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49 Abstract

50 Methicillin-resistant Staphylococcus (MRS) infections are a significant public health concern. 

51 Anterior nares serve as a major reservoir and source of spread of MRS ssp. People living with 

52 HIV (PLWHIV) tend to be at higher risk of colonisation with MRS organisms due to frequent 

53 healthcare exposure. We assessed the prevalence of MRS nasal carriage and associated factors 

54 among PLWHIV at the HIV clinic of Kiruddu National Referral Hospital, Kampala, Uganda, 

55 from May to July 2024. Nasal swabs from 256 PLWHIV were cultured, and microbiological 

56 isolation was performed at MBN Clinical Laboratories. Prevalence was calculated as 

57 proportions, and logistic regression identified associations with clinical and socio-demographic 

58 factors (p < 0.05). Of 256 participants, 163 (63.7%) carried Staphylococcus, with 82 (32%) 

59 identified as MRS carriers (8.9% MRSA, 23% MRCoNS). Frequent hospital visits (≥3) 

60 (adjusted incidence risk ratio [A-IRR] = 1.18 × 10⁷, p < 0.001), second-line antiretroviral 

61 therapy (ART) (A-IRR = 3.82, p = 0.041), and unsuppressed viral load (>1000 copies/mL) 

62 (adjusted odds ratio [AOR] = 11.3, 95% CI: 2.11–60.58, p = 0.005) were significantly 

63 associated with MRS carriage. Mask-wearing was protective against MRCoNS (A-IRR = 1.66, 

64 95% CI: 1.06–2.58, p = 0.026). MRS isolates exhibited high resistance to erythromycin 

65 (81.7%) and trimethoprim-sulfamethoxazole (79.3%), but susceptibility to linezolid (93.9%). 

66 MRS nasal carriage is prevalent among PLWHIV. Individuals with frequent health care contact 

67 and those on second-line ART regimens are more susceptible to MRS colonization, while 

68 individuals who wear face masks and those with an undetectable HIV viral load are less 

69 susceptible. Antimicrobial Resistance (AMR) surveillance within HIV programs, enhanced 

70 infection control, ART adherence, and targeted screening for high-risk groups are critical to 

71 mitigate colonization.

72 Keywords: methicillin-resistant Staphylococcus, nasal carriage, people living with HIV, 

73 Uganda, antimicrobial resistance, hospital visits, antiretroviral therapy
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74 Introduction

75 Methicillin-resistant Staphylococcus (MRS), encompassing Staphylococcus aureus (MRSA) 

76 and coagulase-negative staphylococci (MRCoNS), are of public health concern due to their 

77 ability to cause healthcare‑associated and community‑acquired infections and to disseminate 

78 resistance determinants such as the mecA gene (1-3). 

79 Nasal colonization represents the primary ecological niche for Staphylococcus species and 

80 serves as an important reservoir for subsequent infection and transmission in healthcare settings 

81 (4). MRS colonization, particularly MRSA, predisposes to infections such as bacteremia, 

82 pneumonia, and skin infections, with 20–60% of colonized individuals developing infections 

83 (5). MRCoNS, while less pathogenic, can cause severe infections in immunocompromised 

84 patients and serve as a reservoir for the mecA gene, promoting MRSA emergence (2). 

85 People living with HIV (PLWHIV) are particularly susceptible due to frequent healthcare 

86 interactions, repeated antimicrobial exposure (including cotrimoxazole prophylaxis), and 

87 underlying immune dysregulation, which may increase the risk of colonization and infection 

88 with resistant pathogens and immune suppression (6, 7). Global studies report MRSA nasal 

89 carriage rates of 1–16% among PLWHIV, with African data ranging from 2.4–28.2% (8-10). 

