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Abstract
Introduction: Routinely monitoring the HIV viral load (VL) of people living with HIV (PLHIV) on anti-retroviral therapy (ART)
facilitates intensive adherence counselling and faster ART regimen switch when treatment failure is indicated. Yet standard
VL-testing in centralized laboratories can be time-intensive and logistically difficult in low-resource settings. This paper evalu-
ates the outcomes of the first four years of routine VL-monitoring using Point-of-Care technology, implemented by M�edecins
Sans Fronti�eres (MSF) in rural clinics in Malawi.
Methods: We conducted a retrospective cohort analysis of patients eligible for routine VL- testing between 2013 and 2017
in four decentralized ART-clinics and the district hospital in Chiradzulu, Malawi. We assessed VL-testing coverage and the
treatment failure cascade (from suspected failure (first VL>1000 copies/mL) to VL suppression post regimen switch). We used
descriptive statistics and multivariate logistic regression to assess factors associated with suspected failure.
Results and Discussion: Among 21,400 eligible patients, VL-testing coverage was 85% and VL suppression was found in 89%
of those tested. In the decentralized clinics, 88% of test results were reviewed on the same day as blood collection, whereas
in the district hospital the median turnaround-time for results was 85 days. Among first-line ART patients with suspected fail-
ure (N = 1544), 30% suppressed (VL<1000 copies/mL), 35% were treatment failures (confirmed by subsequent VL-testing)
and 35% had incomplete VL follow-up. Among treatment failures, 80% (N = 540) were switched to a second-line regimen, with
a higher switching rate in the decentralized clinics than in the district hospital (86% vs. 67%, p < 0.01) and a shorter median
time-to-switch (6.8 months vs. 9.7 months, p < 0.01). Similarly, the post-switch VL-testing rate was markedly higher in the
decentralized clinics (61% vs. 26%, p < 0.01). Overall, 79% of patients with a post-switch VL-test were suppressed.
Conclusions: Viral load testing at the point-of-care in Chiradzulu, Malawi achieved high coverage and good drug regimen
switch rates among those identified as treatment failures. In decentralized clinics, same-day test results and shorter time-to-
switch illustrated the game-changing potential of POC-based VL-testing. Nevertheless, gaps were identified along all steps of
the failure cascade. Regular staff training, continuous monitoring and creating demand are essential to the success of routine
VL-testing.
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1 | INTRODUCTION

Viral load (VL) testing is the gold standard approach for moni-
toring treatment effectiveness in HIV-positive patients on
anti-retroviral therapy (ART) [1]. VL suppression can be a
performance indicator for ART programmes [2]. Regular
VL-monitoring allows identification of suboptimal adherence,
treatment failure and identification of patients whose ART
regimen should be switched [3-8]. Knowing their VL status

can motivate patients to adhere to treatment [9,10], and can
allocate virally suppressed patients into differentiated models
of care [11,12]. Yet despite being associated with better treat-
ment outcomes and the prevention of acquired drug resis-
tance [6,13], routine VL-monitoring remains under-utilized in
resource-limited settings [14-21]. It was estimated that less
than 50% of people on ART in resource-limited settings
received an annual VL test in 2017 [22].The test’s cost and
complexity remain barriers to its use, as does a lack of
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understanding by some clinicians about VL’s long-term patient
benefits and its role in prolonging the longevity of treatment
regimens [18,21].
Centralized testing with dried blood spots (DBS), is a practi-

cal and efficient VL-testing method, with the drawback of
often lengthy result turnaround-time (TAT) [23-27]. Point-of-
Care (POC)-technology offers an attractive alternative that
provides same-day results for clinical decisions by bringing
testing directly to the facility [16,18-20,24,28-33]. Today, sev-
eral POC-VL technologies are in the pipeline or are becoming
more accessible for low-resource settings [34].
To create access to VL-testing in decentralized settings in

sub-Saharan Africa, M�edecins Sans Fronti�eres (MSF) has
been implementing routine VL-monitoring in six countries
mainly using dried blood spot (DBS) testing in centralized
laboratories [35,36]. A Point-of-care VL testing approach
was chosen in two projects: Arua District referral hospital
(Uganda) and the HIV programme of Chiradzulu District
(Malawi), using the first available VL POC- platform SAMBA
I (“Simple Amplification Based Assay”). SAMBA I is a semi-
automated and robust assay (no need for air-conditioning/
functions up to 35°C, closed cartridge system, no suscepti-
bility to dust, no cold-chain required for tests kits, no toxic
waste containing guanidine thiocyanate) that uses plasma
specimens and provides semi-quantitative test results (above
or below 1000 HIV-1 RNA copies/mL) within 125 minutes.
The platform showed high accuracy compared to standard
laboratory-based methods [37-39], received CE-marking in
April 2016, and requires minimal technical-operator training
to perform few sample manipulation steps: plasma prepara-
tion, installation of sample tubes and cartridge elements in
SAMBA-Prep instrument for automated RNA-extraction,
transfer of extracted material to the SAMBA-amp instru-
ment and visual result read-out [37,38]. The SAMBA I VL
system was registered by the Pharmacy, Medicines and Poi-
sons Board of Malawi in December 2011 following a multi-
site field trial including Malawi [38]. The Ministry of Health
approved the programmatic implementation of SAMBA I VL
by MSF for routine VL-monitoring in Chiradzulu District
within the framework of the UNITAID-funded HIV VL initia-
tive. Before implementing the POC-VL approach, treatment
monitoring relied on CD4 count testing.
The objective of this analysis was to describe the outcomes

of VL monitoring during the first four years of routine POC-
VL-testing. It is, to our knowledge, the first published report
of outcomes of routine viral load monitoring from real-world
clinical sites in sub-Saharan Africa using a POC-based
approach.

