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Abstract 

Introduction  Monitoring HIV viral load (HVL) in people living with HIV (PLHIV) on antiretroviral therapy (ART) is 
recommended by the World Health Organization. Implementation of HVL testing programs have been affected by 
logistic and organizational challenges. Here we describe the HVL monitoring cascade in a rural setting in Tanzania and 
compare turnaround times (TAT) between an on-site and a referral laboratory.

Methods  In a nested study of the prospective Kilombero and Ulanga Antiretroviral Cohort (KIULARCO) we included 
PLHIV aged ≥ 15 years, on ART for ≥ 6 months after implementation of routine HVL monitoring in 2017. We assessed 
proportions of PLHIV with a blood sample taken for HVL, whose results came back, and who were virally suppressed 
(HVL < 1000 copies/mL) or unsuppressed (HVL ≥ 1000 copies/mL). We described the proportion of PLHIV with unsup-
pressed HVL and adequate measures taken as per national guidelines and outcomes among those with low-level 
viremia (LLV; 100–999 copies/mL). We compare TAT between on-site and referral laboratories by Wilcoxon rank sum 
tests.

Results  From 2017 to 2020, among 4,454 PLHIV, 4,238 (95%) had a blood sample taken and 4,177 (99%) of those 
had a result. Of those, 3,683 (88%) were virally suppressed. In the 494 (12%) unsuppressed PLHIV, 425 (86%) had a 
follow-up HVL (102 (24%) within 4 months and 158 (37%) had virologic failure. Of these, 103 (65%) were already on 
second-line ART and 32/55 (58%) switched from first- to second-line ART after a median of 7.7 months (IQR 4.7–12.7). 
In the 371 (9%) PLHIV with LLV, 327 (88%) had a follow-up HVL. Of these, 267 (82%) resuppressed to < 100 copies/ml, 
41 (13%) had persistent LLV and 19 (6%) had unsuppressed HVL. The median TAT for return of HVL results was 21 days 
(IQR 13–39) at the on-site versus 59 days (IQR 27–99) at the referral laboratory (p < 0.001) with PLHIV receiving the HVL 
results after a median of 91 days (IQR 36–94; similar for both laboratories).
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Conclusion  Robust HVL monitoring is achievable in remote resource-limited settings. More focus is needed on care 
models for PLHIV with high viral loads to timely address results from routine HVL monitoring.

Keywords  HIV cascade, Viral load testing, Viral suppression, Failure, Low level viremia

Introduction
The number of people living with HIV (PLHIV) on 
antiretroviral therapy (ART) globally and in Tanzania 
has been increasing over time with 82% accessing ART 
in 2020 [1]. HIV viral load (HVL) testing in PLHIV – 
the preferred monitoring approach by the World Health 
Organization (WHO) [2] – allows early detection of 
treatment failure and guides treatment decisions, for 
example adherence counselling or regimen change. In 
sub–Saharan Africa, HVL monitoring has been scaled 
up in recent years with investments strengthening 
HVL processing hubs and sample transportation sys-
tems, to overcome challenges of transport and result 
transmission especially in remote settings [3]. In Tan-
zania, the government scaled up routine HVL testing 
in 2017 through establishment of HVL processing cen-
tres (hubs) and policies enabling all PLHIV to receive 
HVL testing [4, 5]. For remote health facilities, the long 
distances to referral HVL processing hubs, poor road 
infrastructures (especially during the rainy season), 
unreliable transport systems, and the danger of blood 
sample degradation due to failure of cold chains remain 
a challenge [6, 7].

For successful HVL monitoring, a reliable testing 
process with a rapid turnaround time (TAT) is key and 
affects all stages of the testing cascade including blood 
withdrawal, sample transport and processing, genera-
tion of results, feedback to clinicians and PLHIV, and 
timely subsequent action. Samples for HVL testing are 
recommended to be processed and results made avail-
able to the clinicians within 14  days for management 
of treatment [8]. According to the Tanzania National 
AIDS Control Program guidelines, the first HVL test 
is done at 6 months after initiation of ART and a sec-
ond at 12  months. If both viral load results are < 1000 
copies/mL, HVL is then monitored yearly. PLHIV 
with unsuppressed HVL receive enhanced adherence 
counselling for three months followed by a follow-up 
HVL test in the fourth month—if reported adherence 
is > 95%. If the follow-up HVL result is below 1000cop-
ies/ml, the patient will continue with the same drug 
regimen, otherwise the recommendation is to switch to 
a second-line ART regimen [8].