90 In Uganda, existing studies have reported relatively low MRSA carriage among PLWHIV with 

91 a prevalence of 0–5.2%, and have rarely evaluated MRCoNS colonization, despite its growing 

92 relevance in antimicrobial resistance ecology (11, 12). Understanding the burden and 

93 determinants of MRS colonization among PLWHIV is important for informing infection 

94 prevention strategies, antimicrobial stewardship, and clinical management within HIV care 

95 programs. We therefore conducted a cross-sectional study to determine the prevalence of 

96 methicillin-resistant Staphylococcus nasal carriage and identify associated clinical and socio-
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97 demographic factors among PLWHIV attending the HIV clinic at Kiruddu National Referral 

98 Hospital in Kampala, Uganda.

99 Materials and Methods

100 Study Design and Setting

101 This cross-sectional study was conducted from May to July 2024 at the HIV clinic of Kiruddu 

102 National Referral Hospital, a 200-bed tertiary public hospital in Kampala, Uganda, serving 

103 approximately 9,600 PLWHIV annually. The nasal swabs were cultured, and microbiological 

104 isolation was performed at MBN Clinical Laboratories, a certified facility located 15 km from 

105 the hospital, equipped for microbiological testing.

106 Study Population, Sampling, and Eligibility Criteria

107 The target population comprised PLWHIV aged ≥18 years attending the HIV clinic. Using 

108 the Kish Leslie formula with a 28.2% MRS prevalence (Muhaba et al., 2022), a sample size 

109 of 344 was calculated, adjusted to 256 after accounting for an accessible population of 694 

110 patients and 10% non-response rate. Simple random sampling was employed, with patient 

111 chart numbers entered into Excel and randomized using OpenEpi software. Eligible 

112 participants were PLWHIV aged ≥18 years who provided written informed consent. 

113 Exclusion criteria included recent nasal/facial trauma, surgery, septal/palate defects, or 

114 epistaxis.

115 Data Collection

116  The investigator and trained research assistants collected nasal swabs from the anterior nares 

117 and clinical/socio-demographic data using pre-tested case report forms (CRFs). Variables 

118 included age, sex, education, ART regimen, viral load, and hospital visits. Nasal swabs were 
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119 collected from both anterior nares using cotton-tipped swabs, placed in Amies transport media 

120 (Oxoid, UK), and transported in a triple packaging system to MBN Clinical Laboratories.

121 Laboratory Procedures

122 Swabs were cultured on blood agar, and beta-hemolytic, catalase-positive colonies were 

123 subcultured. S. aureus was identified by positive tube coagulase and DNase tests, while 

124 coagulase-negative staphylococci (CoNS) were catalase-positive but coagulase/DNase-

125 negative. Methicillin resistance was confirmed using cefoxitin disc diffusion (30 µg/mL) on 

126 Mueller-Hinton agar, per Clinical and Laboratory Standards Institute (CLSI) guidelines (13). 

127 Antibiotic susceptibility was tested for penicillin, erythromycin, clindamycin, gentamicin, 

128 tetracycline, chloramphenicol, ciprofloxacin, trimethoprim-sulfamethoxazole, and linezolid.

129 Data Analysis

130 Prevalence was calculated as the proportion of MRS-positive participants. Descriptive statistics 

131 used percentages/frequencies for categorical variables and mean (SD) or median (IQR) for 

132 continuous variables. Bivariate logistic regression identified factors associated with MRS 

133 carriage (p < 0.2 for multivariate inclusion). Multivariate logistic regression with stepwise 

134 selection calculated adjusted incidence risk ratios (A-IRR) and odds ratios (AOR), with 

135 significance at p < 0.05. Analyses were conducted using Stata v15.0.

136 Ethical Considerations

137 This study received ethical approval from the School of Medicine Research Ethics Committee 

138 (SOMREC) and administrative clearance from Kiruddu Hospital. Written informed consent 

139 was obtained, and data were anonymized and stored securely on password-protected devices. 

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted May 27, 2026. ; https://doi.org/10.64898/2026.05.26.26354086doi: medRxiv preprint 

https://doi.org/10.64898/2026.05.26.26354086
http://creativecommons.org/licenses/by/4.0/


7

140 Participants with MRS-positive results were referred to clinicians for management, though 

141 decolonization was not indicated per Infectious Diseases Society of America guidelines.

