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Background. Programmatic treatment outcome data for people living with human immunodeficiency virus type 2 (HIV-2) in
West Africa, where the virus is most prevalent, are scarce.

Methods.  Adults with HIV-2 initiating or receiving antiretroviral therapy (ART) through the Senegalese national AIDS program
were invited to participate in this prospective, longitudinal observational cohort study. We analyzed HIV-2 viral loads, CD4 cell
counts, antiretroviral drug resistance, loss to follow-up, and mortality. We also examined changes in treatment guidelines over time
and assessed progress toward the Joint United Nations Programme on HIV/AIDS (UNAIDS) 90-90-90 targets for HIV-2.

Results. We enrolled 291 participants at 2 sites for 926.0 person-years of follow-up over 13 years. Median follow-up time was
2.2 years per participant. There were 21 deaths reported (7.2%), and 117 individuals (40.2%) were lost to follow-up, including 43
(14.7%) who had an initial visit but never returned for follow-up. CD4 counts and HIV-2 viral suppression (<50 copies/mL) at
enrollment increased over calendar time. Over the study period, 76.7% of plasma viral loads for participants receiving ART were
suppressed, and median CD4 gain was 84 cells/uL in participants’ first 2 years on study. Since the UNAIDS 90-90-90 strategy was
published, 88.1% of viral loads were suppressed. Fifteen percent of patients experienced virologic failure with no known resistance
mutations, while 56% had evidence of multiclass drug resistance.

Conclusions.
modern therapeutic regimens have improved outcomes among those receiving therapy. Despite these achievements, HIV-2 treat-

Participants in the Senegalese national AIDS program are initiating ART earlier in the course of disease, and more

ment remains suboptimal, and significant challenges to improving care remain.
Keywords. HIV-2; antiretroviral therapy; viral suppression; 90-90-90; HIV treatment.

Human immunodeficiency virus (HIV) type 2 (HIV-2) is a ne-
glected public health problem in West Africa [1]. Compared to
HIV type 1 (HIV-1), HIV-2 infection is characterized by lower
plasma viral loads, slower CD4 cell count decline, lower rates
of mother-to-child and sexual transmission, longer asympto-
matic stage, and slower disease progression [2-6]. However,
the majority of untreated people with HIV-2 (PWHIV2) will
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progress to AIDS and death [7, 8], and any strategy for combat-
ting AIDS must include HIV-2.

The Joint United Nations Programme on HIV/AIDS
(UNAIDS) ambitious 90-90-90 goals for ending the AIDS epi-
demic implicitly target HIV-1; however, HIV-2 has been largely
overlooked [1, 9]. PWHIV2 can benefit significantly from an-
tiretroviral therapy (ART) [10], yet no antiretrovirals (ARVs)
have been specifically developed or approved for the treatment
of HIV-2. Guidelines for HIV-2 treatment [10] are based prima-
rily on in vitro data, observational cohort studies, 2 single-arm
trials [11, 12], and extrapolation from HIV-1. HIV-2 is intrinsi-
cally resistant to nonnucleoside reverse transcriptase inhibitors
(NNRTIs) [13] and the fusion inhibitor enfuvirtide [14], dis-
plays reduced sensitivity to many protease inhibitors [15], and
exhibits a low genetic barrier to nucleoside reverse transcriptase
inhibitor (NRTI) resistance [16], limiting treatment options
[17]. Integrase inhibitors are potent against HIV-2 [11, 12],
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and rollout of fixed-dose combination tenofovir-lamivudine-
dolutegravir is planned in West Africa in 2020. Currently how-
ever, most HIV-2 treatment programs in West Africa rely on
regimens containing ritonavir-boosted lopinavir (LPV/r) plus
2 NRTIs. Patient care decisions in most low- and middle- in-
come countries (LMICs) are further complicated by a lack of
HIV-2 viral load and drug resistance testing capacity outside of
research settings [10, 18-20].

Despite up to 20 years of programmatic ART availability for
HIV-2 infection in West Africa and 5 years since the UNAIDS
90-90-90 targets were announced, therapeutic outcomes for
HIV-2 remain poorly characterized. To this end, we present
programmatic, immunologic, and virologic data from 13 years
of follow-up of ART for HIV-2 in the Senegalese national AIDS
program.

