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Abstract
Background  Despite the significant progress made in South Africa in getting millions of individuals living with HIV 
into care, many patients still present or re-enter care with Advanced HIV Disease (AHD). We aimed to estimate the 
prevalence of AHD among ART-naive and ART-experienced patients in South Africa using studies published between 
January 2010 and May 2022.

Methods  We searched for relevant data on PubMed, CINAHL, Scopus and other sources, with a geographical 
filters limited to South Africa, up to May 31, 2022. Two reviewers conducted all screening, eligibility assessment, 
data extraction, and critical appraisal. We synthesized the data using the inverse-variance heterogeneity model and 
Freeman-Tukey transformation. We assessed heterogeneity using the I2 statistic and publication bias using the Egger 
and Begg’s test.

Results  We identified 2,496 records, of which 53 met the eligibility criteria, involving 11,545,460 individuals. The 
pooled prevalence of AHD among ART-naive and ART-experienced patients was 43.45% (95% CI 40.1–46.8%, n = 53 
studies) and 58.6% (95% CI 55.7 to 61.5%, n = 2) respectively. The time trend analysis showed a decline of 2% in the 
prevalence of AHD among ART-naive patients per year. However, given the high heterogeneity between studies, the 
pooled prevalence should be interpreted with caution.

Conclusion  Despite HIV’s evolution to a chronic disease, our findings show that the burden of AHD remains high 
among both ART-naive and ART-experienced patients in South Africa. This emphasizes the importance of regular 
measurement of CD4 cell count as an essential component of HIV care. In addition, providing innovative adherence 
support and interventions to retain ART patients in effective care is a crucial priority for those on ART.
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Background
Efforts to quickly expand access to human immuno-
deficiency virus (HIV) care and treatment have led to a 
significant number of individuals starting antiretroviral 
therapy (ART). The most notable increase has occurred 
in South Africa, which is home to 7.5 million of the esti-
mated 37.7 million people living with HIV (PLHIV) [1]. 
Access to ART in South Africa has grown from 103,300 
to 2005 to 5,500,000 in 2021. Despite significant progress 
in expanding access to ART, the burden of Advanced HIV 
Disease (AHD) in South Africa remains high [1–4]. AHD 
is defined as a CD4 count of fewer than 200 cells/mm3 
or a WHO stage 3 or 4 event in adults and adolescents, 
and all children with HIV younger than five years old 
are considered to have AHD [5, 6]. The proportion of 
people presenting with AHD has remained relatively 
unchanged in the past five years, despite the number of 
PLHIV receiving ART in low- and middle-income coun-
tries (LMIC) more than doubling over this period [4, 7, 
8]. These patients are at high risk of death mainly due 
to Tuberculosis and cryptococcal meningitis, even after 
starting ART (which can increase the inflammatory 
response) and the risk increases with decreasing CD4 cell 
count [9].

AHD is prevalent in Sub-Saharan Africa (SSA), with 
studies reporting between 32% and 71% of patients ini-
tiating care with AHD, and up to 60% of patients pre-
senting for care with AHD after disengagement [10, 11]. 
A large multi-country cohort study using data from HIV 
treatment programs in 6 SSA countries during 2005–
2018 showed that South Africa had the highest percent-
age of adults with AHD (59.7%) starting ART. However, 
the study also noted that the percentage of adults starting 
ART with AHD steadily declined over time [4].

Contrary to the expectation that PLHIV will progress 
from testing and early ART initiation to consistent drug 
adherence and viral suppression, many PLHIV instead 
need assistance re-engaging in care with AHD follow-
ing treatment failure or interruption [12]. This is a con-
cerning trend observed in countries with established 
HIV programs, where an increasing number of patients 
present for care with AHD after a period of treatment 
interruption or ART-experience [13]. In a study by Osler 
et al. [2] in South Africa, the proportion of ART-experi-
enced patients with a CD4 count less than 50 cells/mm3 
increased from 14.3% to 2008 to 56.7% in 2017 and this 
group seeks hospital care following ART interruption or 
virological failure.