142 Results

143 Participant Characteristics

144 Of 256 enrolled PLWHIV, the mean age was 39.9 ± 12.8 years, 67.6% were female, and 53.1% 

145 resided in urban areas. Most (51.6%) had primary education, and 48.8% were married. 

146 Clinically, 97.7% were on tenofovir-based ART, 65.6% had viral loads <1000 copies/mL, and 

147 93.8% had no recent hospitalizations. Mask-wearing was reported by 61.7%, and 65.2% 

148 routinely washed hands at the clinic (Tables 1, 2).

149 Prevalence of MRS Nasal Carriage

150 Bacterial growth occurred in 230 (89.8%) samples, with Staphylococcus isolated in 163 

151 (63.7%) participants. Methicillin-resistant Staphylococcus nasal carriage was detected in 82 of 

152 256 participants (32%). Among these isolates, 23 (8.9%) were MRSA, and 59 (23%) were 

153 MRCoNS.Of the S. aureus isolates (n=52), 44.2% were MRSA; of CoNS isolates (n=111), 

154 53.1% were MRCoNS (Table 3).

155 Antibiotic Resistance Patterns

156 MRS isolates showed high resistance to erythromycin (81.7%), trimethoprim-

157 sulfamethoxazole (79.3%), ciprofloxacin (73.2%), and gentamicin (64.6%), but were 

158 susceptible to linezolid (93.9%) and chloramphenicol (72%) (Table 4). MRSA and MRCoNS 

159 exhibited similar resistance patterns, with MRCoNS showing higher resistance to ciprofloxacin 

160 (79.7% vs. 56.5%) and erythromycin (86.4% vs. 69.6%) (Table 5).
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161 Factors Associated with MRS Carriage

162 Multivariate analysis identified that participants reporting frequent hospital visits (≥3 in 6 

163 months) (A-IRR = 1.18 × 10⁷, p < 0.001) and individuals receiving second-line ART (A-IRR 

164 = 3.82, p = 0.041) had increased risk of MRS colonization. Unsuppressed HIV viral load 

165 (>1000 copies/mL) was associated independently with MRSA colonization (AOR = 11.3, 95% 

166 CI: 2.11–60.58, p = 0.005). Conversely, participants reporting consistent mask use within the 

167 clinic environment had lower odds of MRCoNS colonization (A-IRR = 1.66, 95% CI: 1.06–

168 2.58, p = 0.026) (Tables 6–8).

169

170 Discussion

171 This study demonstrates that nearly one-third of PLWHIV attending a large urban HIV clinic 

172 in Kampala carried methicillin-resistant Staphylococcus species in their anterior nares. 

173 Although the prevalence of MRSA was relatively modest (8.9%), the overall burden of 

174 methicillin-resistant organisms was driven largely by MRCoNS colonization (23%), 

175 highlighting the importance of considering coagulase-negative staphylococci within 

176 antimicrobial resistance surveillance frameworks.

177 The observed MRSA prevalence is broadly consistent with reports from other settings in sub-

178 Saharan Africa and Asia, where nasal carriage among PLWHIV has ranged between 

179 approximately 2% and 12% (9-10, 12, 14-17). A study conducted in Ghana at a teaching 

180 hospital in 2018 reported an MRSA nasal colonization prevalence of 8.2% (9), and in a cross-

181 sectional study in China, the prevalence of nasal carriage of MRSA among PLWHIV was 

182 11.95% (14).  Our study’s findings were higher than the 2.4% reported in Ethiopia (15), 3.4% 

183 in Taiwan (16), and 5.02% in a tertiary health facility in Buikwe district, Uganda (12), but 

184 lower than those reported in Ethiopia at 16.8% and 28% (17, 10). These differences across 
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185 settings may be influenced by variations in population characteristics, sampling locations, 

186 specimen types, and techniques for bacterial isolation and identification.

