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Background: We evaluate differences in timing of cART (combined antiretroviral
treatment) initiation by geographical origin in male and female HIV-positive patients
in the Collaboration of Observational HIV Epidemiological Research Europe, a large
European Collaboration of HIV Cohorts.

Methods: We included individuals recruited in Western Europe between January
1997 and March 2013, with known geographical origin and at least 1 CD4þ cell
count measurement while cART-naive. Timing of cART was assessed through modified
time-to-event methods, in which a scale of CD4þ cell counts was used instead of time,
with cART being the outcome. We estimated the median CD4þ cell count at cART
initiation (estimated CD4þ levels at which the probability of having started cART is
50%) using Kaplan–Meier and adjusted hazard ratios of cART initiation using Cox
regression.

Results: Of 151 674 individuals, 110 592 (72.9%) were men. Median (95% confidence
interval) CD4þ cell count falls far below 250 cells/ml in all groups and was lowest in
sub-Saharan African [SSA: 161 (158–167)], Caribbean men [161 (150–174)] and in
Asian women [Asian Continent and Oceania: 185 (165–197)]. Among men, the
adjusted probability of cART initiation was lower in migrants compared with natives,
but differences depended on initial CD4þ cell count. For example, in the group with
more than 500 CD4þ at recruitment, they were 45% (36–53%), 30% (17–40%) and
25% (19–30%) lower for Caribbean, Eastern European and SSA men, respectively. In
women, no meaningful differences were observed between natives and most migrant
groups. However, SSA women had a 31% (24–38%) higher probability of cART
initiation when recruited at a CD4þ more than 500 cells/ml and 9% (4–14%) lower
when recruited at CD4þ less than 100 cells/ml.

Conclusion: Most migrant men initiate cART at lower CD4þ cell count than natives,
whereas this does not hold for migrant women.

Copyright � 2017 Wolters Kluwer Health, Inc. All rights reserved.
AIDS 2017, 31:835–846
Keywords: access to healthcare, cohort studies, combined antiretroviral
therapy, HIV, migrants
Introduction

Combined antiretroviral therapy (cART) has resulted in a
drastic improvement in the prognosis of HIV infection.
 Copyright © 2017 Wolters Kluwe
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population [1]. However, available evidence demon-
strates that the effectiveness of cART depends on the
timing of treatment initiation, as those who initiate at
lower CD4þ cell count experience poorer responses to
treatment, and higher rates of opportunistic diseases, non-
AIDS events and mortality [2–5]. Early treatment
initiation therefore represents the single most important
intervention able to improve the quantity and quality of
life for people living with HIV.

Individuals who achieve full control of HIV infection on
cART, as characterized by an undetectable viral load, are
now believed to be extremely unlikely to transmit HIV
infection [6,7]. Thus, cART is now recognized to be a
key aspect of HIV control at the community level for
preventing new infections and controlling the HIV
epidemic [6,8,9].

Migrants represent a considerable proportion of those
living with HIV in Western Europe. Of the 137 983
persons diagnosed with HIV infection in this region
between 2007 and 2012, 41% were migrants [10].
Migrants from countries with high HIV prevalence are a
population of special focus for the European Centre for
Disease Prevention and Control (ECDC) [11]. Literature
suggests that adverse socioeconomic and living con-
ditions, together with language, cultural and legal
barriers, could result in later cART initiation largely
through late diagnosis of HIV infection and difficulties in
access to and retention in care [11–16]. Indeed, though in
most European countries HIV testing is recommended
for migrants originating from areas with high HIV
prevalence [17], universal access to cART is not
guaranteed for undocumented migrants in many Euro-
pean countries [11]. Delayed initiation of cART may
place this group at a higher risk of suboptimal health
outcomes [18,19] and could facilitate ongoing HIV
transmission.

