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Summary

Background Given the chronic immune activation and inflammatory milieu associated with Long COVID and HIV,
we assessed the prevalence of Long COVID in adults living with HIV; and investigated whether adults living with
HIV were associated with increased chance of developing Long COVID compared to adults living without HIV

Methods In this systematic review and meta-analysis, we searched Medline, EMBASE, CINHAL, PubMed and
CENTRAL from inception until June 14th, 2024, for observational studies that measured the prevalence of Long
COVID in adults living with HIV and the odds of developing Long COVID following a SARS-CoV-2 infection in
people living with HIV compared to people living without HIV. Reviews, case reports, randomised control trials
and editorials were excluded. The search was conducted without language restrictions. We performed meta-
analysis of proportions to synthesise prevalence estimates using logit transformation and a sensitivity analysis
using mixed-effects logistic regression. We used random-effects meta-analyses to summarize the odds ratio (OR)
of developing Long COVID in adults living with HIV compared to adults living without HIV and conducted a
sensitivity analysis including only studies with covariate-adjusted estimates that was planned a-priori. We used
ROBINS-E for the risk of bias assessment and GRADE to rate the certainty of evidence. We identified statistical
heterogeneity using Cochran’s Q test and quantified it using the I* statistic. For the Q test, a P < 0.10 was
considered statistically significant. PROSPERO registration: CRD42024577616.

Findings Our search returned 831 results, of which 8 studies (4489 participants) were deemed eligible for inclusion in
the systematic review and meta-analysis. The prevalence of Long COVID in adults with HIV was 43% (95% CIL
32-54%, 8 studies; 1227 participants; low certainty, I* < 0.0001). The association of HIV status with Long COVID
was inconclusive, with wide confidence intervals (OR: 1.16, 95% CI: 0.58-2.29; 4 studies; 3556 participants, low
certainty, I* = 0.013). When the analysis was restricted to studies reporting covariate-adjusted estimates, adults
living with HIV were associated with a higher odds of Long COVID than those not living with HIV (OR: 2.21,
95% CI: 1.12-4.36; 2 studies; 374 participants, low certainty, I* = 0.51).

Interpretation Current evidence indicates that the prevalence of Long COVID in adults living with HIV may be high,
suggesting the need for increased awareness and education of healthcare providers and policy makers. Evidence on
whether HIV positivity increases the risk of Long COVID is limited and inconclusive, highlighting a need for further
research to clarify this potential association.
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Research in context

Evidence before this study

The pathophysiology of Long COVID is complex and
multifactorial, involving persistent viral reservoirs, immune
dysregulation, and inflammatory responses. Given the chronic
immune activation and inflammatory milieu associated with
HIV, it is plausible that adults living with HIV might be at an
increased risk of Long COVID. Despite the biological
plausibility, there is a paucity of data specifically examining
the risk of Long COVID in adults living with HIV.

Added value of this study
The available evidence indicates that prevalence of Long
COVID in adults living with HIV could be high (43%). There is

Introduction

Long COVID is defined by the World Health Organi-
sation (WHO), as having a history of probable or
confirmed SARS-CoV-2 infection and experience
symptoms for at least 12 weeks from the onset of
COVID-19, lasting for a minimum of 2 months without
an alternative diagnosis."> Common symptoms include
fatigue, post exertional malaise (PEM), shortness of
breath, cognitive impairment, and various neurological
manifestations,** which generally have an impact on
everyday functioning. Symptoms may be new onset,
following initial recovery from an acute COVID-19
episode, or persist from the initial illness. Symptoms
may also fluctuate or relapse over time.'? The prevalence
of Long COVID varies widely. Prevalence estimates
from nationwide UK studies™® range from 3.3 to 10%.
Results of the Canadian COVID-19 Antibody and
Health Survey in October 20227 suggest that 15% of
those infected with SARS-CoV-2 may develop prolonged
symptoms.

In 2022, an estimated 39.0 million people globally
were living with HIV, 29.8 million people were access-
ing antiretroviral therapy (ART), 1.3 million people
became newly infected with HIV and 630,000 people
died from AIDS-related illnesses.®* Adults living with
HIV represent a unique population with distinct vul-
nerabilities. Despite advances in ART that have trans-
formed HIV into a manageable chronic condition,’"
adults living with HIV often have higher rates of
comorbidities, immune activation, and inflammation,
which could potentially influence their susceptibility to
and outcomes from COVID-19.” The use of ART and
being in a suppressed status have been associated with
reduced risk of poor outcomes following SARS-CoV-2
infection compared to untreated individuals.”* "

limited and uncertain evidence indicating that people living
with HIV could be at a higher risk of long-COVID than
individuals not living with HIV.

