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Abstract

Background: Assessing the potential increased risk of viral rebound (VR) in

migrants requires adequate control for sex and acquisition risk groups.

Methods: People living with HIV1, enrolled in the ANRS CO4-French Hospi-

tal Database on HIV, who achieved virological suppression with antiretroviral

therapy (ART) initiated between 2006 and 2016 were included. We first com-

pared the risk of VR, with loss to follow-up and death considered as competing

events, across origin among the HIV acquisition groups, then across acquisi-

tion groups among the different origins, and finally across modality of a vari-

able combining sex, acquisition group, and origin. Models were adjusted for

clinical and biological confounding factors.
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Results: We included 21 571 French natives (FRA), 10 148 migrants from sub-

Saharan Africa (SSA), 1137 migrants from the non-French West Indies (NFWI),

and 4205 other migrants (OTHER). The 5-year probability of VR was 19% (95%

confidence interval [CI] 19–20) overall, 15% in FRA, 21% in OTHER, 26% in SSA,

and 34% in NFWI (p < 0.0001). It was 14% in men who have sex with men (MSM),

23% in heterosexual men, and 23% in women (p < 0.0001). After adjustment, all

acquisition groups had a higher risk of VR than MSM from FRA, with men and

women from NFWI having the highest risk (adjusted hazard ratio [aHR] 2.46; 95%

CI 2.12–2.86 and aHR 2.59; 95% CI 2.20–3.04, respectively). Within each acquisition

group, all groups of origin had a higher risk of VR than FRA. Within each region

of origin, except the NFWI, heterosexual men had a higher risk of VR than MSM.

Conclusions: After accounting for sex and acquisition group, migration, espe-

cially from NFWI, remains prognostic of VR.

KEYWORD S

geographical origin, heterosexual, HIV, migrant, virological rebound

INTRODUCTION

Achievement of the 95:95:95 Joint United Nations Pro-
gramme on HIV/AIDS (UNAIDS) target for 2030 is condi-
tioned by sustained viral suppression on antiretroviral
therapy (ART) in all population groups living with HIV.
However, although access to HIV care and treatment is uni-
versal in most European countries, disparities remain in
virological outcomes to ART between individuals. Several
studies have suggested that, after the initial response to
ART, rates of virological suppression are lower in migrants
than in the native population [1, 2]. Geographical dispar-
ities have also been described among migrants, with male
migrants from sub-Saharan Africa (SSA) and Caribbean
women presenting a particularly higher risk of virological
failure on ART [3–5]. In these studies, the native group
included heterosexual people living with HIV and men
who have sex with men (MSM). Other studies have sug-
gested that viral suppression on ART does not differ due to
ethnicity, either among heterosexual people living with
HIV (i.e., when men and women are analysed together) or
MSM [6, 7]. However, in a previous study, we also analysed
HIV acquisition groups and showed that, in France, native
women but not migrant women, had a lower likelihood of
viral suppression on ART than did native MSM [4]. We also
found that heterosexual men, either migrants or non-
migrants, had a lower likelihood of virological success on
ART than native MSM [4]. We thus concluded that socio-
economic factors, sex-based differences in motivation,
and/or lifestyle factors must be considered in HIV care.

When considering virological outcome after initial
virological success on ART, several studies have suggested

that viral rebound (VR) is more frequent both among non-
white than white heterosexuals and among heterosexual
men than women [6, 8]. We thus aimed to investigate, in a
large hospital cohort (the ANRS CO4-French Hospital
Database on HIV [FHDH]), the impact of migration status
on risk of VR after undetectability on ART among differ-
ent acquisition groups (i.e., MSM and heterosexual men
and women), the impact of acquisition group on risk of
VR among the different regions of origin, and the impact
of a combined variable encompassing migration, acquisi-
tion group, and sex on risk of VR.

