 7(9.8)
e 35-44 141 (40.5) 116 (82.3) 8 (5.7) 17 (12.1)
45.54 89 (25.4) 75 (84.3) 5(5.6) 9 (10.1)
55-64 25 (7.1) 21 (84) 1(4) 3 (12.0)
>=65 2(0.6) 2 (100) 0 0
. Urban 299 (85.2) 245 (81.9) 16 (5.3) 38 (12.7)
Residence Rural 52 (14.8) 44 (84.6) 5(9.6) 3(5.7)
Government 69 (19.7) 62 (89.8) 1(1.4) 6 (8.6)
Private 77 (21.9) 66 (85.7) 4(52) 709.1)
Merchant 48 (13.7) 41 (85.4) 4(8.3) 3(6.2)
. Daily laborer 75 (21.4) 58 (77.3) 7(9.3) 10 (13.3)
Occupation Housewife 33 (9.4) 27 (81.8) 2(6.1) 4(12.1)
Cleaner 19 (5.4) 14 (73.7) 1(5.2) 421.1)
Student 17 (4.8) 11 (64.7) 1(5.8) 5(29.4)
Farmer 13 (3.7) 10 (76.9) 1 (7.6) 2(15.4)

N= Number; MRSA= Methicillin-resistant S. aureus; MSSA= Methicillin-sensitive S. aureus
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3.2. Clinical Characteristics of Study Participants

All the participants included in our study were on ART. In
the previous six months, 10% (36/351) of the participants had
been hospitalized. Ninety-four percent (331/351) of the
participants were on a first-line regimen, 5.1% (18/351) were
on a second-line regimen, and 47.3% (166/351) had been on
ART for more than 10 years. Almost 5% (17/351) of

individuals had previously encountered ART failure and 6%
(21/351) had a history of pneumonia. Seventy-seven percent
(269/351) of participants had undetectable viral loads and 95.7%
(336/351) were in WHO clinical stage I. The median and range
of durations on ART were 9.8 years and 21 years respectively,
while the minimum duration was 3 months (Table 2).

Table 2. Distribution of S. aureus and MRSA by clinical characteristics of study participants among PLWHIV at JUMC, Southwest Ethiopia, from July to