Implications of all the available evidence

Additional research is needed to determine whether HIV
positivity is a risk factor for Long COVID. Addressing this gap
is critical for developing targeted interventions and
management strategies for adults living with HIV affected by
COVID-19.

However, the long-term implications of COVID-19 in
adults living with HIV, and particularly the risk of
developing Long COVID, remains underexplored.

The pathophysiology of Long COVID is complex and
multifactorial, involving persistent viral reservoirs, im-
mune dysregulation, and inflammatory responses.>*'®"
Given the chronic immune activation and inflammatory
milieu associated with HIV," it is plausible that adults
living with HIV might be at an increased risk of Long
COVID.

Despite the biological plausibility, there is a paucity
of data specifically examining the risk of Long COVID in
adults living with HIV. Existing literature has primarily
focused on acute COVID-19 outcomes,'** with limited
attention to the long-term health impacts in this popu-
lation. Addressing this gap is critical for developing
targeted interventions and management strategies for
adults living with HIV affected by COVID-19.

This study aims to synthesize the existing evidence
on the prevalence of Long COVID in adults living with
HIV, providing a comprehensive assessment of the
long-term impacts of COVID-19 in this population. The
first objective is to assess the prevalence of Long COVID
in adults living with HIV. The second objective is to
investigate whether adults living with HIV are associ-
ated with an increased risk of developing Long COVID
compared to people without and HIV infection.

Methods

Study design

This systematic review with meta-analysis follows the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA). The protocol was registered
with the PROSPERO number CRD42024577616.
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Search strategy and selection criteria

A comprehensive search was conducted in MEDLINE
(Ovid), EMBASE (Ovid), CINHAL (EBSCO), PubMed
and CENTRAL from the inception of the databases till
June 14th, 2024. The search was conducted without
language restrictions. Additionally, grey literature was
searched using Google Scholar, preprint servers (e.g.,
medRxiv, bioRxiv), and conference proceedings. We also
conducted a manual search on the reference lists of the
included studies for additional investigations that met
our inclusion criteria.

The search strategy was developed with consultation
from a librarian, and included terms related to HIV,
COVID-19, and Long COVID. Different combinations
of keywords and Medical Subject Headings (MeSH)
terms were used including but not limited to: “HIV
Infections”, “HIV Seroprevalence” “HIV”, “HIV Anti-
bodies”, “HIV Seronegativity”, “HIV Antigens”, “AIDS
Serodiagnosis” “human immunodeficiency virus”, “hu-
man t lymphotropic virus type iii”, “acquired immune
deficiency syndrome”, “Long COVID,” “post-acute
sequelae  of SARS-CoV-2 infection”, “Post-Acute
COVID-19 Syndrome”, “post-covid”, “post sars cov*”,
“sequela* of sars cov*”. The search strategy for Ovid
Medline is available in eTable 1 in the Supplement.

We included studies involving adults living with HIV
with a SARS-COV-2 infection (diagnosed or self-
reported). Our comparator encompassed adults who
are not infected with HIV, which hereafter will be
referred to as “people living without HIV”, with a SARS-
COV-2 infection (diagnosed or self-reported).

The primary outcome was the prevalence of Long
COVID. The definitions for Long COVID have been
constantly evolving in the past 4 years, as new evidence
becomes available. According to a Delphi consensus
guided by the World Health Organisation (WHO), post-
covid condition (PCC) is defined as having a history of
probable or confirmed SARS-CoV-2 infection and
experience symptoms for at least 12 weeks from the
onset of COVID-19, lasting for a minimum of 2 months
without an alternative diagnosis."” The National Insti-
tute for Health and Care Excellence (NICE) Guidance,
refers to Long COVID as health issues that arise 4 weeks
after a SARS-CoV-2 infection or the onset of acute
COVID-19 symptoms.”® This term encompasses both
ongoing symptomatic COVID-19 (from 4 to 12 weeks
after COVID-19 onset) and post-COVID-19 condition
(12 weeks or more after COVID-19 onset). The National
Academies of Sciences, Engineering, and Medicine
(NASEM) defined Long COVID as an infection-
associated chronic condition which occurs after SARS-
CoV-2 infection and is present for at least 3 months as
a continuous, relapsing and remitting, or progressive
disease state that affects one or more organ systems.”
Given the evolving nature of Long COVID, where defi-
nitions are updated as new evidence emerges, we aimed
to ensure that no relevant studies were excluded based
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solely on a single definition. Therefore, we included
studies with different definitions of Long COVID but pre-
specified a minimum symptom duration of 4 weeks after
COVID infection, provided other criteria used to char-
acterize Long COVID were consistent with the guidelines
available at the time the studies were conducted.

