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ABSTRACT
Despite seeing few cases during the 2022–2023 mpox 
global outbreak, reports in May–July 2024 of 22 cases 
among men-who-have-sex-with-men (MSM) in South 
Africa, including three deaths, have raised concerns about 
under-reported community transmission. We used a Monte 
Carlo simulation model to estimate the true epidemic size, 
considering the increased severity of mpox among MSM 
living with advanced HIV, documented over-representation 
of people living with HIV among mpox cases and HIV 
prevalence in South Africa. We estimate that there have 
been between 220 and 450 cases among MSM LHIV in 
South Africa, with a total of 290–560 cases among all 
MSM. We provide an upper bound of 750–1600 cases as 
a sensitivity analysis where the prevalence of HIV among 
mpox patients is the same as population prevalence 
among MSM in South Africa. Estimates in both scenarios 
suggest a substantial number of undetected cases, with 
case ascertainment rates estimated between 1% and 
8%. Our findings underscore the need for enhanced 
surveillance, targeted public health interventions and 
awareness campaigns to mitigate the outbreak’s impact at 
a population level.

INTRODUCTION
Since 2022, the global outbreak of mpox has 
caused over 97 000 cases across 116 coun-
tries.1 In contrast to outbreaks in histori-
cally endemic regions, transmission mostly 
occurred via sexual networks, with cases 
heavily concentrated among men who have 
sex with men (MSM).2 Prior to 2024, South 
Africa was largely unaffected by the global 
outbreak of mpox, recording only five cases, 
all of which were linked to international 
travel.3 However, between May and July 
2024, the country has reported 22 cases and 
three deaths.3 All 22 cases occurred in men 
aged between 17 and 43,4 most of whom self-
identify as MSM (72% (13/18) among the 
cases reporting this information).5 6 Genomic 
sequencing was performed on a subset of 
five cases, all of which were confirmed to 
be MPXV subclade IIb—linking them to 
the 2022–2023 global outbreak, rather than 
the ongoing epidemic of MPXV clade I in 
the Democratic Republic of Congo and 

bordering countries.7 The global outbreak 
of MPXV clade IIb has been associated with 
a low case fatality ratio (CFR) 0.21% (95% 
CI 0.15% to 0.24%),1 so the three recent 
deaths in South Africa may represent only a 
small fraction of the underlying burden of 
mpox, prompting the need to understand the 
true number of cases—including those that 
remain undetected. Furthermore, the recent 
cases had no history of international travel 
or attendance at high-risk gatherings and are 
largely without epidemiological links, fuelling 
concern of sustained, undetected community 
transmission.5 6

Globally, people living with HIV (PLHIV) 
have been disproportionately affected by 
mpox and are over-represented among both 
cases and deaths.8 Increased mpox severity 
and fatality rates among people living with 
advanced HIV (PLAHIV) have been well 
documented.9 The WHO characterises 
advanced HIV according to severely reduced 
CD4+T cell counts (typically <200/mm3, in 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ 22 cases of MPXV Clade IIb among men-who-have-
sex-with-men, including three deaths, in South 
Africa across May–July 2024 sparked widespread 
concern about undetected community transmis-
sion, given the low fatality ratio observed during the 
2022–2023 global outbreak (0.15%–0.24%).

WHAT THIS STUDY ADDS
	⇒ Using a simple probabilistic model which leverages 
the increased likelihood of a fatal outcome among 
people living with (advanced) HIV, it is estimated that 
the underlying epidemic size is likely larger than 
currently observed with a detection rate of between 
1 in 14 and 1 in 100 cases.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Targeted public health interventions, such as in-
creased surveillance in partnership with risk com-
munication and community engagement, will be 
essential to manage future outbreaks effectively and 
mitigate their impact.
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contrast to average levels of 800/mm3 in the general 
African population),10 which compromises the immune 
system’s ability to fight infections. This heightened 
severity is of particular concern due to typically higher 
prevalence of HIV among MSM compared with the 
general population. South Africa is among the countries 
most affected by HIV worldwide, with an estimated 18.3% 
(95% CI 15.6% to 20.5%) of the adult population living 
with HIV, which rises to 29.4% (95% CI 25.5% to 33.5%) 
in MSM.9 10 At least two-thirds of the recent South African 
mpox cases occurred in PLAHIV—including the individ-
uals with fatal outcomes.6

