
Frontiers in Microbiology 01 frontiersin.org

The impact of human 
immunodeficiency virus 
coinfection on mpox patients 
during the 2022 global outbreak: 
a systematic review and 
meta-analysis based on 
comparative observational 
studies

Yingying Han 1, Xingzhao Li 2, Xin Wang 3 and Zhuan Zhong 4*
1Department of Neurology, China-Japan Union Hospital of Jilin University, Changchun, Jilin, China, 
2Department of Ultrasound, China-Japan Union Hospital of Jilin University, Changchun, Jilin, China, 
3Infection Management Department of Hospital, China-Japan Union Hospital of Jilin University, 
Changchun, Jilin, China, 4Department of Orthopaedics, The Second Hospital of Jilin University, 
Changchun, Jilin, China

Background: The mpox outbreak in 2022 posed a new challenge to the medical 
system. We aimed to study the impact of human immunodeficiency virus (HIV) 
coinfection on mpox patients.
Methods: This study was conducted in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
Results: Our study included 27 articles for meta-analysis and divided mpox patients 
into two groups: one group was HIV-positive, and the other group was HIV-
negative. We found that the age of HIV-positive patients was significantly greater 
than that of HIV-negative patients (SMD = 0.35, 95% CI: 0.29–0.41) and that there 
were more men who had sex with men in the HIV-positive group (OR = 3.98, 95% 
CI: 3.04–5.21). Syphilis (OR = 2.66, 95% CI: 2.13–3.33), hepatitis B (OR = 3.94, 95% 
CI: 2.93–5.30), hepatitis C (OR = 5.71, 95% CI: 3.06–10.64), proctitis (OR = 1.52, 
95% CI: 1.17–1.98), fever (OR = 1.15, 95% CI: 1.01–1.30), diarrhea (OR = 1.69, 95% 
CI: 1.03–2.77) and pustules (OR = 1.33, 95% CI: 1.08–1.62) were more common 
among HIV-positive patients. HIV coinfection seemed to be associated with a 
decrease in the CD4+ T-cell count (SMD = −0.78, 95% CI: −1.34 to −0.23) and 
hemoglobin (SMD = −0.43, 95% CI: −0.64 to −0.22) and albumin (SMD = −0.35, 
95% CI: −0.55 to −0.15) levels, whereas the CD8+ T-cell count yielded the opposite 
statistical conclusion (SMD = 0.35, 95% CI: 0.03–0.67). We also found that HIV-
positive patients had more hospitalizations (OR = 1.63, 95% CI: 1.22–2.19), more 
severe mpox (OR = 1.82, 95% CI: 1.28–2.58), more need for tecovirimat treatment 
(OR = 4.25, 95% CI: 1.59–11.4), and higher mortality (OR = 3.36, 95% CI: 1.15–9.83).
Conclusion: Overall, HIV coinfection may influence the disease process and clinical 
indicators of mpox patients and is associated with more severe clinical outcomes.
Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/view/
CRD420251056729, PROSPERO registration number: CRD420251056729.
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1 Introduction

Mpox is a zoonotic infectious disease caused by the mpox virus, 
an enveloped double-stranded DNA virus belonging to the 
Orthopoxvirus genus of the Poxviridae family, which also includes 
variola and vaccinia viruses (Parker et al., 2007). The first case of 
human infection with the mpox virus was observed in a 9-year-old 
boy in 1970 in the Democratic Republic of Congo (Ladnyj et al., 
1972). Since then, sporadic outbreaks outside Central and West 
African countries have been limited to a few cases in recent years and 
have been based on zoonotic transmission or exported cases from 
endemic countries (Simpson et al., 2020). On May 6, 2022, a British 
national who returned from Nigeria was diagnosed with mpox after 
developing a febrile rash; this marked the beginning of the 2022 out-
break, which spread to non-endemic countries around the world 
(Girometti et al., 2022). One of the possible origins and focuses of the 
current mpox outbreak was the Gay Pride Festival in Gran Canaria 
(May 5–15, 2022), which was attended by 25,000–30,000 visitors from 
abroad (Martinez et al., 2022). The World Health Organization 
(WHO) declared it a Public Health Emergency of International 
Concern in July 2022, which was later lifted on May 11, 2023 (World 
Health Organization, 2025a). The presence of mpox virus has been 
confirmed by polymerase chain reaction (PCR) in various secretions, 
such as saliva, semen, urine and nasopharyngeal or rectal samples 
(Tarin-Vicente et al., 2022; Peiro-Mestres et al., 2022). Fever, head-
ache, myalgia, asthenia and lymphadenopathy are common symptoms 
and signs in the initial stage, with a rash appearing in the second phase 
and lasting for 2–3 weeks. Most mpox patients fully recover (World 
Health Organization, 2022a).