Gaps in the HVL cascade, such as long TAT, delay 
in timely initiation of adherence counselling and/or 
switch to second-line ART in PLHIV with virologic fail-
ure (VF) lead to an increased risk of accumulation of 

drug resistance mutations, development of clinical fail-
ure and mortality as well as onwards HIV transmission 
[9–11].

We hypothesised that decentralization of HVL testing 
from a referral laboratory to an on-site molecular labo-
ratory capable of conducting HVL testing, hence avoid-
ing sample transport to a central referral laboratory, 
will reduce TAT of HVL results. Therefore, we aimed at 
analysing the HVL monitoring cascade, comparing turn-
around times of viral load results when viral load test-
ing was done at an on-site laboratory versus a referral 
laboratory. We furthermore assessed management and 
outcome among those with high- and low-level viremia 
following the national rollout of routine HVL monitoring 
in a cohort of PLHIV in rural Tanzania.

Methods
Study setting
This is an observational study in the prospective Kilomb-
ero and Ulanga Antiretroviral Cohort (KIULARCO). Kil-
ombero and Ulanga are rural districts in the Morogoro 
region in South-western Tanzania, with St. Francis Refer-
ral Hospital (SFRH) being the largest health facility pro-
viding HIV care and treatment in the region. Morogoro 
Regional Referral Hospital (MRRH) – used for referral 
of laboratory services – is located 229 kms (km) away 
from SFRH. KIULARCO has existed since 2005 as col-
laboration between the SFRH, the Ifakara Health Insti-
tute (IHI), the Swiss Tropical and Public Health Institute, 
and the University Hospital of Basel, Switzerland. PLHIV 
attending the Chronic Diseases Clinic of Ifakara (CDCI) 
of the SFRH are invited to participate in KIULARCO. 
Almost 11,000 PLHIV have been enrolled in KIULARCO 
as of January 2021, with information collected prospec-
tively in an electronic patient records database (open-
MRS), including demographics, clinical and laboratory 
data, medication history, drug toxicities, diagnoses and 
outcomes. Details of the cohort have been described 
elsewhere [12, 13].

Routine HVL testing at SFRH was implemented in 
August 2017. Plasma samples from PLHIV were trans-
ported to the referral laboratory at MRRH for analysis. 
Additionally, a point of care system (GeneXpert ®) for 
HVL testing was operating at the on-site laboratory with 
a 2-h TAT for urgent cases. With the aim to decentral-
ize HVL testing, from August 2018 onwards, HVL testing 
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was started at the on-site laboratory at IHI in close col-
laboration with the National AIDS Control Program and 
the implementing partner USAID Boresha Afya. On-site 
laboratory at IHI offered HVL testing for SFRH patients 
and was referral laboratory for HVL testing for other 
peripheral health facilities. Referral of samples to MRRH 
was then only done in case of stock outs of reagents or 
machine breakdown.

Study population
For this study, we included all PLHIV with an informed 
consent enrolled in KIULARCO, who were at least 
15 years old and on ART for at least 6 months with a clin-
ical visit from August 2017 to July 2020, with follow-up 
through January 2021.

HVL testing and reporting procedures
During routine visits, venous blood samples were col-
lected in BD vacutainer EDTA tubes® by the phleboto-
mist at the clinics and brought to the on-site laboratory 
the same day. In the first year of roll out of HVL testing 
(August 2017 to July 2018), blood samples were imme-
diately centrifuged at the on-site laboratory and plasma 
was stored at -80 °C freezer until transport to MRRH for 
HVL testing. Transportation of the frozen plasma hap-
pened mostly twice a week. Upon arrival of the samples 
at MRRH, data clerks registered the patient-related infor-
mation from the HVL request forms and, depending on 
the work load, the samples were processed immediately 
or stored in -20 °C freezers until they could be processed. 
HVL testing was done using COBAS® AmpliPrep/
COBAS® TaqMan® system, according to manufactur-
ers’ instructions with lowest detection limit of 20 copies/
ml. Paper forms with the HVL results were brought from 
the MRRH to the SFRH by staff who carried the samples 
from SFRH to the MRRH or by local arrangements with 
office cars whenever possible. Data clerks entered the 
results in the openMRS database and filed paper copies 
in the patient files.