2 | METHODS

2.1 | POC-VL implementation

MSF introduced the SAMBA I technology (Diagnostics for
the Real World Ltd, Cambridge, UK) at point-of-care in
decentralized clinics and in the district hospital (DHOS) of
the rural, resource-limited Chiradzulu District, in southern
Malawi (17% HIV prevalence) [40].The definition of POC-
testing followed that of WHO and Schito et al. [22,41],
which refers to a diagnostic test (whichever technology)
that is performed near the patient with a fast turnaround

time that permits immediate use of results for patient man-
agement. Implementation was in a step-wise manner starting
in the DHOS laboratory (August 2013) and in simple “mini-
laboratories” in four decentralized clinics: Namitambo
(August 2013), Bilal (May 2014), Mbulumbuzi and Namadzi
(November 2014). In all five sites the VL-platform was
placed in direct proximity to the outpatient clinics to facili-
tate same-day results. MSF hired and trained phlebotomists
on blood collection and laboratory technicians on SAMBA I
operation, and all clinical staff (MOH and MSF) were
trained on applying the VL-monitoring algorithm. At DHOS,
MOH integrated VL-monitoring into their existing system,
which returned lab results to the patients at next scheduled
visit. In the decentralized clinics MSF had more direct influ-
ence by adding MSF clinical staff to support and mentor
MOH, and by ensuring staff presence in the afternoon to
support same-day result review. SAMBA I performance was
monitored by participation in the CDC proficiency testing
programme [42,43], and by external quality control (EQC)
on randomly selected frozen patient samples sent monthly
to an external laboratory (First MSF Belgium HIV pro-
gramme in Thyolo District using Biomerieux Nuclisens, then
Dream Laboratory Blantyre using Abbott real-time m2000).
From September 2013 to December 2016: 70 results sub-
mitted to CDC showed 0.99 correlation with two gold-stan-
dard RT-qPCR assays; EQC samples (N = 2631) showed
95.4% concordance. The SAMBA I VL invalid rate was 0.4%.

2.2 | Study design and population

This was a retrospective, descriptive analysis of an ART
patient cohort accessing HIV VL-testing for the first-time
using SAMBA I VL. The analysis included all VL-eligible
patients (on ART for > 3 months, and scheduled visit between
the date of on-site POC installation and analysis censorship
on 30 June 2017). “Date of VL-eligibility” was the date of the
first scheduled visit in the study period. Patients with prior VL
test results or on third-line regimens were excluded.

2.3 | VL-testing protocol and treatment failure
algorithm

Plasma was prepared from venous blood and tested with
SAMBA I VL according to the manufacturer’s instructions. The
2011 MoH guidelines [44] recommend VL-testing at six and
twenty-four months after ART initiation or regimen switch,
every two years thereafter (ART milestones), and targeted VL
for clinical or immunological treatment failure [1]. In addition,
“catch-up” VL-testing was also done for patients who never
had a prior VL but did not meet an ART milestone.
WHO defines treatment failure as two sequential VL

≥1000 copies/mL with enhanced adherence support provided
between tests [1]. The 2011 Malawi MoH guidelines differed
from this definition: patients with VL ≥5000 copies/mL at
their second VL test were considered treatment failures, while
patients with a result of 1000 to 5000 copies/mL continued
to receive enhanced adherence counselling (EAC), requiring a
third test to confirm treatment failure. To reconcile these
guideline differences, suspected failure patients (SAMBA I VL
≥1000 copies/mL) at MSF-supported sites received two fol-
low-up VL tests (3-months apart) and EAC. First-line patients
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with three SAMBA I VL ≥1000 copies/mL results were con-
sidered treatment failures and eligible to switch ART regi-
mens; second-line patients classified as such required in
addition a drug resistance test.

2.4 | Outcomes and definitions

We defined “VL-coverage” as the proportion of VL-eligible
patients receiving a first VL test during the study period.
Result turnaround-time (TAT) was the number of days
between blood collection and test result review by clinicians
with a patient. For the failure cascade, we reported the num-
ber and proportion of suspected failure patients: (1) receiving
follow-up VL tests, (2) failing treatment, (3) switching regimens
and (4) receiving post-switch testing within 18 months of a
first VL-test. Failure cascade sensitivity analysis included
patients whose first VL-test was <18 months from the date of
analysis censorship. Retention in care was assessed 18 months
after suspected failure and is defined as those alive, not trans-
ferred, or not missing a scheduled appointment by >2 months
as per MOH definition of lost-to-follow-up [45,46].

2.5 | Data collection and analysis

Patient-level data were captured on paper forms at each visit
(including socio-demographic, ART regimen, clinical and
immunological information) and entered into an individual
patient follow-up database (FUCHIA v.1.7.1, Epicentre, Paris,
France) [47]. The laboratory request form captured all steps
from test order to result review, and data were entered into
a dedicated POC-VL electronic database (REDCap, Research
Electronic Data Capture, Vanderbilt, USA) [48]. VL test data
and patient-level data were linked using unique patient identi-
fiers. We excluded 6% (2330/35,914) of VL tests: 1925 tests
with unmatched or missing patient identifiers, 405 with dupli-
cate, discrepant, invalid or missing test results.
Descriptive analyses used medians with interquartile ranges

(IQR) or counts with proportions. Pearson chi-squared or Krus-
kall Wallis tests assessed differences in patient characteristics
at date VL-eligible (POC-site, ART regimen, sex, age, years on
ART, WHO stage, prior CD4 cell count) and outcomes. Data
unavailable in the patient database were reported as missing.
Analyses were conducted using STATA v.13 [49].

2.6 | Ethics

Routine VL-monitoring using SAMBA I POC-VL obtained the
approval and support of the Malawian Ministry of Health.
Implementation and retrospective analyses were approved by
the MSF Ethics Review Board as part of an overall multi-coun-
try UNITAID-funded proposal. A waiver from individual
informed consent was granted for the collection and analysis
of routine monitoring data. Unique alphanumeric codes were
used to identify individual patients, and no patient identifiers
were included in the analysis database.

3 | RESULTS

In total, 22,168 VL-eligible patients were identified, of whom
21,400 (97%) were included in the analysis (Figure 1,

Table 1). Of these, 91% were ≥20 years of age, 65% female,
48% had a cumulative WHO stage III or IV and 55% were on
ART ≥2 years, with 98% on first-line ART. Among those with
available CD4 counts prior to VL-eligibility, 66% had > 350
cells/lL.