The WHO reported that human immunodeficiency virus (HIV) 
remains a major global public health problem, affecting more than 
40 million people around the world. In 2022, when the mpox epidemic 
occurred, 630,000 people died of HIV-associated comorbidities, and 
1.3 million people acquired HIV (World Health Organization, 2025b). 
According to data released by the WHO, approximately 50% of mpox 
patients were coinfected with HIV during this global epidemic (World 
Health Organization, 2025b). Notably, HIV prevalence among mpox 
cases differed substantially across regions. A study by Curran et al. 
reported that among mpox patients in eight jurisdictions in the United 
States, 38% were infected with HIV (Curran et al., 2022). In contrast, a 
national retrospective study conducted in Peru using the National 
Surveillance System, which included 3,561 confirmed mpox cases, 
found that up to 60% of patients were infected with HIV (Ramirez-Soto 
et al., 2024). HIV infection compromises the immune system, render-
ing individuals more susceptible to a series of opportunistic infections 
and affecting the epidemiology, clinical manifestations and treatment 
outcomes of concurrent diseases. Mpox virus was transmitted mainly 
through sexual behavior in the 2022 epidemic, which is more common 
among men who have sex with men (MSM). This mode of transmis-
sion is similar to that of HIV, resulting in a high proportion of patients 
living with HIV infection (Yang S. et al., 2024).

We carried out this systematic review and meta-analysis to study 
the influence of HIV coinfection on mpox patients and to provide a 
reference for the clinical diagnosis and treatment of such patients and 
the public health care of mpox patients. In the 2022 global epidemic, 
the transmission route, affected area, location of lesions and severity 
of disease were different from those of previous mpox epidemics 
(Thornhill et al., 2022; Yinka-Ogunleye et al., 2019; Ogoina et al., 
2020), so we did not include data from mpox patients before 2022 in 
this study.

2 Methods

This study was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement (PROSPERO registration number: 
CRD420251056729).

2.1 Eligibility criteria

Articles that met the following requirements were included in 
our study: (1) all included patients had confirmed cases of mpox, 
(2) the clinical characteristics of the HIV-positive and HIV-negative 
patients were recorded in detail, and (3) the data came from the 
outbreak of mpox after 2022. The exclusion criteria were as follows: 
(1) nonhuman studies; (2) data duplication; (3) case reports, 
reviews or comments; (4) data before 2022; (5) suspected cases of 
mpox; and (6) experimental group or control group sample sizes of 
less than 5.

2.2 Search strategy and study selection

We searched for articles published in PubMed, Embase and Web 
of Science before July 2, 2025. To retrieve the available data to the 
maximum extent possible, we did not limit the language of the articles, 
and the retrieval scope included the title and abstract. The search strat-
egy was as follows: ((((Human Immunodeficiency Virus[Title/
Abstract]) OR (HIV[Title/Abstract])) OR (AIDS[Title/Abstract])) OR 
(Acquired Immune Deficiency Syndrome[Title/Abstract])) AND 
((((monkeypox[Title/Abstract]) OR (mpox[Title/Abstract])) OR 
(MPXV[Title/Abstract])) OR (MPX[Title/Abstract])).

We first deleted duplicate articles by matching titles, authors and 
journals. We subsequently performed a preliminary screening of the 
articles by reading the title or abstract. The articles that passed the 
preliminary screening were further screened by reading the full text 
to determine which articles were eligible for meta-analysis.

2.3 Data selection and quality assessment

Data extraction was performed by three authors to ensure accu-
racy. Two of the authors screened the data independently, and dis-
agreements were adjudicated by the third author. The selected items 
included age, race, sexually transmitted infection, use of tecovirimat, 
number of MSM, location of lesions, type of lesions, number of 
lesions, complications, symptoms, laboratory findings, days between 
first symptoms and clinical assessment, mpox vaccination, number of 
severe mpox cases, number of hospitalizations, hospitalization dura-
tion, and number of deaths.

Abbreviations: ART, antiretroviral therapy; CI, confidence interval; HIV, human 

immunodeficiency virus; IQR, interquartile range; MSM, men who have sex with 

men; OR, odds ratio; PCR, polymerase chain reaction; PRISMA, Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses; SMD, standardized mean dif-

ferences; WHO, World Health Organization.
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The Newcastle–Ottawa quality assessment scale was used to 
evaluate the quality and bias risk of the included articles. An arti-
cle with a score ≥7 indicated a high-quality article with a low risk 
of bias. If an article received a score of 0 or 1 in the outcome 
domain, it was classified as poor quality regardless of the 
total score.

2.4 Statistical analysis

Odds ratios (ORs) and standardized mean differences (SMDs) 
were used for data analysis and evaluation in which ORs were used for 
dichotomous variables, SMDs were used for continuous variables, and 
confidence intervals (CIs) were set at 95%. For data with only the 
sample size and quartile, we used the transformation formula to cal-
culate the mean and standard deviation (Wan et al., 2014). The het-
erogeneity was quantified by I2 statistics, and the source of 
heterogeneity was determined via subgroup analysis: I2 ≤ 50% indi-
cated low heterogeneity, 50% < I2 ≤ 75% indicated moderate hetero-
geneity, and I2 > 75% indicated high heterogeneity (Higgins et al., 
2003). A random effects model was used to estimate the effect value 
and a sensitivity analysis was conducted to verify the robustness of the 
results. The statistical software used was Stata 14.0, and a z test p 
value<0.05 was considered to indicate statistical significance. 

Additionally, we employed Egger’s test to evaluate reporting bias, with 
a p value>0.05 indicating the absence of bias.

3 Results

3.1 Study selection and characteristics

From the three databases, we retrieved a total of 2,438 articles and 
deleted 913 duplicate articles. A total of 1,391 articles that were not 
relevant to our study were excluded after screening the titles and 
abstracts. Of the remaining 134 articles, 107 were further excluded 
after screening the full text. The flow diagram of the article selection 
process is shown in Figure 1.