From August 2018 to July 2020, HVL testing happened 
at IHI, at the on-site laboratory on an Abbott m2000 
System as per manufacturer’s instructions with lowest 
detection limit of 40copies/ml or 150copies/ml depend-
ing on the manufacturer’s protocol used. Depending on 
the work load, samples were processed immediately or 
stored in -80  °C freezers until processed. HVL results 
were then entered in the openMRS database. PLHIV 
were scheduled for routine HVL testing or follow-up of 
unsuppressed HVL following national guidelines [8]. 
In addition to HVL control according guidelines, we 

controlled HVL in PLHIV with LLV at their next sched-
uled visit.

Definitions
We defined baseline as the first clinical visit of eligible 
patients. The HVL measurement at this time is referred 
to as the first HVL. We considered a HVL ≥ 1000cop-
ies/mL as ‘unsuppressed’ and a HVL < 1000copies/mL 
as ‘suppressed’. Virological failure (VF) was defined as 
two consecutives unsuppressed HVL results despite 
adherence counselling. Due to having different HVL 
measuring platforms with different lowest detection 
limits, we considered a HVL of 100 copies/ml as the 
lower limit for HVL detection. Hence LLV was defined 
as HVL 100–999 copies/mL, and persistent LLV as two 
consecutive LLV.

The analytical TAT was defined as the number of days 
elapsed between the date a sample was collected until the 
date the HVL result was entered in the OpenMRS data-
base and thus available to the clinician. Between these 
time points is the transport to the laboratory, the pro-
cessing of the sample, result generation, result return to 
the on-site laboratory (if sent to the referral laboratory) 
and entry into the openMRS database. The overall TAT 
was defined as the number of days elapsed between the 
date a sample was collected until the date the patient 
received the results (among those who returned) and 
therapeutic measures could be taken (first clinical visit 
after the result was entered into OpenMRS). Addition-
ally, for PLHIV with unsuppressed HVL and a follow-
up HVL, the follow-up TAT was defined as the number 
of days elapsed between the date of unsuppressed HVL 
result entry in the openMRS database to the date follow 
up HVL result was entered in openMRS, Fig. 1.

Analytical TAT defined as the number of days elapsed 
between date of a sample was collected to date of HVL 
result entry into OpenMRS with immediate availabil-
ity to the clinician. Overall, TAT defined as the number 
of days elapsed between date a sample was collected to 
date the patient received results (corresponding to the 
next clinical visit among those who returned) and thera-
peutical consequences could take place. For patients with 
unsuppressed HVL and a follow-up HVL, follow up TAT 
defined as the number of days elapsed between date of 
unsuppressed HVL result entry into openMRS database 
and date follow up HVL is entered in openMRS.

Covariates
Independent baseline covariates considered were age, 
gender, marital status, highest education level, occupa-
tion, distance in km of residence from the clinic, daily 
alcohol consumption, body mass index (BMI), HIV 
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WHO stage, CD4 cell count, ART regimen line, years 
since ART initiation, and calendar year. BMI, CD4 cell 
count and HIV WHO stage were those measurements 
closest to baseline, provided within 18 months before and 
up to 3 months after.

Statistical methods
Medians, interquartile (IQ) ranges, frequencies and 
proportions were used to describe PLHIV’ baseline 
characteristics, the HVL testing cascade and TAT. We 
describe the proportion of PLHIV with sample taken 
for HVL testing among all participants, and of these, 
the proportion with reported HVL results. Following 
the first HVL measurement, we describe the cascade 
i) proportions of those virally suppressed ii) unsup-
pressed HVL and iii) LLV. In each group we report on 
the TAT of results and compared TAT results between 
the on-site and referral laboratories using Wilcoxon 
rank sum tests of medians for continuous variables. 
We used two-sided p-values for all tests. Analyses were 
performed using Stata version 15 [14].