3.1 | VL coverage

During the study period, 85% (18,182/21,400) of eligible
patients received a POC-VL test. Namitambo and Bilal clinics
had 89% VL coverage, whereas the DHOS coverage was 82%,
similar to Mbulumbuzi and Namadzi clinics that implemented
POC-VL later (Table 1). For the 2 clinics with > 5000 eligible
patients, the median time from eligibility to testing was
8.3 months (IQR: 2.8-17.3), whereas for the three clinics with
<5000 eligible patients, median time to testing was
5.5 months (IQR: 2.7-11.0) (p < 0.01). VL coverage was similar
among first and second-line patients, but higher coverage was
found for those on ART ≥24 months. Children and younger
adults had slightly lower coverage than those ≥40 years old.
Coverage was lowest among patients with no CD4, of which
44% (n = 1029) initiated ART under the treatment-for-all-pol-
icy (after June 2016). This sub-group was followed for a med-
ian of 2.8 months [IQR: 0.9-5.6] between VL-eligibility and last
visit and had 40% VL-coverage.
Among those VL-tested, 89% (16,150/18,182) were identi-

fied as virally suppressed (VL < 1000 copies/mL) and 11% as
suspected failures (VL ≥ 1000 copies/mL). Factors associated
with suspected failure were longer duration on ART, male,
younger age (children and young adults) and immune-suppres-
sion (Table S1).

3.2 | Turnaround-time

Turnaround-time could be analysed for 97% of tests
requested in the decentralized clinics and for 68% of tests at
DHOS (Figure 2). Missing data were due to incompletely filled
lab request forms (missing review date and clinical decision
making). In decentralized clinics, 88% of tests conducted had
their results reviewed by clinicians on the same day as blood
draw compared to 2% in the DHOS (p < 0.01), where the
median TAT was 85 days [IQR: 83-93].

3.3 | Failure cascade

Among first-line suspected failures (n = 1544), 83% received
a follow-up test, of whom 29% (376/1277) had a VL < 1000
copies/mL (“suppressed”). Among those who had
VL ≥ 1000 copies/mL on their follow-up test (considered
treatment failures per WHO definition) 70% (633/901)
received a third test per the adapted MOH guidelines. Among
those with follow-up tests, 15% (93/633) were suppressed. Of
those failing treatment (per adapted MOH guidelines), 80%
(434/540) were switched to second-line ART. A further 234
were switched prior to completing the failure algorithm; 54
were switched after the initial VL ≥ 1000, and 180 were
switched after their first follow-up test. Of all patients who
switched, 52% (347/668) had a VL test post-switch, among
whom 79% (275/347) were suppressed. Switching rates and
post-switch VL-testing coverage were significantly higher in
the decentralized clinics compared to DHOS (p < 0.01)
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(Figure 3). Sensitivity analysis including 434 suspected failures
with <18 months follow-up showed similar failure cascade
outcomes (Table S2). Retention in care at 18 months following
suspect failure was 84% in decentralized clinics and 81% in
DHOS (p = 0.16).
Among second-line patients with an initial VL ≥ 1000

copies/mL, 76% (37/49) received a follow-up test, of which
46% (17/37) suppressed. Among the non-suppressed, 70%
(14/20) received a third test and 64% (9/14) remained unsup-
pressed. None of the nine treatment failures were switched
to a third-line regimen during the study period due to limited

access to resistance testing and third-line ART. Both have
since been introduced in the Chiradzulu cohort by MSF for
second-line failure patients.
Among all suspected failures, the median time between first

and follow-up VL-tests or regimen switch was significantly
shorter in the decentralized clinics (Table 2). As a result, the
median time from initial VL ≥ 1000 copies/mL to regimen
switch was 6.9 months in the decentralized clinics and
9.7 months in the DHOS. Once switched, the median time to
a post-switch test was 6.5 months and was similar across all
sites.

Figure 1. Flowchart of patients eligible for VL test and selected for analysis.
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4 | DISCUSSION

This analysis presents the first programmatic outcomes of routine
VL-monitoring using a POC-based approach in Malawi. In four
years of implementation, encouraging VL-testing coverage and
efficient TATs were achieved, especially in decentralized clinics.
Notably, despite no prior access to routine VL-monitoring, 89% of

patients tested had VL < 1000 copies/mL, nearly meeting the
UNAIDS 90% viral suppression target for patients on ART [11].
High VL suppression is likely related to continuous support pro-
vided by MSF at decentralized level, and is in line with good HIV
care cascade coverage reported in 2012 for Chiradzulu District
[40]. Although follow-up among suspected failure patients lead to
overall good second-line switching rates, we identified gaps in
each step of the failure cascade.
Previous estimates paint a variable picture of the success of

expanding VL-testing in sub-Saharan Africa, with 10%-95%
early uptake in national programmes (11%, Malawi 2014), and
40-86% coverage achieved after 1 to 2 years of VL-implemen-
tation in MSF supported facilities [17,50,51]. More recent
data from Malawi show increasing but still insufficient national
scale-up of VL-testing (60% coverage) [52]. Our testing-cover-
age ranged between 82% and 89% in the 5 sites, likely higher
in Namitambo and Bilal due to earlier VL-access and direct
support of MSF. Lower coverage rates were achieved in the
DHOS, where MSF did not have a leadership role in VL test-
ing, and in facilities (Mbulumbuzi and Namadzi) where VL was
implemented later. Furthermore, time to first VL test took
longer in the two early-implementation sites, likely because of
larger eligible cohorts (>5000). The commitment of managerial
staff was also not always uniform across facilities and likely
also impacted each site’s individual performance. Similar cov-
erage was achieved across patient characteristics (except
somewhat lower rates for children and young adults, and
patients <12 months on ART). Lower coverage observed
among patients with no CD4 count was likely due to the very
low VL-coverage among patients who initiated ART more
recently under the “treatment-for-all”-policy with very short
follow-up time. Despite overall good coverage, achieving close
to 100% should have been possible during the 3-4 years-per-
iod, highlighting remaining shortcomings, including clinicians’
difficulties to effectively replace the long-standing concept of
CD4 monitoring with the new VL-indicator.
Even when high VL-testing coverage is achieved, good HIV

treatment outcomes will remain out of reach if effective
follow-up of suspected failure patients does not occur. Our
follow-up testing rate among suspected failures (83%) was
similar to recent findings in Lesotho (85%) and notably higher
than rates reported previously in Swaziland (70%), Malawi
(30%), Mozambique (35%) or Siaya County, Kenya (35%),
[17,50,51,53-55]. Notably, less than one-third of suspect fail-
ures had a suppressed VL at their first follow-up test, likely
corresponding to high levels of acquired first-line drug resis-
tance in this mature cohort where VL-monitoring was only
recently introduced, as reported in similar settings
[17,25,34,35,50,54,56,57]. Access to routine VL-testing, more
frequent testing and a simple algorithm seem key to reducing
treatment failure rates. In Swaziland where testing is annual,
62% of suspected failure patients were suppressed at their
follow-up test [51]. In 2019, the MOH VL-monitoring strategy
in Malawi changed to annual testing instead of every 2 years
[58]. Modelling estimates that annual testing and regimen
switching may prevent > 80% of transmitted resistance in
Southeast Asia [59]. Other benefits (like adherence support
and the safeguarding of effective regimens) add to the appeal
of early and more frequent VL-testing [6].
Previous reports from sub-Saharan African settings have

consistently shown low and delayed switching from first- to

Table 1. Characteristics of patients eligible for a VL-test and

received a VL-test

Patient characteristics

at date VL-eligible

Eligible for VL-test Received VL-test

N1 %a N2

Coverage

(%b)