Reported cases are typically a subset of the true burden 
of infection of a particular pathogen.11–13 Statistical and 
mathematical modelling provide invaluable means by 
which to estimate unknown quantities of interest, such 
as the true burden of infections, by combining observed 
epidemiological data with existing knowledge about the 
pathogen of interest. Here, by leveraging the previously 
established relationship between deaths and cases via the 
CFR, we estimate the potential total number of unde-
tected and undiagnosed mpox cases and deaths thus far 
(July 2024), accounting for the high prevalence of HIV in 
South Africa and its effect of mpox severity using a simple 
probabilistic model.

METHODS
To estimate the total number of mpox cases in MSM 
in South Africa, ‍C ‍, given observed deaths, all of which 
were in MSM living with advanced HIV (MSMLAHIV) 
(‍D = DAHIV ‍), we first calculated the expected number of 
cases among MSMLAHIV in South Africa, ‍CAHIV ‍, using 
the corresponding observed mpox CFR among PLAHIV, 

‍P
(
DAHIV|CAHIV

)
‍:

	﻿‍
CAHIV = DAHIV

P
(
DAHIV|CAHIV

)
‍�

We then used this estimate to calculate the expected 
number of cases among all MSMLHIV in South Africa, 
‍CHIV ‍, by considering the proportion of mpox cases with 
of whose infection is in an advanced stage:

	﻿‍
CHIV = CAHIV

P
(
CAHIV|CHIV

)
‍�

Finally, we estimated the total number of mpox cases 
among MSM in South Africa, using the prevalence of 
HIV among mpox cases:

	﻿‍
C = CHIV

P
(
CHIV|C

)
‍�

Model parametrisation
CFR in MSMLAHIV
A global case series of mpox among PLHIV found clear 
evidence of higher CFRs in people with lower CD4+T cell 
counts.9 Of the 27 mpox deaths recorded among a 
sample of 382 cases of HIV coinfection during the 2022–
2023 global outbreak, 23 occurred in the 85 individuals 
CD4+T cell count <100/mm3, corresponding to a CFR 
of 27.1% (95% exact binomial CI 18.0% to 37.8%). The 

remaining four deaths were recorded in the 94 individ-
uals with CD4+T cell counts between 100 and 200/mm3, 
equating to a CFR of 15.1% (95% CI 10.2% to 21.2%) 
in those with CD4+T cell count <200/mm3. No deaths 
occurred in the 204/382 mpox cases with CD4+T cell 
count ≥200/mm3. The definition of ‘advanced HIV’ used 
in the South African mpox case reports is unclear but 
is defined by the WHO as CD4+T cell count <200/mm3, 
which we take as our central value. However, we perform 
sensitivity analysis using an alternative definition based 
on CD4+T cell count <100/mm3.

Proportion of mpox cases LHIV with advanced HIV
We assume that the proportion of MSMLHIV whose HIV 
infection is at an advanced stage is the same among mpox 
cases as in the MSM population, specifically, that the 
probability of having advanced HIV can be considered 
independent of the probability of having mpox, condi-
tional on HIV infection. To quantify the proportion of 
MSM LHIV whose infection is in an advanced stage, we 
use estimates from the Thembisa 4.7, a transmission-
dynamic deterministic compartmental model of HIV in 
South Africa,14 which has been used to produce HIV esti-
mates for national policy development including those 
reported by UNAIDS.15 The model predicts that 6.6% of 
adults living with HIV in South Africa in 2024 will have a 
CD4+T cell count below 200/mm³.