We included observational studies (cohort, case—
control, cross-sectional.) that assessed the odds of
developing Long COVID following a SARS-CoV-2
infection in people living with HIV compared to peo-
ple living without HIV. We also included observational
studies that assessed the prevalence of Long COVID in
people living with HIV without a comparison group.
Reviews, case reports, randomised control trials and
editorials were excluded.

Procedures

All identified studies were exported to Covidence” to
remove duplicates. Two independent reviewers (DVP
and PB) screened titles and abstracts for eligibility. Full
texts of potentially relevant studies were assessed inde-
pendently by the same reviewers. All discrepancies were
resolved through consensus. To mitigate “double
counting”, if two studies from the same cohort were
identified, we included only largest in our analysis. In
case of identical sample sizes, we used the most recent
one. Google translate was used to assess any studies that
were not written in English.

A standardized data extraction form was used to
collect information from the included studies. One
reviewer (DVP) conducted the data extraction, and a
second reviewer (PB) cross verified all the extracted data.
None of the included studies required translation.

Outcomes

Our main outcomes were the prevalence of Long COVID
among adults living with HIV, and the odds ratio for
Long COVID in adults living with HIV, compared to
people without HIV. For the odds ratio, if both an
adjusted and an unadjusted odds ratio was available, we
extracted the adjusted. If the odds ratio was not reported,
we extracted the number of Long COVID cases amongst
people living with HIV and amongst people living
without HIV and calculated the unadjusted odds ratio.
We also extracted information on study characteristics
(author, year, country, study design), participant charac-
teristics (age, sex, gender, comorbidities, ART use), HIV
status, and other relevant data, such as sample size,
SARS-CoV-2 diagnosis (self-reported/confirmed) and
severity, length of hospital stay, hospitalisation status
(hospitalised, non-hospitalised, ICU), length of persistent
symptoms (since SARS-CoV-2 infection) and Long
COVID diagnosis (self-reported/diagnosed).

Statistics
The risk of bias was assessed using the Cochrane Risk
Of Bias In Non-randomized Studies—of Exposure
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(ROBINS-E) tool.” This tool provides a structured
approach to assessing the risk of bias in observational
epidemiological studies, by assessing the risk of bias in
7 distinct domains: bias due to confounding; bias
arising from measurement of the exposure; selection
bias; bias due to post-exposure interventions; bias due to
missing data; bias in the measurement of the outcome;
and selective reporting.” Two reviewers (DVP, PB)
independently assessed the risk of bias, and discrep-
ancies were resolved through consensus.

We applied the Grades of Recommendation,
Assessment, Development, and Evaluation (GRADE)
approach to grade the certainty of the evidence. For each
outcome, we rated the evidence as high, moderate, low,
or very low certainty.”*

We meta-analysed proportions using the logit trans-
formation** and reported summary results as pro-
portions (95% confidence intervals, 95% CI). We used
the inverse-variance (IV) random-effects (RE) model
with the restricted maximume-likelihood (REML) esti-
mator’? of the between-study variance to combine re-
sults in a two-stage approach. Given the potential
variance instability of the logit transformation, we con-
ducted a sensitivity analysis using a one-step approach,
via a mixed-effects logistic regression model,” using
maximum-likelihood for estimation. To summarize
odds ratios, we use the inverse-variance random-effects
model with the REML estimator of the between-study
variance, and reported summary ORs with a 95%
CL** We identified statistical heterogeneity using
Cochran’s Q test and quantified it using the I statistic.
For the Q test, a P < 0.10 was considered statistically
significant.** We also reported the 95% prediction in-
terval for Long COVID prevalence among people living
with HIV, showing the range of true prevalences to be
estimated in future studies.”” We assessed small-study
and publication bias graphically.***” We conducted an
additional sensitivity analysis, based on the cut-off that
was used for the Long COVID diagnosis, to only include
studies that used the 12-week cut-off, and not the
studies that used the 4-week cut-off. All sensitivity an-
alyses were defined a priori in the protocol, with the
exception of the cut-off point one. For associations, two-
sided P values <0.05 were considered statistically sig-
nificant. We conducted all analyses in Stata 18 (Stata-
Corp, College Station, TX, EUA).

Role of the funding source
No funding was received for this study.