The objective of this work is to evaluate differences in
timing of cART initiation, as measured by the CD4þ cell
count at cART initiation, by geographical origin, among
HIV-positive men and women using data from a large
European Collaboration of HIV Cohorts from 1997
to 2013.
Methods

Study population
Data were merged in 2013 in COHERE in EuroCoord
(www.cohere.org), a collaboration of 40 observational
cohorts of HIV-positive individuals in routine clinical
care from 32 countries. A detailed description of
COHERE has been previously published [20]. Each
cohort submits data in a standardized format (www.hic-
dep.org) to coordinating centres at the Copenhagen HIV
 Copyright © 2017 Wolters Kluwer H
Program, Denmark or the Institut de Santé Publique,
d’Epidémiologie et de Développement (Bordeaux School
of Public Health), Bordeaux, France [21]. The two
coordinating centres ensure adherence to strict quality
assurance guidelines and perform data checks, including
the removal of duplicate records. Ethics approval was
granted by the ethics committees of each of the
participating cohorts according to local regulations.

For this analysis, we included 24 cohorts systematically
collecting geographical origin and/or ethnicity, repre-
senting 11 Western European countries (Austria,
Belgium, Denmark, France, Germany, Greece, Italy,
The Netherlands, Spain, Switzerland and the United
Kingdom). Individuals were eligible if enrolled in the
cohort from January 1997 to March 2013, with known
geographical origin and sex, aged between 18 and 75
years, not infected perinatally or following the receipt of
clotting factor concentrates, and with at least one CD4þ

T-cell count measurement while naive to cART.

Variables
Follow-up was performed according to routine clinical
practice within the country where the individual was
followed. Data were collected at each encounter and
included information on age, sex, country of origin,
ethnicity, mode of HIV acquisition, cART (defined as a
combination of either �3 drugs from �2 classes, or �3
nucleoside reverse-transcriptase inhibitors, at least one of
which was tenofovir or abacavir), CD4þ cell counts,
plasma HIV-RNA and various serological results and
initial and subsequent AIDS-defining conditions.

The exposure variable geographical origin, as reported by
cohorts, was classified based on the United Nations
categories (available at http://unstats.un.org). We classi-
fied persons as either native, if they were originally from
the country of enrolment [native population (NAT)] or
from one of seven migrant populations based on region of
origin: Western Europe and other Western countries,
including North America, Australia and New Zealand
(WEWC); Eastern Europe (EE); North Africa and The
Middle East (NAME); sub-Saharan Africa (SSA); Latin
America (LA): The Caribbean (CRB) and the rest of the
Asian Continent and Oceania (ASIA/OC). The United
Kingdom Collaborative HIV Cohort (UK CHIC) Study
and the Swiss HIV Cohort Study (SHCS) only reported
information on ethnicity to COHERE, which was
mapped into geographical origin assigning ‘Black
Caribbean’ to CRB, ‘Hispanic’ to LA, ‘Asian’ to
ASIA/OC, ‘White’ to NAT and ‘Black’ to SSA.

Statistical analysis
All analyses were stratified by sex. Individuals were
followed up until they either experienced the event of
interest (cART initiation) or were right-censored because
of loss to follow-up, death or administrative censoring
(ranging from September 2009 to July 2013). To assess the
ealth, Inc. All rights reserved.
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cumulative probability of cART initiation as the CD4þ

cell count decreased, we used the method proposed by
Phillips et al. [22], using time-to-event analysis methods,
but with the time scale substituted by a reversed scale of
CD4þ cell counts. In this framework, individuals are
assumed to be at risk of initiating cART from the CD4þ

cell count origin, here set artificially to be 2000 cells/ml,
down to the minimum recorded CD4þ cell count during
their follow-up, respecting the monotonically changing
nature of time. As discussed by Phillips et al., the method
is insensitive to the choice of the CD4þ cell count origin
as long as it is higher than the highest recorded value.