The article by Jin et al. (2025) included all the cases of mpox in 
China confirmed by the laboratory in 2023, but few items were studied. 
Among the other seven articles from China, six were from 2023 (Li et al., 
2024; Zhao et al., 2024; Yang H. et al., 2024; Yan et al., 2024; Guo et al., 
2024; Fu et al., 2023), and the other was from 2022 to 2024 (Hu et al., 
2025). To avoid data duplication, the data in the other seven articles from 
China were not included in our meta-analysis if the items were listed in 
the article by Jin et al. For these articles, we included only the items that 

FIGURE 1

Flow diagram of the article selection process.
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Jin et al. did not mention. We included two articles by Silva et al. (2022) 
and Silva et al. (2024), and the data of both articles came from the same 
institution. Because the sample size of the article published in 2024 was 
larger than that of the article published in 2022, we mainly included the 
data of the article in 2024. For the article published in 2022, we included 
only the items that were not mentioned in the 2024 article. Nunez et al. 
published two articles in 2024 (Nunez et al., 2024) and 2023 (Nunez et 
al., 2023). Since the 2024 article had a larger sample size and contained 
more items, we did not include the data from 2023. Yang et al. also pub-
lished two articles in 2024 (Yang H. et al., 2024) and 2023 (Yang et al., 
2023) with the aforementioned situation, and we included only the data 
from the 2024 article. The samples assessed by Li et al. (2024) and Zhou 
et al. (2024) were from the same institution during the same period. 
Since the study of Li et al. included more items, we did not include the 
article of Zhou et al.

The Newcastle–Ottawa quality assessment scale is described in 
Supplementary Table S1. We found that most of the included articles 
were of high quality and had a low risk of bias. In order to get rigorous 
results, we did not include the two studies with poor quality in the 
pooled estimates (Alpalhao et al., 2023; Agrati et al., 2023).

Our meta-analysis included 27 articles. Most studies had detected 
mpox virus via PCR, most HIV samples had reasonable CD4+ T-cell 
counts with low viral loads, and most patients received antiretroviral 
therapy. The details are listed in Table 1.

3.2 Results of syntheses

3.2.1 Demographics, coinfections and 
complications

Silva et al. noted that most published studies on mpox cases after 
2022 included at least 99% cisgender men (Silva et al., 2022). In our 
meta-analysis, nearly half of the studies included samples consisting 
solely of males. Therefore, we did not compare sex differences between 
HIV-positive patients and HIV-negative patients. We found that the 
age of HIV-positive patients was significantly greater than that of HIV-
negative patients (SMD = 0.35, 95% CI: 0.29–0.41; Figure 2), and that 
there were more MSM among the HIV-positive patients (OR = 3.98, 
95% CI: 3.04–5.21; Figure 2). Although black people showed more 
trends and Asian people showed fewer trends in HIV-positive patients, 
the racial difference was not significant (Supplementary Figures 
S1–S3).

There was no significant difference between the two groups of 
patients in terms of gonorrhea or herpes (Supplementary Figures S4, S5), 
but HIV-positive patients had more syphilis (OR = 2.66, 95% CI: 
2.13–3.33; Supplementary Figure S6), hepatitis B (OR = 3.94, 95% CI: 
2.93–5.30; Supplementary Figure S7), hepatitis C (OR = 5.71, 95% CI: 
3.06–10.64; Supplementary Figure S8) and chlamydia (OR = 1.35, 95% 
CI: 1.11–1.64; Supplementary Figure S9). In terms of complications, 
HIV-positive patients had more proctitis (OR = 1.52, 95% CI: 1.17–
1.98; Supplementary Figure S10), while the proportions of patients 
with bacterial infection, urethritis, tonsillitis and pneumonia were 
similar to those of HIV-negative patients (Supplementary Figures 
S11–S14).

3.2.2 Symptoms and laboratory findings

Among the 11 symptoms related to mpox that we studied, only 
fever (OR = 1.15, 95% CI: 1.01–1.30; Supplementary Figure S15) 

and diarrhea (OR = 1.69, 95% CI: 1.03–2.77; 
Supplementary Figure S16) were more common in HIV-positive 
patients, and the other nine symptoms, including rectal pain, 
lymphadenopathy, headache, sore throat, asthenia, myalgia, 
nausea, arthralgia and vomiting, were not significantly different 
between the two groups of patients (Supplementary Figures 
S17–S25).

We also found that HIV infection seemed to be associated with a 
decrease in hemoglobin (SMD = −0.43, 95% CI: −0.64 to −0.22; 
Supplementary Figure S26) and albumin (SMD = −0.35, 95% CI: 
−0.55 to −0.15; Supplementary Figure S27) levels in mpox patients, 
while it had no significant effect on white blood cell count, neutrophil 
count, lymphocyte count, monocyte count, platelet count, alanine 
transaminase, total bilirubin, lactate dehydrogenase, creatinine, cre-
atine kinase, procalcitonin or C-reactive protein 
(Supplementary Figures S28–S39). Among the T-cell subgroups, the 
CD4+ T-cell count of HIV-positive patients was significantly lower 
than that of HIV-negative patients (SMD = −0.78, 95% CI: −1.34 to 
−0.23; Supplementary Figure S40), while the CD8+ T-cell count 
yielded the opposite statistical conclusion (SMD = 0.35, 95% CI: 0.03–
0.67; Supplementary Figure S41). However, the results were based on 
data from only three studies, which might affect the generalizability 
and robustness of the conclusions. Therefore, avoiding overinterpret-
ing its clinical mechanism or significance is necessary.