Results
Baseline characteristics
From August 2017 to July 2020, 5,561 PLHIV visited 
the clinic. Of these, 1,107 were excluded from the anal-
ysis due to age < 15 years (N = 425), not being on ART 
(N = 89) or on ART for less than 6  months (N = 593 
Among the 4,454 PLHIV included, 3,082 (69%) were 
female and median age was 42  years (IQR 35–51; 

Table  1). More than half of PLHIV (N = 2,528; 57%) 
were married, 3,709 (84%) had primary school educa-
tion, 3,666 (83%) were farmers and 2,074 (48%) lived 
within a distance of less than 1  km from the clinic. 
The majority of PLHIV had a normal body mass index 
of 18.5- 25  kg/m2 (2,582; 60%). A WHO stage III/IV 
was diagnosed in 1,998 (45%) and the CD4 cell count 
was < 350 cells/ml in 1,205 (27%). The majority of 
PLHIV (2,798 (63%)) had been on ART for more than 
2 years.

Viral load testing cascade
Among the 4,454 PLHIV, 4,238 (95%) had a blood sam-
ple taken for HVL measurement. Of those, 4,177 (99%) 
had a HVL result reported in the openMRS database 
(Fig. 2 and Table 2). Viral suppression was documented 
in 3,683/4,177 (88%) PLHIV, whereby 3,312 (79%) had a 
HVL < 100 copies/ml, 371 (9%) had LLV and 494 (12%) 
were unsuppressed.

Cascade after unsuppressed HVL
Among the 494 (12%) PLHIV with unsuppressed HVL, 
425 (86%) had a follow up HVL done after a median of 
6.4  months (IQR 5.1–9.1). Of those, 267 (63%) were 
virally suppressed, whereby 216 (51%) had a HVL < 100 
copies/ml, 51 (12%) had LLV and 158 (37%) had VF 
(Fig.  2 and Table  2). Among 69 PLHIV with no follow-
up HVL, 10 (15%) were in active care, 41 (59%) had been 
lost to follow-up (LTFU), 6 (9%) had died and 12 (17%) 

Fig. 1  Schematic diagram for analytical, overall and follow-up TAT​
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were transferred to another clinic. Within study duration, 
the median follow-up time of unsuppressed HVL (among 
those active-in-care), LTFU, death or transfer to another 
clinic was 6.1 months (IQR 3.0 -9.8).

Of the 158 PLHIV with VF, 103 (65%) were already 
on second-line ART at the time of follow-up HVL. 
Among the 55 PLHIV on first-line ART, 32 (58%) were 
switched from first- to second-line ART after a median 
of 7.7  months (IQR 4.7–12.7). Of the 23 PLHIV not 
switched, 14 (61%) were in active care, 6 (26%) were 
LTFU, 2 (9%) had died and 1 (4%) had transferred to 
another clinic. Of the 267 PLHIV who had a first unsup-
pressed HVL and a suppressed follow-up HVL, 109 (40%) 
were already on second-line ART at the first unsup-
pressed HVL measurement and 11 (4%) were switched 
following the first unsuppressed HVL (Fig. 2 and Table 2).

Cascade after LLV
Among 371 (9%) PLHIV who had LLV, 327 (88%) had a 
follow up HVL done after a median of 9.0 months (IQR 
6.0–12.1). Of these, 267 (82%) had follow-up a HVL < 100 
copies/ml, 41 (13%) had persistent LLV and 19 (6%) were 
unsuppressed (Fig. 2 and Table 2).

Cascade after suppressed HVL
Among 3,312 (79%) PLHIV with a HVL < 100 copies/ml, 
2,876 (87%) had a follow-up HVL done after a median of 
12.0 months (IQR 11.8–13.2). Of those, 2,653 (92%) still 

Table 1  PLHIV’ characteristics at baselinea

Characteristics All PLHIV
n = 4454

Socio-demographics
  Age categories (years), n (%)

    15 – 24 281 (7%)

    25 – 34 769 (17%)

    35—44 1546 (35%)

    ≥ 45 1858 (42%)

  Gender, n (%)

    Male 1372 (31%)

    Female 3082 (69%)

  Married Status, n (%)

    Married/Cohabiting (%) 2528 (57%)

    Never married 474 (11%)

    Separated/divorced/widowed 1451 (33%)

    Missing 1 (< 0.1%)

  Education, n (%)