For our sensitivity analysis of the definition of ‘advanced 
HIV’, we assume that 3.3% of the population will have 
CD4+T cell count <100/mm3 (ie, that CD4+T cell counts 
are distributed roughly uniformly below 200/mm3). This 
assumption aligns with the global case series of mpox in 
PLAHIV, in which mpox cases with CD4+T cell counts 
<100/mm³ comprised 47.4% (n=84/179; 95% CI 40.0% 
to 55.1%) of mpox cases with CD4+T cell counts <200/
mm³.9

Proportion of mpox cases LHIV
Globally, PLHIV have observed a higher incidence of 
mpox cases, likely due to shared sexual network risk.8 
A conservative lower bound for the prevalence of HIV 
among mpox cases would therefore be the prevalence of 
HIV among MSM, ‍P

(
NHIV

)
‍, which the Thembisa model 

estimates at 29.5% (95% CI 25.5% to 33.5%) in South 
Africa. However, this method may overstate the overall 
number of cases so we consider this as a sensitivity anal-
ysis. Instead, our central scenario considers that the odds 
of LHIV given mpox infection are proportional to the 
odds of LHIV.

	﻿‍
α =

odds
(
CHIV|C

)
odds

(
NHIV

)
‍�

We estimated the OR, ﻿‍α‍, using mpox case data from the 
USA in which HIV prevalence was 56.4% (n=5350/9492; 
95% CI 55.4% to 57.4%),16 compared with a prevalence 
of 12.4% (95% CI 10.9% to 13.8%) among all MSM.17 
Serological evidence has shown a low prevalence of undi-
agnosed mpox in the USA, which supports the use of the 
data to form an unbiased assessment of risk patterns.18 
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These data suggest the odds of having HIV were ﻿‍α‍ = 9.2 
(95% CI 7.9 to 10.6) times higher among mpox cases 
than in the general MSM population.

We multiplied the odds of HIV infection among all 
MSM by ﻿‍α‍ to obtain a central estimate of the prevalence 
of HIV among mpox cases in South Africa:

	﻿‍
P
(
CHIV|C

)
=

α∗odds
(
NHIV

)
1+ α∗odds

(
NHIV

)
‍�

Modelled scenarios
We created a Monte Carlo simulation model to quantify 
the potential number of mpox cases in South Africa (1) 
in MSMLAHIV; (2) in all MSMLHIV and (3) in MSM 
in total. Conditional probabilities were modelled using 
beta distributions, parameterised from the literature, 
either directly from reported sample numbers where 
possible or estimated via method-of-moments from mean 
and 95% confidence intervals (table  1). We generated 
10 000 samples from parametric distributions to propa-
gate the statistical uncertainty inherent in the parameter 
estimates throughout the calculations, allowing us to 
present results in terms of mean and 95% CIs. Analyses 
were performed in R V.4.2.2; model code is available at 
https://github.com/mrc-ide/mpox_sa.

RESULTS
Table  2 summarises the results of the central scenario 
and associated sensitivity analyses.

Estimated mpox cases among MSM LHIV
The three mpox deaths observed among PLAHIV in 
South Africa are consistent with an underlying burden 
of 21 cases (95% CI 15 to 29) (table 2). The 15 cases that 
have been observed in PLAHIV up to June 2024 are, 
therefore, broadly consistent with modelled expectations, 

subject to case underascertainment. Taking the observed 
cases as a lower bound of the true total implies a case-
ascertainment rate of 74.9% (95% CI 51.2% to 100%) 
among MSMLAHIV in South Africa. Under the assump-
tion that 6.6% of HIV-positive MSM with mpox have 
CD4+T cell counts <200/mm3, we estimate total cases in 
PLHIV in South Africa to be 313 (95% CI 227 to 444).

Estimated total mpox cases in MSM
Allowing for over-representation of PLHIV among mpox 
cases, in line with relative odds observed in the USA, 
suggests an HIV prevalence of 79.1% (95% CI 74.9% 
to 82.9%) among MSM with mpox in South Africa, 
compared with 29.4% (95% CI 25.5% to 33.5%) in all 
MSM. Taking this population prevalence of HIV into 
account, we estimate the total burden of mpox at 395 
(95% CI 287 to 562) cases in South Africa. These esti-
mates correspond to CFR at the high end of that observed 
in the global outbreak: 0.5%–1.0%, reflecting the high 
burden of HIV in South Africa and an mpox case ascer-
tainment of around 3.9%–7.7% to date.