Kaplan–Meier methods were used to estimate the
median CD4þ cell count at cART initiation, that is
the CD4þ levels at which the cummulative probability of
starting cART is 50%, and 95% confidence intervals (95%
CIs). Hazard ratios (95% CI) of cART initiation for
migrants from each geographical origin compared with
the native population were estimated using multivariable
Cox regression. As the effect of each geographical origin
on the probability of initiating cART may vary depending
on the immunological status at entry into care, an
interaction between geographical origin and first-
recorded CD4þ cell count after recruitment (<100,
100–250, 250–350, 350–500 and >500) was explored
using the likelihood ratio test (LRT). Wald test was used
to derive P values for hazard ratios.

All models were adjusted for the following potential
confounders chosen a priori and measured at cohort entry:
age (years: <25, 25–35, 35–50 and �50), HIV
acquisition group [MSM, heterosexual transmission,
persons who inject drugs or other (PWID/other), and
unknown], HIV-RNA levels (log10 copies/ml: <4, 4–5,
�5 and unknown), AIDS diagnosis at recruitment (no
and yes), coinfection with hepatitis C virus (HCV RNA
and/or antibody: positive and negative), hepatitis B virus
(HBV DNA and/or any antibody excluding surface
antibody: positive and negative) and calendar period
(1997–1999, 2000–2003, 2004–2008, and 2009–2013).
Due to the high proportion of individuals with unknown
HCV and HBV status at baseline (over 60% for both
viruses), in which this information was missing, data
generated during follow-up were assumed to represent
the status at baseline.

Sensitivity analyses were performed to assess the impact of
the diverse assumptions: using last (instead of minimum)
measured CD4þ cell count for those initiating cART;
accounting for left censoring, allowing individuals to
enter the risk set at their first observed measure of CD4þ

cell count (only patients with more than one distinct
CD4þ cell count while being cART-naive could be
included); modelling CD4þ cell count trajectories using a
piecewise linear mixed-effects model with random
intercepts and random slopes for the square root
transformation of the CD4þ cell count, predicting the
 Copyright © 2017 Wolters Kluwe
CD4þ cell count at the date of cART initiation or right
censoring [23]; excluding the three cohorts that only
included HIV seroconverters (defined as patients with a
negative test within 3 years of their first HIV-positive
result and therefore less likely to have late diagnosis) –
PRIMO, SEROCO and CASCADE; excluding UK
CHIC and SHCS to assess the impact of possible
misclassification in deriving geographical origin from
ethnicity; restricting the analysis to individuals recruited
in the cohort after 2004, when the recommendation to
start cART with CD4þ cell count below 350 cells/ml
became widespread in Western Europe; excluding the
HBV core antibody as a criteria for HBV coinfection;
considering only known HBV status at maximum 1
month after cohort entry for classification of HBV
coinfection; grouping transmission routes defined as
‘other’ with unknown (instead of PWID) to evaluate the
impact of misclassification of this category.

Analyses were conducted using STATA (V12MP: Stata
Corporation; College Station, Texas, USA).
Results

A total of 151 674 individuals were included in this
analysis of which 110 592 (72.9%) were men and 45 412
(29.9%) were migrants. Among women, the proportion
of migrants was higher (n¼ 21 490; 52.3%) than among
men (n¼ 23 922; 21.6%). Migrants from SSA accounted
for the largest migrant group (9.4% of men and 39.4% of
women), followed by Latin America (3.8%) and WEWC
(2.5%) in men and CRB (3.4%) and Latin America (2.7%)
in women. Patient characteristics varied by geographical
origin and sex (Table 1).

The cumulative probability of cART initiation and
median CD4þ cell counts at cART initiation are shown
in Fig. 1. Median CD4þ cell count falls far below 250
cells/ml in all groups, and with the exception of EE, it was
lower in all migrant groups than in native population,
especially in men. The lowest medians (95% CI) were
estimated for men from SSA [161 (158–167) cells/ml]
and CRB [161 (150–174) cells/ml], and for women from
ASIA/OC [185 (165–197) cells/ml].