METHODS

Population

The data source was the ANRS CO4-FHDH, a large ongoing
hospital cohort study of people with HIV receiving care in
one of the 182 participating French hospitals [9] that have
collected clinical, biological, and therapeutic data since 1989.
All participants provided written informed consent for the
use of their data for research purposes. The cohort was ini-
tially approved by the French data protection agency
(Commission Nationale de l'Informatique et des Libertés
[CNIL]) in 1991. The research authorisation was updated to
comply with new regulations, including the General Data
Protection Regulation. The ANRS CO4-FHDH cohort was
approved by the CEREES (Comité d'Expertise pour les
Recherches, les �Etudes et les �Evaluations dans le domaine
de la Santé) in 2018, and as a hospital data warehouse
authorized to conduct research by the CNIL in 2021.
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For this study, we considered ART-naive people living
with HIV aged ≥16 years who initiated ART between the
start of 2006 and the end of 2016. Individuals were
excluded if their first ART regimen was prescribed for
pregnancy before 2013. Transient ART was recom-
mended for pregnant women with CD4 cell counts >350/
mm3 until 2013, when national guidelines switched to
universal recommendation of ART, regardless of the CD4
cell count [10]. Individuals infected via blood transfusion,
mother-to-child transmission, or intravenous drug use
were also excluded because of low numbers.

Individuals had to have at least one CD4 cell count
and one plasma viral load (pVL) measurement 6 months
before to 1 month after ART initiation. ART was defined
as any combination of at least three antiretroviral drugs
or dual therapy with a boosted protease inhibitor (PI) or
an integrase strand transfer inhibitor combined with
lamivudine or rilpivirine. We then selected individuals
who achieved viral suppression, defined as two consecu-
tive pVL values <50 copies/mL, after ART initiation and
who had one CD4 cell count measurement at the date of
viral suppression and at least one available pVL after-
wards. The date of viral suppression (baseline) was
defined as the date of the second undetectable VL.

Statistical analysis

The primary outcome criteria was VR after first viral sup-
pression on ART. VR was defined as one pVL >1000 cop-
ies/mL or two consecutive pVL values between 50 and
1000 copies/mL, according to current guidelines [11]. Per-
sistent low-level viremia (51–199 copies/mL) and virologi-
cal failure (≥200 copies/mL on two or more successive
determinations or a single VL ≥1000 copies/mL) are both
associated with serious non-AIDS events [12], and low-
level viraemia is associated with viral failure [13]. The time
to VR was calculated from the date of first viral suppression
to the date of the first pVL >1000 copies/mL or the second
of two consecutive pVLs between 50 and 1000 copies/mL.

Migrant status was based on the United Nations defi-
nition: ‘anyone born and having lived outside France and
now residing in France, regardless of their nationality
and the duration of their stay in France’ [14]. Regions of
geographical origin were subdivided into the following
four groups: France, including the French West Indies
(FRA); SSA; the non-French West Indies (NFWI); and
other regions (OTHER). Three HIV acquisition groups
were considered: MSM, other men (othM), and women.

We used the chi-squared and Mann–Whitney U tests
to compare demographic, immunovirological, and thera-
peutic characteristics at ART initiation across the four
regions of origin and three HIV acquisition groups. To

further explore differences related to geographical origin,
sex, and HIV acquisition group, an 11-category combined
variable was created that included the following: MSM
originating from FRA (MSM FRA), MSM originating
from SSA (MSM SSA), MSM originating from other coun-
tries (MSM OTHER), heterosexual men originating from
FRA (othM FRA), heterosexual men originating
from SSA (othM SSA), men originating from NFWI
(othM NFWI), heterosexual men originating from other
countries (othM OTHER), women originating from FRA
(women FRA), women originating from SSA (women
SSA), women originating from NFWI (women NFWI),
and women originating from other countries (women
OTHER). Because of the low numbers, we pooled MSM
and heterosexual men for the othM NFWI group.

The risk of VR after virological suppression was first
compared across migrant status among the HIV acquisi-
tion groups, then across the HIV acquisition group
among the migrant status, and then according to the
11-category combined variable. Loss to follow-up and
death were considered as competing risks. Cumulative
incidence functions were estimated and plotted. Fine and
Grey multivariable regression analyses were used to esti-
mate subdistribution hazard ratios [15]. Individuals were
considered lost to follow-up if more than 18 months had
elapsed between the individual's last medical visit and
the last ANRS CO4-FHDH update. Individuals with nei-
ther VR nor a competing event were censored at the end
of follow-up or, at most, at 31 December 2018.

The subdistribution hazard ratios were adjusted for
primary infection status at ANRS CO4-FHDH enrolment,
type and calendar period of first-line ART, region of care
(Paris area vs. other regions, including French West
Indies), pVL and CD4 cell count at first ART, duration of
ART before baseline, baseline age, preexisting AIDS sta-
tus, preexisting hepatitis B or C infection, CD4 nadir, and
CD4/CD8 ratio at baseline. The hepatitis status at base-
line was determined by the presence of hepatitis B virus
antigen or anti-hepatitis C virus antibody.