October 2021.
S. aureus
Variables Categories N (%) . Culture Positive
Iture Negat
Culture Negative MRSA MSSA
o . Yes 36 (10.3) 24 (66.7) 10 (27.8) 2 (5.6)
Hospitalization in the previous six months No 315 (89.7) 265 (84.1) 11 (3.5) 39 (12.4)
L Yes 18 (5.1) 14 (77.8) 3(16.7) 1(5.5)
Household members hospitalized in the past year No 333 (94.8) 275 (82.6) 18 (5.4) 40 (12.0)
. Yes 22 (6.3) 15 (68.2) 4(18.2) 3 (13.6)
Presence of wounds in the last past year No 329 (93.7) 274 (83.3) 17(5.2) 38 (11.6)
e Yes 75 (21.4) 60 (80.0) 7(9.3) 8 (10.7)
Antibiotics in the last three months No 276 (78.6) 229 (82.9) 14 (5.1) 33 (11.9)
. Yes 6(1.7) 5(83.3) 0 1(16.7)
REESR el e No 345 (98.3) 284 (82.3) 21 (6.1) 40 (11.6)
. . Yes 7(2.0) 5(71.4) 0 2 (28.6)
Presence of diabetes mellitus No 344 (98.0) 284 (82.6) 21 (6.1) 39 (113)
First-line 331 (94.3) 276 (83.4) 16 (4.8) 39 (11.8)
Type of ART regimen Second-line 18 (5.1) 11 (61.1) 5(27.8) 2 (11.1)
Third-line 2(0.6) 2 (100) 0 0
<1 18 (5.1) 15 (83.3) 1 (5.6) 2 (11.1)
. . 2-5 39 (11.1) 32(82.1) 3(7.7) 4(10.3)
Duration on ART in year 6-10 128 (36.5) 103 (80.5) 8(6.3) 17 (13.3)
>10 166 (47.3) 139 (83.7) 9 (5.4) 18 (10.8)
. _ Yes 17 (4.8) 10 (58.8) 5(29.4) 2(11.8)
History of ART failure No 334(95.2) 279 (83.5) 16 (4.8) 39 (11.7)
, , Yes 21 (6.0) 11 (52.4) 7(33.3) 3(14.3)
History of pneumonia No 330 (94.0) 278 (84.2) 14 (4.2) 38 (11.5)
, , Yes 84 (23.9) 73 (86.9) 4(4.8) 7(8.3)
History of Tuberculosis No 267 (76.1) 216 (80.9) 17 (6.4) 34 (12.7)
, Yes 7 (2.0) 4(57.1) 2 (28.6) 1(14.3)
Renal discases No 344 (98.0) 285 (82.8) 19 (5.5) 40 (11.6)
Liver discase Yes 3(0.9) 3 (100) 0 0
seases No 348 (99.1) 286 (82.3) 21 (6.0) 41(11.8)
_ Yes 4(1.1) 3(75) 0 1(25)
Heart discases No 347 (98.9) 286 (82.4) 21 (6.1) 40 (11.5)
. o Yes 9 (2.6) 1L 5(55.5) 3(33.3)
History of Cryptococcal meningitis No 342 (97.4) 288 (84.2) 16 (1.7) 41(11.9)
Stage I 336 (95.7) 282 (83.9) 14 (4.1) 40 (11.9)
. Stage IT 9(2.6) 4 (44.4) 4 (44.4) 1(1L1)
R nicaltacs Stage III 4(1.1) 2 (50) 2 (50) 0
Stage IV 2(0.6) 1 (50) 1 (50) 0
undetectable 269 (76.6) 231 (85.9) 9(3.3) 29 (10.7)
. . 20-1000 57(16.2) 40 (70.2) 6 (10.5) 11 (19.3)
Recent viral load (copies/mL) ~1000 16 (4.6) 9(562) 6 (37.5) 1(62)
Not applicable 9 (2.6) 9 (100) 0 0
<200 19 (5.4) 14 (73.7) 4211 1(5.3)
200-349 71 (20.2) 56 (78.9) 9 (12.7) 6(8.5)
LG (EEL D) 350-499 64 (18.2) 58 (90.6) 2(3.1) 4(6.2)
>=500 190 (54.1) 154 (81.1) 6(3.2) 30 (15.8)

N= Number; MRSA= Methicillin-resistant S. aureus; MSSA= Methicillin-sensitive S. aureus; ART= Antiretroviral therapy; WHO= World Health

Organization
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3.3. Colonization Rate of S. aureus and MRSA

From the total of 351 PLWHIV enrolled in our study, 17.7%
(62/351) were culture positive for Staphylococcus aureus.
Among the positive study participants, 11.4% (40/351) were
females and the remaining 6.3% (22/351) were males. S. aureus
was most prevalent in urban residents, 15.4% (54/351), and
participants aged 35 — 44, 7.1% (25/351) (Table 1). MRSA was
detected in 21 (33.8 %) of the 62 S. aureus isolates. The
remaining 41 (66.2%) were shown to be methicillin-sensitive.
The overall prevalence of MRSA nasal colonization was 6.0%
(21/351) in our study. MRSA was more common in female
study participants, 3.7% (13/351) than in male study participants,
2.3% (8/351), people with a history of hospitalization in the
previous six months, 2.8% (10/351), and participants with a viral
load greater than 1000 copies/mL, 1.7% (6/351).

Our study reported high MRSA nasal colonization among
participants who had CD4 less than 200 cells/uL, followed
by participants who had 200-349 cells/uL, participants who

had been hospitalized in the previous six months, participants
within a first-line regimen, and those who had been on ART
for more than six years. The median and range of duration on
ART were 9.8 years and 21 years while the minimum
duration was three months as indicated in Table 2 with nasal
colonization rate of S. aureus, MSSA, and MRSA.

3.4. Factors Associated with MRSA Nasal Colonization

Socio-demographic characteristics and associated factors
with MRSA were analyzed using binary logistic regression.
From the binary variable logistic regression, MRSA
colonization was significantly associated with residence,
hospitalization in the previous six months, presence of
wound in the last one year, taking an oral antibiotic in the last
three months, type of regimen, history of ART failure,
history of pneumonia, history of Cryptococcal meningitis,
viral load and CD4, with p-value < 0.25 Table 3.