3.2.3 Rash characteristics

We performed a detailed analysis of the rash of mpox patients, and 
there was no significant difference in the number of rashes (>10) 
between the two groups (Supplementary Figure S42). The lesions of 
HIV-positive patients were more frequently distributed on the neck 
(OR = 1.23, 95% CI: 1.05–1.45; Supplementary Figure S43), trunk 
(OR = 1.36, 95% CI: 1.04–1.79; Supplementary Figure S44) and anus 
(OR = 2.12, 95% CI: 1.08–4.16; Supplementary Figure S45), whereas 
the distribution of lesions on the palms, soles, face/head, arms, legs, 
oral cavity and genitals were similar for both groups of patients 
(Supplementary Figures S46–S52). We compared different types of 
lesions and found that maculae were less common in HIV-positive 
patients (OR = 0.87, 95% CI: 0.76–0.99; Supplementary Figure S53), 
while pustules were more common (OR = 1.33, 95% CI: 1.08–1.62; 
Supplementary Figure S54). There were no significant differences in 
terms of the number of papulae, vesicles or ulcerations 
(Supplementary Figures S55–S57).

3.2.4 Treatment and clinical outcomes

Our study revealed that infection with HIV had no association 
with a delay in the days between first symptoms and clinical assess-
ment for mpox patients (Supplementary Figure S58). There was also 
no significant difference in the number of patients who received the 
mpox vaccine between the two groups (Supplementary Figure S59). 
Although HIV coinfection did not increase the hospitalization dura-
tion of mpox patients (Supplementary Figure S60), more HIV-
positive patients required hospitalization (OR = 1.63, 95% CI: 
1.22–2.19; Supplementary Figure S61), and more HIV-positive 
patients received tecovirimat treatment (OR = 4.25, 95% CI: 1.59–
11.4; Supplementary Figure S62). We also found that HIV-positive 
patients were more likely to progress to severe mpox (OR = 1.82, 
95% CI: 1.28–2.58; Supplementary Figure S63), and that the 
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TABLE 1  Characteristics of individual studies.

Study Country Continent Study 
period

Sample size HIV-
positive

HIV-
negative

Diagnosis of 
mpox

Characteristics of HIV patients

CD4+ T-cell 
count 
(cells/mm3)

HIV viral load 
(copies/mL)

Number of 
patients 

receiving 
ART

Silva et al. (2022) Brazil South America
2022.6.12–

2022.8.19
205 109 96 PCR Median: 528

Undetectable: 99 

patients
109

Li et al. (2024) China Asia 2023.6–2023.12 44 27 17 PCR
20 patients ≥ 200 

(*24)

Undetectable: 16 

patients (*24)
24

Aldred et al. 

(2024)
USA North America

2022.6.1–

2022.10.7
390 324 66 PCR

152 patients > 350 

(*242)

138 patients<50 

(*257)
NA

Zhao et al. 

(2024)
China Asia

2023.7.1–

2023.8.8
56 23 33 PCR Median: 351 (*21)

Undetectable: 21 

patients (*21)
21

Estevez et al. 

(2023)
Spain Europe

2022.5.18–

2022.9.30
99 71 28 PCR Median: 253

Undetectable: 67 

patients
71

Sousa et al. 

(2024)
Portugal Europe 2022.1–2022.12 58 25 33 PCR NA

The viral load of 22 

patients remained 

stable

22

Caria et al. 

(2022)
Portugal Europe

2022.5.5–

2022.7.26
41 25 16

Nucleic Acid 

Amplification 

Testing

Median: 702 22 patients<50 25

Hoffmann et al. 

(2023)
Germany Europe

2022.5.19–

2022.6.30
546 256 290 PCR Median: 691

226 patients<50 

(*236)
NA

Yang H. et al. 

(2024)
China Asia

2023.6.2–

2023.6.10
41 21 20 PCR Median: 825 NA NA

Lim et al. (2024) Korea Asia
2022.6.1–

2023.5.26
60 25 35 PCR Median: 589 25 patients<20 25

Jin et al. (2025) China Asia 2023 1,702 802 900 NA
575 patients ≥ 200 

(*652)

517 patients<50 

(*606)
775

Angelo et al. 

(2023)
29 countries

Countries on six 

continents

2022.5.1–

2022.7.1
226 92 134 PCR Median: 713

Undetectable: 76 

patients (*83)
NA

Curran et al. 

(2022)
USA North America

2022.5.17–

2022.7.22
1,969 755 1,214 NA Median: 639 620 patients<200 710

(Continued)
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TABLE 1  (Continued)

Study Country Continent Study 
period

Sample size HIV-
positive

HIV-
negative

Diagnosis of 
mpox

Characteristics of HIV patients

CD4+ T-cell 
count 
(cells/mm3)

HIV viral load 
(copies/mL)

Number of 
patients 

receiving 
ART

Yan et al. (2024) China Asia
2023.6.15–

2023.8.15
31 21 10 PCR 15 patients ≥ 200 NA 21

Silva et al. (2024) Brazil South America
2022.6.12–

2022.12.31
409 213 196 PCR Median: 624 180 patients<200 205

Corma-Gomez 

et al. (2024)
Spain Europe

2022.4.27–

2023.6.30
1,789 772 1,017 PCR 739 patients ≥ 350 745 patients<1,000 NA

Betancort-Plata 

et al. (2022)
Spain Europe

2022.5.1–

2022.7.31
42 27 15 PCR Median: 759 25 patients<50 NA

Lozada et al. 

