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Background: Patients hospitalized with advanced HIV have a
high mortality risk. We assessed viremia and drug resistance among
differentiated care services and explored whether expediting the
switching of failing treatments may be justified.

Setting: Hospitals in the Democratic Republic of (DRC) Congo
(HIV hospital) and Kenya (general hospital including HIV care).

Methods: Viral load (VL) testing and drug resistance (DR)
genotyping were conducted for HIV inpatients $15 years, on first-
line antiretroviral therapy (ART) for $6 months, and CD4 #350
cells/mL. Dual-class DR was defined as low-, intermediate-, or high-
level DR to at least 1 nucleoside reverse transcriptase inhibitor and 1
non-nucleoside reverse transcriptase inhibitor. ART regimens were
considered ineffective if dual-class DR was detected at viral failure
(VL $1000 copies/mL).

Results: Among 305 inpatients, 36.7% (Kenya) and 71.2% (DRC)
had VL $1000 copies/mL, of which 72.9% and 73.7% had dual-
class DR. Among viral failures on tenofovir disoproxil fumarate
(TDF)-based regimens, 56.1% had TDF-DR and 29.8% zidovudine
(AZT)-DR; on AZT regimens, 71.4% had AZT-DR and 61.9% TDF-
DR, respectively. Treatment interruptions ($48 hours during past 6
months) were reported by 41.7% (Kenya) and 56.7% (DRC).
Approximately 56.2% (Kenya) and 47.4% (DRC) on TDF regimens
had tenofovir diphosphate concentrations ,1250 fmol/punch (sub-
optimal adherence). Among viral failures with CD4 ,100 cells/mL,
76.0% (Kenya) and 84.6% (DRC) were on ineffective regimens.

Conclusions: Many hospitalized, ART-experienced patients with
advanced HIV were on an ineffective first-line regimen. Addressing
ART failure promptly should be integrated into advanced disease
care packages for this group. Switching to effective second-line
medications should be considered after a single high VL on non-
nucleoside reverse transcriptase inhibitor–based first-line if
CD4 #350 cells/mL or, when VL is unavailable, among patients
with CD4 #100 cells/mL.
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INTRODUCTION
In sub-Saharan Africa, many people living with HIV

(PLHIV) who have already been treated are still hospitalized
with advanced disease. Up to 78% of HIV inpatients in a
Congolese cohort were antiretroviral therapy (ART)-exposed,1

and the majority (59% and 64%) of highly immunocompro-
mised Zambian and Kenyan patients (CD4 ,200 cells/mm3)
had already taken ART when studied,1,2 nearly half for more
than 6 months. Mortality and opportunistic infections are
frequent in this group: 20%–30% die while hospitalized.3 This
risk increases as CD4 counts drop,1,4 and many of these
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patients have unidentified first-line ART resistance because of
a lack of access to viral load (VL) and genotype resistance
testing.5,6 Current World Health Organization7 (WHO) guide-
lines advise that 2 consecutive VL readings above 1000
copies/mL (at least 3 months apart), with adherence counseling
in-between, should be completed before switching a patient to
second-line regimen. In practice, this can be a lengthy process
with high rates of loss to follow-up at each step.8,9

Delayed switching to second-line ART was shown to
be associated with elevated mortality, particularly in
advanced disease.10 Switching a failing regimen early is
effective at reducing mortality, especially in patients with low
CD4 counts.11 Yet, switching to a second-line regimen,
particularly when protease inhibitors are used, is not always
uniformly beneficial and may result in higher pill burden,
potential side-effects, and poorer adherence. To assess the
need for more rapid switching from first- to second-line
regimens for seriously ill patients, we measured viremia and
genotypic drug resistance (DR) in ART-experienced
advanced HIV patients in 2 hospitals’ inpatient departments
in Kenya and Democratic Republic of Congo (DRC).

