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Background. The late recognition of virologic failure (VF) places persons with HIV in Sub-Saharan Africa at risk for HIV trans-
mission, disease progression, and death. We conducted a systematic review and meta-analysis to determine if the recognition and
response to VF in the region has improved.

Methods. We searched for studies reporting CD4 count at confirmed VF or at switch to second-line antiretroviral therapy
(ART). Using a random-effects metaregression model, we analyzed temporal trends in CD4 count at VF—or at second-line ART
switch—over time. We also explored temporal trends in delay between VF and switch to second-line ART.

Results. We identified 26 studies enrolling patients with VF and 10 enrolling patients at second-line ART switch. For studies
that enrolled patients at VE pooled mean CD4 cell count at failure was 187 cells/mm’ (95% CI, 111 to 263). There was no signifi-
cant change in CD4 count at confirmed failure over time (+4 cells/year; 95% CI, -7 to 15). Among studies that enrolled patients at
second-line switch, the pooled mean CD4 count was 108 cells/mm’ (95% CI, 63 to 154). CD4 count at switch increased slightly over
time (+10 CD4 cells/year; 95% CI, 2 to 19). During the same period, the mean delay between confirmation of VF and switch was 530

days, with no significant decline over time (-14 days/year; 95% CI, -58 to 52).

Conclusions.
tween VF and second-line switch.
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VF in Africa remains an event recognized late in HIV infection, a problem compounded by ongoing delays be-
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Delayed recognition and response to antiretroviral therapy
(ART) virologic failure in Sub-Saharan Africa places persons
with HIV (PWH) in the region at increased risk for onward HIV
transmission, disease progression, and death [1-5]. The causes
of late detection are multiple but include suboptimal use of viral
load monitoring in routine follow-up care and delays in the
confirmation of HIV viremia; most national algorithms require
2 consecutive values >1000 copies/mm” to establish virologic
failure. An additional factor is that patients develop virologic
failure as a result of challenges in adhering to treatment and
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care these challenges can also undermine prompt detection and
response [6-8].

We conducted a systematic review and meta-analysis to de-
termine the extent to which virologic failure remains a diag-
nosis made late in HIV disease in Sub-Saharan Africa, with
the associated increased risk of poor outcomes that late rec-
ognition of ART failure entails. We investigated this question
by assessing temporal trends in CD4 cell count at the time of
virologic failure and temporal trends in CD4 cell count at the
time of switch to second-line ART. Further, we sought to deter-
mine if the time delay between virologic failure and switch to
second-line ART in Sub-Saharan Africa has improved.

METHODS

Data Sources and Search Strategy

We performed this systematic review in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [9]. We searched PubMed
(Supplementary Figures 1 and 2) to identify articles published
between January 2002 and December 2020 that reported
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CDA4 cell count at virologic failure during first-line ART or at
second-line switch among PWH in Sub-Saharan Africa. An
initial search was conducted in January 2018 and updated in
January 2021. In addition, relevant reviews were screened for
the identification of additional individual studies. Based on the
United Nations geoscheme, we included studies performed in
countries from the region of Sub-Saharan Africa [10]. There
were no language restrictions. All citations were imported into
Covidence, online software designed to support meta-analysis
abstract management [11].

Study Selection and Data Extraction

We included observational studies that met all the following
criteria: (1) included >30 participants, (2) included PWH re-
ceiving ART in any country in Sub-Saharan Africa, (3) and re-
ported a summary measure of CD4 cell count at the time of
virologic treatment failure or at second-line ART switch fol-
lowing virologic failure. The primary search focused on patients
experiencing first-line ART virologic failure (Supplementary
Figure 1), and the secondary search focused on patients iden-
tified at the time of second-line ART switch (Supplementary
Figure 2).

Because our aim was to estimate CD4 cell count at the time
of these events in programmatic settings, we excluded random-
ized clinical trials. We also excluded case reports, case—control
studies, and cross-sectional studies (ie, studies of patients who
were tested for virologic failure at a single point in time). We
excluded studies of both adults and children that did not re-
port disaggregated estimates by age, studies that limited inclu-
sion to participants on the basis of a specified CD4 cell count
threshold (eg, CD4 cell count <200 cells/mm?), studies limited
to participants with evidence of ART drug resistance (and ex-
cluding those without resistance) or participants experiencing a
life-threatening event such as an infection, and studies that de-
fined treatment failure without providing data on viral load. For
studies that included data overlapping with publications in our
search, we included the report with the larger sample.

