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Abstract 

Background: In 2016, we conducted a systematic review to assess the feasibility of treatment monitoring for people 
living with HIV (PLHIV) receiving antiretroviral therapy (ART) in low and middle-income countries (LMICs), in line with 
the 90-90-90 treatment target. By 2020, global estimates suggest the 90-90-90 target, particularly the last 90, remains 
unattainable in many LMICs. This study aims to review the progress and identify needs for public health interventions 
to improve viral load monitoring and viral suppression for PLHIV in LMICs.

Methods: A literature search was conducted using an update of the initial search strategy developed for the 2016 
review. Electronic databases (Medline and PubMed) were searched to identify relevant literature published in English 
between Dec 2015 and August 2021. The primary outcome was initial viral load (VL) monitoring (the proportion of 
PLHIV on ART and eligible for VL monitoring who received a VL test). Secondary outcomes included follow-up VL 
monitoring (the proportion of PLHIV who received a follow-up VL after an initial elevated VL test), confirmation of 
treatment failure (the proportion of PLHIV who had two consecutive elevated VL results) and switching treatment 
regimen rates (the proportion of PLHIV who switched treatment regimen after confirmation of treatment failure).

Results: The search strategy identified 1984 non-duplicate records, of which 34 studies were included in the review. 
Marked variations in initial VL monitoring coverage were reported across study settings/countries (range: 12–93% 
median: 74% IQR: 46–82%) and study populations (adults (range: 25–96%, median: 67% IQR: 50–84%), children, 
adolescents/young people (range: 2–94%, median: 72% IQR: 47–85%), and pregnant women (range: 32–82%, median: 
57% IQR: 43–71%)). Community-based models reported higher VL monitoring (median: 85%, IQR: 82-88%) compared 
to decentralised care at primary health facility (median: 64%, IRQ: 48-82%). Suboptimal uptake of follow-up VL moni-
toring and low regimen switching rates were observed.

Conclusions: Substantial gaps in VL coverage across study settings and study populations were evident, with limited 
data availability outside of sub-Saharan Africa. Further research is needed to fill the data gaps. Development and 
implementation of innovative, community-based interventions are required to improve VL monitoring and address 
the “failure cascade” in PLHIV on ART who fail to achieve viral suppression.
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Background
In 2014, UNAIDS launched the 90-90-90 treatment tar-
get: by 2020, 90% of all people living with HIV (PLHIV) 
know their status, 90% of all people diagnosed with HIV 
infections receive antiretroviral therapy (ART) and 90% 
of all people on ART have suppressed viral load [1]. Evi-
dence from a large body of research demonstrates that 
ART can improve the health of PLHIV and stop onward 
transmission [2–4]. Modelling data suggests achiev-
ing the 90-90-90 target, which means having 73% of all 
PLHIV virally suppressed, coupled with scaling up other 
prevention measures, could reduce new HIV infection 
and HIV-related death worldwide by 90% between 2010 
and 2030 [5]. On the basis of this evidence, universal 
HIV testing and treatment in a broader health system 
approach has been identified as a key strategy for ending 
the epidemic by 2030, even in the absence of an effective 
vaccine [6].

In low and middle-income countries (LMICs), there 
has been an intense focus on scale-up of ART programs 
to increase treatment coverage in PLHIV through decen-
tralisation of HIV services [7–9]. Global estimates indi-
cate a significant increase in the number of PLHIV with 
access to ART over the past decade: from 6.4 (95% uncer-
tainty intervals (UIs) 5.9–6.4) million in 2009 to 25.4 
(95% UIs 24.5–25.6) million by the end of 2019, with 
95% of people taking ART residing in LMICs [10, 11]. 
Decentralised HIV care, with services delivered at pri-
mary care level, is feasible and can improve patient access 
and adherence to HIV treatment whilst maintaining high 
quality of care in various settings [12–14]. However, there 
is legitimate concern about the sustainability of ART pro-
grams in LMICs without substantial financial and techni-
cal support from international donors and implementing 
partners [15, 16]. An increase in ART coverage means 
a greater need for treatment monitoring to ensure pro-
gram effectiveness and efficiency. Treatment monitoring, 
however, requires substantial infrastructure, supply chain 
management system, financial and human resources, 
which are already scarce in many decentralised settings 
[17].