(2025)
Colombia South America 2022 4,023 2,408 1,615 PCR NA NA NA

Guo et al. (2024) China Asia
2023.6.2–

2023.9.23
39 20 19 PCR Median: 638

Undetectable: 18 

patients
20

Nunez et al. 

(2024)
Mexico North America

2022.5.24–

2022.11.21
3,291 1,939 1,352 PCR Median: 495 (*725) NA NA

Pilkington et al. 

(2023)
UK Europe 2022.5–2022.12 144 58 86 PCR Median: 508 (*22)

47 patients<200 

(*52)
NA

Kowalski et al. 

(2023)
Poland Europe

2022.5.16–

2022.10.30
94 43 51 PCR Median: 672 38 patients<50 42

Moraes-Cardoso 

et al. (2024)
Spain

Europe 2022.6.28–

2022.9.22

33 14 19 NA Median: 777 NA 11

Triana-Gonzalez 

et al. (2023)

Mexico North America 2022.9–2022.12 72 64 8 PCR Median: 506 Undetectable: 44 

patients (*51)

51

Hu et al. (2025) China Asia 2022.9–2024.10 279 149 130 PCR Median: 526 Most patients were 

detectable

140

Ramirez-Soto et 

al. (2024)

Peru South America 2022.6.15–

2023.12.31

3,561 2,123 1,438 PCR NA NA 1,796

(Continued)
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mortality was greater than that of HIV-negative patients (OR = 3.36, 
95% CI: 1.15–9.83; Supplementary Figure S64). The details are listed 
in Table 2.

3.3 Reporting biases, heterogeneity and 
sensitivity analysis

Egger’s test was used for reporting bias analysis, and the results 
revealed that most of our findings had a low risk of bias (Figure 3 and 
Supplementary Figures S65–S121). Notably, the statistical efficiency 
of Egger’s test is low when the number of included studies is small 
(<10), and fully identifying publication bias may not be possible; thus, 
these results should be interpreted with greater caution.

Most of our results showed low or moderate heterogeneity. 
Among the seven results with high heterogeneity, six were not suitable 
for subgroup analysis (Supplementary Figures S1, S2, S31, S34, S35, S49) 
because of the small number of included studies (<5). We tried to 
explain the result in Supplementary Figure S18 through subgroup 
analysis; unfortunately, we did not find the exact source of 
heterogeneity.

All results were recalculated using a fixed effects model and com-
pared with those from the random effects model. The results from the 
fixed-effects model are presented in Table 2. Most results (57/66) were 
consistent across the two models. Among the nine results with signifi-
cant changes, seven had I2 statistics greater than 50%, and all nine 
changed from statistically insignificant to significant, and the CIs nar-
rowed. The greater the heterogeneity, the more likely that the fixed 
effects model ignores the differences between studies, thus yielding a 
significant result of “false-positive.” These results support the rational-
ity of our initial choice of the random effects model.

4 Discussion

Since the outbreak of the mpox epidemic in 2022, coinfection with 
HIV has received significant attention from health care workers. 
However, in terms of evidence-based medicine, several limitations still 
exist (Shin et al., 2023; Taha et al., 2024; Shabil et al., 2025). Shin et al. 
published a systematic review and meta-analysis in 2023 (Shin et al., 
2023), which made outstanding contributions to the research in this 
field. However, among the included articles, case series and reports 
accounted for 87.87%, which might have led to the original data 
having low evidence levels, a high risk of bias, and difficulties in evalu-
ating the universality of the results. Nunez et al. (2024) also reported 
that Shin et al. (2023) study included mainly case reports and small 
series, and that this uneven reporting limits the conclusions that may 
be drawn. This limitation may be because their study started at the 
early stage of the epidemic, and it was difficult to collect control data. 
Taha et al. (2024) and Shabil et al. (2025) also conducted detailed stud-
ies on mpox patients with HIV, but they focused on fewer items. Shabil 
et al. (2025) only analyzed hospitalization throughout the entire arti-
cle. Our data collection was conducted in 2025. The sample size was 
larger and more up to date. All included articles could extract control 
data, and small sample studies were excluded. Therefore, the data used 
for the meta-analysis were more rigorous, the evidence level and 
methodological quality were higher, the statistical power was stronger, 
and the causal inference ability was better. Additionally, we compared 
differences in more than 60 clinical characteristics between TA
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HIV-positive patients and HIV-negative patients, which is helpful for 
providing a reference for clinical decisions.

Our study revealed that HIV coinfection had varying degrees of 
impact on the location of lesions, lesion type, complications, symp-
toms, laboratory findings, and final clinical outcomes of mpox patients 
during the current epidemic.