Previous meta-analysis studies have primarily focused 
on analysing temporal trends of CD4 count at presenta-
tion to care and treatment initiation, globally [14], in 
developed countries [15] and in low and middle-income 
countries [16]. It is crucial to estimate the prevalence of 
AHD among ART-naive and ART-experienced patients 

to understand the outcomes of ART programs, guide 
HIV prevention efforts, and predict the need for adjunc-
tive therapies [17–19]. The true estimates of AHD among 
ART-naïve and ART-experienced patients in South Africa 
are not well known. This systematic review and meta-
analysis aimed to estimate the prevalence of AHD among 
ART-naive and ART-experienced patients in South 
Africa, using data from studies published between Janu-
ary 1, 2010 and May 31, 2022. Furthermore, we sought 
to examine trends in the prevalence of AHD throughout 
this period.

Methods
This study employed a systematic review and meta-analy-
sis design and the reporting of this systematic review was 
guided by the standards of the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses (PRISMA) 
Statement [20]. The protocol for this systematic review 
was registered and published on the International Pro-
spective Register of Systematic Reviews (PROSPERO) 
with the registration number: CRD42021245429.

Criteria for considering studies for review
Type of studies
We included both published and unpublished obser-
vational studies (such as cross-sectional and cohort 
studies), as well as HIV program data. Additionally, we 
included population-based cross-sectional studies or 
surveys. Studies had to be published between January 
1, 2010 and May 31, 2022 to be eligible. However, we 
excluded experimental studies, case studies, case series, 
duplicate reports, commentaries, and reviews from our 
analysis.

Condition
Published and unpublished needs Number of patients 
with AHD., We defined AHD as any CD4 < 200 cells/mm3 
or a WHO stage 3 or 4 events. All children with HIV 
younger than five years old should be considered as 
having AHD. We calculated the prevalence by divid-
ing the number of observed AHD by the total num-
ber of observed PLHIV on ART and expressed it as a 
percentage.

Context
We included studies conducted in South Africa between 
January 1, 2010 and May 31, 2022.

Population
ART-naïve and ART-experienced (all age groups) 
patients were considered for this review.
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Search strategy and data source
We conducted a comprehensive search of studies in 
various databases including PubMed, CINAHL, Scopus, 
Scielo, and Africa Wide, with a geographical limited to 
South Africa. A hand search of citations from selected 
studies was conducted to identify additional studies 
missing from the original electronic searches and sought 
input from experts for any additional studies. Conference 
proceedings of the Conference on Retrovirus and Oppor-
tunistic Infections (CROI) and International Aids Society 
Conference (IAS) were screened to retrieve information 
from any further study that may not have been included 
in the electronic databases. Our search was conducted on 
July 16, 2021 and updated on May 31, 2022, and we lim-
ited the search to studies published between January 1, 
2010 and May 31, 2022 and no language restriction was 
applied. The specific electronic search strategy is outlined 
in supplementary appendix 1.

Screening of studies for inclusion
The records of identified studies from the search data-
bases were imported into COVIDENCE [https://app.
covidence.org/], a software program used for manag-
ing systematic reviews. We removed duplicate abstracts 
before screening. Two reviewers, Marcel Kitenge (MK) 
and Omololu Aluko (OA), screened studies for initial 
inclusion using titles and abstracts. Both MK and OA 
independently evaluated the full text of studies that met 
the criteria for full-text screening, using a predefined eli-
gibility checklist. Any disagreements about study eligibil-
ity were resolved through discussion and consensus.

Data extraction
After identifying eligible studies, two reviewers (MK and 
OA) independently extracted data from each study using 
a standardised pre-piloted data extraction form in COVI-
DENCE. We also extracted information on the charac-
teristics of included studies, such as authors, citations, 
year of publication, study period, provinces, populations 
(whether inpatient or outpatient), study design used, 
and median CD4 count at enrolment. In case of miss-
ing information, we clarified the conducted study or the 
studies that had relevant data, which were not reported 
in the published manuscript, we contacted the authors 
for additional information.

Assessment of study quality and risk of bias
We evaluated the methodological quality of the included 
studies by assessing their internal validity, and general-
izability of results. A ten-item rating system developed 
by Hoy et al. [21] was used to evaluate aspects such as 
sampling, sample size, outcome measurement, outcome 
assessment, and statistical reporting. Each item was 
assigned a score of 1 (yes) or 0 (no), and the scores were 

summed to generate an overall quality score ranging from 
0 to 10. Each study was classified as having a low, mod-
erate, or high risk of bias based on the number of ques-
tions answered as “yes”. Studies with scores higher than 8 
were classified as low risk, 6–8 as moderate risk, and 5 or 
lower as high risk. Two reviewers (MK and OA) indepen-
dently assessed study quality, and any discrepancies in 
rating were resolved through discussions and consensus. 
Eligibility assessment, data extraction, and assessment of 
the risk of bias were performed using COVIDENCE.