In 2016, we conducted a systematic review to assess the 
feasibility of ART monitoring for PLHIV in the context of 
decentralised HIV treatment and care in LMICs [18]. The 
conclusions were as follows: (1) There were limited pub-
lished data on the coverage of treatment monitoring, par-
ticularly viral load (VL) monitoring for PLHIV on ART in 
real-world settings; (2) There were potential gaps in the 
coverage and quality of treatment monitoring services 
across countries and regions; (3) There was an urgent 
need to strengthen treatment monitoring (particularly 
VL monitoring) to improve the HIV continuum of care 
in LMICs; and (4) Point-of-care (POC) diagnostics could 

play an important role in scaling up and improving the 
quality of treatment monitoring for PLHIV on ART in 
decentralised settings.

Despite continuous gains in access to testing and treat-
ment since 2015, the ambitious 90-90-90 treatment tar-
get, particularly the last 90, remains unattainable in many 
LMICs [19]. Reaching the new 95-95-95 target in 2030 
will be an uphill task for these countries. To make mean-
ingful progress towards this treatment goal will require 
much greater use of VL monitoring – the gold standard 
approach for assessment of HIV treatment at individual, 
program and population levels. The objectives of this 
study were to: (1) outline the current state of research 
and progress on VL monitoring for PLHIV on ART in 
decentralised settings in LMICs, and (2) identify gaps in 
research and the needs for public health interventions 
to improve VL monitoring coverage and quality of HIV 
treatment programs for PLHIV in LMICs.

Methods
The study was designed and reported in accordance with 
the Preferred Reporting Item for Systematic Reviews 
and Meta-Analyses (PRISMA) statement [20]. The ini-
tial search strategy developed for the 2016 review was 
used to search MEDLINE for articles published from 1 
to 2015 (end date of prior search) to 31 May 2020. The 
search strategy is available online [18]. In addition, a Pub-
Med search was conducted using following search terms: 
“HIV”, “routine viral load”, and “viral load monitoring” for 
the same period (1 December 2015–31 May 2020) with 
an updated search conducted in August 2021. Bibliog-
raphies of all articles included for full-text review were 
searched manually to identify relevant studies.

Prior to July 2021, WHO recommended that patients 
with elevated VL (≥ 1000 copies/ml) should be given 
enhanced adherence consultation (EAC) followed by 
a repeat VL test within 3–6 months of the initial VL. 
If the repeat VL remains greater than 1000 copies/ml, 
treatment failure is confirmed and patients should be 
switched to second-line ART [21]. For the purpose of 
this review, the following outcomes of interest were pre-
defined:  Primary outcome: Initial VL monitoring (the 
proportion of PLHIV active on first-line ART (the main 
treatment option available at decentralised settings in 
LMICs) and eligible for VL monitoring who receive a 
VL test for treatment monitoring purposes). Second-
ary outcomes include: (i) Follow-up VL monitoring (the 
proportion of PLHIV on ART who received a follow-up 
VL test following an initial elevated VL as defined by 
included studies); (ii) Confirmation of treatment failure 
(the proportion of PLHIV on ART with two consecutive 
elevated VL results among those who received a follow-
up VL test) and; (iii) Switching treatment regimen (the 
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proportion of PLHIV on ART switching treatment regi-
men among those with confirmed treatment failure as 
defined in included studies). 

To be included in this review, studies must meet the 
following inclusion criteria: (1) was conducted in LMICs; 
(2) involved PLHIV receiving first-line ART and eligi-
ble for VL monitoring; (3) involved decentralised HIV 
treatment and care, defined as having treatment and 
treatment follow-up provided in non-hospital settings – 
primary health care facilities or community-based health 
care services; and (4) reported the primary outcome of 
interest. Only studies published in English were included.

Data were extracted electronically using a pre-defined 
data extraction form. The following information was 
extracted: study details (first author and year of publi-
cation, study design and data source, study population, 
study sites/locations, study period and study objective); 
VL testing model; external funding and/or technical sup-
ports received and outcome of interests. Information on 

treatment regimen and VL threshold for definition of 
elevated VL and treatment failure were also extracted, 
if reported. Data on outcomes of interest are presented 
by time point or follow-up period as per the included 
studies. Outcomes by model of care (community-based 
vs. primary health care) and subgroups of study popula-
tion (e.g., children, adolescent, pregnant women, etc.) are 
extracted (if reported) and presented to enable data com-
parison. Descriptive statistics were applied to describe 
the outcomes of interest across countries and study set-
tings, study populations and models of care.