Titles, abstracts, and full-text articles were reviewed by 2 au-
thors (K.J.B., R.M.) using a standardized tool. The following data
were extracted by a single author into Microsoft Excel (version
16.50 for Mac, Microsoft Corporation): country, year of pub-
lication, year(s) of the study, median age, proportion female,
setting (urban, rural, or both), clinic type, sample size, median
CD#4 cell count at virologic failure or at second-line ART switch
after failure, basis of treatment failure and frequency of viral
load monitoring, and time to switch (in days).

Data Synthesis and Analysis

The main summary measures extracted from each included
study were median and interquartile range (IQR) of the CD4
cell count at failure (or at second-line ART initiation). In
order to pool CD4 cell counts across studies, we first estimated

standard errors from the IQR [12]. Means and standard errors
were pooled using random-effects models in Stata (version 16,
College Station, TX, USA). We reported pooled mean CD4 cell
counts with standard errors and 95% confidence intervals. We
also used a random-effects metaregression model to estimate
trends in CD4 cell count at virologic failure and at second-line
switch using the meta set and meta regress commands in Stata; we
reported the change in CD4 cell count over time with standard
errors (Figure 2 and 3) and a 95% CI. Sensitivity analyses of
CD4 cell count at virological failure were performed using a
random-effects metaregression model; the subgroups evaluated
were (1) studies that accrued patients over >36-month periods
vs shorter accrual periods, (2) studies from South Africa vs
other countries, and (3) studies from dedicated ART clinics vs
other clinic types. CD4 cell count and 95% CI for all studies and
for subgroups are shown in a forest plot; the forest plot was cre-
ated using GraphPad Prism, version 9, for Windows (GraphPad
Software, La Jolla, CA, USA) (Figure 4). For the 8 studies that
reported time (in days) from treatment failure to switch, we
used a random-effects model to report mean time (+/-SE) in
days from virologic failure to switch (Figure 5). Data on publi-
cation and study characteristics were analyzed, and mean CD4
cell counts were plotted using R, version 4.0.4. For pooled mean
CD4 cell counts in Table 1, means were pooled and 95% con-
fidence intervals were generated using the meta set and meta
forestplot commands in Stata.

To assess how programmatic responses to treatment failure
have changed over calendar time, we conducted an exploratory
analysis in the subset of studies that reported the time between
detection of virologic failure and switch to second-line ART. We
fit a random-effects metaregression model in Stata specifying
the duration of time as the dependent variable and calendar
year as the explanatory variable, and each study contributed a
weighted estimate based on the mean and standard deviation of
days in the cohort between failure and second-line ART switch.
For studies where only medians were reported, means and
standard deviations were estimated [13, 14].

The protocol for this meta-analysis was not registered in ad-
vance, and ethics approval was not sought.

RESULTS

Among 3803 initial abstracts screened, 254 articles were re-
viewed for full-text eligibility. Among studies that underwent
full-text review, 216 of 254 studies were excluded. Thirty-six
studies met the eligibility criteria and were included for review
and spanned the period from 2009 to 2020 (Figure 1).

Study Characteristics

Studies from South Africa, Uganda, and Nigeria comprised the
majority (53%; n =19) of those included (Table 1). The me-
dian sample size of studies that identified patients at the time
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Table 1.

CD4 Cell Count at Virologic Failure or at Switch to Second-Line ART, Overall and by Country, in Sub-Saharan Africa

Characteristic

Participants Identified at Time of Virologic Failure

Participants Identified at 2nd-Line ART Switch

No. of Sample Size, aCD4 Cell Count, No. of Sample Size, “CD4 Cell Count, Cells/
Articles (%) No. (%) Cells/uL, Mean (95% Cl) Articles (%) No. (%) uL, Mean (95% Cl)

Total sample 26 (100) 9883 (100) 213 (181 to 246) 10 (100) 4306 (100) 158 (128 to 188)
Country of origin

South Africa 7 (27) 8465 (86) 178 (138 to 219) 3 (30) 1529 (36) 187 (170 to 204)