Sensitivity analyses
Using the alternative definition of ‘advanced HIV’ as 
CD4+T cell count <100/mm³, the observed three deaths 
are compatible with 11 cases (95% CI 8 to 17) among 
MSMLAHIV in South Africa, which would imply that case 
ascertainment among MSMLAHIV has been extremely 
high, with 99.4% (95% CI 90.4% to 100%) of infections 
in this group already observed. Taking the 15 observed 
cases in PLAHIV as a lower bound for the true number 
of cases, the assumption that 3.3% of MSMLHIV have 
CD4+T cell counts <100/mm3 is compatible with a higher 
number of cases than the CD4+T cell count <200/mm3 
definition, suggesting an underlying case burden of 458 

Table 1  Model parameters, descriptions and sources

Parameter Description Distribution Mean (95% CI) Source

‍P
(
D|CCD4<200

)
‍

Mpox CFR among PLAHIV B(27, 152) 17.8%
(10.2% to 20.7%)

9

‍P
(
HIVSA

)
‍

HIV prevalence among MSM in 
South Africa

B(146, 351) 29.4%
(25.5% to 33.5%)

Thembisa V.4.7;14

Beta distribution fitted via MOM

‍P
(
HIVUS

)
‍

HIV prevalence among MSM in 
the USA

B(241, 1706) 12.4%
(10.9% to 13.9%)

17 ; Beta distribution fitted via 
MOM

‍P
(
HIVUS|C

)
‍

HIV prevalence among MSM with 
mpox in the USA

B(5350, 4142) 56.4%
(55.3% to 57.3%)

16

‍α‍ OR of LHIV among mpox cases 
vs all MSM

NA 9.2
(8.0 to 10.6)

Estimated from the USA case 
data

Sensitivity analysis

‍P
(
D|CCD4<100

)
‍

Mpox CFR among PLAHIV B(23, 62) 37.1%
(18.2% to 36.9%)

9

‍α‍ OR of LHIV among mpox cases 
vs all MSM

NA 1 NA

CFR, case fatality ratio; LHIV, living with HIV; MOM, Method of Moments; MSM, men-who-have-sex-with-men; NA, not available; PLAHIV, 
people living with HIV.
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(95% CI 455 to 503) among MSMLHIV and 579 (95% CI 
549 to 640) in total in South Africa.

In the conservative scenario, where we assume that 
prevalence of HIV among mpox cases is in line with back-
ground HIV prevalence among MSM in South Africa at 
29.4% (95% CI 25.5% to 33.5%), we estimate the total 
number of cases in the South African outbreak to be 
1068 (95% CI 750 to 1543) if the reported deaths had 
CD4+T cell counts <200/mm3, or up to 1565 (95% CI 
1361 to 1832) under the stricter definition of CD4+T cell 
counts <100/mm3. These figures are 2–3 fold higher than 
in the central scenario and are consistent with an overall 
infection fatality ratio of around 0.2%–0.3%, similar to 
that observed globally, and suggest that only 1%–3% of 
recent cases in South Africa have been detected.

DISCUSSION
Using reports from May to July 2024 of 15 mpox cases and 
3 deaths among MSMLAHIV in South Africa, we used a 
simple probabilistic model to estimate the underlying 
burden of unobserved cases, both in total and among 
MSMLHIV during this period. The observed data, in 
conjunction with published estimates of the severity 
of mpox among PLHIV and PLAHIV, imply that only 
1%–8% of cases from this outbreak have been reported. 
While observed cases rarely capture all infections for 
any pathogen, this substantial under-reporting of mpox 
could be attributed to several factors including, but not 

limited to, lack of awareness in the community of mpox 
symptoms and risk factors for transmission, poor access 
to healthcare and fear of stigma associated with mpox 
and other sexually transmitted infections.19 Our prag-
matic, statistical approach triangulates the data observed 
from the outbreak with the published literature on mpox 
epidemics to allow us to estimate the true outbreak size. 
Wherever possible, we have parameterised our simple 
model using data specific to South Africa, using esti-
mates from other countries only where local estimates 
are unavailable. For example, it has been observed glob-
ally that the relative risk of HIV among mpox patients is 
higher than in the general MSM population, although 
the exact magnitude of this increased risk in South 
Africa is uncertain. To address this, we used data from 
the USA (where over 98% of cases among high-risk MSM 
were diagnosed,17 minimising the potential for reporting 
bias) to parameterise our model as a central estimate 
and presented sensitivity analyses bounding the poten-
tial range: at the lower end, assuming 100% HIV preva-
lence among mpox cases and at the upper end, assuming 
no increased HIV risk compared with the general MSM 
population. Although sociodemographic differences 
between PLHIV in the USA and South Africa likely influ-
ence the relative risk, the US-based estimate provides a 
conservative mid-point within this range.