A previous study has suggested that HIV infection might play a 
part in the function or senescence of B and T immune compartments 
and could lead to a reduced level or persistence of protective response 
to natural infection, as reported in other viral diseases (Spinelli et al., 
2021). It has been reported that specific mpox virus and orthopoxvirus 
T-cell-mediated responses were well coordinated with the mpox virus 
antibody concentration in people without HIV, but not in those with 
HIV. Moreover, compared with individuals without HIV, NK cell 
levels were reduced in people with HIV during both the acute and 
recovery phases, which could indicate that the dysfunction of NK cells 
induced by HIV may weaken protective immunity against the mpox 
virus (Liu et al., 2025). Guo et al. found that mpox patients with HIV 
had higher concentrations of MIP-1α, MIP-1β, G-CSF, and FGF basic, 
but lower neutralizing antibody titers than those without HIV, indicat-
ing that HIV-driven immune suppression might impair antibody 
responses (Guo et al., 2024). Additionally, HIV coinfection has been 
proposed to affect mpox virus gene expression, with notable changes 
in virus’s immune evasion strategies, and corresponding changes in 
the host immune response. Several immune-related genes were dys-
regulated between early and late stages of mpox in lesions from indi-
viduals coinfected with HIV, potentially impairing antiviral defenses 
and lymphocyte recruitment, a pattern absent in lesions from patients 
with only mpox infection (Hurst et al., 2025).

Our study revealed that among mpox patients, those infected with 
HIV were older, which might be related to the significant increase in 
HIV prevalence among elderly individuals in recent years (Vance et 
al., 2011). Tecovirimat is a tetracyclic acyl hydrazide targeting the 
VP37 protein that was developed specifically for poxviruses and has 
antiviral activity against other orthopoxviruses, including the mpox 
virus (Grosenbach et al., 2018). In animal models, tecovirimat has 
been shown to prevent morbidity and mortality associated with mpox 
(Russo et al., 2018). We found that HIV-positive patients required 

more hospitalizations and tecovirimat treatment, further indicating 
that HIV coinfection may aggravate the condition of mpox patients 
and require more medical resources.

Notably, caution should be exercised when interpreting the asso-
ciation between HIV coinfection and clinical outcomes. Specifically, 
the CIs for some results (such as mortality and tecovirimat use) were 
notably wide, reflecting statistical imprecision due to the limited 
number of events; thus, there is uncertainty in the estimated effects of 
these variables. Furthermore, outcomes such as hospitalization and 
severe mpox may be influenced by unmeasured confounders, includ-
ing lower admission thresholds for immunocompromised patients or 
differences in health care access, rather than biological severity alone.

An overview of HIV epidemiology among MSM around the world 
highlighted that the risk of HIV infection among MSM was 10–20 
times higher than that of the general population, and the infection rate 
was significantly higher (Beyrer et al., 2012). This disparity might 
explain the overrepresentation of MSM among HIV-positive patients 
in our study, suggesting that MSM status might be a critical con-
founder. HIV coinfection in patients (especially those who have not 
been treated or diagnosed) may increase the risk of simultaneous 
exposure to other sexually transmitted diseases due to increased 
sexual activity, multiple sexual partners or unprotected sex, leading to 
the co-transmission of multiple pathogens. A report from the United 
States showed that the incidence of syphilis in HIV-positive people 
was 3–5 times greater than that in HIV-negative people, especially in 
the MSM population, and that the syphilis infection rate of HIV-
positive patients could be as high as 25% (Salado-Rasmussen et al., 
2015). We found that proctitis was more common among HIV-
positive patients, which might be associated with higher rates of anal 
sex behaviors among the MSM community. Moreover, having more 
sexually transmitted diseases may further aggravate rectal inflamma-
tion. One point that needs to be emphasized is that mpox can infect 
individuals of any sexual orientation. People must avoid stigma and 
discrimination against the MSM community. The WHO has warned 
that stigma toward specific groups may hinder patients from seeking 
timely medical treatment, undermine community trust, and ulti-
mately weaken the effectiveness of epidemic prevention (World Health 
Organization, 2022b). Public health information transmission and 

FIGURE 2

Forest plot of differences in the clinical characteristics between the HIV-positive group and the HIV-negative group: (A) age and (B) men who have sex 
with men.
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TABLE 2  Comparison of clinical characteristics between the HIV-positive group and the HIV-negative group.