Results

We identified 831 records. After removing the dupli-
cates, we screened 544 studies in title and abstract level.
A total of 63 studies underwent full review, and 9
studies (10 records) met our inclusion criteria (Fig. 1).
The reason for exclusion at full text level are

summarised in eTable 2 in the Supplement. Of the 9
initially included studies, two originated from the same
pool of participants. Hence, a total of 8 studies (9 re-
cords) were included in our analysis, that included a
total of 4489 participants.

Characteristics of the included studies and
participants

The characteristics of the included studies are sum-
marised in Table 1.

Three studies were conducted in Europe.”®*° Two
studies in North America,** two studies** in Africa
and one study” was conducted in Asia. Four
studies®***"* recruited people living with HIV from
pre-existing HIV surveillance cohorts. Two studies**
recruited from pre-existing COVID surveillance co-
horts. One study recruited from national surveillance
databases,” and one study recruited using social
networking sites and geospatial dating applications.”
The median sample size was 267 participants (inter-
quartile range [IQR]: 94-383). Four studies®*
included only people living with HIV. Four studies*****
included people living with HIV and a comparator
group of people living without HIV. Of these, 2
studies** reported the number of Long COVID cases for
adults living with HIV and adults without HIV, which
were used to calculate the unadjusted odds ratios; and 2
studies** reported adjusted odds ratios. Specifically,
Kamanzi et al.”* adjusted for vaccination status, hospi-
talisation status and diabetes; and Peluso et al.** adjusted
for timing of sample collection >100 days, prior COVID-
related hospitalization, age >50 years, sex, BMI >30,
preexisting diabetes mellitus, hypertension, renal disease,
autoimmune disease, CMV IgG seropositivity, EBNA IgG
>600 U/mL, and EBV EA-D IgG positivity.

The majority of the studies®**** included partici-
pants with a diagnosed prior SARS-COV-2 infection
(including laboratory confirmed or rapid-test). One
study* included both diagnosed and self-reported cases.
One study* did not specify. With regards to the severity
of the prior SARS-COV2 infection, 1 study* included
only people that were hospitalised during the acute
phase of SARS-CoV-2 infection, and one study®
included only people that were symptomatic during
the acute phase of SARS-CoV-2 infection. The remain-
ing studies***'~**> did not report any restrictions. The
mean average Cluster of Differentiation 4 (CD4) count
in adults living with HIV was 624 (SD: 90). The mean
percentage of adults living with HIV in suppressed
status (viral load <200 copies/ml) was 96% (SD: 3.7)).
Six studies®™**** reported the sex of the participants,
one study' reported the gender, and one study” re-
ported both sex and gender. With regards to sex, the
mean percentage of females was 35%. With regards to
gender, no summary proportion can be estimated, due
to the very low number of studies reporting gender. The
median average age was 50 years (IQR: 45-51).
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Fig. 1: Prisma flow chart. CENTRAL, Cochrane Central Register of Controlled Trials; CINAHL, Cumulated Index in Nursing and Allied Health

Literature; n, number of studies.

Risk of bias

The risk of bias assessment for each individual study is
summarised in eFig. 1 in the Supplement. Two
studies** were rated to have high overall risk of bias
and 6 studies®™**** were rated as having some con-
cerns. The most common sources of bias were bias due
to confounding, selection bias and outcome measure-
ment bias. The least common source of bias was bias
due missing data, and selective reporting.

www.thelancet.com Vol 79 January, 2025

Prevalence of Long COVID in adults living with HIV
To quantify the burden of Long COVID in adults living
with HIV, we synthesised the prevalence estimates of a
total of 8 studies,*** including 1227 participants. The
median average (SD) age was 50 (IQR: 45-51)) years old
and the mean percentage of females was 35% (SD:
23%). Six of the included studies******* used a 12-weeks
cut-off for Long COVID diagnosis, and 2 studies**
used a 4 weeks cut-off. The pooled estimate suggested
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Study Sample  Sampling Age % SARS-COV2 Cut-off for Country (D4 % Adjusted OR
size mean Females diagnosis long COVID N Suppressed
(SD); diagnosis mean %
' (SD) >200
years
Barth 254 HIV surveillance cohort 51 (14) 24% self-reported >4 weeks USA - 933 93 n/a
2024
Degli 510 HIV surveillance cohort 53 (9) 30% Laboratory >3 months Italy 77511 - - n/a
Antoni confirmed (347.59)
2024
Jassat 2841 National surveillance 45 (16) - Confirmed >3 months South - - - no
2022 databases (laboratory or rapid Africa
antigen)
Kamanzi 94 COVID surveillance 50 (11) 57% Laboratory >3 months Zambia 541.05 - 100 yes; vaccination status,
2023 cohort confirmed (384.28) hospitalisation status and
diabetes
Mazzitelli 75 HIV surveillance cohort 50 (14)  19% Laboratory >3 months Italy 590.66 - 100 n/a
2021 confirmed (278.44)
Ogaz 341 Social networking sites 40 (15) 0% Confirmed >3 months UK - - - no
2023 and geospatial dating (laboratory or rapid
applications antigen)
Peluso 280 Long COVID surveillance 45 (16)  44% Unclear >3 months USA 589.08 - 90.7 yes; sample collection >100
2023 cohort (290.19) days, prior COVID-related
hospitalization, age >50, sex,
BMI >30, preexisting diabetes
mellitus, hypertension, renal
disease, autoimmune disease,
CMV IgG seropositivity, EBNA
IgG >600 U/mL, and EBV EA-
D IgG positivity
Pujari 94 HIV surveillance cohort - 73% Confirmed >4 weeks India - 93.6 96.8 nfa
2021 (laboratory or rapid
antigen)
SD, Standard Deviation; OR, odds ratio; BMI, Body Mass Index; CD4, Cluster of Differentiation 4; CMV, Cytomegalovirus; EBNA, Epstein-Barr Nuclear Antigen; EBV EA-D, Epstein-Barr Virus Early Antigen-D.
Table 1: Characteristics of the included studies.