Adjusted hazard ratios (95% CI) for the effect of
geographical origin on the probability of starting cART
as compared with native population are shown in Table 2
and Fig. 2. In the case in which the LRT showed an
interaction between geographical origin and CD4þ cell
count at recruitment, hazard ratios (95% CI) for
geographical origin is shown stratified by CD4þ cell
count at recruitment.

Migrant men, with the exception of LA, had a lower
probability of initiating cART compared with natives; the
r Health, Inc. All rights reserved.
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Fig. 2. Results from the multivariable Cox models: hazard
ratios and 95% confidence intervals for the probability of
initiating combined antiretroviral treatment for each geo-
graphical origin compared with natives, stratified by CD4R

cell count (cells/ml) at recruitment, adjusted for baseline
variables: calendar period, age, transmission category, viral
load, AIDS stage and history of hepatitis B and hepatitis C
infection. CRB, The Caribbean; EE, Eastern Europe; NAME,
North Africa and the Middle East; SSA, sub-Saharan Africa;
WEWC, Western Europe and other Western countries in
North America, Australia and New Zealand.

00.0
52.0

05.0
57.0

00.1

750 500 350 250 100 0
CD4+ cell count

Natives WEWC EE NAME
SSA LAC CRB ASIA/OC

Men NAT 230 [230-231]
EE 230 [217-240]
LA 220 [214-229]
WEWC 206 [200-216]
ASIA/OC 194 [182-206]
NAME 190 [178-198]
SSA 161 [158-167]
CRB 161 [150-174]

00.0
52.0

05.0
57.0

00.1

750 500 350 250 100 0
CD4+ cell count

Natives WEWC EE NAME
SSA LAC CRB ASIA/OC

Women EE 236 [219-250]
NAT 235 [231-239]
CRB 225 [215-236]
NAME 223 [200-233]
WEWC 220 [200-240]
SSA 205 [201-208]
LA 203 [190-213]
ASIA/OC 185 [165-197]

Fig. 1. Kaplan–Meier estimates of cumulative probability of
combined antiretroviral treatment initiation at different
CD4R cell counts (cells/ml) values and median CD4R cell
count (cells/ml) at combined antiretroviral treatment
initiation (95% confidence intervals) by geographical origin
and sex. ASIA/OC, the rest of the Asian Continent and
Oceania; CRB, The Caribbean; EE, Eastern Europe; LA, Latin
America; NAME, North Africa and the Middle East; NAT,
native population; SSA, sub-Saharan Africa; WEWC, Western
Europe and other Western countries in North America, Aus-
tralia and New Zealand.
effect was strongest for CRB men, who had a 23% (18–
27%) lower probability of initiating cART. However,
these hazard ratios varied depending on CD4þ cell count
at recruitment (overall interaction P value <0.01), with
the effect of geographical origin being greater at higher
CD4þ cell count at recruitment (Fig. 2). The hetero-
geneity of strata was only statistically significant for EE,
SSA and CRB men, so CD4þ cell count strata-specific
aHRs (95% CI) are provided in Table 2 for these groups.
For men recruited at more than 500 cells/ml, the
probability of initiating cART was 45% (36–53%) lower
for CRB, 30% (17–40%) lower for EE and 25% (19–
30%) lower for SSA compared with natives.

In women, overall, most migrant groups’ CD4þ cell count
at cART initiation did not differ to those in native women
except for SSA, whose probability was 3% (0–6%) higher,
 Copyright © 2017 Wolters Kluwer H
and Latin America, whose probability was 7% (0–13%)
lower. Again, the effect was heterogeneous depending on
the CD4þ cell count at recruitment (overall interaction P
value <0.01), specifically for SSA, CRB, WEWC and
NAME women; CD4þ cell count strata-specific aHRs
(95% CI) are provided in Table 2 for these groups. For SSA
and CRB women recruited at CD4þ cell count more than
500 cells/ml, the probability of initiating cART compared
with native women was 31% (24–38%) and 14% (0–29%)
higher, respectively; in contrast, the effect was reversed or
disappeared among women who entered into care at lower
CD4þ cell count, reaching a 9% (4–14%) lower probability
for SSA women with CD4þ cell count less than 100 cells/
ml at recruitment.