METHODS

Study Population and Setting
We conducted a cross-sectional study in the Homa Bay

County Teaching and Referral Hospital’s inpatient depart-
ments in Kenya and the Center Hospitalier de Kabinda (CHK)
in Kinshasa, DRC. These distinct sites represent a high
prevalence (26.0%), high ART coverage (63%) site in Kenya
and a low prevalence (1.6%), low ART coverage (33%)
setting in DRC.12,13

Hospitalized PLHIV $15 years of age, on first-line
ART $6 months, with CD4 #350 cells/mL were recruited
from October to December 2017 in DRC and from February
to July 2018 in Kenya. A minimum sample size of 216 was
calculated based on an assumed 50% antiretroviral (ARV)
resistance prevalence (expected outcome), assuming a non-
response and laboratory examination failure rate of 10%. In
Kenya, after 2.5 months of participant recruitment, fewer
hospitalized patients with a high VL ($1000 copies/mL)
were found than expected. After exclusions for sampling and
laboratory errors, the sample size was increased to 187 for
that site. Ethical approval was granted by the Kenya Medical
Research Institute Scientific and Ethics Review Committee in
Kenya (including amendment), the Comité d’Ethique à la
Recherche Scientifique in DRC, and Médecins Sans Fron-
tières (MSF’s) organizational Ethics Review Board (Protocol
ID: 1743).

Data Collection
All admitted patients were screened for eligibility with

Determine Rapid HIV-1/2 Antibody testing and, if positive, by
Uni-Gold Rapid HIV testing (Trinity Biotech PLC). CD4 counts
were determined by PIMA point-of-care testing (Alere, Germany).
Standardized questionnaires (demographics, previous hospitaliza-
tions, and treatment history) were completed during hospitaliza-

tion. Treatment interruption was defined as at least 1 self-reported
treatment interruption of $48 hours in the past 6 months. Blood
was taken for VL, resistance genotyping, and tenofovir diphos-
phate (TFV-DP) dried blood spot testing. Plasma VL testing was
performed at CHK laboratory in DRC (Abbott m2000; HIV-1
RNA quantification range: 40–10,000,000 copies/mL), and at the
Kenya Medical Research Institute/Center for Disease Control and
Prevention HIV laboratory in Kisumu, Kenya (Cobas Ampliprep/
Cobas Taqman HIV-1 test v.2.0, RNA quantification range:
20–10,000,000 copies/mL), where genotyping was performed on
dried blood spot specimens with HIV-RNA $1000 copies/mL.14

Intracellular TFV-DP concentration was assessed for participants
on tenofovir disoproxil fumarate (TDF)-based regimens at the
University of Cape Town using a modified version of Bushman
et al.’s method.15,16 In Kenya, this assessment was performed only
for the group of patients included before the sample size was
increased. Suboptimal treatment adherence was defined as
intracellular TFV-DP concentration ,1250 fmol per punch,
corresponding to an optimal adherence level of 7 doses per
week.17,18

DR was predicted using the Stanford HIV database
algorithm, v8.8,19 and DR was defined as any low-,
intermediate-, or high-level resistance. Dual-class DR was
defined as at least 1 DR in each drug class [nucleoside reverse
transcriptase inhibitor (NRTI) and non-nucleoside reverse
transcriptase inhibitor (NNRTI)]. A regimen-specific geno-
typic sensitivity score (sGSS) was calculated by assigning
scores to each ARV within the respective regimen, using the 5
Stanford algorithm levels (between 0 for high-level resistance
and 1 for fully susceptible ARV—maximum score 3).20 ART
regimens were considered ineffective if dual-class DR was
detected at viral failure (1 high VL $1000 copies/mL).

Statistical Analysis
We calculated proportions with 95% confdence inter-

vals (CIs) separately for the 2 sites except for DR mutations,
which were combined. Combined univariate and multivariate
logistic models explored predictors of dual-class DR after 1
high VL (sex, age, CD4 count, treatment duration, and
treatment interruption of $48 hours in the past 6 months).
Participants with no genotypic resistance results (n = 12) or
missing treatment interruption data (n = 3) were excluded
from this specific analysis. Stata v13 was used for analysis.21

RESULTS
In the 2 sites, 317 (24.1%) individuals met the eligibility

criteria. Their demographic and clinical characteristics are
detailed in Table 1. About half the participants (56.2% Kenya
and 47.4% DRC) on a TDF-containing regimen had been
suboptimally adherent (TFV-DP ,1250 fmol/punch); 9.0%
and 7.4% had a TFV-DP concentration below the limit of
quantification. Treatment interruptions (at least once for $48
hours in the past 6 months) were reported by 41.7% (Kenya)
and 56.7% (DRC), with the most recent lasting over 1 month
for half of them (49.1% Kenya and 55.4% DRC).