Data analysis
We pooled data on the prevalence of AHD using STATA 
version 17 [22] and the metaprop package [23]. We 
employed a random-effects meta-analysis framework 
as we anticipated variability in the prevalence estimates 
from different studies. The package models the preva-
lence estimates using the exact binomial distribution and 
then applies the Freeman-Turkey double arcsine variance 
stabilizing transformations, normalizing the estimates 
before pooling and then back-transforming the estimates. 
The pooled estimates were then computed using the 
method described by DeSimonian and Kacker [24].

We assessed heterogeneity between studies using 
Cochran’s Q statistic [25] (expressed as X2 and p-values) 
and the I2 statistic. We also explored sources of hetero-
geneity through subgroup analyses and meta-regression 
analysis. The following study characteristics were evalu-
ated using univariate meta-regression models: study 
design (cross-sectional or non-cross-sectional), sample 
size (continuous), median CD4 count, methodology qual-
ity score, and publication year. Given included studies 
had substantial heterogeneity, we conducted a sensitivity 
analysis to investigate if the results were influenced by a 
single study. Due to high degree of heterogeneity, we pre-
sented pooled estimates with corresponding prediction 
intervals as prediction intervals are a more conservative 
way to incorporate uncertainty in the analysis.

We also estimated trend or change in prevalence of 
AHD among ART-naive patients overtime by fitting 
meta-regression model, modelling it as a weighted linear 
function of calendar year. We also assessed the presence 
of publication bias by examining funnel plots, and for-
mally using statistical testing such as the Egger test [26] 
and the Begg’s test [27]. A p-value < 0.1 was considered as 
indicating significant publication bias.

Results
Search results
We identified 2,496 records from searches. After remov-
ing duplicate and excluding 1,709 irrelevant records, the 
full texts of 166 studies were assessed for eligibility; 53 of 
these were included in this systematic review (Fig. 1). The 
reasons for exclusion are listed in Fig. 1.

https://app.covidence.org/
https://app.covidence.org/


Page 4 of 16Kitenge et al. BMC Infectious Diseases          (2023) 23:549 

Characteristics of included studies
The 53 studies published between January 2010 to Janu-
ary 2022 consisted of a total of 11,545,460 individuals 
who were HIV positive. Twenty-four of the studies were 
cross-sectional [13, 28–50]; two were cross-sectional 
population surveys [51, 52], thirteen were longitudinal 
analyses using routine electronic HIV programmatic 
data [2–4, 53–62]; ten were prospective cohort studies 
[63–72] and the remaining 4 were retrospective cohort 
studies [73–76]. The study population for 48 studies was 
among adults: two studies enrolled adolescents [50, 62] 
and three enrolled children [30, 38, 39].

Five studies enrolled inpatients while the remaining 
enrolled outpatients. We provided detailed information 
about the included studies and summarised key features 
in Table 1.

Risk of bias assessment of included studies
In the assessment of the methodological quality, three 
studies were deemed to be of poor methodological qual-
ity. Of the remaining 50 records, 28 studies were deemed 
to be of moderate quality and 22 studies of high method-
ological quality (supplementary, appendix 2).

Prevalence of AHD among ART-naïve patients in South 
Africa
The 53 studies had a combined total of 11,545,460 PLHIV 
with 4,204,835 patients having AHD at ART enrolment. 
The prevalence of AHD in South Africa ranged between 
5 and 82%. The pooled overall prevalence of AHD among 
ART-naïve patients was 43.4% (95% CI 40.1–46.8%, n = 53 
studies). There was substantial heterogeneity among 
included studies (I2 = 99.9, P < 0.001) as shown in Fig.  2. 

Fig. 1  PRISMA flowchart showing search, selection of and final included studies
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Our estimates in prediction intervals analysis showed 
that the prevalence of AHD among ART-naïve patients 
was 44.3% (95% CI 38.0 to 50.0).

Prevalence of AHD among ART-naïve patients by age 
group
The lowest pooled prevalence of AHD among ART-naïve 
was observed among adolescents 21% (95% CI 20.55–
22.30%, n = 2 studies) and adults’ group 42.2% (95% CI 
38.7–45.7%, n = 48 studies). The highest pooled preva-
lence of AHD among ART-naïve was observed among 
children 80.9% (95% CI 78.2–83.6%, n = 3 studies). The 
test for subgroups differences indicated that there was a 
statistically significant subgroup effect for age (P < 0.001), 
Fig. 3.