Total (N) 21,400 18,182 85

ART regimen

First-line ART 21,004 98 17,832 85

Second-line ART 396 2 350 88

POC site

DHOS 6237 29 5112 82

Decentralized clinics

NAMITAMBO 5761 27 5108 89

BILAL 4217 20 3716 88

MBULUMBUZI 2425 11 1985 82

NAMADZI 2760 13 2251 82

Months between ART initiation and date eligible for VL-test

≥6 to <12 months 7366 34 5761 78

≥12 to <24 months 2236 10 1945 87

≥24 months 11,798 55 10,476 89

Median years [IQR] 2.5 [0.5, 5.5]

Sex

Female 13,873 65 11,944 86

Male 7527 35 6238 83

Age

<10 years 952 4 776 82

10 to 19 years 1020 5 864 85

20 to 39 years 10,626 49 8833 83

≥40 years 8802 41 7709 88

Median years [IQR] 38 [31, 46]

Cumulative WHO stage

I 5708 27 4718 83

II 5429 25 4738 87

III 6538 31 5642 86

IV 3509 16 2993 86

Missing 216 1 91 42

Prior CD4 cell count (cells/µL)

0 to 199 2436 11 2060 85

200 to 349 4053 19 3539 87

350 to 499 4575 21 4090 89

≥500 7992 37 7093 89

No CD4 2344 11 1400 60

Median monthsc [IQR] 9.3 [5.2, 16.6]

aColumn percentage; brow percentage (N2/N1); cmedian months
between date sample taken for CD4 and eligibility.
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second-line ART (even when VL-monitoring is present), which
have been linked to poorer treatment outcomes, increased
mortality and the risk of the development and transmission of
resistance [8,32,60-63]. In our sites, 80% of first-line treat-
ment failures were switched to second-line, an encouraging
figure that is higher than in similar programmes (43%, Swazi-
land; 33%, Mozambique [50,64]). However, even 80% is insuf-
ficient. Clinicians may hesitate to switch patients who appear
clinically well, while access to more expensive second or third-
line regimens remains often limited [8,51,60,61]. Staff often

perceived that a detectable VL is synonymous with non-adher-
ence, and MOH guidelines until 2018 required good adher-
ence before confirmatory VL test and switch [44,45].
Furthermore, the adapted algorithm which required two fol-
low-up tests with VL > 1000 copies/mL for failure confirma-
tion likely delayed regimen switch unnecessarily. The majority
(71%) had already been correctly identified as treatment fail-
ures at the first follow-up test. Finally, 35% among those
switched had not completed all steps of the failure cascade,
indicating either difficulties in implementing the adapted

0%

20%

40%

60%

80%

100%

DHOS NAMITAMBO BILAL MBULUMBUZI NAMADZI

Same-Day 1 to <90 days 90 days or more Missing

Figure 2. Turnaround time (in days) from sample collection to clinical review of VL test result by site.

Figure 3. Treatment failure cascade among suspect-failure patients on first-line ART within 18 months of the first VL test, and the percent
(%) who received a follow-up VL test or a regimen switch according to the adapted MOH treatment failure algorithm.
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three-test failure algorithm or the non-capture of VL-tests in
the electronic database. Encouragingly, in 2016 MOH guideli-
nes lowered the failure confirmation threshold from 5000 to
1000 cps/mL [45], and since 2018 follow-up VL-testing for
suspect failures is independent of good adherence [46], thus
further streamlining VL scale-up.
It remains critical to increase VL-uptake and to ensure effi-

cient use of VL results, including timely results and empower-
ment of clinicians and patients to make use of VL results [21]. A
key achievement of the POC-VL approach in Chiradzulu was the
reduction in the result turnaround-time in the decentralized
clinics, where MSF directly supported VL-monitoring proce-
dures by emphasizing to clinical staff and patients the
importance of staying at the facility until the afternoon to allow
same-day results review. Using the most conservative TAT defi-
nition (blood collection to result communication) 88% of results
were reviewed on the same day. In the DHOS, where the MOH
administered VL monitoring, VL tests were performed on the
same-day as blood collection, but the clinicians did not stay long
enough at the clinic for same-day review, and results were pro-
vided at the patients’ next scheduled visit (usually 3 months
later, resulting in a median TAT of 85 days). Similarly, the failure
cascade was significantly lengthened at the DHOS, with a med-
ian 9.7 months passing between initial high VL and switch to
second-line (vs. 6.9 months in the decentralized clinics). “Same-
day” results communication helps to link patients to EAC, sup-
ports failure follow-up and reduces their time on failing ART.
Moreover, instant results may increase clinicians’ and patients’
endorsement of VL-monitoring. The same-day results achieved
in Chiradzulu’s decentralized sites are thus a striking exception
from TAT estimates reported from other sub-Saharan and
Malawian cohorts from 21 days to 3 months [17,25,51,65].
Notably, a recent clinical trial reported higher rates of retention,
VL-suppression and referral to decentralized care in patients
who received POC-VL-testing [66]. Yet, our findings (and others
[17,50,53,54,56]) indicate that providing access to the technol-
ogy is not enough. Regular staff training, mentoring and VL
“focal-points” who monitor testing protocols are recommended.
Staff rosters must be adjusted to optimize same-day results.
Monitoring systems with performance indicators should be
implemented, ideally with integrated, automated systems that
identify patients in need of VL-testing [67]. Creating demand
for VL among clinicians and patients will be critical
[20,21,35,56,68-71]. A recent modelling study predicted that
switching patients on efavirenz-based first-line after only one

high VL will significantly decrease mortality related to delayed
switch [72], POC-VL and same day results would further
support this concept.