that the prevalence of Long COVID in adults living with
HIV is 43% (95% CI: 32-54%; Fig. 2). Similar results
were obtained in the sensitivity analysis using mixed-
effects logistic regression (Fig. 2). The heterogeneity
was deemed high (I* = 92.5), with the 95% prediction

interval extending from 12.3 to 79.7%. The certainty of
evidence was rated as low, downgraded for high risk of
bias and imprecision.

We conducted an additional sensitivity analysis
including only studies using the 12-week cut-off for the

Study (year) n N Proportion (95% Cl)  Weight (%)
Mazzitelli (2021) 20 75 —— 0.27 ( 0.18, 0.38) 12.33
Pujari (2021) 41 94 —- 0.44 (0.34, 0.54) 13.01
Jassat (2022) 72 167 - 0.43 ( 0.36, 0.51) 13.59
Kamanzi (2023) 18 38 —— 0.47 (0.32, 0.63) 11.43
Ogaz (2023) 8 35 —I— 0.23 (0.12, 0.39) 10.29
Peluso (2023) 42 54 1 —MB—  0.78(0.65, 0.87) 11.39
Barth (2024) 118 254 L 3 0.46 ( 0.40, 0.53) 13.86
DegliAntoni (2024) 178 510 B 0.35( 0.31, 0.39) 14.10
IV-RE model (logit), I’= 92.5% e o 0.43 ( 0.32, 0.54)
Mixed-effects logistic regression ‘ 0.43 (0.32, 0.54)

Fig. 2: Prevalence of long COVID in HIV. The P value for heterogeneity was <0.0001. Cl, Confidence Intervals; IV, Inverse Variance; RE, Random

Effects; n, number of events; N, study population.
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Long COVID diagnosis. The pooled estimate was
similar to the initial analysis (42% 95% CI: 27%-58%, 6
studies, 879 participants; eFig. 2).

Association between HIV status with the odds of
long COVID

A total of 4 studies** with 3556 participants were
included in the analysis of the association between HIV
status and the odds of Long COVID. The median
average age was 45 years (IQR: 41-49), and the mean
percentage of females was 34% (SD: 25%). All of the
included studies used a 3-month cut-off for the diag-
nosis of Long COVID. In the main analysis, the asso-
ciation of developing Long COVID among adults living
with HIV compared to those without HIV was incon-
clusive, with an estimated odds ratio of 1.16 (95% CI:
0.58-2.29), indicating substantial uncertainty around
the true effect size. This difference was not statistically
significant; P = 0.67, Fig. 3). The heterogeneity was
deemed moderate (I* = 69.4%). The certainty of evi-
dence was rated as low, downgraded for high risk of bias
and inconsistency. In a sensitivity analysis including
only estimates adjusted for confounding factors (2
studies, 374 participants, median average age of 48 years
(IQR: 45, 50), 51% female (SD: 7%)) adults living with
HIV were associated with 2.21 times higher odds of
developing Long COVID compared to people without
HIV (OR: 2.21, 95% CI: 1.12-4.36, P = 0.02, Fig. 3). The
heterogeneity was deemed low (I = 0%). The certainty
of evidence was rated as low, downgraded for high risk
of bias and imprecision.