Results
The search strategy yielded 1984 records after removal 
of duplicates. Screening titles and abstracts identified 66 
studies for full-text examination, of which 32 studies met 
the inclusion criteria and were included. Bibliography 
review identified two additional studies, making a total of 
34 studies included in the review (Fig. 1).

Fig. 1 Study selection process
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Twenty-nine of the 34 included studies were conducted 
in and/or had data collected from sub-Saharan Africa 
(SSA) countries, including South Africa [22–32], Zimba-
bwe [33–36], Rwanda [37, 38], Lesotho [39], Swaziland 
[40], Senegal [41], Malawi [42], Democratic Republic of 
Congo [43], Kenya [44], Mozambique [45] and Uganda 
[46–48]. Twenty studies were designed to assess VL 
monitoring or VL cascade in PLHIV on ART with long-
term follow-up of > = 12 months and large sample sizes 
(> 500). Most (28/34) studies used routinely collected 
program data in real-world settings, with seven studies 
focusing on children, adolescent and young people aged 
0–24 years, four studies on pregnant women. One study 
reported data from 18 LMICs in Asia and Africa over 12 
year-period (2006–2018) [49] and one study was con-
ducted among HIV infected incarcerated people [50] at 
three correctional complexes in South Africa and Zambia 
(Table 1).

Wide ranges of VL monitoring coverage in program 
settings were observed. Studies of adults/patients of all 
ages, children, adolescents (aged 0–19 years) and young 
people (aged < 25) years), and pregnant women reported 
VL coverage of 25–96% (median: 67% interquartile range 
IQR: 50-84%), 2–94% (median: 72%, IQR: 47-85%) and 
32–82% (median: 57%, IQR: 43-71%), respectively. Stud-
ies include community-based care models reported 
higher initial VL monitoring coverage (median: 85%, 
IQR: 82-88%) compared to decentralised care at pri-
mary health facility (median: 64%, IRQ: 48-82%) (Fig. 2). 
Reported proportions of patients on first-line ART who 
received a first VL monitoring test within 6–12 months 
of ART initiation ranged from 12% [49] to 94% [31] 
(median: 74%, IQR: 46-82%). Similarly, reported annual 
uptake of VL monitoring varied across countries, from 
25% in Zimbabwe [36] to 94% in Kenya [44] (median: 
66%, IQR: 47-87%) (Table 2).

Of 11 studies from South Africa, four were conducted 
in Cape Town, reporting relatively high VL coverage 
of 72–89% [23, 25–27]. Studies with interventions to 
improve quality of ART program had a VL coverage of 
> 90% whilst other studies reported a VL range of 25-81%. 
Of the 17 studies conducted in other SSA countries, 10 
studies (59%) reported funding and/or technical support 
from international donors/implementing partners for 
implementation of ART and/or VL monitoring programs. 
Two of four studies from Zimbabwe with donors’ support 
reported VL coverage at 63% [35] and 91% [33], whilst 
the others (with no external funding/technical support) 
reported VL coverage of 32% [34] and 25% [36]. Two 
studies reported coverage by sites, enabling a compari-
son between VL monitoring in decentralised care versus 
centralized/hospital care. A study conducted in Malawi 
reported slightly higher VL coverage at decentralised 

clinics (with direct support from Médecins Sans Fron-
tières – MSF) than district hospitals (86% vs. 82%) [42]. 
In contrast, a study at public health facilities in Zimba-
bwe reported a significantly lower uptake of VL testing at 
rural health clinics (26.5%) than hospital settings (44.6%) 
[34].

Of five studies in Asia, three were conducted in Myan-
mar using national HIV program data and reported a 
range of VL coverage from 34% [53] to 57% [52, 55]. Two 
other studies were conducted in research contexts where 
VL testing was historically not available: one reported 
the outcomes of an intervention project to improve the 
cascade of care among key populations in Indonesia [54], 
and the other was a trial designed to assess the feasibil-
ity of dried blood spot (DBS) use for VL monitoring in 
remote regions in Vietnam [51]. Free VL testing was pro-
vided to study participants, and coverage was 71–73% at 
6 months after ART initiation.