Another key advantage of our model is the incor-
poration of context-specific factors, such as the high 

Table 2  Estimated potential number of mpox cases in South Africa among MSMLAHIV, MSMLHIV and in total under four 
scenarios with corresponding parameter assumptions

Scenario: Central Sensitivity analyses

OR of LHIV among mpox cases vs all MSM: 9.2 (8.0–10.6) 9.2 (8.0–10.6) 1 1

Definition of AHIV: CD4<200/mm3 CD4<100/mm3 CD4<200/mm3 CD4<100/mm3

Observed ‍DAHIV ‍ 3 3 3 3

Assumed ‍P
(
DAHIV|CAHIV

)
‍

15.0%
(10.2%–20.6%)

27.1%
(18.1%–36.8%)

15.0%
(10.2%–20.6%)

27.1%
(18.1%–36.8%)

Estimated ‍CAHIV ‍ 21 (15–29) 11 (8–17) 21 (15–29) 11 (8–17)

Observed ‍CAHIV ‍ 15 15 15 15

Assumed ‍P
(
CAHIV|CHIV

)
‍

6.6% 3.3% 6.6% 3.3%

Estimated ‍CHIV ‍ 313
(227–444)

458
(455–503)

313
(227–444)

458
(455–503)

Assumed ‍P
(
CHIV|C

)
‍

79.1%
(75.0%–82.9%)

79.1%
(75.0%–82.9%)

29.4%
(25.5%–33.5%)

29.4%
(25.5%–33.5%)

Estimated ‍C ‍ 395
(287–562)

579
(549–640)

1068
(750–1543)

1565
(1361–1832)

Estimated ‍P
(
D|C

)
‍

0.78%
(0.53%–1.05%)

0.52%
(0.47%–0.55%)

0.29%
(0.19%–0.40%)

0.19%
(0.16%–0.22%)

Estimated cases detected 5.7%
(3.9%–7.7%)

3.8%
(3.4%–4.0%)

2.1%
(1.4%–2.9%)

1.4%
(1.2%–1.6%)

Results are presented as mean (95% CI) where applicable.
AHIV, advanced HIV; LHIV, living with HIV; MSM, men-who-have-sex-with-men; MSMLAHIV, MSM living with advanced HIV; MSMLHIV, MSM 
living with HIV.
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prevalence of HIV among MSM in South Africa. A further 
strength is that we incorporate parametric uncertainty via 
the use of Monte Carlo simulations, allowing us to present 
a comprehensive view of the range of outcomes compat-
ible with the observed number of cases and deaths. 
Finally, we present plausible upper and lower bounds for 
the true burden of mpox in South Africa by conducting 
a range of sensitivity analyses; we use different definitions 
of advanced HIV based on CD4 count thresholds, and 
present both cautious and neutral assumptions about 
the prevalence of HIV among mpox cases relative to the 
general population.