187 Our study noted a higher prevalence of MRCoNS colonization. MRCoNS is a source of the 

188 mecA gene, which confers methicillin resistance and has the potential to contribute to the 

189 emergence of MRSA by transferring the mecA gene from MRCoNS to methicillin-susceptible 

190 S. aureus (MSSA) (2). Independently, MRCoNS colonization predisposes to infections such as 

191 bloodstream infections, endocarditis, urinary tract infections, surgical site infections, and 

192 prosthetic joint infections, particularly in immunocompromised patients, the elderly, critically 

193 ill individuals, and those with inserted foreign bodies like catheters (18). Our findings align 

194 with a study among 1001 HIV-infected patients in a tertiary facility at Guangzhou, China, 

195 which reported 11.89% MRSA and 34.45% MRCoNS prevalence (14). That study also noted 

196 multidrug resistance, with MRCoNS isolates showing 81.94% resistance compared to 18.06% 

197 for MRSA. Increasing recognition of MRCoNS as both opportunistic pathogens and sources 

198 of resistance gene transfer suggests that their epidemiology deserves greater attention in 

199 immunocompromised populations.

200 Frequent healthcare contact (moderate (3–4) or high (≥5) hospital visits within a year of 

201 enrollment) emerged as an important predictor of colonization (IRR = 1.18 × 10⁷, p < 0.001). 

202 Individuals reporting multiple clinic visits had a substantially higher risk of MRS carriage, 

203 consistent with evidence linking repeated healthcare exposure to colonization with 

204 antimicrobial-resistant organisms (6,19). HIV programs increasingly utilizing differentiated 

205 service delivery models, such as community-based care, could decrease healthcare exposure 

206 and MRS colonization among PLWHIV. Strengthening infection prevention practices within 

207 outpatient HIV clinics may therefore represent an important component of antimicrobial 

208 resistance control.
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209 We also observed that individuals receiving second-line antiretroviral therapy had an increased 

210 risk of MRS colonization (IRR = 3.82, p = 0.041). This association may reflect a subgroup of 

211 patients with more complex clinical histories, including prolonged healthcare exposure, 

212 treatment failure, or greater antibiotic exposure. Similarly, unsuppressed HIV viral load was 

213 associated with MRSA colonization (AOR = 11.3; 95% CI: 2.11–60.58, p = 0.005), consistent 

214 with findings from a tertiary hospital in Ethiopia linking MRSA colonization to viral loads 

215 >1000 copies/mL (10) and another study among children and adolescents also concluded that 

216 higher viral loads increased MRSA risk compared to viral loads <1000 copies/mL (20). These 

217 findings suggest that immunologic vulnerability may contribute to susceptibility to resistant 

218 bacterial colonization.

219 Interestingly, self-reported mask use in clinic settings was associated with lower MRCoNS 

220 colonization. While this finding should be interpreted cautiously due to potential behavioral 

221 confounding and self-report bias, it raises the possibility that routine infection prevention 

222 practices introduced during the COVID-19 pandemic may have broader benefits for limiting 

223 bacterial transmission within healthcare environments.

224 The high levels of resistance observed to commonly used antibiotics, including erythromycin, 

225 ciprofloxacin, and trimethoprim-sulfamethoxazole, are concerning. Our documented 

226 cotrimoxazole resistance prevalence of 79.3% was consistent with previous findings from two 

227 systematic reviews (21,22). Given the widespread use of cotrimoxazole prophylaxis among 

228 PLWHIV in many settings (95.3% of PLWHIV in our study reported prior use), selective 

229 pressure for resistant organisms may contribute to this pattern. Continued surveillance of 

230 antimicrobial susceptibility patterns in HIV care populations is therefore essential.