Thirteen studies provided data on the proportion of 
patients on ART receiving a follow-up VL test after an 
initial elevated VL (follow-up VL monitoring). Overall, 
the coverage for follow-up VL monitoring was lower than 
that of initial VL monitoring with nine out of 13 studies 
reporting gaps of 2–48% points (Table  2). The reported 
coverage also varies across study settings and countries, 
from 25 to 88% (median 65.5%, IQR: 38–77%). Eleven 
studies reported the outcomes of follow-up VL moni-
toring, and the proportions of patients with two con-
secutives elevated VL measurements (confirmation of 
treatment failure) varied from 26 to 83%, with a median 
of 62% (IQR: 49.5–74.5%). The reported proportion of 
patients switching to second-line ART after confirmation 
of treatment failure also varied, ranging from 18 to 85% 
(median 45%, IQR: 36–71%).

Discussion
The findings of this review demonstrate an increasing 
interest in research on VL monitoring and VL cascades 
for PLHIV receiving treatment at decentralised settings 
in LMICs over the past six years. Nearly 60% (20/34) of 
the included studies were specifically designed to evalu-
ate the implementation and/or reported the outcomes 
of VL monitoring program for PLHIV on ART. Most of 
these studies were published in 2019–2021. This rep-
resents a substantial increase in the number of studies 
focused on VL monitoring compared to our previous 
review [18], with only two of 21 included studies assess-
ing the coverage of treatment/VL monitoring services 
for PLHIV on ART. Recent global estimates showed 
that whilst the number of PLHIV who know their HIV 
status and the number of PLHIV who are on treatment 
increased steadily between 2015 and 2018, the propor-
tion of PLHIV with viral suppression has remained 
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stable with substantial variations across regions and 
many LMICs lagging behind[19]. Insufficient access to 
VL testing, lack of appropriate action on VL results and 
lack of access to second and third ART regimens were 
key barriers in translating significant gains in knowledge 
of HIV status and treatment coverage to viral suppres-
sion among PLHIV in low-resource settings [56].

Consistent with findings from previous studies, the 
results of this review show that there are still significant 
gaps in VL monitoring across countries and regions. 
Studies that reported high VL monitoring coverage and 
use of VL results for patients’ management were con-
ducted in settings with one or more of the following: 
(1) support from international donors and implement-
ing partners; (2) innovative interventions and models of 
service delivery for decentralisation of HIV treatment 
and care, such as “hub and spoke”, “differentiated care” or 
“adherence club”; and (3) research clinics with free HIV 
services, including VL testing, for participants. From 
programmatic perspectives, whilst studies conducted in 
research or program contexts with external funding and 
technical supports may have limited generalizability, the 
finding that community-based models of care, imple-
mented by local government or health authorities, can 
deliver high VL coverage is encouraging, and supports 
the continued scale-up of decentralisation of HIV treat-
ment and care in LMICs.

LMICs face immense financial and implementation 
challenges in provision of HIV treatment and routine 
VL monitoring for PLHIV on ART. External financial 
and technical supports with a multi-sector approach 
are crucial for the set-up and delivery of such services, 

particularly in decentralised settings where VL monitor-
ing was historically unavailable [57]. However, as HIV 
treatment (and VL monitoring) programs mature, such 
interventions and supports must be integrated within the 
local healthcare system to ensure sustainability and long-
term gains. Evidence from this review shows that even 
within a program, clinical sites with more direct sup-
port outperformed others in term of service delivery (VL 
monitoring coverage) and patients’ outcomes (VL sup-
pression) [42]. Therefore, it is critical to strengthen local 
health system capacity to ensure efficient use of available 
resources and maintain desirable outcomes when direct 
external support declines. Operational research is needed 
to identify cost-effective interventions and best practices 
to improve VL outcomes for PLHIV in LMICs.