Small study effects and publication bias

Funnel plot assessments for the prevalence of Long
COVID in adults living with HIV and the association
between HIV status and the odds of Long COVID, are
shown in eFig. 3 and eFig. 4, respectively. We could not
detect any publication bias due to the small number of
studies.

Discussion
In this systematic review with meta-analysis of 8 studies,
including 4489 participants, we found a high prevalence
of Long COVID in adults with HIV (43%). Similar re-
sults were obtained after considering only studies that
used a 12-weeks cut-off, and not studies with a 4-week
cut-off point for the Long COVID diagnosis (42%).
However, caution is advised when interpreting these
results due to the high risk of selection bias, bias in the
measurement of the outcome and confounding, that
could lead in an overestimation of the true prevalence
and the high between study heterogeneity. The available
evidence is still very limited as to whether individuals
living with HIV could be at a higher risk of Long COVID
compared to the general population. Based on only 4
studies, we detected suggestive, but imprecise evidence
of an elevated risk for Long COVID in adults with HIV.
Restricting our analyses to two studies (374 participants)
that reported adjusted estimates, we found that people
living with HIV might be associated with approximately
twice the odds of developing Long COVID compared to
those without HIV (OR: 2.21, 95% CI: 1.12-4.36).
Previous research has shown that HIV infection is
associated with worse health outcomes and higher
mortality rates during the acute phase of SARS-COV2
infection.” Our review builds on this evidence and
suggests that the risk for worse health outcomes may
persist in the long-term after the acute SARS-COV2
infection stage. A previous systematic review* without
a meta-analysis, on risk factors for Long COVID in Af-
rica suggested that HIV was not identified as a risk
factor. However, these conclusions derived by only one
cohort study, where the overall population of adults
living with HIV was only 5% of the total study popula-
tion. A recent systematic review with meta-analysis®
suggested that HIV infection was associated with an
increased risk of Long COVID (odds ratio 2.20; 95%
confidence interval 1.25-3.86). The reported estimates
are considerably higher than the estimates reported in

Study (year) Adjusted? OR (95% CI) Weight (%)
Jassat (2022) No —— 0.64 ( 0.46, 0.89) 34.60
Kamanzi (2023) Yes — W 272(1.09, 6.81) 22.40
Ogaz (2023) No —a— 0.86 (0.34, 2.15) 2245
Peluso (2023) Yes ——a— 1.71(0.62, 4.72)  20.56
IV-RE model ? all estimates, I°= 69.4% ot 1.16 ( 0.58, 2.29)

IV-RE model ? adjusted only, I’= 0% —_— 2.21(1.12, 4.36)

03 06 1.0 17 30 50 90

Higher odds among
persons not living with HIV

Higher odds among
persons living with HIV

Fig. 3: Odds ratio among persons living with HIV vs persons not living with HIV. The P value for heterogeneity was 0.013 for all estimates and
0.51 for adjusted estimates only. OR, odds ratio; Cl, Confidence Intervals; IV, Inverse Variance; RE, Random Effects; n, number of events; N, study

population.
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our initial analysis, but they are close to our analysis that
was restricted to adjusted estimates only. However,
there is a series of methodological shortcomings in this
review. The authors did not assess the risk of bias of the
included studies and the quality of evidence; hence, they
failed to highlight the uncertainty of their OR estimate
attributed to high risk of bias and imprecision. More-
over, the authors included two different studies from
the same author that derive from the same cohort of
participants. Hence, there is duplicate information in
the data analysis that inflates the pooled estimate. In
contrast, our paper identified this limitation and only
included one of the two studies in the model, providing
a more accurate estimate of the prevalence and the odds
of developing Long COVID. In addition, the authors
included in the analysis a study that only 10 out of 530
participants were living with HIV, hence we would
argue that this study cannot provide an accurate esti-
mate of the prevalence of Long COVID in people living
with HIV and it should not have been included in the
analysis. Besides, the authors entered the sample size
for this study as 20 instead of 10 in the model, which
further affects the accuracy of the results. Our review
updates this evidence with an additional 4 studies
contributing in the prevalence estimate and 2 studies
contributing in the odds ratio estimate that were not
identified in the previous review and offers a more
robust estimate.

Still, the integrity of our results depends on the
availability of data, and the methodological quality of the
included studies. Due to the limited number of available
studies, our results regarding the between-study het-
erogeneity may be underestimated. The most common
source of bias was selection bias and bias in the mea-
surement of the outcome. One factor that could intro-
duce bias in the measurement of the outcome is the
episodic nature of both HIV and Long COVID that
could lead to misclassification; since it is possible that
individuals that experience HIV-attributed symptoms
were classified as having Long COVID, and vice-versa.