231 This study has several limitations. First, the cross-sectional design precludes causal inference 

232 regarding risk factors for colonization. Second, laboratory identification of methicillin 
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233 resistance relied on phenotypic methods without molecular confirmation. Finally, data were 

234 obtained from a single urban referral centre and may not be generalizable to other settings.

235 Despite these limitations, our findings highlight the substantial burden of methicillin-

236 resistant Staphylococcus colonization among PLWHIV in an urban African setting. Integrating 

237 antimicrobial resistance surveillance within HIV care programs, strengthening infection 

238 prevention measures, and promoting antimicrobial stewardship may help mitigate the risk of 

239 colonization and subsequent infection.

240 Conclusion

241 MRS nasal carriage affects one-third of PLWHIV at Kiruddu Hospital. Individuals with 

242 frequent health care contact and those on second-line ART regimens are more susceptible to 

243 MRS colonization, while those who wear face masks in clinic settings and those with an 

244 undetectable HIV viral load are less susceptible. AMR surveillance within HIV programs, 

245 enhanced infection control, promoting ART adherence, and targeted screening for high-risk 

246 groups are essential to mitigate colonization and prevent infections.
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365 Tables

366 Table 1: Socio-demographic characteristics of study participants (N=256)

Participants variables Category frequency (%)
Sex Female 173 67.6

Male 83 32.4
Age <20 5 2

20-34 99 38.7
35-54 114 44.5
> 54 38 14.8

Education No education 73 28.5
Primary completed 132 51.6
Secondary completed 35 13.7
Tertiary or University 16 6.3

Marital status Divorced 22 8.6
Married 125 48.8
Single 100 39.1
Widowed 9 3.5

Residence Rural 37 14.5
Semi-Urban 83 32.4
Urban 136 53.1

Occupation Business 92 35.9
Casual Employment 104 40.6
Formal Employment 19 7.4
Unemployed 41 16
1-2 members 86 33.6
3-5 members 120 46.9
6-9 members 37 14.5

Number of occupants in 
same home

10+ members 13 5.1

367

368 Table 2: Clinical and environmental factors (N=256)

Variable/Category Frequency (%)

Currently a cigarette/ tobacco smoker 10 (3.9)
Currently consume alcohol 55 (21)
Currently, inject illicit drugs 5 (2)
Wears a mask in the clinic 158 (61.7)
Awareness of a handwashing facility in the clinic 194(75.8)
Routinely wash hands in the clinic 167(65.2)
Had hospitalized household member (s) in the last 12 months 10(3.9)
Baseline ART (TDF-based regimen) 242 (94.5)
Current ART regimen (TDF/3TC/DTG) 250(97.7)
Had hospital admission in the last 12 months 16 (6.3)
Antibiotic use in the last 6 months 27 (10.5)
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Most recent HIV Viral Load <1000 168 (65.6)
Prior use of Cotrimoxazole prophylaxis 244(95.3)

369

370 Table 3: Prevalence of bacterial isolates (N=256)

Isolated Mirco-organisms No. of strains (%)

Coagulase-negative staphylococcus 111 (43.4)

Staphylococcus aureus 52 (20.3)

Other organisms  67 (26.1)

Growth Yes 230 (89.8)

No 26 (10.2)

371

372 Table 4: Antibiotic resistance patterns of MRS (n=82)
373

Isolated micro-organism Antibiotic/ Drug

Staphylococcal species (163) Cefoxitin

77 (30)

82 (32)

4 (1.6)

Susceptible, n (%)

Resistant, n (%)

Intermediate, n (%)

Missing, n (%)

Staphylococcus aureus (52)

29 (11.3)

23 (8.9)

Susceptible, n (%)

Resistant, n (%)

Intermediate, n (%)

Missing, n (%)

Coagulase-negative Staphylococcus (111)

Susceptible, n (%) 48(18.8)
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59(23)Resistant, n (%)

Intermediate, n (%)

Missing, n (%) 4(1.6)

374

375

376 Table 5: Antibiotic resistance of MRSA vs. MRCoNS)
377

MRS (n=82)
 