To enable estimation of the mpox case burden, we have 
made simplifying assumptions that should be borne in 
mind when interpreting the results. The uncertainty asso-
ciated with each of these assumptions has been propa-
gated through to our final estimates, which explains the 
relatively large confidence intervals that we report here. 
First, the accuracy of our results is dependent on any 
biases in published parameter estimates; for example, if 
many cases among PLAHIV have been undetected, then 
the CFR could be lower than estimated in the global 
case series,9 which would serve to increase estimates of 
case numbers presented here. Concerns around biased 
estimates of severity in PLAHIV are mitigated by the fact 
that mpox symptoms are also more severe in this popu-
lation, suggesting ascertainment is likely high.9 However, 
it could also be the case that the true number of deaths 
from mpox is under-reported due to ambiguity in the 
documentation of causes of death, which may suggest 
the observed CFR is an underestimate. Second, given 
the case patterns observed globally, as well as recently 
in South Africa, our study limits the population at risk 
to MSM and does not consider transmission to other 
populations, such as female partners. Consequently, our 
estimates may be an underestimate of the full burden 
of mpox in South Africa. Third, we assume the severity 
of clade IIb mpox is unchanged since global outbreak, 
and that national differences in the observed CFR are 
attributable to the underlying prevalence of AHIV 
among MSM. Fourth, we assume that prevalence of 
AHIV is the same in mpox patients as among all MSM 
LWHIV—however, individuals with advanced HIV may 
be less likely to engage in sex, and so be less likely to 
contract mpox, compared with other HIV-infected indi-
viduals, which would also serve to increase estimates of 
the underlying number of cases. Moreover, recent studies 
have suggested that the percentage of men LAHIV in 
sub-Saharan Africa could be as high as 13%.20 Adopting 
this higher estimate in our model would approximately 
halve the expected number of mpox cases. Conversely, 
LAHIV may make contracting mpox more likely if sexual 
contact with an infected individual does occur, due to 
inhibited mucosal immunity. Finally, we note that while 
information on the HIV status in the initial 20 cases was 
reported, this was not mentioned for the most recent two 
cases. We assume that these individuals are not LAHIV 
but note that if this were true then the estimated number 

of mpox cases among MSM would increase. To place our 
findings in the broader context of global mpox outbreaks 
among MSM, in countries where epidemics have risen 
and peaked, likely due to a combination of network 
saturation effects and behavioural adaptation, the final 
epidemic size has been estimated to range from 0.1% to 
1.5% of the MSM population,21 noting that determining 
accurate population denominators for MSM can be chal-
lenging. In South Africa, the MSM population is esti-
mated at approximately 310 000 individuals,22 suggesting 
the potential final size of the mpox outbreak could reach 
up to 4650 cases, or 3–10×the current estimated size. This 
underscores the urgency for targeted public health inter-
ventions to manage the outbreak effectively and mitigate 
its impact such as increased surveillance in partnership 
with risk communication and community engagement 
to allow individuals to (a) know the risks of transmis-
sion and symptoms of mpox, (b) get tested and seek 
treatment if necessary and (c) consider changing their 
behaviour when engaging in activities associated with 
mpox transmission (eg, by using condoms or abstaining 
from sex while symptomatic). Although required in the 
acute phase of the outbreak, such measures should also 
be sustained in the longer term alongside improving 
access to healthcare for all individuals and reducing the 
stigma associated with mpox and other sexually trans-
mitted infections.

CONCLUSIONS
A combination of evidence, including mpox cases without 
epidemiological links, history of travel or attendance at 
high-risk events/venues, coupled with three observed 
deaths, despite the low case fatality reported globally, 
suggests undetected community transmission of mpox 
among South African MSM. We find that the underlying 
epidemic size is likely larger than currently observed—
corresponding to a detection rate of between 1 in 14 and 
1 in 100 cases. Serological studies could confirm this, but 
in the meantime, enhanced surveillance, raising aware-
ness, promoting testing, encouraging abstention from 
sex while symptomatic and expanding vaccination efforts 
are critical to mitigating future transmission.
X Leigh F Johnson @LeighJohnson9

Acknowledgements  LKW would like to acknowledge Dr Alyssa Bilinski’s ‘Napkin 
Math’ approach, which greatly guided her thinking.

Contributors  LKW conceived the study, designed the methodology and performed 
the analysis. LKW and RM drafted the report. LJ advised on parameter values and 
revised the report. LKW is the guarantor for this work.

Funding  LKW acknowledges funding from the Wellcome Trust (grant number 
218669/Z/19/Z). RM and LKW acknowledge funding from the Medical Research 
Council (MRC) Centre for Global Infectious Disease Analysis (MR/X020258/1) 
funded by the UK MRC and carried out in the frame of the Global Health EDCTP3 
Joint Undertaking supported by the EU.