Cameroon 2(7.7) 175 (2) 131 (71 to 191) -

Ethiopia 1(3.8) 15 (0.2) 387 (299 to 426) = = -

Guinea-Bissau 1(3.8) 36 (0.4) 217 (157 to 310) -

Kenya 2 (77) 89 (0.9) 117 (91 to 144) - = =

Lesotho 1(3.8) 138 (1) 351 (182 to 520)

Mali 1(3.8) 84 (0.8) 292 (6 to 1319) = - -

Malawi - - 1(10) 106 (2) 65 (22 to 173)

Mozambique 1(3.8) 48 (0.5) 234 (113 to 322) = = -

Nigeria - - 4 (40) 871 (20) 144 (70 to 218)

Senegal 1(3.8) 79 (0.8) 340 (178 to 481) - - -

Swaziland 1(3.8) 78(0.8) 254 (167 to 394) - -

Tanzania 1(3.8) 63 (0.6) 334 (134 to 549) 1(10) 1760 (41) 205°

Uganda 4 (15) 317 (3) 223 (154 to 292) 1(10) 40 (1) 108 (43 to 205)

Zambia 2(77) 233 (2) 129 (116 to 142) - = =
Study included mul- 1(3.8) 63 (0.6) 232 (128 to 324) -

tiple countries®

Abbreviations: ART, antiretroviral therapy; IQR, interquartile range.

“For countries with >1 study, mean CD4 cell count and 95% CI were reported; for countries with 1 study, median CD4 cell count and IQR are shown as reported in the publication.

®This study reported mean CD4 and standard deviation only.

of virologic failure and at second-line ART switch (IQR) was 74
(55-124) and 186 (106-269), respectively. Sixty-one percent of
studies took place in urban settings (n = 22), 22% took place in
rural settings (n = 8), 8% included patients from both (n = 3),
and 8% did not report (n = 3). Fifty-eight percent of studies en-
rolled participants over a period of <36 months (n = 21). Fifty-
three percent of studies took place in dedicated ART clinics
(n =19), 36% in hospital-based clinics (n = 13), 8% did not re-
port or involved multiple clinic types (n = 3), and 3% took place
in a primary health clinic (n = 1). In 44% of studies, virologic
failure was defined as 2 viral loads >1000 copies/mL (n = 16);
however, 28% of studies used a single viral load >1000 copies/
mL (n = 10). Fifty percent of programs monitored viral loads
every 6 months (n = 18), and 50% used a strategy involving less
frequent testing (n = 18).

Pooled CD4 Cell Counts

For studies that identified patients at the time of confirmed
virologic failure (n = 26), the pooled mean CD4 cell count at
failure was 187 cells/mm® +/- 39 (95% CI, 111 to 263), and
during the period between 2009 and 2020, the CD4 cell count at
the time of virologic failure did not increase significantly over
time (+4 cells/mm?® +/- 6 per year; 95% CI, -7 to 15) (Figure 2).
Among the studies (n = 10) that enrolled patients at the time of
second-line ART switch after virologic failure, the pooled mean

CD4 cell count was 108 cells/mm? +/- 23 (95% CI, 63 to 154).
During the period from 2009 to 2020, we found that CD4 cell
count at second-line switch increased slightly (+10 CD4 cells/
mm’® per year; 95% CI, 2 to 19; P < .05) (Figure 3).

Sensitivity Analyses

We sought to assess if a temporal trend in CD4 cell count
at virologic treatment failure could have been obscured by
pooling studies that enrolled participants over longer time
periods. We found that studies with a >36-month inclusion
period and studies with a <36-month inclusion period had
a pooled mean CD4 count of 200 cells/mm”* (95% CI, 122 to
278) and 144 cells/mm” (95% CI, -20 to 307), respectively. For
studies with a <36-month inclusion period, we found that CD4
cell count at the time of virologic failure did not increase sig-
nificantly over time (+12 cells/mm’ +/- 11 per year; 95% CI,
-10 to 35) during the period from 2009 to 2020. For studies
with a >36-month inclusion period, we also found that CD4
cell count at the time of virologic failure did not increase sig-
nificantly over time (-1 cells/mm’ +/- 6 per year; 95% CI, ~13
to 10) during the period from 2009 to 2020. We also examined
CD4 cell count at virologic failure by study origin and clinic
type. For the first analysis, we compared South African with
non-South African studies. Studies from South Africa had a
pooled CD4 cell count of 162 cells/mm® (95% CI, 88 to 235);
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Figure 1.
ART in Sub-Saharan Africa. Abbreviations: ART, antiretroviral therapy; VL, viral load.
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Flowchart for search and selection strategy for studies in the meta-analysis of CD4 cell count at virologic treatment failure and at time of switch to second-line