Table 3. Bivariate and multivariate logistic regression analysis of risk factors for MRSA colonization among PLWHIV at JUMC, Southwest Ethiopia, from July

to October 2021.

Variables Categories MRSA  MSSA COR (95%CI) p-value AOR (95%CI) p-value

Residence Urban 16 38 R R
Rural 5 3 3.958 (.844-18.574) 0.081 9.49 (1.404-64.19) 0.021

Hospitalization in the Yes 10 2 17.727 (3.374-93.149) 0.001 27.35 (4.042-185.08) 0.001

previous six months No 11 39 R R

Household members Yes 3 1 0.667 (0.648-68.556) 0.111 8.711 (0.344-220.585) 0.189

hospitalization No 18 40 R R

Presence of wound in past Yes 4 3 2.980 (0.600-14.798) 0.182 0.618 (0.025-14.97) 0.767

one year No 17 38 R R

Oral antibiotics in the last Yes 7 8 2.062 (0.626-6.790) 0.234 0.211 (0.022-1.976) 0.173

three months No 14 33 R R

Type of regimen First-line 16 39 0.164 (0.029-0.935) 0.042 2.274 (.011-465.15) 0.762
Second-line 5 2 R

. . Yes 5 2 6.094 (1.07-34.718) 0.042 2.051 (0.147-28.63) 0.593

History of ART failure No 16 39 R

T — Yes 7 3 6.333 (1.435-27.957) 0.015 0.988 (0.27-36.351) 0.995
No 14 38 R

History of Cryptococcal Yes 5 3 3.958 (0.844-18.574) 0.081 1.193 (0.046-30.8) 0.925

meningitis No 16 41 R R

Recent viral load undetectable 9 29 R R

(copies/mL) 20-1000 6 11 1.758 (.506-6.101) 0.374 2.623 (.513-13.4) 0.246
>1000 6 1 19.33 (2.04-182.55) 0.010 24.44 (1.885-317.12) 0.014
<200 4 1 20 (1.888-211.842) 0.013 1.496 (0.043-52.081) 0.824
200-349 9 6 7.5 (1.935-29.069) 0.004 4.201 (0.554-31.863) 0.165

LG (EEL D) 350-499 2 4 2.5 (0.370-16.888) 0347 4.434 (0.403-48.768) 0.225
>=500 6 30 R R

Key: R= reference category; COR= Crude odd ratio; AOR= Adjusted odd ratio; CI= Confidence Interval; MRSA= Methicillin-resistant Staphylococcus

aureus; MSSA= Methicillin-sensitive Staphylococcus aureus.

All variables with p < 0.25 in the bivariate analysis were
included in a multivariable model. However, from the
multivariable logistic regression, only residence, history of
hospitalization in the previous six months, and viral load
greater than 1000 copies/mL were significantly associated
with MRSA nasal colonization with a p-value < 0.05 as
shown in Table 3. Study participants with a history of
hospitalization in the previous six months had 27.35 (95% CI:
4.042-185.08; p = 0.001) times the risk of being MRSA nasal
colonized as compared to those without a history of

hospitalization. Likewise, participants with greater than 1000
viral load copies/mL had 24.44 (95% CI: 1.885-317.12; p =
0.014) times the risk of being MRSA colonized compared to
participants with undetectable viral load copies. Participants
who lived in rural areas had 9.49 (95% CI: 1.404-64.19; p =
0.021) times the risk of being MRSA colonized compared to
participants who lived in Jimma and nearby towns.

3.5. Antimicrobial Susceptibility Pattern of S. aureus

A total of 62 S. aureus isolates were subjected to
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antimicrobial ~ susceptibility  tests  against

selected
antimicrobial agents. S. aureus isolates were 88% susceptible
to chloramphenicol followed by gentamicin (87%), amikacin

(74.2%), and cefoxitin (66%). However, S. aureus isolates
were 14.5%, and 37% susceptible to erythromycin and
sulfamethoxazole-trimethoprim, respectively (Table 4).