Disclaimer  The views expressed are those of the authors and not necessarily those 
of MRC or Wellcome.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

B
M

J G
lobal H

ealth: first published as 10.1136/bm
jgh-2024-017268 on 19 F

ebruary 2025. D
ow

nloaded from
 https://gh.bm

j.com
 on 14 M

ay 2025 by guest.
P

rotected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.

https://x.com/LeighJohnson9


6 McCabe R, et al. BMJ Glob Health 2025;10:e017268. doi:10.1136/bmjgh-2024-017268

BMJ Global Health

Patient consent for publication  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in the 
article or uploaded as supplementary information.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/​
licenses/by/4.0/.

ORCID iDs
Ruth McCabe http://orcid.org/0000-0002-6368-9103
Leigh F Johnson http://orcid.org/0000-0002-2717-011X
Lilith K Whittles http://orcid.org/0000-0002-8913-0391

REFERENCES
	 1	 World Health Organization. 2022-24 mpox (monkeypox) outbreak: 

global trends. 2024. Available: https://worldhealthorg.shinyapps.io/​
mpx_global/#2_Global_situation_update

	 2	 Thornhill JP, Barkati S, Walmsley S, et al. Monkeypox Virus Infection 
in Humans across 16 Countries - April-June 2022. N Engl J Med 
2022;387:679–91. 

	 3	 Mahase E. Mpox: South Africa reports 20 new cases and three 
deaths. BMJ 2024.:q1529. 

	 4	 Africa centres for disease control and prevention (Africa CDC). Mpox 
situation in Africa. 2024. Available: https://africacdc.org/wp-content/​
uploads/2024/08/MPox-Situation-in-Africa.pdf

	 5	 NICD. Mpox outbreak: current status and ongoing response 
efforts(11 july 2024). 2024. Available: https://www.nicd.ac.za/mpox-​
outbreak-current-status-and-ongoing-response-efforts/

	 6	 World Health Organization. Disease outbreak news mpox - South 
Africa. 2024. Available: https://www.who.int/emergencies/disease-​
outbreak-news/item/2024-DON525

	 7	 Deadlier strain of mpox spreads to multiple African countries. 2024. 
Available: https://www.science.org/content/article/deadlier-strain-​
mpox-spreads-more-african-countries

	 8	 Mitjà O, Ogoina D, Titanji BK, et al. Monkeypox. Lancet 
2023;401:60–74. 

	 9	 Mitjà O, Alemany A, Marks M, et al. Mpox in people with advanced 
HIV infection: a global case series. The Lancet 2023;401:939–49. 

	10	 Malaza A, Mossong J, Bärnighausen T, et al. Population-based CD4 
counts in a rural area in South Africa with high HIV prevalence and 
high antiretroviral treatment coverage. PLoS ONE 2013;8:e70126. 

	11	 Imai N, Dorigatti I, Cori A, et al. Estimating the potential total number 
of novel coronavirus cases in wuhan city, china. Imperial College 
London; 2020. Available: http://spiral.imperial.ac.uk/handle/10044/1/​
77149

	12	 Simons D. Lassa fever cases suffer from severe underreporting 
based on reported fatalities. Int Health 2023;15:608–10. 

	13	 Bragazzi NL, Iyaniwura SA, Han Q, et al. Quantifying the basic 
reproduction number and underestimated fraction of Mpox 
cases worldwide at the onset of the outbreak. J R Soc Interface 
2024;21:20230637. 

	14	 Johnson L, Dorrington R. Thembisa version 4.7: a model for 
evaluating the impact of HIV/AIDS in South Africa. 2024. Available: 
https://thembisa.org/content/downloadPage/Thembisa4_7report

	15	 Johnson LF, May MT, Dorrington RE, et al. Estimating the impact of 
antiretroviral treatment on adult mortality trends in South Africa: A 
mathematical modelling study. PLoS Med 2017;14:e1002468. 

	16	 Eustaquio PC, Salmon-Trejo LAT, McGuire LC, et al. Epidemiologic 
and Clinical Features of Mpox in Adults Aged >50 Years - United 
States, May 2022-May 2023. MMWR Morb Mortal Wkly Rep 
2023;72:893–6. 

	17	 Crepaz N, Hess KL, Purcell DW, et al. Estimating national rates 
of HIV infection among MSM, persons who inject drugs, and 
heterosexuals in the United States. AIDS 2019;33:701–8. 