studies from other countries had a pooled CD4 cell count of
230 cells/mm?® (95% CI, 88 to 372). In the second analysis, we
compared studies reporting CD4 cell count at virologic failure
from dedicated ART clinics vs other clinic types. Studies from
dedicated ART clinics had a pooled CD4 cell count of 186 cells/
mm’ (95% CI, 79 to 293); studies from other clinic types had
a pooled CD4 cell count of 193 cells/mm” (95% CI, 64 to 323)
(Figure 4). Further, we found no evidence of temporal im-
provement in CD4 cell count at treatment failure by study or-
igin or by clinic type, as defined above.

Time From Confirmed Virologic Failure to Second-Line ART Switch
Among the 8 studies that presented data describing time from
confirmation of virologic failure to switch to second-line ART,
we estimated a mean delay of 530 days between the 2 events,
without evidence of an improvement with increasing calendar
time (14 fewer days per each passing year since 2009; 95% CI,
-81 to 52) (Figure 5).

DISCUSSION

Our systematic review provides evidence that in Sub-Saharan
Africa the CD4 cell count at the time of identification of
virologic failure—and at switch to second-line ART—has not
meaningfully changed over more than a decade. We found, in
exploratory analysis, that the number of days from virologic
failure to second-line ART switch remains quite prolonged, at
~530 days, well beyond the interval recommended by interna-
tional guidelines, with no evidence of a significant improve-
ment since 2009 [15].

Delayed diagnosis of virologic failure in African settings
could result from a variety of causes. First, while viral load
monitoring is part of many public sector HIV programs, the im-
plementation has proven challenging. Despite the existence of
viral load monitoring in a growing number of countries, a sub-
stantial proportion of patients in longitudinal HIV care do not
benefit from routine viral load testing [6]. Second, impeding
prompt recognition is the requirement that virologic failure be
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Mean CD4 cell count (+/-SE) at treatment failure, 2009—2020
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Figure 2. Mean CD4 cell count (cells/uL) among HIV patients at virologic failure, by country, for studies during the period of 2009-2020. There were no studies that re-
ported CD4 cell counts at the time of switch to second-line ART between 2018 and 2020. One study from 2014 only reported mean and no standard deviation, represented
by a circle. Abbreviation: ART, antiretroviral therapy.

Mean CD4 cell count (+/-SE) at switch to 2nd-line ART, 2009-2020
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Figure 3. Mean CD4 count (cells/pL) +/-SE among HIV patients at the time of second-line ART switch, by country, for studies during the period of 2009-2020.
Abbreviation: ART, antiretroviral therapy.
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CD4 cell count at treatment failure, overall and subgroups
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Figure 4. Sensitivity analysis of mean CD4 count (95% Cl) at virologic failure
by country of origin (South Africa vs other) and clinic type (dedicated ART clinic vs
other types). Abbreviation: ART, antiretroviral therapy.

defined—in most national treatment guidelines—as persistent
viremia across 2 time points. This requirement, while reducing
some unnecessary second-line ART switching, introduces
an inherent delay in establishing treatment failure. Third, the
health care worker responsible for responding to elevated viral
load values has not, in some clinics, been clearly identified [16].
This responsibility is critical because an elevated viral load re-
quires a deliberate set of interventions, including a return visit,
an adherence intervention, and repeat viral load testing, which,
our research demonstrates, currently plays out over not weeks—
as was anticipated in treatment guidelines—but months. Once
virologic failure is confirmed, clinician concerns about adher-
ence to the next regimen and about exhausting second-line

ART options when access to salvage regimens is limited can
contribute to a delay in switching. Additionally, switch can be
delayed because patients with treatment failure, compared with
patients who remain undetectable, are more likely to miss clinic
visits and cycle in and out of care, making rapid switch after
persistently elevated viral load values difficult to quickly exe-
cute [17, 18].

Our findings have considerable implications for clinical prac-
tice and program implementation. For the individual patient
receiving first-line ART in Sub-Saharan Africa, the findings
suggest that, if virologic failure occurs, it is likely that it will be
identified in the setting of relatively advanced HIV infection,
that a change to second-line ART after confirmed virologic
failure will follow a substantial time delay, and that a switch to
second-line ART—if available—will take place at a time of even
greater immune suppression. During this period, an individual
patient will be at increased risk for opportunistic infection and
death, given a concomitant depressed CD4 cell count and on-
going viral replication [2-5].