METHODS

Study Design and Participant Population

Study participants were adults (>18 years old) infected with
HIV-2, and were either already receiving ART or eligible for
treatment under the Senegalese Antiretroviral Drug Access
Initiative (ISAARV), which began in 1998. PWHIV2 who
were ineligible for ART under ISAARV guidelines at the time
of screening were excluded; rescreening and enrollment as in-
dividuals became eligible or guidelines changed were allowed.
Pregnant or breastfeeding women, as well as individuals who
were HIV-1 seropositive or HIV-1/HIV-2 dually seropositive at
screening, were excluded.

The Service des Maladies Infectieuses et Tropicales, Centre
Hospitalier National Universitaire de Fann, Dakar, started
enrolling participants in November 2005. The Centre de Sante
de Ziguinchor, Casamance, started enrolling in January 2010.
The study ended in September 2018.

Study Procedures

HIV testing in Senegal evolved over the study period. Participants
were screened for HIV infection by serology using combina-
tion antibody testing (GenScreen [Bio-Rad] or Determine
[Alere]), with confirmatory testing using HIV-1/HIV-2
immunodifferentiation assays (MultiSpot [Sanofi Pasteur],
Immunocomb II HIV-1&2 BiSpot [Orgenics], or SD Bioline
HIV-1/2 3.0 [Alere]), and/or HIV-2-specific Western blot or en-
zyme immunoassay (Bio-Rad or Genetic Systems). Individuals
with positive HIV-2 tests who met ISAARV criteria for ART
were invited to participate. At screening, enrollment, and fol-
low-up visits 1 month postenrollment and every 4 months there-
after, participants underwent standardized interviews including
demographic characteristics and routine medical histories, in-
cluding prior ART where applicable. Where exact dates, such
as ART initiation, were unknown, the midpoint of the month
or year provided was used. At each visit, physical examinations

were performed and blood was collected by venipuncture for
safety and monitoring laboratory tests: blood counts including
T-cell subsets, and chemistries, using standard methods. Repeat
HIV serologic testing and lipid panels were performed annually.
Sexually transmitted infection (with syndromic management per
Senegalese guidelines) and urine pregnancy testing were per-
formed as needed. Retrospective HIV-2 plasma viral load testing
was performed in Seattle, Washington, using a research assay
developed at Roche Molecular Systems (Pleasanton, California)
(limit of detection [LOD] = 40 copies/mL) (2005-2011) [6] or
using the University of Washington HIV-2 Abbott m2000 assay
(LOD = 10 copies/mL) (2011-2018) [21]. The m2000 assay was
transferred to Dakar in 2014; subsequent viral load testing was
performed in Dakar or Seattle. Genotypic resistance testing
of the reverse transcriptase (RT) and protease (PR) genes was
performed in Seattle as described previously [15, 22]. For par-
ticipants without virologic failure resulting in detectable plasma
RNA, resistance testing was performed using total nucleic acid
from peripheral blood mononuclear cells or dried blood spots.
Participants were considered to have multiclass resistance if they
had any major mutation in RT and any major mutation in PR,
even if they were in genotypes from different visits.

The study was conducted according to procedures ap-
proved by the institutional review boards at the University of
Washington and Universite de Cheikh Anta Diop de Dakar, and
the Senegalese National Ethics Committee for Health Research.
All participants provided written informed consent for study
participation.