	18	 Minhaj FS, Singh V, Cohen SE, et al. Prevalence of Undiagnosed 
Monkeypox Virus Infections during Global Mpox Outbreak, United 
States, June-September 2022. Emerg Infect Dis 2023;29:2307–14. 

	19	 März JW, Holm S, Biller-Andorno N. Monkeypox, stigma and public 
health. Lancet Reg Health Eur 2022;23:100536. 

	20	 aidsmap. Nearly two million people in sub-saharan africa may have 
advanced hiv disease. 2024. Available: https://www.aidsmap.com/​
news/mar-2024/nearly-two-million-people-sub-saharan-africa-may-​
have-advanced-hiv-disease

	21	 Endo A, Jung S, Miura F. Mpox emergence in Japan: ongoing risk of 
establishment in Asia. The Lancet 2023;401:1923–4. 

	22	 Joint united nations programme on HIV/AIDS. UNAIDS DATA; 2022. 
Available: https://www.unaids.org/en/resources/documents/2023/​
2022_unaids_data

B
M

J G
lobal H

ealth: first published as 10.1136/bm
jgh-2024-017268 on 19 F

ebruary 2025. D
ow

nloaded from
 https://gh.bm

j.com
 on 14 M

ay 2025 by guest.
P

rotected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-6368-9103
http://orcid.org/0000-0002-2717-011X
http://orcid.org/0000-0002-8913-0391
https://worldhealthorg.shinyapps.io/mpx_global/#2_Global_situation_update
https://worldhealthorg.shinyapps.io/mpx_global/#2_Global_situation_update
http://dx.doi.org/10.1056/NEJMoa2207323
http://dx.doi.org/10.1136/bmj.q1529
https://africacdc.org/wp-content/uploads/2024/08/MPox-Situation-in-Africa.pdf
https://africacdc.org/wp-content/uploads/2024/08/MPox-Situation-in-Africa.pdf
https://www.nicd.ac.za/mpox-outbreak-current-status-and-ongoing-response-efforts/
https://www.nicd.ac.za/mpox-outbreak-current-status-and-ongoing-response-efforts/
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON525
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON525
https://www.science.org/content/article/deadlier-strain-mpox-spreads-more-african-countries
https://www.science.org/content/article/deadlier-strain-mpox-spreads-more-african-countries
http://dx.doi.org/10.1016/S0140-6736(22)02075-X
http://dx.doi.org/10.1016/S0140-6736(23)00273-8
http://dx.doi.org/10.1371/journal.pone.0070126
http://spiral.imperial.ac.uk/handle/10044/1/77149
http://spiral.imperial.ac.uk/handle/10044/1/77149
http://dx.doi.org/10.1093/inthealth/ihac076
http://dx.doi.org/10.1098/rsif.2023.0637
https://thembisa.org/content/downloadPage/Thembisa4_7report
http://dx.doi.org/10.1371/journal.pmed.1002468
http://dx.doi.org/10.15585/mmwr.mm7233a3
http://dx.doi.org/10.1097/QAD.0000000000002111
http://dx.doi.org/10.3201/eid2911.230940
http://dx.doi.org/10.1016/j.lanepe.2022.100536
https://www.aidsmap.com/news/mar-2024/nearly-two-million-people-sub-saharan-africa-may-have-advanced-hiv-disease
https://www.aidsmap.com/news/mar-2024/nearly-two-million-people-sub-saharan-africa-may-have-advanced-hiv-disease
https://www.aidsmap.com/news/mar-2024/nearly-two-million-people-sub-saharan-africa-may-have-advanced-hiv-disease
http://dx.doi.org/10.1016/S0140-6736(23)00766-3
https://www.unaids.org/en/resources/documents/2023/2022_unaids_data
https://www.unaids.org/en/resources/documents/2023/2022_unaids_data

	Estimating the burden of mpox among MSM in South Africa
	Abstract
	Introduction﻿﻿
	Methods
	Model parametrisation
	CFR in MSMLAHIV
	Proportion of mpox cases LHIV with advanced HIV
	Proportion of mpox cases LHIV

	Modelled scenarios

	Results
	Estimated mpox cases among MSM LHIV
	Estimated total mpox cases in MSM
	Sensitivity analyses

	Discussion
	Conclusions
	References