Table 4. Susceptibility pattern of Staphylococcus aureus isolates among PLWHIV, at JUMC, southwest Ethiopia from July to October 2021.

Antibiotic agents S. aureus

Susceptible Intermediate Resistant
Cefoxitin 41 (66.2%) -- 21 (33.8%)
Erythromycin 9 (14.5%) 22 (35.5%) 31 (50%)
Clindamycin 32 (51.6%) 26 (41.9) 4 (6.5%)
Sulfamethoxazole-trimethoprim 23 (37.1%) 11 (17.7%) 28 (45.2%)
Tetracycline 33 (53.2%) 2 (3.2%) 27 (43.6%)
Chloramphenicol 55 (88.7%) 3 (4.8%) 4 (6.5%)
Gentamicin 54 (87%) 4 (6.5%) 4 (6.5%)
Amikacin 46 (74.2%) 14 (22.3%) 2 (3.5%)

3.6. Antimicrobial Susceptibility Pattern of MRSA

The susceptibility of MRSA to antimicrobial agents that
are commonly used to treat infections caused by MRSA was
performed. Among 21 MRSA isolates, high resistance was
exhibited against erythromycin (85.8%) followed by

clindamycin and sulfamethoxazole-trimethoprim (66.6%),
and Tetracycline (47.2%). Chloramphenicol and gentamicin
were the most effective drugs against MRSA with (76.3%)
susceptibility followed by amikacin (66.7%). The detail is
presented in Table 5.

Table 5. Susceptibility Patterns of MRSA isolates among PLWHIV at JUMC, Southwest Ethiopia, July to October 2021.

Antibiotic agents MRSA
Resistant Intermediate Susceptible

Erythromycin 9 (42.9%) 9 (42.9%) 3 (14.2%)
Clindamycin 1 (4.7%) 13 (61.9%) 7 (33.4%)
Sulfamethoxazole-trimethoprim 10 (47.6%) 4 (19.0%) 7 (33.4%)
Tetracycline 9 (42.9%) 1 (4.7%) 11 (52.4%)
Chloramphenicol 3 (14.2%) 2 (9.5%) 16 (76.3%)
Gentamicin 3 (14.2%) 2 (9.5%) 16 (76.3%)
Amikacin 1 (4.7%) 6 (28.6%) 14 (66.7%)

3.7. Multidrug Resistance Pattern of MRSA

Multidrug resistance in this study was taken as resistance
to at least one agent in three or more of the antimicrobial
classes tested. The multidrug resistance status of MRSA
isolates was tested against six classes of antimicrobial agents.

Among the total MRSA isolates; 17/21 (81.2%) isolates were
multidrug resistant. Of them, 7/21 (33.4%) showed resistance
to three different classes of antimicrobials, 5/21 (23.9%)
isolates showed resistance to four antimicrobial agents and
one isolate was fully resistant to all tested antimicrobial
agents. The details are presented in Table 6.

Table 6. Distribution of multidrug resistance of MRSA isolates among PLWHIV at JUMC, Southwest Ethiopia, from July to October 2021.

Number of drugs Antibiotic agents

Frequency of resistant isolates

E, DA, GEN 1 (4.8%)
E, DA, CHL 2 (9.5%)
0,
Resistant to 3 drugs E: lS))?:F,S%(]gT ? EZ;Q ;
E, DA, TET 1 (4.8%)
Total 7 (33.4%)
E, TET, SXT, AMI 1 (4.8%)
E, SXT, TET, AMI 2 (9.5%)
Resistant to 4 drugs E, DA, SXT, AMI 1 (4.8%)
E, SXT, TET, GEN 1 (4.8%)
Total 5(23.9%)
E, DA, SXT, CHL, GEN 1 (4.8%)
Resistant to 5 drugs 19, D7, SHCL, WIBL, Al 1)
E, SXT, TET, CHL, AMI 1 (4.8%)
Total 3 (14.4%)
E, DA, SXT, TET, GEN, AMI 1 (4.8%)
Resistant to 6 drugs E, DA, SXT, TET, CHL, GEN 1 (4.8%)
Total 2 (9.5%)