Prevalence of AHD among ART-native patients by 
assessment methods: CD4 versus WHO clinical staging 
system
The pooled prevalence of ADH among ART-naïve 
patients was significantly higher among studies that used 

the WHO clinical staging system to assess AHD, 58.8% 
(95% CI 58.8–76.0%, n = 9), compared with a pooled 
prevalence of AHD estimate in 44 studies that used CD4 
count criteria; 40.5% (95% CI 37.0% to 44.1, n = 44), Fig. 4.

Additionally, the prevalence of AHD among ART-naïve 
patients was 66.1% (95% CI 45.2–84.2%, n = 5) in stud-
ies conducted in hospital settings (inpatients) compared 
with 41.1% (95% CI 37.7–44.6%, n = 48) in studies con-
ducted in ambulatory studies or outpatients (Appendix 3, 
Fig. 1) p < 0.001. We further conducted a subgroup analy-
sis evaluating the prevalence of AHD among ART-naïve 
patients across study designs, the highest prevalence of 
AHD was observed among prospective cohort studies 
with 51.8% (95% CI 36.7–66.8%, n = 10), followed by cross 
sectional studies,  retrospective analysis of HIV program 
data, retrospective cohort studies and cross-sectional 
survey with 46.9%, 41.1%, 35.1% and 7.3%, respectively, 
(Appendix 3, Fig.  2). Moreover, from sub-analyses, we 
observed that ADH among ART-naïve patients was more 
common among studies analysing national HIV cohort, 
followed by studies conducted in Eastern Cape province, 

Fig. 3  Prevalence of AHD among ART-naïve patients in South Africa by 
age group, from studies published during the period 2010–2022

 

Fig. 2  Forest plot of prevalence of AHD among ART-naïve in South Africa, 
from studies published from 2010–2022
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Gauteng, KwaZulu-Natal, Western Cape, and Limpopo 
(Appendix 3, Fig. 3).

Sensitivity analysis
We performed one study leave out at a time sensitivity 
analysis and its result showed that the polled estimated 
prevalence of AHD among ART-naïve patients obtained 
when each of the included studies was left out from the 
analysis at a time was within the 95% confidence limit 
of the pooled estimate of AHD when all studies were 
pooled together. The average prevalence of AHD among 
ART-naïve patients when one of the 53 studies was left 
out from the analysis ranges between 44.0% (95% CI 
38.0–50.0%) and 45.0% (95% CI 39.0–51.0%) (Appendix 
3, Fig. 4).

Prevalence of AHD among ART-experienced patients
We identified two studies assessing the prevalence of 
AHD among ART-experienced patients, including one 
cross-sectional and a retrospective analysis of HIV 

programmatic data which were included in the pairwise 
meta-analysis. The pooled prevalence of AHD among 
ART-experienced patients provided by two studies with 
1,102 participants was 58.6% (95% CI 55.7 to 61.5%, 
n = 2), Fig. 5.

Temporal trend
In this study, we also attempted to assess the time trend 
of the prevalence of AHD among ART-naïve patients in 
South Africa from studies published from 2010 to 2022. 
The result indicated that there was a general linear trend 
of AHD declining in each successive year, (coefficient: 
-0.02, 95% CI -0.03 to 0.01), Fig. 6. Similarly, cumulative 
meta-analysis showed that the pooled prevalence of AHD 
among ART-naïve declined over time.

Meta-regression
All meta-analyses in this review exhibited a substantial 
heterogeneity in pooled estimates, with subgroup and 
time trend analysis demonstrating potential associations 
with age, year of publication, study setting, and the AHD 
assessment method. In the adjusted meta-regression 
analysis, the period in which the selected studies were 
published was the only factor that remained associated 
with the prevalence of AHD (crude meta-regression coef-
ficient: -0.02, 95% CI -0.03 to 0.01), meaning the preva-
lence of ADH among ART-naïve patients declined in 
each successive year by 2%, Table 2.

*These explanatory variables were treated as continu-
ous in the meta-regression model and the remaining 
variables were treated as categorical variables.