There was also evidence of a narrow geographical focus 
for research on HIV treatment and VL monitoring pro-
grams with most of the data come from SSA countries. 
Even within SSA, almost all studies included in this 
review were conducted in Eastern and Southern Africa – 
the region with the second-highest point estimate of the 
proportion of people who are virally suppressed among 
all PLHIV (58%, 95%UIs: 50–66%), behind only high-
income countries with well-developed health care sys-
tems in Western and Central Europe and North America 
(64%, 95%UIs: 54–74%) [19]. This raises a concern about 
the dearth of data from countries and regions with lower 
level of VL coverage and viral suppression rate. Our study 
findings call for a renewed focus of financial resources 
and international research efforts in settings with limited 
data available and likely lack of progress in improving VL 
monitoring and viral suppression among PLHIV on ART.

Fig. 2 Proportion of patients with a viral load monitoring test within 6-12 months after ART initiation (median and 95% confidence interval)
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Our findings suggest that research and targeted inter-
ventions are needed to improve VL monitoring coverage 
in vulnerable populations, including children, adoles-
cents and young people, pregnant women and key popu-
lations (KPs) living with HIV.

As HIV treatment programs expand in many LMICs, 
children and adolescents are a priority population for the 
scale-up of VL monitoring to improve quality of care and 
treatment outcomes [58]. The startling variation (2–94%) 
in VL testing coverage among children and adolescents 
identified herein suggests that in some low-resource set-
tings in LMICs, the health care system is unprepared and 
unable to address the needs of this vulnerable population. 
This review found only four studies that report VL moni-
toring in pregnant women receiving care at decentralised 
care settings. The findings are in line with those of pre-
vious studies [59, 60], suggesting suboptimal VL moni-
toring in pregnant women living with HIV on ART, with 
higher coverage in hospital settings [34] and/or programs 
funded by international donor/implementing partners 
[40]. Further research is needed to determine an opti-
mal VL monitoring schedule in this population, develop 
and implement targeted interventions supporting those 
who receive PMTCT and HIV services at decentralised 
settings in LMICs. Ad hoc VL testing (e.g., using POC 
tests) should also be available for targeted VL monitor-
ing as medically indicated or in case turnaround time 
for laboratory test is too long for meaningful clinical 
interventions.

Our review highlights the lack of data on VL monitor-
ing for KPs in real-world settings. Only two studies [46, 
54] reported the proportion of PLHIV on ART receiving 
VL monitoring among members of KPs with high cov-
erage. These data, however, have poor generalizability, 
because levels of dedicated staff and resources would not 
be sustainable outside the research context. Many LMICs 
have concentrated HIV epidemics among KPs. Monitor-
ing VL and level of viral suppression in PLHIV who are 
members of KPs and engage in high-risk behaviours is 
crucial to determine the trajectory of the epidemic. If 
those who do not achieve VL suppression and engage in 
high-risk behaviours are the driving force of HIV trans-
mission in the community [61], then the ultimate goal of 
reducing population-level HIV incidence and ending the 
HIV epidemic will not be achieved [62].

Routine VL monitoring for PLHIV on ART is only 
meaningful if accompanied by the use of VL results for 
appropriate and timely clinical action. The findings of 
this review indicate suboptimal uptake of follow-up VL 
among patients with initial elevated VL (median 66%, 
IQR: 38–77%); high proportion of confirmed treatment 
failure among those patients who had a follow-up VL 
(median 62%, IQR: 50–75%) and a low switching rate 

among those with confirmed treatment failure (median 
45%, IQR: 36–71%). These findings are of particular con-
cern, because they could indicate inadequate EAC and/
or a high level of treatment failure due to drug resistance 
that requires switching the ART regimen. It is known 
that prolonged treatment regimen failure significantly 
increases the risk of multiple drug-resistant mutations 
and compromises the efficacy of second-line ART in 
HIV-infected children [63], adults [64], and pregnant 
women [65]. PLHIV on ART who fail to achieve viral 
suppression enter a “failure cascade” that can jeopard-
ise individual health and the overall effectiveness of HIV 
programs [66]. Operations research and intervention 
strategies are needed to address treatment adherence 
and the failure cascade to preserve the efficacy of first/
second-line ART, thereby avoiding exhausting treatment 
options in LMICs.