All analyses were performed using SAS v9.4 software
(SAS Institute, Inc., Cary, North Carolina, USA). A p-value
<0.05 was considered to denote statistical significance.

RESULTS

Population

Overall, 37 061 people living with HIV with virological
suppression after ART initiation were included in the
study (Figure 1), of whom 21 571 (58%) were born in
France, 10 148 (27%) originated from SSA, 1137 (3%)
from the NFWI, and 4205 (12%) from OTHER regions.

HIV MEDICINE 3
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The characteristics are presented by sex, HIV acquisition
group, and region of origin (Table 1). Most individuals
were male (71%), 62% of these were MSM, who mostly
originated from France or OTHER. The women
mostly originated from SSA. The MSM HIV acquisition
group and the FRA region of origin were the groups with
the highest CD4 cell count at ART initiation. The hetero-
sexual men HIV acquisition group and the NFWI region
of origin had the lowest CD4 cell counts at ART initia-
tion. Heterosexual men were older, had a lower CD4
nadir, and were more frequently diagnosed with AIDS
before viral suppression than were MSM or women. Peo-
ple from the NFWI were older, had a lower CD4 nadir,
and were more frequently diagnosed with AIDS than
were people from OTHER. The ART consisted mostly of
triple therapy with a PI and was initiated a median of
8 months (interquartile range 5–13) before viral
suppression.

Viral rebound

Overall, 7089 individuals presented with VR. The cumula-
tive incidence of VR rose from 12% (95% confidence inter-
val [CI] 11–12) at 2 years to 19% (95% CI 19–20) at 5 years
after ART initiation (Table 2). The 5 year-probability of
VR was 14% among MSM and 23% among other men and
women. Regarding origin, the probability of VR was 15%
among French natives, 21% among migrants from
OTHER, 26% among migrants from SSA, and 34% among
migrants from the NFWI. This gradient of increase

between the different groups of origin was similar for each
acquisition risk group (Table 2, Figure 2).

After adjustment, in each HIV acquisition group, as
compared with FRA, the risk of VR was approximately
twice in the NFWI, 1.5-fold in the SSA, and 1.3-fold in
the OTHER (Figure 3a). Within each geographical region
of origin, except the NFWI, for which MSM and hetero-
sexual men were combined, MSM had the lowest risk of
VR, with an approximately 20% lower risk of VR than
heterosexual men. For individuals from FRA, women
had a 10% (95% CI �1–23) higher risk of VR than hetero-
sexual men; and for individuals from SSA, women had a
6% (95% CI �2–13) lower risk of VR than heterosexual
men. There were no differences in the risk of VR between
women and heterosexual men in other origin groups
(Figure 3b). The risk of VR according to the variable com-
bining sex, HIV acquisition group, and geographical ori-
gin group is presented in Figure 3c. Overall, after
adjustment, MSM born in France had a lower risk of VR
than all other groups. Men from the NFWI and women
from the NFWI had the highest risk of VR relative to
MSM born in France (2.46; 95% CI 2.12–2.86 and 2.59;
95% CI 2.20–3.04, respectively) (Figure 3c).

Other risk factors for VR were HIV diagnosis not in
the context of a primary HIV infection, the 2006–2008
period of ART initiation versus more recent periods,
pVL >30 000 copies/mL versus ≤30 000 copies/mL, PI-
containing ART and other ART versus ART containing
non-nucleoside reverse transcriptase inhibitors or inte-
grase strand transfer inhibitors, treatment duration
before undetectability >12 months, age <40 years, AIDS

FIGURE 1 Flowchart participant selection. ANRS CO4-FHDH, French Hospital Database on HIV-ANRS CO4; ART, antiretroviral

treatment; PLWH, people living with HIV.
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status, CD4 nadir <100/mm3, and CD4/CD8 ≤0.4
(Table 3).