Publication bias
Conventional funnel plots suggested that there was 
no evidence of publication bias in the meta-analysis. 
Additionally, the results of Egger and Begg’s tests were 
in accordance with the funnel plots, which suggested 
no publication bias (Begg’s p-value = 0.483 and Egger’s 
p-value = 0.2055), Fig. 7.

Trim and fill method was also used to assess publica-
tion bias for the prevalence of AHD among ART-naïve 
patients. Under the random-effects model, the point esti-
mate for the pooled prevalence of AHD was 43.4% (95% 
CI 40.1–46.8%). Using Trim and Fill, the imputed point 
estimate was marginally different from the pooled preva-
lence with 41.4% (95% CI 35.2–47.6%), the method sug-
gests a total of 2 studies were missing from this review 
for the prevalence estimate.

Discussion
This systematic review analysed 53 studies from 5 prov-
inces in South Africa, involving 11,545,460 patients 
who received ART services between 2010 and 2022. The 
majority of the studies were cross-sectional analyses (24 

Fig. 4  Prevalence of AHD among ART-naïve patients in South Africa by 
Assessment methods (CD4 count and WHO clinical staging system), from 
studies published during the period 2010–2022
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Fig. 6  The time trend of advanced HIV disease from studies published during the period 2010–2022

 

Fig. 5  Prevalence of AHD among ART-experienced patients in South Africa, from studies published during the period 2010–2022
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studies), followed by longitudinal analysis of HIV pro-
grammatic data (13 studies), cross-sectional surveys (2 
studies), prospective cohort studies (10 studies), and ret-
rospective studies (4 studies). The overall prevalence of 
AHD among patients presenting to HIV services between 
2010 and 2021 was 43.4%, however, there was substantial 
heterogeneity with this ranging between 4.5 and 83.1%. 
Due to the high heterogeneity between included stud-
ies, the pooled prevalence estimate should be interpreted 
with caution. Estimation of prediction intervals showed 
narrow range of expected prevalence of AHD among 

ART-naïve patients between 38.0% and 50.0% in a future, 
new systematic review and meta-analysis.

Subgroup analyses related to AHD diagnostic methods 
(CD4 versus WHO) and age did not explain the observed 
heterogeneity. Among the studies (n = 2) reporting on 
the presentation of ART-experienced patients, AHD was 
58.6%. A time trend analysis revealed a decline of approx-
imately 9.0% in the prevalence of AHD over the 10 years, 
with a prevalence of 52.4% in 2010 and 43.4% in 2022.

Since the start of the HIV programme, CD4 counts 
have been used to guide treatment decisions and iden-
tify those at risk for morbidity, mortality, and increased 

Table 2  Crude and adjusted meta-regression analysis of the prevalence of AHD among ART-naïve patients
Crude Coefficient 95% CI p-value Adjusted Coefficient 95% CI p-value

Publication year* − 0.02 -0.04 to -0.01 0.010 -0.02 -0.03 to 0.01 0.048
Data collection
(Cross-sectional vs. Other)

0.04 -0.07 to 0.17 0.450 -0.02 -0.14 to 0.10 0.756

Setting
(Inpatient vs. Outpatient)

-0.23 -0.44 to -0.03 0.026 -0.18 -0.40 to 0.04 0.109

Methodological Quality Score* -0.02 -0.07 to 0.01 0.224 -0.01 -0.05 to 0.04 0.788

Assessment method
(WHO Stage vs. CD4 count)

0.16 0.01 to 0.32 0.048 0.10 -0.05 to 0.26 0.202

Fig. 7  Publication bias prevalence estimate, from studies published during the period 2010–2022
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medical and psychosocial needs [5]. During the review 
period ART initiation guidelines were revised several 
times (patients were deemed eligible for ART if their CD4 
count was < 200 cells/mm3 prior to 1 May 2010 or < 350 
cells/mm3 after 1 May 2010 and 500 cells/mm3 between 
January 2015 and 31 August 2015) to expand form ART 
eligibility based on CD4 count and other co-morbidity, to 
all PLHIV becoming eligible for ART irrespective of CD4 
count by 2016. As such, prior to and in 2010 the majority 
of PLHIV were at risk of starting ART with AHD whereas 
after 2010 this decreases due to guideline changes [5, 6].