Among all patients included, 36.7% in Kenya (69/187)
and 71.2% in DRC (84/118) had a VL $1000 copies/mL.
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HIV genotyping was successful for 141 patients (92.3%) with
a high VL (65/69 in Kenya and 76/84 in DRC). HIV subtype
A was most common in Kenya and DRC (n = 54, 78.9%;
n = 21, 26.9%). In DRC, subtypes G (n = 13, 17.5%) and C
(n = 7, 9.5%) were also found. DR mutations were detected in
most genotyped patients with 1 high VL: At least 1 NRTI
mutation was detected in 74.5% (both sites combined), 70.9%
of all genotyped patients had 3TC resistance, 56.7% had TDF
resistance, and 36.9% had zidovudine (AZT)-DR (Fig. 1A).
DR to at least 1 NNRTI was detected in 81.5% (Kenya) and
89.5% (DRC) of genotyped patients. Overall, 85.8% also had
cross-resistance to efavirenz (EFV). Dual-class resistance was
present in 72.9% and 73.7% of Kenyan and Congolese
patients, respectively. In Kenya and DRC, 73.8% and

75.4% had an sGSS ,2 (maximum score of 3 if all 3 ARVs
susceptible per genotypic resistance test). Approximately
26.2% and 6.9% had an sGSS of zero (all ARVs had high-
level resistance). The median sGSS among genotyped
patients was 0.5 (0.25–2.0).

For TDF-based regimens, more than half of those with
genotyping results had TDF-DR (56.1%; n = 64) and about one-
third had AZT-DR (29.8%; n = 34). For AZT-based regimens,
the majority had AZT-DR (71.4%; n = 15) and TDF-DR
(61.9%; n = 13). Overall, nearly one-third (29.1%; n = 41) of
those with DR results had TDF + AZT dual-class DR.

The most common NRTI mutation was M184V
(65.2%). The main thymidine analog mutations (TAMs) were
T215F/Y (25.5%), M41L (24.1%), and D67N (14.9%);

TABLE 1. Demographic and Clinical Characteristics of Hospitalized Advanced HIV Inpatients in Kenya and the Democratic
Republic of Congo, 2017–2018

Kenya (N = 187) DRC (N = 118)

Demographics and HIV care

Female, n (%) 100 (53.5) 82 (69.5)

Age, yr, median (IQR) 37 (30–46) 40 (32–48)

Time on ART, yr, median (IQR) 4.0 (1.8–8.9) 5.3 (2.5–10.3)

Previous hospitalization in the past 3 months (2
missing in Kenya)

47 (25.1) 27 (22.9)

ART regimen, n (%)

TDF/3TC/EFV 132 (70.6) 93 (78.8)

TDF/3TC/NVP 10 (5.3) 4 (3.4)

TDF/3TC/DTG 1 (0.5) 0

AZT/3TC/NVP 21 (11.2) 6 (5.1)

AZT/3TC/EFV 18 (9.6) 5 (4.2)

ABC/3TC/EFV 3 (1.6) 8 (6.8)

ABC/3TC/NVP 2 (1.1) 2 (1.7)

Treatment interruption, n/N (%)

$1 self-reported treatment interruption* previous
6 months (5 missing in DRC)

78/187 (41.7) 64/113 (56.7)

Adherence, n/N (%)

TFV-DP concentration† ,1250 fmol 50/89 (56.2) 45/95 (47.4)

TFV-DP concentration ,700 fmol 26/89 (29.2) 33/95 (34.8)

CD4, cells/mL, n (%)

Median (IQR) 135 (46–255) 69 (29–134)

200–350 67 (35.8) 19 (16.1)

100–199 45 (24.1) 28 (23.7)

51–99 26 (13.9) 18 (15.3)