Definitions and Statistical Analyses

Study social workers attempted to contact participants who
missed appointments. Participants were considered lost to fol-
low-up (LTFU) if there was no contact for > 1 year, and were cen-
sored at their last visit. Participants who were reported to have
died while on study were censored at the date of death if known,
or date of last visit if unknown. All remaining participants were
censored on 30 September 2018. For Kaplan-Meier analyses,
participants who enrolled but did not attend a follow-up visit
were considered to contribute 1 day of follow-up and were
thereafter considered LTFU unless reported dead. HIV-2 “viral
load suppression” was defined as viral load <50 copies/mL to
conform to HIV-1 US Food and Drug Administration Snapshot
definitions. Because follow-up visits did not occur exactly every
4 months, visits were binned within 2 months before or after
the target date to allow for graphing cohort CD4 cell count tra-
jectories and rates of viral suppression. Changes in CD4 counts
were calculated using baseline (either initiating ART or en-
rollment) CD4 count and CD4 count at 24 and 60 months (+
2 months). Categorical variables were compared using Pearson
X’ test and continuous variables were compared by nonpa-
rametric Mann-Whitney U test or Kruskal-Wallis test. The
level of statistical significance used for all analyses was P < .05.
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All analyses were conducted in StataSE version 14.2 software
(StataCorp, College Station, Texas).

RESULTS

Guidelines for HIV-2 treatment in Senegal have evolved over
time (Table 1) [23]. Generally, these recommendations have
shifted from treating those only with AIDS in the early years, to
a universal test-and-treat strategy implemented in 2016.

The study enrolled 291 participants contributing 926.0
person-years of follow-up, with Dakar contributing approx-
imately twice as much follow-up as Ziguinchor (601.4 vs
324.6 person-years). Baseline demographic, clinical, and
immunovirologic characteristics of the participants who en-
rolled are shown in Table 2. Overall, 74.0% of participants were
female, and the median age was 49 years. Consistent with the
changing national treatment guidelines to start ART earlier,
participants enrolling in Ziguinchor (starting in 2010) tended
to have earlier-stage disease and higher body mass index (BMI)
and were more frequently enrolled already receiving ART, com-
pared to those in Dakar (starting in 2005). Even among those
who were ART naive, participants in Ziguinchor had higher
CD4 counts than those in Dakar (Table 2). In total, 38.9% of
ART-naive participants, and 76.3% of those receiving ART, had
viral loads at enrollment that were <50 copies/mL (considered
as “virologically suppressed”). The majority of participants from

both sites were receiving an ART regimen (whether initiated
on study or previously) containing either indinavir (IDV) or
LPV/r plus 2 NRTIs, consistent with national program guide-
lines. Fourteen participants received 3 NRTIs due to concurrent
tuberculosis infection and treatment. Two participants were
receiving an NNRTI-based regimen at study enrollment, and
10 more had previously received an NNRTI due to HIV type
misclassification.

A calendar time bias in enrollment CD4 count and viral load
suppression, consistent with increasing ART uptake, is shown
in Figure 1. The median CD4 count increased from 198 cells/
L in participants who enrolled in 2005, to 431 cells/uL in par-
ticipants who enrolled in 2018. Similarly, 28.6% of participants
enrolling in 2005 had suppressed viral loads, compared to 90.9%
of those enrolling in 2017. There were insufficient viral load
data available for participants enrolling in 2018 for comparison.

Rates of viral suppression as a function of participant time on
study receiving ART (as opposed to calendar time) are shown in
Figure 2A. Data were binned and plotted by trimester to match
planned study visit timing of approximately every 4 months.
Over the entire study period, 76.7% of all viral load tests
(n = 1466) from participants receiving ART, regardless of dura-
tion, were <50 copies/mL. To assess improvement on the third
“90” benchmark (90% of participants receiving ART having a
suppressed viral load), we also plotted proportion of viral load
tests with a result <50 copies/mL against calendar year for

Table 1.

Summary of Human Immunodeficiency Virus Type 2 Treatment Guidelines From the Senegalese Antiretroviral Drug Access Initiative, 1998-2018

Guideline and Years Recommendation

ART initiation timing

Clinical symptoms (WHO stage 3) and CD4 count <350 cells/uL

Clinical AIDS or symptoms (WHO stage 3 or 4) irrespective of CD4 count

Clinical AIDS or symptoms (WHO stage 3 or 4) irrespective of CD4 count

Universal “test and treat” for all persons living with HIV, irrespective of clinical symptoms or CD4 count®

Use d4T or ddl instead of ZDV in participants with severe anemia (Hb <8 g/dL)

Use TDF instead of ZDV in participants with severe anemia

Use ABC instead of ZDV or TDF in participants with renal insufficiency (CrCl <50 mg/dL)
Use ABC instead of Pl in participants receiving concurrent TB treatment