4.1 | Strengths and limitations

Our analysis used real-life programmatic data from a largely
decentralized HIV programme, with a mature ART cohort that
is typical of a high prevalence, sub-Saharan African setting.
We used a tailored data collection system that allowed report-
ing on every step of the VL-testing cascade. Yet some limita-
tions are present. Six percent of VL tests had to be excluded,
possibly somewhat underestimating coverage and switching
rates. Introduction to POC-VL was staggered over a 15-month
period. Parallel introduction may have achieved higher cover-
age. The routine monitoring database did not capture EAC
and we cannot describe the role of counselling on VL cascade
outcomes. Longer term outcomes of suppressed patients, the
impact of continuous VL-monitoring on suppression rates, as
well as further description of the feasibility of POC VL- test-
ing are of interest but were outside the scope of our report.
Successes and challenges experienced by MSF during routine
VL implementation (at centralized laboratory or at point-of-
care) have been reported elsewhere [35,36]. Finally, the con-
tinuous support and involvement of MSF over the past
15 years and during VL-implementation, the relatively healthy
cohort with high VL suppression at first-ever VL test, as well
as more complex VL-testing algorithm that was used make
our results less generalizable. A comparative study is required
to directly assess the overall benefits of a POC-based
approach versus a centralized testing strategy.

5 | CONCLUSIONS

Our findings indicate that routine point-of-care VL-monitoring
can achieve high testing coverage, same day results in decen-
tralized clinics, and comparably good switching rates for first-
line failures. However, gaps at every step in the VL-testing
cascade remain a concern, including incomplete failure follow-
up and regimen switching. Close monitoring is recommended
to identify potential gaps and directly guide programmes. VL
technologies used at point-of-care can play a key role in bridg-
ing the gaps in access to VL-monitoring and effective regimen
switch in resource-limited settings.

Table 2. Median months between events in the failure cascade among first-line and second-line ART patients with suspected

failure

Event 1 Event 2

Decentralized clinics District Hospital

Median months [IQR] N Median months [IQR] N

First VL-test First follow-up VL-test 3.3 [2.8, 4.4] 934 5.1 [3.8, 7.4] 380

Second follow-up VL-test 6.6 [5.8, 8.1] 452 9.2 [7.6, 12.2] 195

ART regimen switch 6.8 [5.6, 9.2] 499 9.7 [7.9, 13.2] 169

Treatment failure confirmation ART regimen switch 0.9 [0.0, 2.8] 322 1.8 [1.0, 3.8] 112

ART regimen switch Post-switch VL-test 6.5 [5.5, 8.2] 303 6.5 [4.9, 7.9] 44

ART, anti-retroviral therapy; VL, viral load.

Nicholas S et al. Journal of the International AIDS Society 2019, 22:e25387
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25387/full | https://doi.org/10.1002/jia2.25387

7

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25387/full
https://doi.org/10.1002/jia2.25387


AUTHORS ’ AFF I L IAT IONS

1Epicentre, Paris, France; 2M�edecins Sans Fronti�eres, Chiradzulu, Malawi;
3M�edecins Sans Fronti�eres, Paris, France

COMPET ING INTERESTS

The authors declare that they have no competing interests.

AUTHORS ’ CONTR IBUT IONS

SN, EP and BS designed the monitoring and analysis plan; MG and ES partici-
pated in the development of the monitoring and analysis plan; MG initiated and
was the laboratory lead for POC-VL implementation. AR supervised electronic
data capture. MG, LW, JW and AR monitored and assured data quality; SN and
EP provided technical support to monitoring and data quality; SN conducted the
data management and undertook the analysis; SN and BS wrote the initial draft
of the manuscript; All authors interpreted the findings and critically reviewed
the manuscript and provided comments which were incorporated into subse-
quent drafts by SN and BS.

ACKNOWLEDGEMENTS

We thank the POC-lab laboratory technicians, phlebotomists and clerks, in par-
ticular Willy Lumwira, Violet Jombo, Tambudzai Misasa, Rachel Masinga, Lynes
Jere, Chifundo Duster, Charles Ndovi, Jessie Ntonya, Jonathan Phiri, Chikondi
Mkhula, Patrick Mkunga, Precious Soko, Euster Maluza, Nancy Kayenda, Mus-
taph Likwanya, Thomas Banda, Vincent Chidya, data processor Francis Chidwiz-
isano and data clerk Lameck Kachigamba, all clinic staff and entire M�edecins
Sans Fronti�eres team in Chiradzulu, and Janet Ousley for support with editing
of the manuscript.

FUNDING

This work was funded by UNITAID and M�edecins Sans Fronti�eres in France.

REFERENCES

1. WHO. Consolidated ARV guidelines 2013. Vol. 14, Geneva: World Health
Organization; 2013.
2. WHO. HIV drug resistance. Global report on early warning indicators of HIV
drug resistance. 2016.
3. Sigaloff KC, Hamers RL, Wallis CL, Kityo C, Siwale M, Ive P, et al. Unneces-
sary antiretroviral treatment switches and accumulation of HIV resistance muta-
tions: two arguments for viral load monitoring in Africa. J Acquir Immune Defic
Syndr. 2011;58(1):23–31.
4. Rewari BB, Bachani D, Rajasekaran S, Deshpande A, Chan PL, Srikantiah P.
Evaluating patients for second-line antiretroviral therapy in India: the role of
targeted viral load testing. J Acquir Immune Defic Syndr. 2010;55:610–4.
5. Rawizza HE, Chaplin B, Meloni ST, Eisen G, Rao T, Sankal�e JL, et al.
Immunologic criteria are poor predictors of virologic outcome: implications for
HIV treatment monitoring in resource-limited settings. Clin Infect Dis. 2011;53
(12):1283–90.
6. Bonner K, Mezochow A, Roberts T, Ford N, Cohn J. Viral load monitoring as
a tool to reinforce adherence: a systematic review. J Acquir Immune Defic
Syndr. 2013;64(1):74–8.
7. Kanapathipillai R, McGuire M, Mogha R, Szumilin E, Heinzelmann A, Pujades-
Rodr�ıguez M. Benefit of viral load testing for confirmation of immunological failure in
HIV patients treated in rural Malawi. Trop Med Int Health. 2011;16(12):1495–500.
8. Haas AD, Keiser O, Balestre E, Brown S, Bissagnene E, Chimbetete C, et al.
Monitoring and switching of first-line antiretroviral therapy in adult treatment
cohorts in sub-Saharan Africa: collaborative analysis. Lancet HIV. 2015;2(7):e271–8.
9. Wilson D, Keiluhu AK, Kogrum S, Reid T, Seriratana N, Ford N, et al. HIV-1
viral load monitoring: an opportunity to reinforce treatment adherence in a
resource-limited setting in Thailand. Trans R Soc Trop Med Hyg. 2009;103
(6):601–6.
10. Horter S, Simelane-Mahlinza L, Dlamini V, Kourline T, Kerschberger B,
Stringer B, et al. Viral load monitoring: how do HIV-positive patients interpret
and understand their results? In: MSF UK Scientific Day. 2015.
11. UNAIDS (Joint United Nations Programme on HIV/AIDS). Fast-Track End-
ing the AIDS epidemic by 2030. UNAIDS. 2014.
12. Phillips A, Shroufi A, Vojnov L, Cohn J, Roberts T, Ellman T, et al. Sustain-
able HIV treatment in Africa through viral-load-informed differentiated care.
Nature. 2015;528(7580):S68–76.