N.B: E= Erythromycin, DA= Clindamycin, SXT= Sulfamethoxazole-trimethoprim, TET= Tetracycline, CHL= Chloramphenicol, GEN= Gentamicin, AMI=

Amikacin
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4. Discussion

In this study, the overall nasal colonization of S. aureus
and MRSA among people living with HIV (PLWHIV) was
17.7% and 6.0%, respectively. The presence of such a
colonization rate of MRSA isolates in the nasal cavity of
PLWHIV alerts us about the potential for MRSA to spread
and cause serious infections in PLWHIV. A study by
Netanya Utay and colleagues on PLWHIV with MRSA
infection showed insufficient immune responses which
results in a reduction in the number of cells expressing the
cytokine IFNy and a reduction in the function of IFNy-
producing cells. Reduced production of upstream drivers of
IFNy production, such as IL-12 and IL-15, could be the cause
of the drop in IFNy-producing cells. This antigen-specific
deficiency could have far-reaching consequences because
IFNy promotes T-cell proliferation and antigen response, as
well as macrophage and neutrophil responses [16, 17].

The carriage rate of MRSA in this study is comparable
with studies done in Singapore, 5.1% [18], Ghana, 5.6% [19],
and Uganda, 5.02% [20] among PLWHIV. Moreover, a
recent meta-analysis conducted on the combined prevalence
of MRSA among PLWHIV in different regions of the world
was found to be 6.9%, [21] which is in line with our study
findings. However, it is lower than studies done in the USA
13% [22], India, 36.11% [23], Baltimore, 15.4% [24], Iran,
12.8% [25], and Arba Minch, Southern Ethiopia, 20.8% [12].
The study finding is higher than similar studies in Brazil, 2.4%
[26], Taiwan, 3.4% [27], Spain, 1% [22], Botswana, 3.2%
[28], and Mekelle, northern Ethiopia, 2.4 % [11]. The
relatively low S. aureus carriage rate reported in our study
could be due to the direct inoculation of the nasal swabs on
Mannitol salt agar without enrichment which may reduce the
recovery rate.

Potential factors were studied to check if they had any
associations with MRSA nasal colonization. Concerning
residency, S. aureus carriage was lower among rural
residents compared to urban residents. Nonetheless, MRSA
colonization was higher among rural residents, with a
significant association (p-value of 0.02). This result is in line
with a study done in Iraq among urban and rural school
communities and could be attributed to a lack of personal
hygiene among rural participants [29]. Our findings, thus,
highlight the need for infection prevention methods, such as
the use of disinfectants, frequent hand washing, and proper
sanitary practices among rural residents.

Regarding the history of hospitalization in the previous six
months, study participants with a history of hospitalization
had more colonization rate. This result is significantly
associated with a p-value of 0.001 and is in line with other
studies done in Mekelle, Ethiopia [11], and Taiwan [30]. This
could be attributed to staying in hospital are most at risk to
get MRSA, as they often have a way for the bacteria to get
into their body, such as a wound, burn, feeding tube, drip into
a vein or urinary catheter and they may have other serious
health problems since their body is less able to fight off the S.

aureus. In addition, antibiotics are routinely administered,
overused, and consumed in hospital settings, potentially
leading to the development of drug-resistant superbugs such
as MRSA.

Regarding the duration of ART, the colonization rate was
high among participants who had had more than two years of
ART duration, though not statistically significant. This could
be due to, repeated antibiotic usage or ART influencing the
composition of the gut microbiota, especially integrase strand
transfer inhibitors or non-nucleotide reverse transcriptase
inhibitor-containing regimens, which might increase the
colonization of MRSA in people living with HIV under long-
term ART [31].

The colonization of MRSA among the study participants
with a previous history of pneumonia was higher than those
without previous history of pneumonia but it is not
significantly associated (p > 0.05). This could be because
MRSA colonization can lead to MRSA pneumonia or other
infections in compromised hosts. MRSA pneumonia in HIV-
infected people could be health-care-associated, related to
bacteremia, or community-acquired, as it is in the general
population. MRSA is a prevalent cause of nosocomial
pneumonia in HIV-infected people (25% of cases are caused
by S. aureus, 65% of which are methicillin-resistant), and it
has been established as an independent risk factor for
mortality in HIV-infected patients [3].