    None 363 (8%)

    Primary 3709 (84%)

    Secondary and above/other 371 (8%)

    Missing 11 (0.3%)

  Occupation, n (%)

    Farmer 3666 (83%)

    Non farmer 777 (18%)

    Missing 11 (0.3%)

  Distance of residence from clinic, n (%)

    ≤ 1 km 2074 (48%)

    2 – < 50 km 1451 (33%)

    ≥ 50 km 835 (19%)

    Missing 94 (2%)

  Daily alcohol consumption, n (%)

    No 4403 (98%)

    Yes 101 (2%)

Clinical
  Body Mass Index, Kg/m2, n (%)b

    Underweight, < 18.5 365 (8%)

    Normal, 18.5—< 25 2582 (60%)

    Overweight, 25—< 30 922 (21%)

    Obese, ≥ 30 464 (11%)

    Missing 121 (3%)

  WHO Stage, n (%)b

    I 1463 (33%)

    II 986 (22%)

    III 1378 (31%)

    IV 620 (14%)

    Missing 7 (0.2%)

  CD4 cell count (cells/µl)b, n (%)

    < 100 157 (4%)

    100—349 1048 (24%)

    ≥ 350 3192 (73%)

    Missing 57 (1%)

The characteristics analyzed are in number and percent of those with non-
missing data, missing data rows are in number and column %
a At the first clinical visit aged ≥ 15 years old with at least 6 months on ART 
between August 2017 to July 2020
b Nearest recorded measurement of BMI, CD4 cell count, WHO stage 18 months 
before to 3 months after baseline

Table 1  (continued)

Characteristics All PLHIV
n = 4454

  On Second line ART, n (%)

    No 3976 (89%)

    Yes 478 (11%)

  Baselinea calendar year, n (%)

    2017 3045 (68%)

    2018 813 (18%)

    2019 465 (11%)

    2020 131 (3%)

  Years since ART initiation, n (%)

    < 2 years 1656 (37%)

    2 – < 5 years 1100 (25%)

    ≥ 5 years 1698 (38%)
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had HVL < 100 copies/ml, while 132 (5%) had LLV and 91 
(3%) were unsuppressed.

Turn‑around time (TAT)
Among 4,454 PLHIV, 12,512 HVL test results were 
received, with a median number of HVL tests per person 
of 3 (IQR 2–3). Only 3,342 (27%) HVL tests were pro-
cessed within ≤ 14  days as per national guidelines rec-
ommendation. The median analytical TAT was 27  days 
(IQR 14–61), whereby at the on-site laboratory it was 
21 days (IQR 13–39) versus 59 days (IQR 27–99) at the 
referral laboratory (p < 0.001; Table 3). The overall TAT– 
including result provision to the patient – was similar 
irrespective of the site of testing or unsuppressed HVL 
results, with a median of 91  days (36–94) and 88  days 
(28–96) respectively. For those with unsuppressed HVL, 
only 93 (19%) of follow-up HVL samples were processed 
in ≤ 14 days and the median analytical TAT was 17 days 
(IQR 8–31) at the on-site versus 71  days (IQR 35–103) 
at the referral laboratory (p < 0.001). The median TAT 
until a patient received a result was 4.8  months (IQR 
3.2–6.8) and only 102 (24%) had a follow-up HVL within 
4 months as per national guidelines.

Discussion
In this study on the HVL testing cascade from a rural 
site we could show, that during the first three years after 
implementation of HVL monitoring, testing coverage 

among PLHIV on ART was high with 95% and viral sup-
pression was 88%. The median analytical TAT of samples 
processed at the on-site laboratory was one third of the 
time compared to samples sent to the referral laboratory. 
The time until clinical management, however, remained 
long with 90 days irrespective of the testing site. Among 
PLHIV with an unsuppressed HVL only 24% had a fol-
low up HVL within the 4 months recommended by the 
National HIV treatment guidelines. Of those with a LLV, 
6% became unsuppressed within a year.