DISCUSSION

Among individuals living in France achieving undetect-
ability after ART initiation, 19% exhibited a VR within
5 years, but the VR reached 34% in migrants from NFWI.
Despite free access to treatment in France, the long-term
benefits from ART differed by HIV acquisition group or
the migration status: the risk of VR was higher in
migrants and in HIV acquisition groups other than MSM.
After first undetectability on ART, all HIV acquisition
groups had a higher risk of VR than MSM born in
France, with men and women from the NFWI having the
highest risk (almost 3-fold higher). Within each acquisi-
tion group, all groups of origin had a higher risk of VR
than people born in France, with people from France
having the lowest risk, those from OTHER and SSA hav-
ing an intermediate risk, and those from the NFWI
having the highest risk. Within the FRA, SSA, and
OTHER origin group, MSM had a lower risk of VR than
heterosexual men. For individuals from France, women

tended to have a higher risk of VR than heterosexual
men, and for individuals from SSA, women tended to
have a lower risk of VR than heterosexual men. There
were no differences according to sex among heterosexual
people from other countries and the NFWI.

The main strength of the ANRS CO4-FHDH prospec-
tive cohort is its large size and extended follow-up, which
allowed us to compare different HIV risk groups, that is,
according to sex, acquisition group, and region of origin.
Our study had several limitations. No data on treatment
adherence are available in the ANRS CO4-FHDH. We also
had no data on travel abroad, which is more frequent for
migrants than non-migrants and is associated with an
increased risk of VR among migrants, at least partially due
to lower adherence during trips [16, 17]. Loss to follow-up
is generally associated with poorer adherence. Here, loss
to follow-up before the last database update was consid-
ered as a competing risk. However, an interruption of
follow-up of more than 18 months did not affect the
results when added to the models (data not shown). Socio-
economic factors and lifestyle factors, which could explain
some differences between migrants and non-migrants
[18, 19], are not recorded in the ANRS CO4-FHDH data-
base. For example, individuals originating from SSA/the

TABLE 2 Estimated cumulative incidence of viral rebound 2 and 5 years after viral suppression according to sex, acquisition, and

geographical origin group.

Transmission group Geographical origin N After 2 years % (95% CI) After 5 years % (95% CI)

All 37 061 12 (11–12) 19 (19–20)
MSM 16 271 09 (08–09) 14 (14–15)

OthM 10 153 14 (13–15) 23 (22–24)

Women 10 637 15 (14–16) 23 (23–24)

FRA 21 571 09 (09–10) 15 (15–16)

SSA 10 148 16 (15–17) 26 (25–27)

NFWI 1137 21 (19–24) 34 (31–37)

Other 4205 13 (12–14) 21 (20–23)
MSM FRA 13 688 08 (08–09) 14 (13–14)

SSA 457 10 (07–13) 22 (17–26)

Other 2045 11 (10–13) 18 (16–20)

OthM FRA 4692 11 (10–12) 17 (16–19)

SSAss 3722 16 (15–17) 28 (26–29)

NFWI (men) 599 22 (19–26) 35 (31–40)

Other 1221 15 (13–17) 25 (23–28)
Women FRA 3191 12 (11–13) 18 (17–20)

SSA 5969 16 (15–17) 26 (25–27)

NFWI 538 20 (16–23) 32 (28–37)

Other 939 15 (13–17) 22 (19–25)

Abbreviations: CI, confidence interval; FRA, French natives; MSM, men who have sex with men; NFWI, non-French West Indies; Other, other regions of the
world; OthM, other men; SSA, sub-Saharan Africa.
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NFWI have a lower prevalence of smoking and alcohol
consumption than non-migrant individuals [20–22], and
obesity is highly prevalent among migrant women from
SSA [20, 23–25].

Our study shows that the risk of VR is higher in all
migrant groups than in people born in France, regardless

of the HIV risk group, that is, MSM or heterosexual men
or women. Previous European studies, which reported a
higher risk of viral failure among migrants, did not differ-
entiate migration status according to HIV acquisition
groups [1, 2, 6] or did not differentiate region of origin [6].
We had the opportunity to assess differences among

FIGURE 2 Cumulative incident functions of viral rebound. (a) According to HIV sex acquisition group. (b) According to geographical

region of origin. FRA, French natives; MSM, men who have sex with men; NFWI, non-French West Indies; OTHER, other regions of the

world; OthM, other men; SSA, sub-saharan Africa.
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FIGURE 3 Subdistribution hazard ratio (sdHR) of viral rebound. (a) By geographical region of origin according to sex and acquisition

group. (b) By acquisition group according to geographical region of origin. (c) Combined by geographical region of origin and sex and

acquisition group. CI, confidence interval; FRA, French natives; MSM, men who have sex with men; NFWI, non-French West Indies; Other,

other regions of the world; OthM, other men; SSA, sub-Saharan Africa.
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TABLE 3 Risk of virological rebound. Subdistribution hazard ratio from univariable and multivariable Fine and Grey analyses.