HIV viral load and CD4 counts are the two surrogate
markers of ART responses and HIV/AIDS disease
progression. In our study, high colonization of MRSA was
reported among participants with CD4 <200 cells/uL
followed by 200-349 cells/uL. This could be attributed to the
decreased level of immunity, although it is not significantly
associated (p > 0.05), this finding is consistent with a
previous study suggesting that the colonization of MRSA in
PLWHIV might be independent of CD4 T-lymphocyte
counts [32]. On the other hand, high colonization of MRSA
was reported among participants who had greater than 1000
copies/mL of viral load followed by participants with a viral
load of 20 to 1,000 copies/mL and undetectable. This could
be because when viral copies proliferate, the overproduction
of inflammatory cytokines may enable secondary bacterial
infections and enhance host immunopathology.

In the present study, various levels of antibiotic resistance
were documented among MRSA isolates. The MRSA isolates
showed a higher rate of resistance to erythromycin,
sulfamethoxazole-trimethoprim, clindamycin, and tetracycline,
which are consistent with earlier studies conducted in
Ethiopia's northern and northwest regions [10, 11]. The
increased resistance of MRSA isolates to these antibiotics,
which are commonly used to treat MRSA infections, could be
due to continuous genetic variation (mecA) of the strains
caused by mutation of an existing gene or horizontal transfer
of a resistance gene from another bacterium and alteration of
PBP2A. Resistance to sulfamethoxazole-trimethoprim is very
common among MRSA isolates and could be because
sulfamethoxazole-trimethoprim is commonly used as a
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prophylactic for opportunistic infections in PLWHIV.

Multidrug resistance to MRSA is currently considered a
global threat by WHO [33]. The results of this study revealed
the emergence of high multidrug-resistant MRSA among
PLWHIV. Among the total MRSA isolates, 81.2% were
multidrug-resistant. Misuse and overuse of antibiotics in the
study area, poor infection prevention practices or the
emergence of drug resistance strains could account for the
high rate of multidrug-resistant MRSA. Furthermore, in
resource-poor countries like Ethiopia, antibiotics are readily
available without prescription and are dispensed
indiscriminately without routine culture and antimicrobial
tests, leading to an increase in antimicrobial resistance.
Health information on the appropriate use of antibiotics and
infection prevention practices should be delivered to
healthcare practitioners, dispensers, and patients to mitigate
ever-increasing antimicrobial resistance.

In our study, there are some antibiotics (such as gentamicin,
chloramphenicol, and amikacin) which remain effective
against MRSA. Two studies from Ethiopia (Arba Minch and
Mekelle), reported similar patterns of susceptibilities for
gentamicin, chloramphenicol, and amikacin [11, 12].
Moreover, gentamicin was found to be the most effective drug
against S. aureus. One reason for its success may be that
gentamicin is infrequently used and is administered by
injection. Self-medication is far more difficult with this
method of administration than with antibiotics prescribed
orally [34]. Thus, where it is available, it is worth performing
routine culture and antimicrobial susceptibility testing for
selecting the most effective antibiotics against MRSA. This
will help to improve proper management and reduces
complications, poor outcomes and death among PLWHIV.

Our study did not determine MRSA strains involved in
nasal colonization of People living with HIV as we did not
employ molecular techniques to identify the strain as hospital
or community acquired.

5. Conclusion

MRSA isolates found in the nasal cavity indicate a risk of

MRSA spreading and subsequent infections among PLWHIV.

Rural residence, history of hospitalization in the previous six
months, and viral load greater than 1000 copies/mL were
significantly associated with MRSA nasal colonization. The
isolated MRSA, on the other hand, had the highest antibiotic
resistance, and the majority of the isolates were multidrug-
resistant which indicates the colonization is more caused by
hospital-acquired strains. These data imply that the
performance of antimicrobial therapy in infection control
efforts could significantly affect the occurrence of MRSA in
the hospital context. Furthermore, MRSA control and
prevention are greatly aided by screening PLWHIV during
their follow-up.
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