13. Keiser O, Chi BH, Gsponer T, Boulle A, Orrell C, Phiri S, et al. Outcomes of
antiretroviral treatment in programmes with and without routine viral load mon-
itoring in Southern Africa. AIDS. 2011;25(14):1761–9.
14. Calmy A, Ford N, Hirschel B, Reynolds SJ, Lynen L, Goemaere E, et al. HIV
viral load monitoring in resource-limited regions: optional or necessary? Clin
Infec Dis. 2007;44(1):128–34.

15. Stevens WS, Marshall TM. Challenges in implementing HIV load testing in
South Africa. J Infect Dis. 2010;201 Suppl 1:S78–84.

16. Usdin M, Guillerm M, Calmy A. Patient needs and point-of-care require-
ments for HIV load testing in resource-limited settings. J Infect Dis. 2010;201
Suppl 1:S73–7.

17. Lecher S, Ellenberger D, Kim AAAA, Fonjungo PNPN, Agolory S, Borget
MYMY, et al. Scale-up of HIV viral load monitoring – seven Sub-Saharan African
countries. MMWR Morb Mortal Wkly Rep. 2015;64(46):1287–90.

18. Roberts T, Cohn J, Bonner K, Hargreaves S. Scale-up of routine viral load
testing in resource-poor settings: current and future implementation challenges.
Clin Infect Dis. 2016;62(8):1043–8.
19. Peter T, Ellenberger D, Kim AA, Boeras D, Messele T, Roberts T, et al.
Early antiretroviral therapy initiation: access and equity of viral load testing for
HIV treatment monitoring. Lancet Infect Dis. 2017;428(4):709–19.
20. Pham MD, Romero L, Parnell B, Anderson DA, Crowe SM, Luchters S. Fea-
sibility of antiretroviral treatment monitoring in the era of decentralized HIV
care: a systematic review. AIDS Res Ther. 2017;14(1):3.
21. Ehrenkranz PD, Baptiste SL, Bygrave H, Ellman T, Doi N, Grimsrud A, et al.
The missed potential of CD4 and viral load testing to improve clinical outcomes
for people living with HIV in lower-resource settings. PLoS Med. 2019;16:
e1002820.
22. WHO. 2018 Progress Report Hiv Drug Resistance: Global Action Plan on
HIV Drug Resistance 2017–2021. 2018.
23. Pannus P, Fajardo E, Metcalf C, Coulborn RM, Duran LT, Bygrave H, et al.
Pooled HIV-1 viral load testing using dried blood spots to reduce the cost of
monitoring antiretroviral treatment in a resource-limited setting. J Acquir
Immune Defic Syndr. 2013;64(2):134–7.
24. Roberts T, Bygrave H, Fajardo E, Ford N. Challenges and opportunities for
the implementation of virological testing in resource-limited settings. J Int AIDS
Soc. 2012;15(2):17324.
25. Rutstein SE, Hosseinipour MC, Kamwendo D, Soko A, Mkandawire M, Bid-
dle AK, et al. Dried blood spots for viral load monitoring in malawi: feasible and
effective. PLoS One. 2015;10(4):1–17.
26. Monleau M, Aghokeng AF, Eymard-Duvernay S, Dagnra A, Kania D, Ngo-
Giang-Huong N, et al. Field evaluation of dried blood spots for routine HIV-1
viral load and drug resistance monitoring in patients receiving antiretroviral
therapy in Africa and Asia. J Clin Microb. 2014;52(2):578–86.
27. Van Zyl GU, Preiser W, Potschka S, Lundershausen AT, Haubrich R, Smith
D. Pooling strategies to reduce the cost of HIV-1 RNA load monitoring in a
resource-limited setting. Clin Infect Dis. 2011;52(2):264–70.
28. Laursen L. Point-of-care tests poised to alter course of HIV treatment. Nat
Med. 2012;18(8):1156.
29. Aleku GA, Adoga MP, Agwale SM. HIV point-of-care diagnostics: meeting the
special needs of sub-Saharan Africa. J Infect Dev Ctries. 2014;8(10):1231–43.
30. Stevens W, Gous N, Ford N, Scott LE. Feasibility of HIV point-of-care tests for
resource-limited settings: challenges and solutions. BMCMed. 2014;12(1):173.
31. Haleyur Giri Setty MK, Hewlett IK. Point of care technologies for HIV.
AIDS Res Treat. 2014;2014:497046.
32. WHO. Global Action Plan on HIV Drug Resistance 2017-2021 [Internet].
2016 [cited 2017 May 2]. Available from: http://www.who.int/hiv/pub/drugresis
tance/hivdr-action-plan-2017-2021/en/
33. United National Children’s Fund (UNICEF). Key considerations for intro-
ducing HIV Point-of-Care Diagnostic Technologies in National Health Systems.
2018.
34. Dorward J, Drain PK, Garrett N. Point-of-care viral load testing and differ-
entiated HIV care. Lancet HIV. 2018;5(1):e8–9.
35. Medecins Sans Frontieres. Making viral load routine. Successes and chal-
lenges in the implementation of routine HIV viral load monitoring. Part 1: Pro-
grammatic Strategies [Internet]. 2016 [cited 2018 May 2]. Available from:
https://www.msfaccess.org/sites/default/files/MSF_assets/HIV_AIDS/Docs/AIDS_
report_Part_1_MakingViralLoadRoutine_MSF_VL_Programmatic Report_Web_2016_
ENG.pdf
36. Medecins Sans Frontieres. Making Viral Load Routine: Successes and chal-
lenges in the implementation of routine HIV viral load monitoring. Part 2: The
Viral Load Laboratory. 2016.
37. Lee HH, Dineva MA, Chua YL, Ritchie AV, Ushiro-Lumb I, Wisniewski CA.
Simple amplification-based assay: a nucleic acid-based point-of-care platform for
HIV-1 testing. J Infect Dis. 2010;201 Suppl 1:S65–72.