Another factor that could introduce bias in the
measurement of the outcomes is the inconsistency in
the definition of Long COVID, especially with regards to
what is defined as “persistent”. Most of the studies
included people that experienced symptoms for 3 or
more months since the initial SARS-CoV-2 infection,
which is in line with the most recent definition of Long
COVID, but still, 2 of the studies included in the prev-
alence analysis included people that experienced symp-
toms for 4 or more weeks. Although the 4 weeks cut-off
is in line with a previous Long COVID definition from
NICE® these studies could still include cases that could
have experience a resolution in their symptoms by the 3
month cut-off. To address this issue, we conducted a
sensitivity analysis including only studies that used the
3-month cut-off, further improving the robustness of
our results. The 4-week cut-off limitation does not apply

in our OR estimate, as all of the included studies used a
12-weeks cut-off.

Studies that use convenience sampling and recruit
people from surveillance cohorts with direct access to
care may be prone to selection bias. In our review, half
of the studies that were included in the prevalence
analysis recruited from HIV surveillance cohorts.
Although HIV in some countries is a rare exposure and
recruiting from the general population has the risk of
not identifying enough cases, recruiting from a conve-
nience sample such as an HIV surveillance cohort could
introduce selection bias and, in our case, affect the
measurement of the outcome. People living with HIV
who are part of large HIV-surveillance cohorts, have
easier access to line of care than the general population.
That could potentially make them more likely to report
and to get diagnosed with Long COVID than people in
the general population. Hence, although our prevalence
estimate is significantly higher than the Long COVID
prevalence estimates for the general population from
nationwide UK and Canadian studies’” (3-15%), it is
possible that part of the difference could be attributed to
different sampling methods and surveillance standards.

To address these biases and verify the integrity of our
results we also assessed the odds of developing Long
COVID in people living with HIV compared to people
living without HIV. None of the included studies in the
odds ratio estimate recruited people living with HIV
from HIV surveillance cohorts. This can reduce the
potential selection bias and bias in the measurement of
the outcomes that was present in the prevalence anal-
ysis. To further improve the robustness of our results,
we conducted a sensitivity analysis with the studies that
reported adjusted OR estimates, to account for bias due
to confounding. However, since only two studies re-
ported adjusted estimates, caution is advised when
interpreting the results of our sensitivity analysis.

Long COVID is an unprecedented clinical condition
with a lot of uncertainty on the underlying pathophysi-
ological mechanisms and is characterized by a variety of
physical, mental and cognitive symptoms that may be
multi-dimensional, episodic, and unpredictable in na-
ture.*® The shortage on available diagnostic tests at the
early stage of the pandemic left a lot of people with an
indefinite diagnosis, making studying and understand-
ing the prevalence and pathogenesis of Long COVID in
people without a confirmed infection is even more
challenging.

When designing health services, it is crucial to take
into consideration the needs of the population they are
designed for. The high prevalence of Long COVID in a
population like adults living with HIV that is already
susceptible to infections, inflammation, and chronic
diseases like cancer and cardiovascular diseases'’; is an
urgent matter of public health that requires action.
Managing two chronic conditions requires comprehen-
sive and coordinated healthcare. Specifically, persons
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living with Long COVID may experience mental and
cognitive health related consequences of the conditions,
such as implications, including anxiety, depression,
poor memory and cognitive dysfunction.’ Adults living
with HIV have a higher chance of developing mood,
anxiety, and cognitive disorders,” and depression® is
one of the most common mental health conditions faced
by people with HIV. Research suggests that the mental
health of people living with HIV was further aggravated
during the pandemic, due to the lack of social support,
financial hardship and economic vulnerability.”" Hence,
adults living with HIV and Long COVID might face
challenges in accessing specialized care, managing
multiple medications, and attending regular medical
appointments. The overlapping burden of managing
two chronic conditions could increase the risk of mental
health issues, and it can impact daily functioning,
quality of life, and adherence to HIV treatment
regimens.