#50 49 (26.2) 53 (44.9)

VL $1000 copies/mL, n; % (CI)

CD4 200–350 cells/mL 5; 7.5 (3.1 to 16.8) 8; 42.1 (22.4 to 64.7)

CD4 100–199 cells/mL 13; 28.9 (17.5 to 43.8) 18; 64.3 (45.1 to 79.8)

CD4 51–99 cells/mL 10; 38.5 (22.0 to 58.1) 11; 61.1 (37.5 to 80.4)

CD4 #50 cells/mL 41; 83.7 (70.5 to 91.7) 47; 88.7 (76.8 to 94.9)

Dual-class drug resistance, n/N; % (CI)

Among VL $1000 copies/mL and

CD4 200–350 cells/mL 2/3; 66.7 (31.1 to 99.7) 2/7; 28.6 (4.2 to 78.5)

CD4 100–199 cells/mL 8/12; 66.7 (32.9 to 89.1) 10/17; 58.8 (32.7 to 80.8)

CD4 51–99 cells/mL 8/10; 80.0 (37.8 to 96.3) 8/9; 88.9 (37.4 to 99.1)

CD4 #50 cells/mL 30/40; 75.0 (58.7 to 86.4) 36/43; 83.7 (68.9 to 92.3)

*Self-reported treatment interruption is defined as a disruption of for $48 h.
†TFV-DP concentrations ,1250 fmol is considered suboptimal adherence (1250 fmol corresponds to seven doses per week).
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19.1% had 3 TAMs or more. K65R was present in 17.7% and
L74V/I in 17.0%. Within the NNRTI drug class, K103N/S
was present in 48.9%, G190A/S in 31.9%, and K101E/P in
11.3% (Fig. 1B).

The prevalence of dual-class resistance was calculated by
immunological and virological status (Table 1). Those with
CD4 #50 cells/mL and CD4 51–,99 cells/mL had the highest
prevalence of dual-class DR (75.0% and 83.7% in Kenya,
80.0% and 88.9% in DRC, respectively). When extrapolated to
all severely immunocompromised patients (CD4 #50 cells/mL),
61.2% in Kenya and 67.9% in DRC were on an ineffective
regimen regardless of their VL. In multivariate analysis, low
CD4 count and treatment interruption(s) in the previous 6
months were predictors of dual-class DR (see Table, Supple-
mental Digital Content 1, http://links.lww.com/QAI/B649). The
risk did not vary by treatment duration.

DISCUSSION
These results indicate high rates of suboptimal adher-

ence, viral failure, and drug resistance in ART-experienced
patients hospitalized with advanced HIV disease. They

highlight the need to rapidly identify and promptly switch
these patients to effective second-line medications.

A high proportion of these inpatients had a high VL
($1000 copies/mL), and nearly all these viremic patients had
dual-class DR. Among the study’s severely immunocompro-
mised participants (CD4 ,100 cells/mL), nearly two-thirds
were both viremic and had dual-class resistance. These patients
have a particularly high mortality risk,22,23 and the current 2-
step WHO-recommended algorithm to diagnose treatment
failure,7 which delays switching to second-line ART by at
least 3 months, seems unacceptably long. Switching regimens
more rapidly could lead to immune restoration and decreased
mortality, particularly in resource-poor settings where long
delays are likely.24 Poor adherence in this group (evidenced by
participants’ low intracellular TVF-DP concentrations and high
self-reported treatment interruption rates) underscores the
continued need for appropriate adherence counseling and
psychosocial support, both during hospitalization and after
discharge. Over a quarter of participants reported a previous
hospitalization in the past 3 months (25.1% Kenya and 22.9%
DRC), suggesting there were missed opportunities at inpatient
level to address treatment failure. A qualitative study con-
ducted simultaneously in both settings revealed that before

FIGURE 1. A, Predicted HIV resis-
tance to nucleoside and non-nucle-
oside reverse transcriptase inhibitors
in patients with VL$1000 copies/mL
(n = 141) combined for both sites;
(B) drug resistance mutations com-
bined for both sites. Genotypic drug
resistance was predicted using the
Stanford HIV database algorithm
(version 8.8).
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hospitalization, many patients had attempted to seek care at
primary health facilities multiple times but remained unwell
eventually self-presenting at hospital when their health deteri-
orated severely.25