Nicholas S et al. Journal of the International AIDS Society 2019, 22:e25387
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25387/full | https://doi.org/10.1002/jia2.25387

8

http://www.who.int/hiv/pub/drugresistance/hivdr-action-plan-2017-2021/en/
http://www.who.int/hiv/pub/drugresistance/hivdr-action-plan-2017-2021/en/
https://www.msfaccess.org/sites/default/files/MSF_assets/HIV_AIDS/Docs/AIDS_report_Part_1_MakingViralLoadRoutine_MSF_VL_Programmatic
https://www.msfaccess.org/sites/default/files/MSF_assets/HIV_AIDS/Docs/AIDS_report_Part_1_MakingViralLoadRoutine_MSF_VL_Programmatic
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25387/full
https://doi.org/10.1002/jia2.25387


38. Ritchie AV, Ushiro-Lumb I, Edemaga D, Joshi HA, De Ruiter A, Szumilin E,
et al. SAMBA HIV semiquantitative test, a new point-of-care viral-load-monitor-
ing assay for resource-limited settings. J Clin Microbiol. 2014;52(9):3377–83.
39. Goel N, Ritchie AV, Mtapuri-Zinyowera S, Zeh C, Stepchenkova T, Lehga J,
et al. Performance of the SAMBA I and II HIV-1 Semi-Q Tests for viral load
monitoring at the point-of-care. J Virol Methods. 2017;244:39–45.
40. Maman D, Chilima B, Masiku C, Ayouba A, Masson S, Szumilin E, et al. Clo-
ser to 90-90-90. The cascade of care after 10 years of ART scale-up in rural
Malawi: a population study. J Int AIDS Soc. 2016;19:20673.
41. Schito M, Peter TF, Cavanaugh S, Piatek AS, Young GJ, Alexander H, et al.
Opportunities and challenges for cost-efficient implementation of new
point-of-care diagnostics for HIV and tuberculosis. J Infect Dis. 2012;205 Suppl
2:169–80.
42. CDC. Viral Load And Early Infant Diagnosis Performance Testing [Internet].
[cited 2019 Jun 16]. Available from: https://ept.vlsmartconnect.com/
43. Nguyen S, Ramos A, Chang J, Li B, Shanmugam V, Boeras D, et al. Monitor-
ing the quality of HIV-1 viral load testing through a proficiency testing program
using dried tube specimens in resource-limited settings. J Clin Microbiol.
2015;53(4):1129–36.
44. Malawi Ministry of Health. Clinical management of HIV in children and
adults. 2011.
45. Malawi Ministry of Health. Malawi Guidelines for Clinical Management of
HIV in Children and Adults (3rd Edition). [Internet]. 2016 [cited 2019 May 15].
Available from: https://aidsfree.usaid.gov/sites/default/files/malawi_art_2016.pdf
46. Malawi Ministry of Health. Malawi Integrated Guidelines and Standard
Operating Procedures for Providing HIV Services. [Internet]. 2018. [cited 2019
May 20]. Available from: http://www.hiv.health.gov.mw/index.php/our-documents
47. Tassie J, Balandine S, Szumilin E, Andrieux-Meyer I, Biot MCP. FUCHIA: a
free computer program for the monitoring of HIV/AIDS medical care at the
population level. International AIDS Conference; Barcelona, Spain. 2002.
C11029 p.
48. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)-A metadata-driven methodology and work-
flow process for providing translational research informatics support. J Biomed
Inform. 2009;42(2):377–81.
49. StataCorp LP. Stata Statistical Software: Release 13. 2013.
50. Swannet S, Decroo T, de Castro SMTL, Rose C, Giuliani R, Molfino L, et al.
Journey towards universal viral load monitoring in Maputo, Mozambique: many
gaps, but encouraging signs. Int Health. 2017;9(4):206–14.
51. Jobanputra K, Parker LA, Azih C, Okello V, Maphalala G, Jouquet G, et al.
Impact and programmatic implications of routine viral load monitoring in Swazi-
land. J Acquir Immune Defic Syndr. 2014;67(1):45–51.
52. PEPFAR. Malawi Country Operational Plan COP 2018 Strategic Direction
Summary [Internet]. 2018 [cited 2019 Jun 10]. Available from: https://www.pe
pfar.gov/documents/organization/285859.pdf
53. Gibb J, Chitsulo J, Chipungu C, Chivwara M, Schooley A, Hoffman RM. Sup-
porting quality data systems: lessons learned from early implementation of rou-
tine viral load monitoring at a large clinic in Lilongwe, Malawi. J Clin Res HIV
AIDS Prev. 2017;3(1):1–9.
54. Labhardt ND, Ringera I, Lejone TI, Cheleboi M, Wagner S, Muhairwe J, et al.
When patients fail UNAIDS’ last 90 – The “failure cascade” beyond 90-90-90 in
rural Lesotho, Southern Africa: a prospective cohort study. J Int AIDS Soc. 2017;20
(1):1–10.
55. ICAP. ICAP Approach to Implementation of Routine Viral Load Monitoring
[Internet]. 2017[cited 2019 Jun 10]. Available from: https://icap.columbia.edu/
wp-content/uploads/ICAP_Approach_to_Viral_Load_Scale-Up_20July17v2.pdf
56. Mwau M, Syeunda CA, Adhiambo M, Bwana P, Kithinji L, Mwende J, et al.
Scale-up of Kenya’s national HIV viral load program: findings and lessons
learned. PLoS One. 2018;13(1):1–13.
57. WHO. HIV Drug Resistance Report [Internet]. 2017 [cited 2018 May 2]. p.
82 pages. Available from: https://www.who.int/hiv/pub/drugresistance/hivdr-re
port-2017/en/