1998-2010 Clinical AIDS (WHO stage 4) irrespective of CD4 count
CD4 count <200 cells/uL irrespective of clinical criteria
2011-2013
CD4 count <350 cells/uL irrespective of clinical criteria
2013-2015
CD4 count <500 cells/uL irrespective of clinical criteria
2016-2018
First-line therapy recommendations
1998-2010 ZDV, 3TC, IDV
2011-2013 ZDV, 3TC, LPV/r
2014-2018 TDF, 3TC, LPV/r
Second-line therapy recommendations
2009-2013 TDF, 3TC, ATV/r or ddI, ABC, ATV/r
2014-2018 TDF, 3TC, DRV/r
Alternate therapeutic recommendations
1998-2010
2010-2018
1998-2018
1998-2018
2010-2018

Use TDF instead of ZDV in participants with hepatitis B virus coinfection

Abbreviations: 3TC, lamivudine; ABC, abacavir; ART, antiretroviral therapy; ATV/r, ritonavirboosted atazanavir; AZT, zidovudine; CrCl, creatinine clearance; d4T, stavudine; ddl, didanosine;
DRV/r, ritonavirboosted darunavir; Hb, hemoglobin; HIV, human immunodeficiency virus; IDV, indinavir; LPV/r, ritonavirboosted lopinavir; Pl, protease inhibitor; TB, tuberculosis; TDF, tenofovir

disoproxil fumarate; WHO, World Health Organization; ZDV, zidovudine.
*TATARSEN (Test All, Treat All, and Retain-Senegal).
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Table 2. Baseline Demographic, Immunovirologic, and Treatment Data of Participants Enrolling in a Study of Antiretroviral Therapy for Human

Immunodeficiency Virus Type 2 Infection in Senegal, 2005-2018

Characteristic Dakar (n = 142) Ziguinchor (n = 149)
Female sex® 101 (71.6) 110 (76.4)
Age, y, median (IQR) 49 (43-54) 50 (42-56)

Year of HIV diagnosis, median (range)
WHO stage
1
2
3
4
BMI category (kg/m?)
Underweight/malnourished (< 18.5)
Normal weight (18.5-24.9)
Overweight (25-29.9)
Obese (> 30.0)
ART-naive subjects
CD4 count, cells/uL, median (IQR)
Plasma viral load < 50 copies/mL®
Plasma viral load, log,, copies/mL, median (IQR)°
ART-experienced subjects
CD4 count, cells/uL, median (IQR)
Plasma viral load < 50 copies/mL®
Plasma viral load, log,, copies/mL, median (IQR)°
Baseline ARV regimen
2 NRTIs¢
3 NRTIs
Indinavir + 2 NRTIs
Ritonavir-boosted lopinavir + 2 NRTIs
Raltegravir + 2 NRTIs

2007 (1992-2018)

2012 (1999-2018)

11 (8.3) 37 (26.6)
43 (32.3) 26 (18.7)
58 (43.6) 71 (61.1)
21(15.8) 5(3.6)

36 (30.8) 24 (18.3)
58 (49.6) 59 (45.0)

12 (10.3) 32 (24.4)

11 (9.4) 16 (12.2)
54 (38.0) 22 (14.8)
194 (97-363) 378 (156-496)

15 (34.9) 6 (54.6)
3.1(2.5-3.6) 2.6(2.1-3.7)
88 (62.0) 127 (85.2)
289 (136-532) 398 (213-618)
50 (70.4) 37 (86.1)
3.1(1.9-3.3) 1.8 (1.8-2.4)

2 (1.4) 0(0)
7(4.9 5(3.4)

45 (31.7) 0(0)

76 (53.5) 144 (96.6)

12 (8.5) 0(0)

Data are presented as no. (%) unless otherwise indicated.

Abbreviations: ART, antiretroviral therapy; ARV, antiretroviral; BMI, body mass index; HIV, human immunodeficiency virus; IQR, interquartile range; NRTI, nucleoside reverse transcriptase

inhibitor; WHO, World Health Organization.
?Sex was not recorded for 1 participant from Dakar and 5 participants from Ziguinchor.