Our study found that the proportion of patients pre-
senting with AHD remains high but has decreased over 
time due to increased HIV testing and access to ART. 
Time trend analysis showed a 2% yearly decline in AHD 
among ART-naive patients. Our findings align with previ-
ous studies from both high-income and low- and middle-
income settings [11, 14–16, 28, 29], which also reported 
either a high proportion or a modest decline in patients 
with AHD. Given the moderate decline in the proportion 
of AHD among ART-naïve patients, these results empha-
size the importance of expanding HIV testing and timely 
linkage to care, to promote early ART initiation.

A meta-analysis data, which reported a mean CD4 
count at ART initiation in 27 countries of 186 cells/mm3, 
suggest at least one in four ART patients in SSA initi-
ated ART with advanced disease in 2015 and CD4 count 
at presentation to care and at ART initiation have not 
increased over the past decade [16]. When restricted 
analysis to studies conducted in South Africa, the meta-
analysis found a statistically significant increase in CD4 
counts at presentation but no change at ART initiation. 
To reduce the prevalence of AHD among ART-naïve 
patients in South Africa, continued attention to pro-
grammatic strategies facilitating earlier HIV testing and 
linkage to care are needed, including referral to primary 
health care and post-discharge support for adherence and 
retention, as well as implementing WHO-recommended 
universal ART eligibility (“treat-all policy”) guidelines for 
PLHIV [30, 31]. Furthermore, community awareness of 
AHD needs to be increased, as it is still limited [31].

Our study also found that 58.6% of patients with AHD 
were ART-experienced, this is a newly alarming trend 
observed in countries with long-standing HIV treat-
ment programs and even in high ART coverage set-
tings. Among ART-experienced, progress to AIDS either 
because they either interrupt treatment or because of 
treatment failure. The decline in the number of patients 
presenting for the first time with AHD could be offset 
by an increasing number of patients on long-term ART 
who have interrupted, stopped, or failed therapy [32–34]. 
Only two studies contributed to this outcome, therefore 
we cannot draw a firm conclusion using this finding. This 
evidence is consistent with findings from a multi-country 

cohort study conducted in 2 SSA countries evaluating 
characteristics and hospital outcomes of HIV-infected 
patients which showed that 65.1% of patients were admit-
ted with AHD. Among inpatients with AHD, 71.7% were 
ART-experienced at admission with a median of 55.9 
months on treatment (2). This means ongoing transmis-
sion due to ongoing viraemia among those who are out 
of care [36]. This supports a need for strategies to reduce 
gaps in HIV care and encourage return (re-engagement 
interventions such as welcome back services) before 
marked deterioration [37, 38], Given that more and more 
people who are in HIV programs are treatment experi-
enced. This work supports the current reconceptualized 
non-linear HIV care cascade, which accounts for the 
cycling of patients in and out of care and the mobile pop-
ulations served by ART programs in many SSA countries 
[12].

Furthermore, our subgroup analyses revealed a statis-
tically significant difference in the prevalence of AHD 
among ART-naive patients between studies that used 
the WHO clinical staging system and those that used 
CD4 count criteria to identify patients with AHD, with 
58.78% and 40.52% respectively. The higher prevalence 
among studies using the WHO clinical staging system 
should be interpreted with caution due to the poor accu-
racy associated with the WHO clinical staging system 
[39]. A systematic review and meta-analysis assessing 
the accuracy of WHO clinical staging system compared 
with CD4 count found that the WHO clinical stage 3 
or 4 had a sensitivity of 60% and specificity of 73% for 
a CD4 threshold of ≤ 200 cells/mm3, and that sensitiv-
ity and specificity decreased as the CD4 count threshold 
increased [40]. Therefore, relying on the WHO clinical 
staging system alone risks missing a substantial number 
of PLHIV with severe immune suppression. Additionally, 
a multi-country study from Kenya, Malawi, Uganda, and 
Zimbabwe found that almost half of the people with CD4 
count < 100 cells/mm3 were classified as having WHO 
clinical stage 1 or 2 disease [41].

The role of the CD4 count in HIV management is 
changing, with a shift away from using CD4 count to 
decide when to start ART or monitor treatment efficacy. 
Nevertheless, CD4 count remains the best measurement 
of patients’ immune and clinical status, the risk of oppor-
tunistic infections, and diagnosis decision-making, par-
ticularly for patients with AHD [30, 42].

Hence, identifying people with AHD who are eligible 
for elements of a package of care requires CD4 cell count 
testing. In addition, determining the immune status of 
PLHIV whose treatment is failing by virological criteria 
can help in guiding clinical management decisions (pro-
viding a package of care to reduce mortality and mor-
bidity among people with AHD, which package includes 
screening, treatment, and/or prophylaxis for major 
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opportunistic infections, rapid ART initiation and inten-
sified adherence support interventions) [43].