58. Secretary for Health and Population. Malawi HIV Policy updates: the gov-
ernment of Malawi’s commitment and plan to reach HIV Epidemic control
trough 90-90-90 in Malawi by 2020. The secretary for health and Population,
Lilongwe, Malawi. 21st March 2019. 2019.
59. Hoare A, Kerr SJ, Ruxrungtham K, Ananworanich J, Law MG, Cooper DA,
et al. Hidden drug resistant HIV to emerge in the era of universal treatment
access in Southeast Asia. PLoS One. 2010;5(6):1–8.
60. Johnston V, Fielding KL, Charalambous S, Churchyard G, Phillips A, Grant
AD. Outcomes following virological failure and predictors of switching to sec-
ond-line antiretroviral therapy in a South African treatment program. J Acquir
Immune Defic Syndr. 2012;61(3):370–80.
61. Madec Y, Leroy S, Rey-Cuille MA, Huber F, Calmy A. Persistent difficulties
in switching to second-line ART in sub-Saharan Africa – a systematic review and
meta-analysis. PLoS One. 2013;8:e82724.
62. Rohr JK, Ive P, Robert Horsburgh C, Berhanu R, Shearer K, Maskew M,
et al. Marginal structural models to assess delays in second-line HIV treatment
initiation in South Africa. PLoS One. 2016;11(8):1–11.
63. Laborde-Balen G, Taverne B, Ndour CT, Kouanfack C, Peeters M, Ndoye I,
et al. The fourth HIV epidemic. Lancet Infect Dis. 2018;18(4):379–80.
64. Etoori D, Ciglenecki I, Ndlangamandla M, Edwards CG, Jobanputra K, Pasi-
pamire M, et al. Successes and challenges in optimizing the viral load cascade to
improve antiretroviral therapy adherence and rationalize second-line switches in
Swaziland. J Int AIDS Soc. 2018;21:e25194.
65. Minchella PA, Chipungu G, Kim AA, Sarr A, Ali H, Mwenda R, et al. Speci-
men origin, type and testing laboratory are linked to longer turnaround times
for HIV viral load testing in Malawi. PLoS One. 2017;12(2):1–13.
66. Drain PK, Dorward J, Violette L, Quame-Amaglo J, Thomas K, Samsunder
N, et al. Point-of-care Viral Load testing improves HIV viral suppression and
retention in care (Abstract Number 53). Seattle, Washington: CROI; 2019.
67. WHO. Considerations for Developing a Monitoring and Evaluation Frame-
work for Viral Load Testing [Internet]. 2019 [cited 2019 Jun 12]. p. 1–56.
Available from: https://www.who.int/hiv/pub/surveillance/monitoring-framework-
hiv-viral-load-testing.pdf?ua=1
68. Murphy RA, Court R, Maartens G, Sunpath H. Second-line antiretroviral
therapy in sub-Saharan Africa: it’s time to mind the gaps. AIDS Res Hum Retro-
viruses. 2017;33(12):1181–4.
69. Rutstein SE, Golin CE., Wheeler SB., Kamwendo D, Hosseinipour MC,
Weinberger M, et al. On the front line of HIV virological monitoring: barriers
and facilitators from a provider perspective in resource-limited settings. AIDS
Care. 2016;28(1):1–10.
70. Killingo BM, Taro TB, Mosime WN. Community-driven demand creation for
the use of routine viral load testing: a model to scale up routine viral load test-
ing. J Int AIDS Soc. 2017;20:4–8.
71. Peter T, Zeh C, Katz Z, Elbireer A, Alemayehu B, Vojnov L, et al. Scaling up
HIV viral load – lessons from the large-scale implementation of HIV early infant
diagnosis and CD4 testing. J Int AIDS Soc. 2017;20:9–15.
72. Shroufi A, Van Cutsem G, Cambiano V, Bansi-Matharu L, Duncan K, Murphy
R, et al. Simplifying switch to second-line ART: predicted effect of defining fail-
ure of first-line efavirenz-based regimens in sub-Saharan Africa by a single viral
load more than 1000 copies/ml. AIDS. 2019;33(10):1635–44.

SUPPORTING INFORMATION

Additional information may be found under the Supporting
Information tab for this article.
Table S1. Association between patient characteristics at eligi-
bility and suspected failure
Table S2. The failure cascade among first-line ART patients
with suspected failure

Nicholas S et al. Journal of the International AIDS Society 2019, 22:e25387
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25387/full | https://doi.org/10.1002/jia2.25387

9

https://ept.vlsmartconnect.com/
https://aidsfree.usaid.gov/sites/default/files/malawi_art_2016.pdf
http://www.hiv.health.gov.mw/index.php/our-documents
https://www.pepfar.gov/documents/organization/285859.pdf
https://www.pepfar.gov/documents/organization/285859.pdf
https://icap.columbia.edu/wp-content/uploads/ICAP_Approach_to_Viral_Load_Scale-Up_20July17v2.pdf
https://icap.columbia.edu/wp-content/uploads/ICAP_Approach_to_Viral_Load_Scale-Up_20July17v2.pdf
https://www.who.int/hiv/pub/drugresistance/hivdr-report-2017/en/
https://www.who.int/hiv/pub/drugresistance/hivdr-report-2017/en/
https://www.who.int/hiv/pub/surveillance/monitoring-framework-hiv-viral-load-testing.pdf?ua&thinsp;=&thinsp;1
https://www.who.int/hiv/pub/surveillance/monitoring-framework-hiv-viral-load-testing.pdf?ua&thinsp;=&thinsp;1
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25387/full
https://doi.org/10.1002/jia2.25387

	Outline placeholder
	tbl1
	tbl2
	bib1
	bib2
	bib3
	bib4
	bib5
	bib6
	bib7
	bib8
	bib9
	bib10
	bib11
	bib12
	bib13
	bib14
	bib15
	bib16
	bib17
	bib18
	bib19
	bib20
	bib21
	bib22
	bib23
	bib24
	bib25
	bib26
	bib27
	bib28
	bib29
	bib30
	bib31
	bib32
	bib33
	bib34
	bib35
	bib36
	bib37
	bib38
	bib39
	bib40
	bib41
	bib42
	bib43
	bib44
	bib45
	bib46
	bib47
	bib48
	bib49
	bib50
	bib51
	bib52
	bib53
	bib54
	bib55
	bib56
	bib57
	bib58
	bib59
	bib60
	bib61
	bib62
	bib63
	bib64
	bib65
	bib66
	bib67
	bib68
	bib69
	bib70
	bib71
	bib72