Compared to studies from other rural sub-Saharan 
African sites showing HVL monitoring coverage rates 
ranging from 64–90% [3,15], our testing coverage of 
PLHIV in care reached 95% following HVL monitoring 
roll-out by the National AIDS Control Program and the 
implementing partner USAID Boresha Afya—after start-
ing with 22% in 2017 [16]. The viral suppression rate of 
88% in our study is close to the 91% found in a previous 
study from our site [17] and to the national level of 87% 
(84% of males and 89% of females) assessed during the 
Tanzania HIV Impact Survey (THIS) 2016–17 [18, 19]. 
While these numbers are close to the third 90% of the 
2020 UNAIDS goals [20], a gap remains to reach the 2030 
UNAIDS goals of 95% viral suppression of those on ART 
[21]. Reaching UNAIDS 2030 goals might be facilitated 
by the roll-out of integrase inhibitors as first line treat-
ment, which only started 2019 in Tanzania. In our study, 
first available HVL measurements were used for analysis 

Fig. 2  HIV viral load cascade. HIV viral load monitoring cascade of KIULARCO PLHIV (percentages are of the numbers in the preceding bar). Bars 
show number of patients at different stages of the HVL monitoring cascade
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where only 6% were on dolutegravir based regimen and 
majority in the    Non-Nucleoside Reverse Transcriptase 
Inhibitor (NNRTI) based regimen. [8, 21].

The overall analytical TAT in this real-life rural sub-
Saharan African setting was 27 days and analytical TAT 
at on-site lab was 21 days which are still notably longer 
than the 14 days recommended by Tanzanian’s National 
AIDS Control Programme guidelines [8]. The reason was 
mostly the high number of samples to be processed, as 
the on-site lab was also a referral laboratory of neigh-
bouring health centres, and a back-up laboratory of the 
regional laboratory in case of stockouts of reagents or 
breakdown of machines. Thus, the on-site lab had at 
times faced significant backlog of samples with limited 
staff. Additionally, the manual paper work necessitated 
by the semi-automated National system contributed 
to workload. On top, results had again to be manually 
entered in the electronic patient record system. Fur-
thermore, the on-site lab in 2020 faced a half-year stock 
out of reagents due to the COVID-19 pandemics. The 
improvement of the analytical TAT by performing the 
HVL in an on-site laboratory compared to a referral lab-
oratory has previously been reported by others. Studies 
from sub-Saharan Africa using similar definitions showed 
median TATs ranging from 15–67 days [22, 23]. A study 
from Malawi could show a substantial impact of distance 
from the laboratory to the clinic on the TAT, suggest-
ing inefficiency of specimen transfer as a factor driving 
longer turnaround times [24]. This was confirmed by a 
reduction of the median analytical TAT for HVL results 
of about 3 times after implementation of testing at the 
on-site laboratory in our study (from 59 to 21 days. Major 
reasons are inconsistent transport availabilities, weather 
conditions affecting road conditions, reagent stockouts, 
equipment and electricity shutdowns and administrative 
delays [22–24]. Thus, there is a clear benefit of a molecu-
lar laboratory capable of conducting HVL testing located 
in remote areas with high patient numbers. Additionally, 
point of care platforms such as GeneXpert can reduce 
the TAT of the results [25] and thus benefit clinically 
unstable PLHIV with a same day result for HVL targeted 

Table 2  HIV Viral load monitoring cascade and outcomes

Description N (%) or Median (IQR)

1. Cascade of viral load testing

  a. Number of PLHIV 4,454

  b. PLHIV with blood sample taken for HVL testing 4,238/4,454 (95%)

  c. PLHIV with a HVL result reported in the medical 
records

4,177/4,238 (99%)

    i. Overall number of HVL test results 12,512

    ii. HVL tests per person, median (IQR) 3 (2–4)

2. Results of first HVL measurement

  a. HVL < 1000 copies/mL (suppressed HVL) 3,683/4,177 (88%)

    i. HVL 100–999 copies/mL (Low-level viremia 
(LLV))

371/4,177 (9%)

    ii. HVL < 100 copies/mL 3,312/4,177 (79%)

  b. HVL ≥ 1000 copies/mL (unsuppressed HVL) 494/4,177 (12%)

3. Cascade of care for PLHIV with HVL < 100 copies/mL, n = 3,312

  a. Number with follow-up HVL 2,876/3,312 (87%)

  b. Median time to follow-up HVL, n = 2,876 12.0 months (11.8–13.2)

  c. HVL < 100 copies/mL 2,653/2,876 (92%)

  d. LLV 132/2,876 (5%)

  e. Unsuppressed HVL 91/2,876 (3%)