®Percentage of participants with viral load data available. Missing data: n = 11 naive, n = 17 experienced (Dakar); n = 11 naive, n = 84 experienced (Ziguinchor).

°Among those with nonsuppressed viral loads.

9HIV type misdiagnoses treated with 2 NRTIs + nonnucleoside reverse transcriptase inhibitor.

any participant who had been receiving ART for >6 months
(Figure 3). Since the 90-90-90 goals were set by UNAIDS in
late 2014, 83.1% of 77 participants in Dakar and 93.9% of 33
participants in Ziguinchor with viral load testing available were
suppressed at the last study visit for which a result was obtained
(2015-2018, data not shown). However, 4.9% and 68.6% of par-
ticipants in Dakar and Ziguinchor, respectively, had no viral
load testing performed in that period.

The per-participant median increases in CD4 count over 2
and 5 years on study receiving ART were 84 (interquartile range
[IQR], -9 to 181) cells/pL and 159 (IQR, -3 to 343) cells/pL,
respectively, with 29.4% and 25.5% of participants experiencing
a decline in CD4 count (data not shown). The cohort median
CD4 count as a function of time on study is shown in Figure 2B,
and the median CD4 count of participants who were ART naive
at enrollment, for the duration of the first regimen, is shown in
Supplementary Figure 1B.

Participant outcomes at study conclusion are shown in
Table 3. Overall, the median follow-up time was 2.2 years
(IQR, 0.5-5.0 years). Seventeen participants in Dakar and
4 in Ziguinchor were reported to have died during the fol-
low-up period. Participants in Dakar had a median of 2.9 years
of on-study follow-up (IQR, 1.1-6.6 years; maximum, 12.8)
whereas those in Ziguinchor had a median of 1.4 years of fol-
low-up on study (IQR, 0.2-4.1 years; maximum, 6.7). Rates
of LTFU were high at both sites (35.9% in Dakar, 44.3% in
Ziguinchor), and a total of 43 participants (14.8%) enrolled in
the study but never attended a follow-up visit. At both sites, the
maximum time any participant had been receiving ART was ap-
proximately 18 years. A Kaplan-Meier plot for study retention
is shown in Figure 4, indicating that fewer than half of partici-
pants were retained on study by 5 years postenrollment. Insets
show actual time to death or LTFU among participants with the
corresponding outcome (eg, time to death of participants who
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Figure 1.

Enrollment CD4* T-cell count and viral load suppression for participants receiving antiretroviral therapy (ART) through the Senegalese national program, by study

enrollment year. Median (interquartile range) CD4 count (cells/uL) of study participants (left y-axis, solid line) and proportion of study participants with viral load suppression
(<50 copies/mL, right y-axis, dashed line) as a function of enrollment year. Number of participants enrolled per year, percentage of subjects enrolling already receiving ART,
and number of participants for whom CD4 count and viral load data are available are listed below the plot.

died) and demonstrate very similar curves with median time to
death or time to follow-up of < 2 years.

Those participants who were LTFU tended to have CD4 counts,
viral loads, BMI, and World Health Organization (WHO) stage
somewhere between those retained on study and those who died
(Table 4). Lower CD4 counts both at baseline and last visit, higher
viral loads (particularly at last visit), lower BMI at last visit, and
more advanced disease at entry and at last visit were significantly
associated with death or LTFU. Enrollment ART status (naive or
on-ART) was not associated with negative outcomes. Women
were more likely to be retained on study than men. Women were
also more likely to have suppressed viral loads than men, but no
other sex-based differences were identified in programmatic or
immunovirologic outcomes (Supplementary Table 1).

Documented HIV-associated or AIDS-defining opportun-
istic infections and HIV- or ART- associated clinical and lab-
oratory adverse events are shown in (Supplementary Appendix
A). Exploratory analyses examining predictors of death or
LTFU are shown in (Supplementary Appendix B).