Furthermore, the shift from monitoring CD4 cell count 
to monitoring viral load among individuals on ART has 
contributed to the de-prioritisation of testing CD4 cell 
count. Monitoring of viral load and CD4 cell count com-
plement one another and should not be placed in com-
petition. Monitoring VL supports viral suppression and 
triage into differentiated models of care, whereas CD4 
cell count identifies people for whom an additional inter-
vention is most urgently needed [44]. For these reasons, 
WHO recommends that HIV programs should retain the 
capacity to perform CD4 cell count at baseline and in the 
case of virological failure.

Strengths and limitations
To the best of our knowledge, this is one of the first 
reviews to investigate the prevalence of AHD among 
ART-naïve and ART-experienced patients in South 
Africa. Of the 53 studies included in our meta-analysis, 
13 were longitudinal analyses of HIV programmatic data, 
estimating the burden of AHD in real-world conditions 
at public health facilities, therefore maximizing general-
izability. A further strength of this review is that we com-
prehensively searched for all eligible studies in all major 
databases and rigorously carried out the study following 
the PRISMA guidelines.

This review has several limitations that warrant discus-
sion. Firstly, caution should be exercised when evaluating 
the current review results as there was substantial het-
erogeneity among included studies; this is not uncom-
mon when evaluating systematic reviews of this nature. 
The impact of study quality on pooled prevalence was 
assessed by conducting meta-regression. Meta-regres-
sion demonstrated no evidence of data collection method 
or methodological quality score or assessment method or 
setting (inpatients versus outpatients).

A further limitation of this review is that gender-strat-
ified data are not reported in most of the studies, making 
them unusable in the current meta-analysis. Although 
programs described patients as ART-naïve, many people 
who present to HIV service as ART-naïve patients may in 
fact be ART-experienced but have been out of care and 
are re-presenting as though they have never been in care 
before. Meta-analysis assumes that the data from con-
tributing studies are independent of each other. However, 
there may be overlap in the patients summarized in the 
included studies, especially for those longitudinal studies 
using HIV program data, thus violating the assumption 
of data independence required for meta-analysis, intro-
ducing bias to the overall estimate, and that results would 
be biased towards the results of those patients included 
more than once.

Implications for practice and future research
The current evidence suggests that the proportion of 
AHD among ART-naïve patients has declined over 
time (during the observed period) but remains consis-
tently high. Therefore, CD4 count measurements remain 
important to identify people with AHD despite the intro-
duction of the treat-all guidelines in 2016. These find-
ings highlight the ongoing need for baseline CD4 count 
measurement to identify a large number of patients with 
AHD among ART-naïve patients, in order to provide 
differentiated models of care for this group of patients 
[5], guide prophylaxis against opportunistic infections 
(severe bacterial infections, TB and cryptococcal dis-
ease), and reduce mortality [41, 45–48]. Our findings also 
emphasize the importance of maintaining CD4 count 
testing capacity and infrastructure if donor funding for 
the CD4 measurement is reduced as global efforts priori-
tize the scale-up of VL monitoring in LMICs.

Capacity building and training for healthcare workers 
are also needed to quickly identify and timeously treat 
patients who are critically ill to save lives. This includes 
addressing health care workers’ attitude to be welcoming 
and understanding to patients re-engaging back into care.

Further research priorities should focus to assess the 
impact of universal test and treat guidelines on CD4 
count testing at ART initiation among adults. Further 
research is needed on evaluating long-term outcomes 
among ART-naïve patients with advanced HIV disease 
pre- and post-universal test and treat guidelines under 
field conditions.

Conclusion
Despite progress in making ART available to millions 
of PLHIV in South Africa, the burden AHD among 
ART-naive and ART-experienced patients remains con-
sistently high. This is despite South Africa having a well-
established ART program with excellent population-level 
coverage. Our findings highlight that CD4 cell count 
measurement remains an essential component of HIV 
care and is critically important in identifying individu-
als with low CD4 counts and enabling differentiated care 
focused on reducing the high morbidity and mortality 
in this vulnerable patient group. These results empha-
size the importance of expanding HIV testing and timely 
linkage to care, to promote early ART initiation. There 
is a need to programmatically improve and decentralize 
screening for AHD at primary health clinics.
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