Items Number 
of 

articles

Sample 
size of 

the 
HIV-

positive 
group

Sample 
size of 

the HIV-
negative 

group

OR OR# SMD SMD# 95% 
CI

95% 
CI#

I2 p p#

Age 16 6,781 5,550 0.35 0.33 0.29–

0.41

0.30–

0.37

36.1% <0.001 <0.001

Men who have sex 

with men
10 7,728 5,672 3.98 4.04

3.04–

5.21

3.68–

4.43
71.5% <0.001 <0.001

Race

 � Black 3 1,292 1,476 2.52 2.76
0.90–

7.07

2.27–

3.35
93.3% 0.078 <0.001

 � White 4 1,350 1,562 0.70 0.51
0.29–

1.73

0.43–

0.60
92.4% 0.440 <0.001

 � Asian 2 1,079 1,280 0.31 0.43
0.08–

1.19

0.26–

0.71
40.2% 0.088 0.001

Sexually transmitted infection

 � Syphilis 12 8,039 6,152 2.66 2.60
2.13–

3.33

2.29–

2.95
49.6% <0.001 <0.001

 � Gonorrhea 7 3,315 2,893 1.64 1.48
0.97–

2.78

1.23–

1.77
54.1% 0.067 <0.001

 � Hepatitis B 9 3,502 2,391 3.94 4.05
2.93–

5.30

3.02–

5.44
0 <0.001 <0.001

 � Hepatitis C 9 5,421 3,724 5.71 7.46
3.06–

10.64

5.30–

10.51
54.0% <0.001 <0.001

 � Chlamydia 8 3,257 2,786 1.35 1.36
1.11–

1.64

1.12–

1.64
0 0.020 0.002

 � Herpes 5 2,503 1,571 1.70 2.15
0.72–

4.00

0.94–

4.90
0 0.223 0.069

Complications

 � Proctitis 9 6,019 5,167 1.52 1.54
1.17–

1.98

1.28–

1.84
30.0% 0.002 <0.001

 � Bacterial infection 7 621 361 0.92 0.96
0.56–

1.51

0.60–

1.55
0% 0.736 0.865

 � Urethritis 4 2,097 1,421 1.56 1.69
0.56–

4.30

0.68–

4.21
7.9% 0.392 0.258

 � Tonsillitis 2 172 163 1.96 1.95
0.52–

7.44

0.51–

7.45
0 0.324 0.328

 � Pneumonia 3 108 61 1.41 2.21
0.06–

34.96

0.63–

7.75
73.7% 0.833 0.216

Symptoms

 � Rectal pain 3 481 250 1.50 1.51
0.89–

2.52

0.91–

2.51
0 0.127 0.110

 � Fever 16 8,943 7,214 1.15 1.11
1.01–

1.30

1.03–

1.18
49.1% 0.030 0.003

 � Lymphadenopathy 12 9,407 7,896 1.21
1.30 0.78–

1.87

1.21–

1.38

96.7% 0.388 <0.001

 � Headache 13 8,083 5,823 0.94 0.93 0.82–

1.08

0.86–

0.99

41.6% 0.400 0.049

(Continued)

https://doi.org/10.3389/fmicb.2026.1751445
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org


Han et al.� 10.3389/fmicb.2026.1751445

Frontiers in Microbiology 10 frontiersin.org

TABLE 2  (Continued)

Items Number 
of 

articles

Sample 
size of 

the 
HIV-

positive 
group

Sample 
size of 

the HIV-
negative 

group

OR OR# SMD SMD# 95% 
CI

95% 
CI#

I2 p p#

 � Sore throat 12 5,962 4,367 1.00 1.00 0.88–

1.15

0.91–

1.10

14.4% 0.982 0.944

 � Asthenia 11 6,833 5,369 1.07 1.07 0.95–

1.21

0.98–

1.16

23.5% 0.260 0.130

 � Myalgia 10 7,670 5,716 1.06 1.05 0.95–

1.18

0.97–

1.13

24.4% 0.305 0.261

 � Diarrhea 5 2,985 2,533 1.69 1.73 1.03–

2.77

1.19–

2.51

29.2% 0.039 0.004

 � Nausea 3 2,140 1,582 1.06 1.06 0.84–

1.32

0.85–

1.33

0 0.636 0.615

 � Arthralgia 4 2,144 1,509 1.08 1.08 0.94–

1.23

0.94–

1.24

0 0.301 0.260

 � Vomiting 2 2,048 1,448 1.00 1.01 0.69–

1.45

0.70–

1.47

0 0.986 0.943

Laboratory findings

 � White blood cell 

count

9 444 332 −0.06 −0.06 −0.21–

0.09

−0.21–

0.09

0 0.420 0.420

 � Neutrophil count 6 353 213 0.03 −0.05 −0.23–

0.29

−0.23–

0.13

36.7% 0.799 0.567

 � Lymphocyte count 7 376 246 −0.06 −0.06 −0.22–

0.11

−0.23–

0.11

0 0.505 0.505

 � Monocyte count 3 197 167 0.84 0.13 −0.48–

2.16

−0.08–

0.34

94.6% 0.215 0.222

 � Platelet count 7 380 261 −0.01 −0.05 −0.27–

0.26

−0.21–

0.12

48.4% 0.954 0.579

 � Hemoglobin 6 357 228 −0.43 −0.42 −0.64– 

−0.22

−0.59– 

−0.24

16.2% <0.001 <0.001

 � Albumin 4 220 190 −0.35 −0.35 −0.55– 

−0.15

−0.55– 

−0.15

0 <0.001 <0.001

 � Alanine 

transaminase

4 238 226 −0.03 −0.03 −0.21–

0.16

−0.21–

0.16

0 0.778 0.778

 � Total bilirubin 4 272 210 −0.33 −0.14 −0.79–

0.14

−0.32–

0.05

78.1% 0.169 0.152

 � Lactate 

dehydrogenase

4 142 88 0.15 0.27 −0.77–

1.07

−0.02–

0.55

89.8% 0.747 0.067

 � Creatinine 6 357 228 0.23 0.21 −0.06–

0.52

0.03–

0.38

51.4% 0.122 0.019

 � Creatine kinase 2 50 50 −0.23 −0.23 −0.64–

0.18

−0.64–

0.18

0 0.266 0.266

 � Procalcitonin 4 261 165 −0.11 0.17 −0.62–

0.39

−0.04–

0.37

69.7% 0.656 0.104

 � C-reactive protein 7 402 302 0.25 0.27 −0.02–

0.53

0.11–

0.43

59.6% 0.071 0.001
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TABLE 2  (Continued)

Items Number 
of 

articles

Sample 
size of 

the 
HIV-

positive 
group

Sample 
size of 

the HIV-
negative 

group

OR OR# SMD SMD# 95% 
CI

95% 
CI#

I2 p p#

 � CD4+ T-cell count 3 193 183 −0.78 −0.77 −1.34– 

−0.23

−0.98– 

−0.56

74.3% 0.005 <0.001

 � CD8+ T-cell count 3 193 183 0.35 0.36 0.03–

0.67

0.15–

0.57

36.7% 0.035 0.001

 � Number of lesions 

(>10)