Ensuring continuity of care and integrated healthcare
services is essential. Hence, it is crucial to ensure that
the available Long COVID programs and healthcare
providers following people living with HIV are equipped
to handle the needs of people living with both condi-
tions. For instance, health professionals who are
following people with Long COVID may find it difficult
to assess patients with both conditions, with regards to
which assessment tools they should use, the presence of
multiple symptoms that overlap, and the episodic and
multi-dimensional nature of the symptoms and this can
create a gap in clinical care and misclassification errors.
Health care providers who are following people living
with HIV also need proper guidance, as they are usually
required to not only managing ART treatment but also
to navigating the complex health challenges and services
needed for those experiencing Long COVID. Continuity
of care should also be considered in the context of
healthcare service availability. Different countries have
established distinct systems for managing HIV and
Long COVID, and even within the same country,
healthcare infrastructure can vary greatly across regions.
These differences impact not only access to care but also
the quality and consistency of services provided.
Ensuring that individuals receive the necessary treat-
ment, while accounting for the existing systems and
their limitations, presents a complex challenge. Factors
such as resource allocation, healthcare workforce avail-
ability, and the level of integration between primary,
secondary, and specialized care all influence how well
continuity of care can be maintained. In some areas,
particularly those with limited healthcare resources or
strained systems, access to essential treatments may be
delayed or unevenly distributed, further complicating
care continuity. Addressing these challenges requires
cross-sector collaboration among healthcare providers,
policymakers, and community organizations to enable
balancing the specific needs of the population with the
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realities of the local healthcare landscape, ensuring that
all individuals have equitable access to the care they
require.

The episodic nature of Long COVID symptoms may
be similar to the episodic nature of HIV, where some
health challenges can fluctuate daily or over longer pe-
riods of time.”** Hence, there might be some value in
using a conceptual framework of disability that was
originally derived from the perspectives of persons
living with HIV*? which may be applicable to describe
the multidimensional and episodic nature of the context
of Long COVID to improve and inform Long COVID
care for this population.”* Having a conceptual frame-
work of disability for Long COVID may facilitate the
therapeutic pathways for both adults living with HIV
and people without HIV. For people living with both
conditions, having clear assessment tools that would
allow differential diagnosis between the two conditions
with regards to which conditions the episodic symptoms
are attributed is crucial, since each underlying condition
may require a different therapeutic approach. Even
more, in situations where the symptoms are interrelated
or attributed to both conditions, adults living with HIV
may not respond to a single-condition therapeutic model
and may need a more integrative approach.

The demographics of the population of the included
studies limits the generalisability of our results. A high
percentage of adults living with HIV in the included
studies were part of surveillance cohorts and the vast
majority was virally suppressed, something that is not
surprising as most countries have adopted the UNAIDS
95-95-95 global targets for epidemic control,” which aim
to ensure by 2030 that 95% of HIV-positive people know
their HIV status, 95% of people diagnosed with HIV
receive sustained antiretroviral therapy (ART), and 95%
of people on ART have viral suppression. However, the
suppression status in the included studies was ranging
from 91 to 100%, which is significantly higher than the
suppression status reported in 2020 in Canada (83%)°
and in 2021 in the US (66%).”” Although both coun-
tries are working towards achieving the 95-95-95
UNAID goal, there is still a large portion of adults living
in countries who do not have access to ART. Long
COVID may also occur in adults living with HIV un-
aware of their HIV status. Hence, more research is
required with sample sizes enriched with adults living
with HIV in a non-suppressed status, to better under-
stand the risk and the implications of HIV in the
development of Long COVID in this population.

Similarly, the mean values of CD4 counts in adults
living with HIV in the included studies were well above
the healthy cut-off, and in similar levels with the counts
in people without HIV. This did not allow us to conduct
any disaggregated analysis, to further examine potential
implications of low CD4 counts in the development of
Long COVID. However, since there is a link between
low CD4 counts and worse health outcomes in the acute
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stage of SARS-COV-2 infection,”®* exploring the link
between low CD4 counts and Long COVID in adults
living with HIV could be a potential target of future
research.

Last but not least, extracting sex and gender was one
of the greatest challenges in this review. Some studies
reported that they measured gender but presented the
proportions under “male” and “female” labels, which
suggests sex, not gender. The only study that reported
both sex and gender had female sex listed in the
exclusion criteria, and only reported two categories, men
and gender diverse people. Hence, no estimates could
be calculated with regards to the representation of
women or gender diverse people among the included
studies. Still, the representation of females in the
included studies was lower than the representation of
males. That could be of major concern, especially since
the latest update on 95-95-95 identified adolescent gitls,
young women and transgendered people as key pop-
ulations that are still at high risk of new HIV infections
due to social stigma, violence, discrimination and social
exclusion.”” Hence, there is an urgent need for more
inclusive research.

The available evidence indicates that prevalence of
Long COVID in adults living with HIV could be high
(43%). There is limited and uncertain evidence indi-
cating that people living with HIV could be at a higher
risk of long-COVID than individuals not living with
HIV. Additional research is needed to determine
whether HIV positivity is a risk factor for Long COVID
and to develop coordinated care pathways and targeted
therapies to provide more holistic, patient-centred care,
for the management of Long COVID in people living
with HIV.
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