Group Subgroup

Univariable Multivariable model

sdHR (95% CI) p-value sdHR (95% CI) p-value

Sex, HIV acquisition,
and geographical origin group

<0.0001 <0.0001

MSM FRA 1 1

MSM SSA 1.49 (1.19–1.86) 1.52 (1.21–1.90)

MSM other 1.34 (1.20–1.51) 1.35 (1.20–1.52)

OthM FRA 1.31 (1.21–1.42) 1.19 (1.10–1.30)

OthM SSA 2.22 (2.06–2.39) 1.98 (1.83–2.15)

OthM NFWIa 2.83 (2.44–3.27) 2.46 (2.12–2.86)

OthM OTHER 1.91 (1.68–2.16) 1.71 (1.51–1.94)

Women FRA 1.38 (1.26–1.51) 1.32 (1.20–1.45)

Women SSA 2.02 (1.89–2.16) 1.87 (1.74–2.01)

Women NFWI 2.71 (2.32–3.16) 2.59 (2.20–3.04)

Women OTHER 1.77 (1.54–2.05) 1.72 (1.49–1.99)

Primary HIV infection <0.0001 0.04

No 1 1

Yes 0.69 (0.64–0.74) 0.92 (0.86–0.99)
At ART initiation

Region of care <0.0001 0.07

Paris area 1 1

Other 0.89 (0.85–0.94) 1.05 (1.00–1.10)
Period of ART initiation <0.0001 <0.0001

2006–2008 1 1

2009–2011 0.73 (0.69–0.78) 0.81 (0.76–0.85)

2012–2014 0.56 (0.53–0.60) 0.67 (0.62–0.71)

2015–2016 0.52 (0.48–0.57) 0.65 (0.59–0.73)

Type of ART <0.0001 <0.0001

Triple therapy with PI 1 1

Triple therapy with NNRTI 0.70 (0.66–0.74) 0.78 (0.73–0.82)

Triple therapy with INI 0.62 (0.57–0.68) 0.88 (0.79–0.97)

Other cART 1.10 (0.98–1.22) 1.14 (1.02–1.27)
pVL (cp/mL) <0.0001 <0.0001

≤500 0.73 (0.66–0.82) 0.74 (0.66–0.84)

>500–5000 0.73 (0.67–0.79) 0.79 (0.72–0.87)

>5000–30 000 0.72 (0.67–0.76) 0.80 (0.75–0.85)

>30 000 1 1

CD4 (cells/μL) <0.0001 0.07

<100 1 1

100–199 0.90 (0.84–0.97) 1.23 (1.07–1.42)

200–349 0.68 (0.63–0.72) 1.17 (1.00–1.37)

350–499 0.53 (0.49–0.57) 1.19 (1.00–1.41)

≥500 0.43 (0.39–0.47) 1.15 (0.95–1.40)

10 ABGRALL ET AL.

 14681293, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/hiv.13729 by U

niversité D
e R

ennes, W
iley O

nline L
ibrary on [13/12/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



MSM or heterosexual men and women and showed that
people from each origin group had a higher risk of VR
than those native to France. Undocumented migrants are
not included in the ANRS CO4-FHDH. In France, access
to ART is universal and free for people living with HIV,
regardless of their country of origin or health insurance.
However, previous studies showed that differences in
virological outcomes, either initial or sustained virologi-
cal suppression, on ART are mainly driven by socioeco-
nomic factors [2, 18, 26] and that differences according to
migration status are largely explained by such factors [27].
A previous study suggested that Caribbean women but

not men have a higher virological failure rate than their
French-native same-sex counterparts [5]. We show here
that migrants from the NFWI, both men and women,
have the highest risk of VR relative to native French het-
erosexual men or women. Differences in socioeconomic
conditions, educational level, and fear of stigma with
non-disclosure of HIV infection could explain these dis-
parities, as was strongly suggested in a previous study on
a smaller population [27].