5 389 357 1.01 1.03 0.48–

2.12

0.71–

1.50

54.3% 0.982 0.878

Location of lesions

 � Palms 3 2,102 1,514 1.08 1.08 0.92–

1.27

0.93–

1.27

0 0.333 0.320

 � Soles 3 2,102 1,514 1.03 1.03 0.85–

1.24

0.85–

1.24

0 0.786 0.777

 � Neck 4 2,167 1,564 1.23 1.24 1.05–

1.45

1.06–

1.45

0 0.009 0.008

 � Face/Head 3 410 126 1.11 1.17 0.72–

1.11

0.73–

1.71

0 0.629 0.617

 � Arms 3 2,102 1,514 3.13 1.24 0.77–

12.82

1.07–

1.43

89.6% 0.112 0.003

 � Legs 2 2,010 1,380 1.38 1.03 0.57–

3.36

0.90–

1.18

62.0% 0.478 0.665

 � Trunk 6 678 405 1.36 1.36 1.04–

1.79

1.04–

1.79

0 0.027 0.026

 � Oral cavity 3 916 979 0.87 0.97 0.31–

2.45

0.61–

1.56

66.1% 0.789 0.905

 � Genitals 11 3,478 2,464 0.79 0.97 0.60–

1.06

0.87–

1.08

66.3% 0.110 0.566

 � Anus 4 479 465 2.12 1.61 1.08–

4.16

1.22–

2.13

67.1% 0.029 0.001

Type of lesions

 � Maculae 5 2,463 1,504 0.87 0.87 0.76–

0.99

0.76–

0.99

0 0.041 0.043

 � Papulae 5 2,463 1,504 0.95 0.97 0.72–

1.24

0.85–

1.11

22.8% 0.695 0.676

 � Vesicle 5 2,463 1,504 1.05 1.05 0.92–

1.20

0.92–

1.20

0 0.443 0.442

 � Pustules 5 2,463 1,504 1.33 1.35 1.08–

1.62

1.17–

1.55

7.4% 0.006 <0.001

 � Ulceration 6 698 298 1.25 0.99 0.50–

3.14

0.68–

1.46

72.0% 0.638 0.976

Days between first 

symptoms and 

clinical assessment

5 619 348 0.03 0.03 −0.11–

0.17

−0.11–

0.17

0 0.632 0.632

Mpox vaccination 9 1,877 1,892 1.23 0.97 0.67–

2.26

0.76–

1.23

71.8% 0.499 0.800

(Continued)
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intervention measures should not only effectively identify and cover 
high-risk groups but also balance ethical principles that promote 
social inclusion and ensure health equity.

Our study had several limitations: (1) The overall heterogeneity 
of our results was minimal, but there were still a few results with high 

heterogeneity. Due to the small number of included articles (<5), we 
did not conduct subgroup analysis and could not determine the 
exact source of the heterogeneity. (2) Although we found that HIV-
positive patients were more likely to progress to severe mpox, due to 
the lack of globally recognized standards, determining the severity 

TABLE 2  (Continued)

Items Number 
of 

articles

Sample 
size of 

the 
HIV-

positive 
group

Sample 
size of 

the HIV-
negative 

group

OR OR# SMD SMD# 95% 
CI

95% 
CI#

I2 p p#

Hospitalizations 13 9,079 7,503 1.63 1.80 1.22–

2.19

1.56–

2.08

63.3% 0.001 <0.001

Hospitalization 

duration

3 821 1,298 0.01 −0.03 −0.58–

0.59

−0.33–

0.27

73.5% 0.984 0.849

Use of tecovirimat 3 441 235 4.25 5.38 1.59–

11.40

2.73–

10.61

49.1% 0.004 <0.001

Severe mpox 4 2,380 1,587 1.82 1.86 1.28–

2.58

1.32–

2.62

0 0.001 <0.001

Mortality 7 7,220 4,805 3.36 5.44 1.15–

9.83

2.37–

12.51

0 0.027 <0.001

#Fixed effects model.
HIV, human immunodeficiency virus. 
Bold values, significant difference.

FIGURE 3

Egger’s publication bias plot of differences in the clinical characteristics between the HIV-positive group and the HIV-negative group: (A) use of 
tecovirimat; (B) hospitalization; (C) severe mpox; and (D) mortality.
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of mpox was still a challenge. We could only determine the number 
of severe cases in each included article based on the descriptions in 
the original data. (3) Most HIV-positive patients included in this 
meta-analysis had well-controlled infections with preserved CD4+ 
T-cell counts. Therefore, the findings may not be generalizable to 
patients with advanced or untreated HIV infection. Few published 
articles have focused on mpox patients with severe HIV, so we are 
unable to fully assess the potential detrimental effects of uncon-
trolled HIV viremia or associated immunodeficiency on mpox pre-
sentation. We will continue to pay attention to this field in future 
studies.

5 Conclusion

Overall, HIV coinfection may influence the disease process and 
clinical indicators of mpox patients and is associated with more severe 
clinical outcomes. Our study provides a reference for the clinical diag-
nosis and treatment of patients and the public health management of 
mpox, suggesting the need to strengthen the comprehensive manage-
ment of mpox patients with HIV, with a particular focus on screening 
and treating concurrent sexually transmitted infections.
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