Antibiotic/ Drugs Susceptible, 
n (%)

Resistant, 
n (%)

Intermediate, 
n (%)

Missing

Clindamycin 40 (48.8) 6 (7.3) 0 (0) 36(43.9)
Erythromycin 13 (15.9) 67 (81.7)  2 (2.4)  -
Gentamicin 26 (31.7) 53 (64.6) 3 (3.7)  -
Tetracycline 31 (37.8) 48 (58.5) 0 (0)  3(3.7)
Chloramphenicol 59 (72) 22 (26.8) 0 (0)  1(1.2)
Ciprofloxacin 15 (18.3) 60 (73.2) 7 (8.5)  -
Trimethoprim
Sulfamethoxazole

11 (13.4)  65 (79.3) 2 (2.4)  4 (4.9)

Linezolid 77 (93.9)  0 (0)  0 (0) 5(6.1)

378

379 Table 6: Multivariate analysis for MRS

Isolated organisms

MRSA(n=23) MR CoNS (n=59)

Antibiotic/ Drug S, 

n (%)

R,

n (%)

I,

n (%)

Missing

n (%)

S, 

n (%)

R,

n (%)

I,

n (%)

Missing

n (%)

Clindamycin 11(47.8) 2 (8.7) 0 (0) 10 (43.5) 29 

(49.2)

4 (6.9) 0 (0) 26 (44.1)

Erythromycin 7 (30.4) 16 

(69.6)

0 (0) _ 6 (10.2) 51 

(86.4)

2 (3.4) _

Gentamicin 10 (43.5) 13 

(56.5)

0 (0) _ 16 

(27.1)

40 

(67.8)

3 (5.1) _

Tetracycline 13 (56.5) 10 

(43.5)

0 (0) _ 18 

(30.5)

38 

(64.4)

0 (0) 3 (5.1)

Chloramphenicol 21 (91.3) 2 (8.7) 0 (0) _ 38 

(64.4)

20 

(33.9)

0 (0) 1 (1.7)
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Ciprofloxacin 7 (30.4) 13 

(56.5)

3 (13.1) _ 8 (13.6) 47 

(79.7)

4 (6.8)

Trimethoprim- 

sulfamethoxazole

5 (21.7) 18 

(78.3)

0 (0) _ 6 (10.2) 47 

(79.7)

2 (3.4) 4 (6.8)

Linezolid 22 (95.7)  0 (0) 0 (0) 1(4.3) 55 

(93.2)

0 (0) 0 (0) 4 (6.8)

380

381 Table 7: Multivariate analysis for MRSA

Variables p-value Crude IRR (CI) p-value Adjusted IRR (CI)

No. of hospital visits (within 6 months)

Low (1-2 visits) 1 1

Moderate (3-4 visits)/high 
(5+ visits)

0.168 1.28(0.90-1.83) p<0.001 1.18e7(2.74e6-5.07e7)

ART Regimen line

First line 1 1

second line 0.07 0.72(0.50-1.03) 0.041 3.82(1.05-13.81)

382

383 Table 8: Multivariate analysis for MRCoNS

Variable & category p-value COR (CI) p-value AOR (CI)
Body Mass Index (BMI)

Normal Weight (18.5-
24.49)

1 1

Underweight (<18.5) 0.335 1.98(0.49-7.96) 0.464 1.75 (0.39-7.96)
Overweight (24.5-29.9) 0.080 0.31(0.09-1.15) 0.096 0.31 (0.08-1.23) 
Obese (≥ 30) 0.719 1.23(0.40-3.73) 0.938 1.05 (0.31-3.61)

Most recent Viral Load 
<1000 1 1
>1000 0.005 9.48(1.98-

45.46) *
0.005 11.3 (2.11-60.58) *

Not done 0.083 2.26(0.90-5.67) 0.309 1.66 (0.63-4.38)
384

385 Supplementary Material
386 The Case Report Form (CRF) is available upon request from the corresponding author.
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