In some of the sensitivity analyses (Appendix Table 1,
http://links.lww.com/QAD/B41), the lower probability
ealth, Inc. All rights reserved.

http://links.lww.com/QAD/B41
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of cART initiation in Latin America men reached
statistical significance. Some other differences were
found, especially when using the modelled instead of
the observed CD4þ cell count, and although the
direction of the effect was preserved, some effects were
no longer statistically significant, such as the previously
described associations for EE and ASIA/OC men, and
WEWC and NAME women.
Discussion

The current study is the first one to analyse the CD4þ

count at cART initiation in migrants from a wide range of
geographical origins living with HIV in Western Europe.
The CD4þ cell counts at which the probability of having
initiated treatment was 50% was below 250 cells/ml for all
groups. Our results show that the majority of migrant
men, particularly those from SSA and the CRB, initiate
cART at lower CD4þ cell count than native men, with
the gap tending to be wider in men recruited at CD4þ

cell count at least 350 cells/ml. In contrast, women
appeared to initiate cART at similar CD4þ cell count
compared with native women, most likely reflecting HIV
testing and cART initiation to prevent mother-to-child
transmission in the context of antenatal care. In SSA and
CRB women, the probability of initiating cART was, in
fact, higher than among natives when women were linked
to care at CD4þ cell count of at least 350 cells/ml,
although the effect disappeared or was even reversed for
those linked to care at very low CD4þ cell count.

Later cART initiation in migrants can result in worse
health outcomes [2–5,18,19,24], but is also of public
health concern [8] as it facilitates ongoing transmission of
HIV within the community, thus compromising the 90–
90–90 target set by UNAIDS that relies on equitable
access to cART for key populations worldwide [25].
Inequalities in timing of cART initiation may be
explained by different factors associated with late
diagnosis of HIV infection [12,26–30], impaired linkage
and retention in clinical care [13–15,31,32] or to barriers
to accessing antiretroviral drugs themselves [8,11,13].
Disentangling the contribution of each of these factors
is difficult.

Several barriers have been postulated to explain these
gaps, including factors at structural, healthcare and
community levels. Social exclusion, racism and discrimi-
nation; economic instability; precarious working con-
ditions; higher geographical mobility and administrative
and legal frameworks, with fear of discrimination or
deportation after a positive diagnosis, have all been
reported as barriers [12–14,26,33–35]. Fear of disclosure,
language barriers and cultural differences in settings in
which translators and cultural mediators are not available
may also contribute to higher disengagement from HIV
 Copyright © 2017 Wolters Kluwer H
care [14,36]. In addition, it is likely that personal choices
and prescribing physicians’ views are influenced by health
literacy and socioeconomic status, which tend to be lower
in most migrant groups [13]. The fact that migrants may
already arrive to the destination country with HIV
infection has also been discussed as contributing to late
diagnosis and treatment. However, there is growing
evidence that a significant proportion of HIV infections
in migrants were acquired after their arrival into Western
Europe [37–40].

Legal barriers deserve a special mention [8,14]. A recent
ECDC report shows how 14 out of 29 EU/EEA
countries denied access to cART for undocumented
migrants in 2014 [11]. Furthermore, the austerity
measures adopted following the economic crisis, with
the reduction in the provision of essential services for
migrants, have further contributed to widening the gap
[33,41]. In some countries such as Spain, repeated
changes in legislation have generated confusion and
uncertainty, even among health providers, around who
can access what services free of charge, acting as deterrents
for the adequate use of available services or denials to
people who should be entitled to them [32,42].