We assessed the occurrence of major HIV-2 drug resistance-as-
sociated mutations, including PR V47A, 150V, 154M, L90M, and
RT K65R, Q151M, and M1841/V. We genotyped PR/RT from 21
ART-naive participants and observed no pretreatment drug resist-
ance among these participants. We also obtained 232 genotypes
from 53 ART-treated participants, of which 107 genotypes were

from 34 participants experiencing virologic failure (viral load
>50 copies/mL after > 6 months on their current ART regimen).
Considering all 53 ART-experienced participants (whether or not
experiencing virologic failure), we observed PR changes V47A in
sequences from 8 participants (15.1%), I50V in 2 (3.8%), I54M
in 12 (22.6%), and L90M in 6 (11.3%). In RT, we observed K65R
in sequences from 8 participants (15.1%), Q151M in 10 (18.9%),
and M1841/V in 32 (60.4%). Of the 34 participants experiencing
virologic failure, genotypes from 5 participants (14.7%) contained
no known resistance-associated mutations, 10 (29.4%) contained
mutations conferring resistance to NRTIs only, and 19 (55.9%)
contained evidence of multiclass resistance, with changes known
to confer resistance to both NRTIs and protease inhibitors.

DISCUSSION

Few studies have attempted to quantify progress toward the
UNAIDS 90-90-90 goals for HIV-2 or describe HIV-2 ART
outcomes for West African HIV/AIDS treatment programs.
We examined virologic and immunologic outcomes among 2
cohorts of adults with HIV-2 in Senegal, West Africa, being
treated with ART under the Senegalese national AIDS program
over a 13-year period.

Encouragingly, changing national guidelines for ART over
time have resulted in participants initiating ART with higher
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Figure 2. Viral load (VL) suppression and CD4* T-cell counts among participants receiving antiretroviral therapy (ART) through the Senegalese national program. Rates of
VL suppression (<50 copies/mL) (A) and median (interquartile range) CD4 counts (cells/pL) (B) are shown as a function of time on study. Data shown are from enrollment,
month 1 postenrollment, and trimesterly visits thereafter. Due to variability in interval between visits, data are binned within 2 months before and after target visit date.
Number of participants with a visit occurring within 2 months of the annual anniversaries of their enrollment, and number of data available for each variable at those visits,

are shown between panels.

CD4 counts, lower plasma viral loads, and earlier WHO stage.
Since the 90-90-90 strategy was announced in 2014, 86.3% of
our study participants with measured viral loads had achieved
viral suppression at the last visit for which testing was available.
However, 25%-40% of ART-naive PWHIV2 naturally have sup-
pressed viral loads [6, 11, 24], so achieving the UNAIDS third
“90” target for HIV-2 should, in theory, be less challenging
than for HIV-1. Despite naturally occurring “viral suppres-
sion” in a significant proportion of PWHIV-2, declines in CD4

counts still occur naturally or on ART (albeit slowly) [6, 25,
26]. Consequently, there is no consensus regarding the HIV-2
plasma viral load that should be considered “virologic failure,”
indicative of a need to switch ART, for HIV-2, and it has been
proposed that a combined viral load and CD4 count measure
should be used to define treatment success [12]. Moreover,
HIV-2 viral load monitoring is not routinely available in
Senegal or elsewhere in West Africa. Existing HIV-2 viral load
testing platforms require expensive equipment and considerable

374 « CID 2021:72 (1 February) « Raugietal



100% -

75%

50% -

25%

Viral load tests with result <50 copies/mL

05 '06 '07 '08

Eligible visits 10 37 55 94
% Viral load data available 100% 95% 100% 55%

T T T T T T T T T

10 11 12 13 14 15 "16 '17 '18
Year

122 136 211 172 208 228 226 290 195

94% 70% 73% 62% 91% 35% 87% 32% 20%

Figure 3. Viral load suppression for participants receiving antiretroviral therapy (ART) through the Senegalese national program, by calendar year. Proportion of viral load
results <50 copies/mL from ART-experienced (>6 months) study participants, shown as a function of calendar year of the visit. Dashed line indicates 90%. Number of eligible

visits and percentage of visits with viral load data available are listed below the plot.

technical expertise [21], and are not ideal for community health
clinics in LMICs. Instead, simple, easy-to-use point-of-care
testing is urgently needed for HIV-2 treatment monitoring [27].