How can viral load testing be utilized more effectively?
Although viral load testing clearly improves the quality of HIV
care, health services research is needed to help direct how to de-
ploy it better. For example, a marked improvement in viral load
testing rates was observed in clinics in South Africa that de-
ployed a nurse-led “viral load champion” program [16]. Using
this approach, overall detection of virologic treatment failure
improved rapidly in a programmatic setting without addi-
tional human resources. Another promising line of operational

Mean time (+/-SE) from treatment failure to switch to 2nd-line ART, 2009-2020
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Figure 5. Mean time (+/-SE) from virologic failure to switch to second-line ART, in days, among HIV patients by country. Abbreviation: ART, antiretroviral therapy.
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research in this area involves task sharing. When enrolled
nurses were given the responsibility for ART prescribing, moni-
toring, and second-line ART switch—using point-of-care viral
load in South Africa—viral suppression outcomes and retention
in HIV care improved [19]. Additional investments in imple-
mentation research are needed to ensure that the systems are in
place to fully realize the benefits of viral load monitoring.

Earlier identification of virologic failure and a timelier
switch to second-line ART may also result from other impor-
tant changes to the diagnostic and treatment landscape. Recent
modeling suggests that for patients receiving an efavirenz-based
ART, regimen switch after a single viral load >1000 copies/
mL could avoid ~10 215 deaths annually in South Africa [20],
and these findings support recent guidelines issued by the
World Health Organization recommending a single viral load
switch for patients on an non-nucleoside reverse transcriptase
inhibitor-based regimen [21]. Where available, drug resistance
testing could also help with more rapidly assigning patients to
either an accelerated switch pathway in the presence of signif-
icant antiretroviral resistance or to continue an existing active
regimen [22]. Finally, the rollout of dolutegravir-based ART
may reduce the overall burden of treatment failure in the region
[23].

Our findings should be interpreted with some limitations in
mind. First, several studies included in our meta-analysis en-
rolled patients over a multiyear period, potentially obscuring
trends in CD4 cell count at the time of virologic failure or at
switch that may have been evident if the inclusion periods were
narrower [24]. Following previous work, we addressed this po-
tential aggregation bias by analyzing studies with shorter inclu-
sion periods separately and found no evidence of differential
trends when we plotted the 2 types of studies (short vs long in-
clusion periods) separately [25]. Second, since the initial ART
rollout, public health authorities have increased the recom-
mended CD4 cell count at which ART is initiated in treatment-
naive patients, with initiation irrespective of CD4 cell count
now almost universally adopted. Although these changes could
theoretically have had an impact on the CD4 cell count at
which ART treatment failure is identified, summary data sug-
gest that changes in these thresholds have had only a modest
impact on the actual CD4 cell count at ART initiation and, as
we show, on CD4 cell count at virologic failure [25, 26]. Third,
since we utilized IQR to estimate standard errors for CD4 cell
counts, greater precision in calculating standard errors could be
achieved if minimum and maximum values were also reported
in studies [12]. This is a limitation in the published literature be-
cause studies generally report the median and IQR, rather than
the mean with minimum and maximum values. Fourth, we
searched a single database, PubMed, and did not search the gray
literature or unpublished abstracts. Finally, only a subgroup of
studies provided estimates of time between virologic failure and
second-line ART switch; thus, we were unable to estimate with

high confidence trends over time in switch delay, and we there-
fore present these findings as exploratory.

CONCLUSIONS

Prolonged virologic failure poses a threat to patients with HIV
infection in Africa largely because, under current conditions,
it is unlikely to be recognized until late in HIV disease and is
compounded by a substantial delay before second-line ART
switch. Although some HIV programs have achieved a high
level of viral load coverage among patients in active follow-up,
this scale-up has less value to patients or the health system if it
is not partnered with effective longitudinal care [27]. Clearly
additional investment in health services research is needed to
investigate novel strategies to improve the recognition and re-
sponse to virologic failure. Addressing these challenges will
be key to improving the quality of long-term HIV care and
avoiding unnecessary on-treatment HIV transmission, mor-
bidity, and mortality.
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