4. Cascade of care for PLHIV with LLV, n = 371

  a. Number with follow-up HVL 327/371 (88%)

  b. Median time to follow-up HVL, n = 327 9.0 months (6.0–12.2)

  c. HVL < 100 copies/mL 267/327 (82%)

  d. Persistent LLV 41/327 (13%)

  e. Unsuppressed HVL 19/327 (6%)

5. Cascade of care for PLHIV with unsuppressed HVL, n = 494

  a. No follow-up HVL 69/494 (14%)

  b. Virologic failure (VF) 158/425 (37%)

  c. Suppressed HVL 267/425 (63%)

    i. HVL < 100 copies/mL 216/425 (51%)

    ii. LLV 51/425 (12%)

  d. Months from date of unsuppressed HVL to 
date of follow-up HVL, median (IQR), n = 425

6.4 months (5.1 – 9.0)

    i. ≤ 4 months 102 (24%)

    ii. 5—6 months 136 (32%)

    iii. 7—9 months 114 (27%)

    iv. 10—12 months 40 (9%)

    v. ≥ 13 months 33 (8%)

  e. Switched to second line ART among suppressed follow up HVL, n = 267

    i. Already on second line ART at unsuppressed 
HVL

109/267 (41%)

    ii. Switched to second line ART by follow-up 
HVL

11/267 (4%)

  f. Outcomes for those with VF, n = 158

    i. Already on second line ART at follow-up HVL 103/158 (65%)

    ii. Of those still on first-line, switched to second 
line ART​

32/55 (58%)

      - Months from date of follow-up HVL to date 
of second line ART switch, n = 32

7.7 months (4.7–12.7)

    iii. No switch to second line despite VF 23/55 (42%)

      -Had a third HVL 16/23 (26%)

        i. Unsuppressed HVL 3/16 (19%)

        ii. Suppressed HVL 13/16 (81%)

HVL HIV viral load, LTFU lost to Follow-up

Table 2  (continued)

Description N (%) or Median (IQR)

      - Months from date of follow-up HVL to date 
of status (database censor date/LTFU/death), n = 23

16.4 months (9.1–25.8)

      - ≤ 4 months since follow-up HVL 5/23 (22%)

      - Active in care 14/23 (61%)

      - LTFU 6/23 (26%)

      - Died 2/23 (9%)

      - Transfer out 1/23 (4%)
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monitoring and clinical decision making. In this study, 
however the number of GeneXpert tests done was very 
low and therefore not analysed separately.

Disappointingly, the analytical TAT did not affect the 
time until the patient received the results (overall TAT). 
The most important challenge was to track patients 
and convince them to come to an earlier than planned 
appointment. Reasons for not coming early indicated 
by PLHIV were socioeconomic constraints – mostly 
small-scale farmers and fishermen – with inability to 
come up for transport costs. A considerable number of 
PLHIV in our study (835 (19%)) live ≥ 50 kms away from 
the clinic with poor road infrastructure and are usually 
prescribed drugs for three months. In addition, the pro-
cedures in place to track PLHIV with an unsuppressed 
HVL as per National HIV treatment guidelines were only 
partially successful as, even if PLHIV have phones, they 
frequently are not reachable due to network and elec-
tricity shortages. Innovative methods of HVL results 
feedback to PLHIV such as use of mobile short message 
services might help in overcoming this challenge [26, 
27]. The majority of PLHIV with an unsuppressed HVL 
had re-suppressed at the follow-up testing (63%), which 

is an indicator for non-adherence rather than resist-
ance and supports the strategy of enhanced adherence 
counselling. Etoori et al. showed a re-suppression rate in 
Swaziland of 62% [9] while Glass et al. reported a lower 
re-suppression rate of 45% in Lesotho [28]. In our study, 
interestingly, 65% of PLHIV were already on second line 
at the time first HVL measurement, indicating previous 
persistent treatment adherence problems. We reported a 
similar finding from a study of PLHIV switched to sec-
ond line treatment in whom 13.1% had VF and no resist-
ance could be documented at the time of switch nor after 
6–12 months on second line treatment [29].