Our study confirms previous studies reporting poor immune
reconstitution in ART-treated PWHIV2 [28, 29]. Although the
majority of participants who remained on study had viral loads
<50 copies/mL, the median CD4 gains per year were modest,
including >25% of participants who experienced CD4 de-
clines, and opportunistic infections, laboratory abnormalities,
and clinical adverse events were reported for a number of par-
ticipants. In addition, rates of viral suppression and CD4 in-
creases may be artificially inflated by the LTFU. The high rates
of LTFU (40.2%) and short median follow-up times in our study
mirror those reported in other West African studies [30, 31],
and likely reflect a combination of patient mobility, deaths, and

withdrawing to seek care elsewhere, including other national
program clinics or traditional healers [32]. Transfers out were
not routinely assessed in our study, so it is possible that some
portion of the lost participants are alive, on ART, and virally
suppressed. However, participants who were LTFU tended to
have more profound immunosuppression and worse health
status than those retained on study, suggesting that a substan-
tial proportion of them may instead have died.

Virologic failure both without known resistance mutations,
as well as with multiclass drug resistance, was observed and has
important ramifications for reaching and maintaining 90% sup-
pression. We found a substantial proportion (14.7%) of parti-
cipants with virologic failure with apparently wild-type virus,
agreeing with previous studies [15, 22, 33]. Although it is prob-
able that those failing with wild-type virus are nonadherent to

Table 3. Outcomes of Senegalese Participants With Human Immunodeficiency Virus Type 2 Receiving Antiretroviral Therapy Through the Senegalese

National Program, 2005-2018

Outcome Dakar (n = 142) Ziguinchor (n = 149)
Years receiving ART, median (IQR) 4.1 (2.4-75) 3.6 (1.3-6.3)
Years of on-study follow-up, median (IQR) 2.9 (1.1-6.6) 1.4 (0.2-4.1)
All-cause mortality, No. (%) 17 (12.0) 4(2.7)

Years to death, median (IQR) 2.5(0.4-4.1) 0.1 (0.0°-0.6)
LTFU, No. (%) 51 (35.9) 66 (44.3)

Years to LTFU, median (IQR) 1.7 (0.4-4.1) 0.5 (0.0°-2.8)

Abbreviations: ART, antiretroviral therapy; IQR, interquartile range; LTFU, lost to follow-up.
“Fifteen days.
®One day (enrolled and did not return).
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Figure 4. Kaplan-Meier estimation of study retention. The probability of participant retention on study, where both loss to follow-up (blue hash marks) and death (red hash
marks) are considered as failures, is plotted. Participants were considered lost to follow-up if they had not come to a follow-up visit for > 1 year, and were censored at last visit
date. Participants who were reported dead were censored at date of death if known, or date of last clinic visit if not. All remaining participants were censored at study closure.
Number of participants at risk is shown below. Insets show actual time to death among 21 participants who died (A4) and time to loss to follow-up among 117 participants (B).

their ART, it is also possible that “wild type” viruses may simply
harbor as-yet unknown resistance mutations. Few studies have
attempted to link particular ARVs with the development of key
resistance-associated mutations in HIV-2; importantly, HIV-2
drug resistance patterns, particularly in group B virus, remain
incompletely characterized [15, 17]. Another factor warranting
consideration is that clinicians may temporarily switch drugs
or stop therapy altogether during drug stockouts (unpublished

observations); a recent survey reported ARV stockouts at 21.8%
of Senegalese health facilities visited [34]. The large proportion
of participants failing with multiclass resistance is problematic
for second-line treatment switches, and access to second-line
ARVs is limited.