Similar failure characteristics were seen in a recent
Malawian study where HIV-DR was linked to an increased
risk of postdischarge mortality.26 Up to then, no specific data
on the prevalence of high VL and drug resistance were
available in this subgroup of hospitalized ART-experienced
patients. Our results corroborate this evidence and further
emphasize that virological failure and DR are significant
concerns for this group. Moving forward, these factors should
be considered at admission and addressed as soon as possible.
The risk of IRIS on regimen switch with low CD4 and the
need to monitor and support postswitch adherence should be
well considered.

Slightly different inpatient characteristics in the 2 sites
meant a higher proportion of severely immunocompromised
(CD4,100 cells/mL) patients were seen in DRC, where patients
with HIV-related illnesses are admitted, than in Kenya, where
we recruited from a general inpatient ward. Yet, regardless of
site, prevalence of viral failure and low CD4 counts was high
and associated with dual-class DR. Point-of-care VL and CD4
testing in hospitals is still not widely implemented; yet, these
results emphasize their utility in low-resource, inpatient settings
for effective patient management.5,27,28

Finally, the presence of inactive NRTI ‟backbone” medica-
tions in first-line ART regimens is concerning. Dual-drug
resistance is common when NNRTI-based first-line regimens fail.
Many countries, including Kenya and DRC, are now shifting to
dolutegravir (DTG)-based regimens per WHO recommendation
[for NNRTI-based first-line failures: optimized NRTI
backbone + DTG; for TDF-based first-line failures: AZT/3TC/
DTG; for AZT failures: TDF/3TC/DTG (TLD)].29,30 These
recommendations assume that patients with one failed NRTI
backbone drug will still be susceptible to the other. Yet, in our
study, nearly one-third of patients on TDF-based regimens were
AZT-resistant, and nearly half of those on AZT-based treatments
were resistant to TDF. Although phenotypic responses may differ
from genotypic findings, the logic of systematically switching
NRTI backbone medications needs close monitoring. The high
AZT toxicity in anemic patients (common in advanced HIV cases)
further complicates the systematic switching of TDF to AZT.31

DTG-based second-line regimens may in fact support adherence
among high-risk patients because of the drug’s lower pill burden
and overall tolerability, but clinical data on DTG effectiveness in
the context of a fully resistant NRTI backbone are awaited.32

The study is limited by its cross-sectional design, which
prevents drug resistance from being linked with individual
treatment histories; reasons for hospitalization, postdischarge
clinical outcomes including mortality, were not captured.
Genotypic assays could only be conducted at recommended
thresholds (VL $1000 copies/mL) and could not report
resistance occurring at lower VL.14

CONCLUSIONS
Where testing VL and CD4 is available, immunocom-

promised (CD4 #350) hospitalized inpatients taking NNRTI-

based first-line HIV treatments should switch to an effective
second-line regimen as soon as a high VL is detected. Where
VL testing is not available or frequently delayed, all severely
immunocompromised hospitalized inpatients (CD4 #100)
and anyone who is critically ill should switch to a second-line
treatment regimen as soon as possible. It is acknowledged that
this approach may be overcautious—it may end up putting a
small number of (nonresistant) patients on second-line
treatments unnecessarily. However, not taking this approach
may create far greater harm when long delays prevent
resistant patients from switching to effective treatment. In
conjunction, inpatient and postdischarge counseling services
should be integrated into advanced disease care packages to
address adherence barriers in a timely manner, when rapid
treatment switching is needed, and when second-line regi-
mens are still protease inhibitor–based (and switching will
possibly create a higher pill burden and side-effects).

Guidance on rapidly identifying patients on ineffective
regimens and quickly and seamlessly transitioning these to
effective ART need to be part of advanced disease protocols.
Global health and local health policy makers must both be
involved in producing guidance. Investment in adherence
support to identify barriers of adherence early, a continuum
from hospital to primary care, and VL and CD4 point-of-care
testing, must also continue.
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