This review contributes to a growing body of litera-
ture highlighting the importance of VL monitoring and 
VL cascade analysis for planning, implementation and 
evaluation of HIV treatment programs in the era of “Test 
and Treat” [67–69]. In decentralised settings in LMICs, 
technological and health system challenges occur in each 
step of the cascade. VL measurement is mostly done 
with laboratory assays, and fresh plasma is the preferred 
sample type. However, the cold chain system for blood 
sample transportation and 24-hour time window require-
ments preclude the use of this sample type in rural and 
remote areas. Dried blood spot (DBS) is an alternative 
sampling method, but may reduce the accuracy of VL 
measurement due to the detection of proviral DNA and 
intracellular RNA in whole blood samples, leading to 
over-quantification of viral load result [70]. It is noted 
that in the newly updated WHO guideline [71], a VL cut-
off of 50 copies/ml was added on the treatment monitor-
ing algorithm to identify PLHIV with low-level viremia 
(50-1000 copies/ml). This addition is likely to make the 
use of DBS for routine VL monitoring even more chal-
lenging as the limit of detection of 50 copies/ml, using 
this sampling method, is unlikely to be achieved with 
current VL testing platforms [72].

New sampling technologies [73, 74] have emerged, ena-
bling accurate VL measurement by removing blood cells 
from the plasma component without the need for centrif-
ugation. These are promising alternatives to the DBS as 
they could allow the detection of low-level viremia. How-
ever, further research is needed to determine the limit 
of detection, feasibility, and cost-effectiveness of these 
new devices/methods in real-world settings. New POC 
VL technologies have also become available and have 
the potential to decentralise VL testing. The use of these 
technologies, especially when VL results are more time-
sensitive (such as VL results for breast feeding women 
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and their children, people with an initial elevated VL) 
would be important to enable timely clinical decision and 
improve treatment outcomes. As HIV treatment pro-
grams mature, the number of PLHIV on ART will con-
tinue to increase, as well as the need for VL monitoring, 
second-line [75] and third-line ART [76], even in settings 
with lack of access to drug resistance testing. These chal-
lenges need to be addressed simultaneously and system-
atically to ensure the long-term effectiveness and efficacy 
of HIV treatment in LMICs.

Limitation
This review had several limitations. Only peer-reviewed 
articles published in English were considered, meaning 
grey literature (unpublished and/or non-peer-reviewed 
and/or non-English national/program reports) with data 
on the outcomes of interest (e.g., annual PEPFAR moni-
toring and evaluation reports) was overlooked. The lack 
of data from geographic regions outside of SSA also 
raises a concern about bias and the generalizability of the 
findings. Another limitation is that some of the recently 
published studies report data collected 10–15 years ago 
which may not necessarily represent the recent uptake 
of VL monitoring. However, given the nature of the 
data reported from included studies (e.g., a wide range 
of VL coverage across study settings); these limitations 
are unlikely to affect the results and their interpretation 
substantially. Few studies reported a complete viral load 
cascade (number/proportion of patients with routine 
VL tests, unsuppressed VL, enhanced adherence coun-
selling, follow-up VL and confirmed treatment failure). 
Researchers are encouraged to report on the viral load 
cascade of patients failing first-line ART and patients on 
second-line ART to enable understanding of the magni-
tude of the problem and identify intervention strategies 
and resources required to meet the needs of these vul-
nerable patients.

Conclusions
Since 2016, there has been marked growth in the peer-
reviewed literature on VL monitoring and VL cascade in 
PLHIV in LMICs. Most studies were conducted in SSA 
with significant financial and technical support from 
international/bilateral donors and implementing part-
ners. Available data suggest significant gaps in VL moni-
toring services across countries and geographic regions, 
highlighting the needs to strengthen health system 
capacity for effective and sustainable implementation of 
routine VL monitoring for PLHIV who receive ART at 
decentralised care settings in LMICs. Particular attention 
is needed to rectify the failure cascade to ensure that VL 
monitoring and follow-up clinical actions are taken for 
individuals on ART who fail to achieve viral suppression. 

To advance the global agenda towards ending the HIV 
epidemic by 2030, we must fill the data gaps outside SSA; 
support the development and implementation of targeted 
interventions to improve VL monitoring and the VL cas-
cade among populations at high risk of unsuppressed VL 
but with poor access to HIV treatment and care.
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