Until recently, the WHO guidelines defined an unsup-
pressed HVL using a threshold of ≥ 1000copies/mL [2]. 
Discussion on the implications of HVL results between 
100 and 999copies/mL was ongoing after increasing evi-
dence of poor outcome in patients with LLV [30–32]. 
Our study reports 9% frequency of LLV. Data from other 
sites are quite diverse with some reporting high rates of 
LLV of 23%—38% frequency [33, 34], while others show 
similar figures around 2–9% [29, 35, 36].

Only in mid of this year, the WHO has updated its 
guidelines and newly defines virologic suppression 

Table 3  Time around time for all PLHIV and those with unsuppressed HVL

TAT​ Turnaround time, HVL HIV Viral load

Description Median (IQR)

1. TAT for all HVL tests

  a. Analytical TAT (date sample taken to date result entered into openMRS database), n = 12,512

    i. Processed in ≤ 14 days 3,342 (27%)

    ii. Overall, median (IQR) 27 days (14–61)

    iii. Sample processed at on-site laboratory, median (IQR) 21 days (13–39)

    iv. Sample processed at referral laboratory, median (IQR) 59 days (27–99)

  b. Overall TAT (date sample was taken to date participant received results (next clinical visit)), n = 8,385

    i. Overall, median (IQR) 91 days (36–94)

    ii. Sample processed at on-site laboratory, median (IQR) 91 days (33–93)

    iii. Sample processed at referral laboratory, median (IQR) 91 days (76–123)

2. TAT for PLHIV with unsuppressed HVL

  a. Analytical TAT, n = 494

    i. Processed in ≤ 14 days 93 (19%)

    ii. Overall, median (IQR) 49 days (20–88)

    iii. Sample processed at on-site laboratory, median (IQR) 17 days (8–31)

    iv. Sample processed at referral laboratory, median (IQR) 71 days (35–103)

  b. Overall TAT, n = 485

    i. Overall, median (IQR) 88 days (28–96)

    ii. Sample processed at on-site laboratory, median (IQR) 85 days (30–95)

    iii. Sample processed at referral laboratory, median (IQR) 91 days (74–118)

  c. Follow-up HVL TAT (date from unsuppressed HVL result entry into openMRS database to date of follow up HVL, n = 425

    i. Overall, median (IQR) 4.8 months (3.2–6.8)

    ii. Sample processed at on-site laboratory, median (IQR), n = 272 5.2 months (3.4–8.2)

    iii. Sample processed at referral laboratory, median (IQR), n = 153 3.9 months (3.2–5.8)
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as a HVL < 50copies/ml. VF remains defined as two 
HVL ≥ 1000copies/ml. The recommendation is to do 
adherence counselling and retest HVL in all patients with 
HVL values > 50copies/ml [2].

In our study, 6% of those with LLV progressed to 
unsuppressed HVL in a median time of 9  months 
hence these PLHIV may benefit from closer monitor-
ing. High-level resistance to at least two drugs has also 
been documented among PLHIV with LLV of 84–94%. 
PLHIV having high-level resistance to at least two drugs 
of NNRTI-based first-line ART regimen in studies from 
Lesotho [30, 31].

The strength of our study is the prospective real-life 
setting large cohort of PLHIV. The limitations of our 
study were: first, no resistance testing was done to 
identify the reasons for high HVL in particular, among 
those with unsuppressed HVL who switched to sec-
ond line ART before having follow up HVL and thus 
we could not determine if the decision to switch to 
second-line ART was justified or not. Second, we could 
not assess the impact of adherence counselling among 
those with unsuppressed HVL. Similarly, we could 
not verify if all who had treatment switch to second 
line had treatment adherence counselling as per the 
national’s HIV treatment guidelines. Third, analytical 
TAT at both on-site and referral laboratories may have 
been affected by stock out of reagents, breakdown of 
machines, which may result to huge backlog of samples 
affecting TAT results.

Conclusion
Robust HVL monitoring is achievable in rural remote 
resource limited settings and with reduced turnaround 
time of viral load results. The majority of PLHIV with VF 
were already on second-line ART indicating persistent 
adherence problems, meaning that it is crucial enhanced 
treatment adherence counselling is done timely and early 
enough to prevent HIV drug resistance development.
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