The assessment of risk of VR among individuals
from each country of origin allowed us to refine these
results. Among people born in France, SSA, or OTHER

TABLE 3 (Continued)

Group Subgroup

Univariable Multivariable model

sdHR (95% CI) p-value sdHR (95% CI) p-value

At baseline (viral suppression)

Treatment duration (months) <0.0001 <0.0001

0–6 0.68 (0.64–0.72) 0.83 (0.77–0.89)

>6–12 0.72 (0.68–0.76) 0.81 (0.76–0.86)

>12 1 1

Age <0.0001 <0.0001

16–29 1.04 (0.97–1.11) 1.22 (1.14–1.31)

30–39 1 1

40–49 0.91 (0.86–0.96) 0.88 (0.83–0.94)

≥50 0.92 (0.86–0.98) 0.88 (0.82–0.94)

AIDS <0.0001 <0.0001

No 1 1

Yes 1.67 (1.58–1.77) 1.21 (1.13–1.30)
HBV/HCV infection <0.0001 0.08

No 1 1

Yes 1.25 (1.15–1.35) 1.08 (0.99–1.17)

CD4 nadir <0.0001 <0.0001

<100 1 1

100–199 0.84 (0.78–0.90) 0.82 (0.71–0.94)

200–345 0.63 (0.59–0.67) 0.78 (0.67–0.91)

350–499 0.47 (0.43–0.50) 0.71 (0.60–0.85)

≥500 0.39 (0.35–0.43) 0.71 (0.58–0.88)
CD4/CD8 <0.0001 <0.0001

0.0–0.4 1 1

>0.4–0.6 0.88 (0.82–0.96) 0.95 (0.89–1.02)

>0.6–0.8 0.71 (0.66–0.77) 0.86 (0.80–0.94)

>0.8 0.57 (0.53–0.61) 0.82 (0.76–0.89)

Missing 0.61 (0.54–0.68) 0.72 (0.65–0.79)

Abbreviations: ART, antiretroviral therapy; CI, confidence interval; FRA, French natives; HBV, hepatitis B antigen; HCV, hepatitis C antibodies; INSTI,

integrase strand transfer inhibitor; MSM, men who have sex with men; NFWI, non-French West Indies; NNRTI, non-nucleoside reverse transcriptase inhibitor;
Other, other regions of the world; OthM, other men; PI, protease inhibitor; sdHR, subdistribution hazard ratio; SSA, sub-Saharan Africa.
aOthM NFWI include MSM and heterosexual men originating from NFWI.
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country, heterosexual men had a 20% (95% CI 10–30)
to 35% (95% CI 6–69) higher risk of VR than MSM.
Among heterosexual individuals, men from SSA tended
to have a higher risk of VR, and those from France a
lower risk, than women. A previous study suggested
higher rates of VR among heterosexual men than
women in the United Kingdom [8]. It was
previously found that women from SSA had a better
virological outcome on ART than men, either migrant
or non-migrant, or women from France [4, 28].

Sex-specific data on the virological outcomes of indi-
viduals on ART are scarce, as are studies on minorities in
HIV risk groups, such as MSM migrants. Our results sug-
gest that migrants living with HIV in France, especially
those from the NFWI, face significant barriers to main-
taining viral suppression and remaining engaged in HIV
care, regardless of their HIV risk group, and that hetero-
sexual men experience worse outcomes than MSM
regardless of their region of origin. As suboptimal adher-
ence to treatment and disengagement from care are asso-
ciated with HIV-related morbidity and mortality and
acquisition, this is of concern.

We had the opportunity to assess other factors. ART
containing PIs but not non-nucleoside reverse transcrip-
tase inhibitors or integrase strand transfer inhibitors, and
older periods when less well-tolerated ART was mainly
prescribed, were predictive of VR, as previously shown
[27, 29]. Higher pVL, lower CD4 nadir or CD4/CD8 ratio,
and AIDS status were also associated with VR. This
emphasizes the need for early HIV diagnosis and immedi-
ate treatment [13, 30]. The higher risk of secondary VR for
higher viral load might be related to a higher HIV burden,
which is less forgiving of a suboptimal regimen [29]. Previ-
ous studies have shown that younger age is independently
associated with VR [13, 26, 27], with younger age being
associated with non-adherence to ART [26].

Although progress has been made towards reaching
the UNAIDS targets of ending the AIDS epidemic by
2030 and preventing new acquisition, there remain strik-
ing heterogeneities between HIV risk groups. Educa-
tional interventions culturally tailored to the migrant
population would help to reduce the fear of stigmatiza-
tion and improve their care seeking and adherence to
ART. Political and public health decisions are also neces-
sary to reduce the socioeconomic insecurity experienced
by recent migrants, who are frequently undocumented
and vulnerable to HIV infection.
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