Changes in the national guidelines for HIV-2 treatment com-
plicate comparisons between study participants who enrolled
early and those who enrolled later. Notably, phenotypic data and

Table 4. Factors Associated With Death or Loss to Follow-up in Senegalese Participants With Human Immunodeficiency Virus Type 2 Receiving

Antiretroviral Therapy Through the Senegalese National Program

Dead vs
LTFU LTFU vs On On Study, Dead vs Global
Factor On Study (n = 153) (n=117) Study, PValue Dead (n = 21) PValue LTFU, PValue PValue
Sex, female, No. (%) 118 (79.7) 81 (69.8) .064 12 (67.1) .022 252 .035
Enroliment age, y, median (IQR) 49 (42-55) 50 (43-54) 797 50 (47-53) 496 457 739
Baseline
CD4 count, cells/uL, median (IQR) 397 (205-633) 285 (156-476) .002 135 (103-287) <.001 .012 <.001
Plasma VL <50 copies/mL, No. (%)® 59 (72.0) 42 (60.9) 149 7 (41.2) .014 142 .041
Plasma VL, copies/mL, median (IQR)° 819 (185-4113) 893 (74-2190) 414 898 (96-2955) .5657 973 .686
BMI, kg/m?, median (IQR) 22.4 (19.2-25.6)  21.1 (18.4-25.6) .398 20.6 (15.6-22.7) .067 .166 .166
WHO stage 3 or 4, No. (%) 68 (48.2) 71 (64.0) .013 16 (80.0) .008 162 .004
On ART, No. (%) 111 (72.6) 89 (76.1) 513 15 (71.4) 914 .650 .780
Last visit
CD4 count, cells/uL, median (IQR) 559 (378-770) 334 (154-507) <.001 135 (26-409) <.001 .003 <.001
Plasma VL <50 copies/mL, No. (%)? 35 (85.4) 40 (58.0) .003 8 (57.1) .027 .954 .009
Plasma VL, copies/mL, median (IQR)® 651 (193-1847) 246 (96-1969) 484 3639 (1810-6625) .025 .020 .042
BMI, kg/mz, median (IQR) 23.1(20.6-26.4) 21.6 (18.1-25.8) .012 172 (14.9-21.1) <.001 .001 <.001
WHO stage 3 or 4, No. (%) 82 (54.0) 85 (72.7) .002 19 (90.5) .001 .081 <.001

Values in bold indicate statistical significance (P <.05).

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; IQR, interquartile range; LTFU, lost to follow-up; VL, viral load; WHO, World Health Organization.

“Percentage of participants with VL data available.
®Among those with nonsuppressed VL.
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other studies have demonstrated that IDV is inferior to LPV/r
for the treatment of HIV-2 [15, 35-37]. ISAARV made a pro-
grammatic switch from IDV-based regimens to LPV/r-based
regimens in 2008-2009; although all participants receiving an
IDV-based regimen switched to LPV/r-based regimens, some
switched due to immunologic or clinical failure, while others
switched due to programmatic change. Later on, atazanavir,
darunavir, and raltegravir were occasionally available and re-
commended to treat HIV-2 infection in Senegal, although
darunavir and raltegravir are only sporadically available and
HIV-2 is minimally susceptible to atazanavir [15, 38]. In many
cases, the reasons for switching individual participants’ regi-
mens are unknown. A study of algorithmic switching to second-
line ART based on HIV-2 resistance testing is currently under
way in Senegal (RESIST-2, ClinicalTrials.gov: NCT03394196).
Compared to HIV-1, observational studies of HIV-2 treat-
ment outcomes in LMICs are few in number, frequently small,
and either cross-sectional in nature or with limited follow-up
duration, and provide an incomplete picture of programmatic
outcomes [24, 28-30, 35-37, 39, 40]. Only 1 study that we know
of has looked at rates of HIV-2 viral suppression in West Africa
in the last decade, making it difficult to assess West African
progress toward the 90-90-90 benchmarks. A cross-sectional
analysis of participants from Burkina Faso, Cote d’Ivoire, and
Mali in 2002 reported that 84.3% of 220 participants receiving
ART had a viral load of <100 copies/mL [24].
Improving care for PWHIV2 is critical if this population is
to reach the ambitious 90-90-90 goals set by UNAIDS [1].
Particularly for PWHIV2 in LMICs, treatment challenges are
numerous. Increasing the quality of care for PWHIV2 will re-
quire a multifaceted approach incorporating point-of-care
technologies, new regimens such as fixed-dose combination
tenofovir-lamivudine-dolutegravir, and improvement to ex-
isting capacity.
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Supplementary materials are available at Clinical Infectious Diseases on-
line. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the corre-
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