In our study, we tried to discriminate the effects of delay
in diagnosis and delay in initiation of treatment allowing
for a differential effect of geographical origin according to
the CD4þ cell count at which the person was recruited
into the cohort, a surrogate for HIV diagnosis. Groups
diagnosed later in the course of HIV infection (with
CD4þ cell count <350 cells/ml) tended to have similar
probabilities of initiating cART than natives, whereas
differences were indeed found for those diagnosed earlier.
At higher CD4þ cell count, guidelines did not
consistently recommend initiation of cART, and we
may observe higher clinical variability, with the decision
influenced by a wider range of determinants. The
abovementioned barriers may have a greater impact in
this situation and probably result in the later cART
initiation observed in migrant men in our study. Future
analyses will need to evaluate whether the differences
observed in this study remain in the current context in
which guidelines recommend immediate cART, irre-
spective of CD4þ cell count.

Women, however, seem to be protected to a certain
degree by HIV testing and treatment to decrease mother-
to-child transmission in the context of antenatal care.
This is reinforced by the consolidated practice of universal
screening in pregnant women in the European context
[12] and by the widely known and accepted legal
framework that recognizes the right to free and accessible
healthcare for pregnant women independent of their
administrative status [26]. The high acceptability of
antenatal services among migrant women importantly
contributes to the relatively high coverage, although gaps
have been reported to persist for undocumented women
ealth, Inc. All rights reserved.
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[43]. This results in some migrant women, such as those
from SSA or the CRB, having an even higher probability
than natives of initiating cARTwhen diagnosed at a high
CD4þ cell count. The notable exception is Latin
American women, who exhibit a globally lower initiation
of treatment, something that has not been previously
explored in the literature and which merits further
investigations.

Consistent with our results, a recent study found the
likelihood of cART initiation in migrant men from SSA
living in France was 15% lower than in French population
when diagnosed between 350 and 500 cells/ml, with the
difference widening with earlier diagnosis; in contrast, no
difference was found in other migrant groups [16]. Other
studies have failed to find any evidence of delayed
initiation of cART in migrants, although lack of
stratification by sex or CD4þ cell count at diagnosis
[18,44] and restriction to individuals with known date of
seroconversion [45] may partially explain the discrepancy
of results.

A limitation of this study was that we were unable to
control for the heterogeneity of cART initiation
recommendations across participating countries and
throughout the study period. The composition of the
COHERE collaboration has been changing throughout
the time, and the analysis of temporal trends may be biased
by the incorporation or finalization of specific cohorts
within the collaboration. However, between 2004 and
2013, the recommendation to start cART at a CD4þ cell
count of 350 cells/ml or below was widespread, and
analysis restricted to years after 2004 led to similar
conclusions.

Another limitation relates to the lack of information on
the administrative and legal status, which could better
identify the role of legal barriers and the risk of
undocumented migrants, and on the socioeconomic
status, which could lie on the pathway of the observed
effects of geographical origin. Our results are based in ad-
hoc cohort studies and have the advantage of achieving a
large sample size. The composition of the migrant
population and their characteristics in our study were
similar to those reported by the ECDC HIV surveillance
system [10]. The study is specific to the Western
European region, and results are thus not generalizable
to other geographical regions.

In summary, we have highlighted late initiation of cART
in the migrant population in Western Europe and
differences in timing of cART initiation for some groups
within migrant communities, especially for men.
Addressing existing barriers to access HIV testing and
care and ensuring universal and free access to cART is
important if we are to advance the elimination of
inequities and in the control of the HIV epidemic in
Western Europe.
 Copyright © 2017 Wolters Kluwe
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Executive Committee: Stéphane de Wit (Chair, St.
Pierre University Hospital), Jose Ma Miró (PISCIS),
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Amanda Mocroft, Susana Monge, Fumiyo Nakagawa,
Roger Paredes, Andrew Phillips, Massimo Puoti, Michael
Schomaker, Colette Smit, Jonathan Sterne, Rodolphe
Thiebaut, Claire Thorne, Carlo Torti, Marc van der Valk,
Linda Wittkop, Natasha Wyss.

Funding: This work was supported by the European
Union Seventh Framework Programme (FP7/2007–
2013) under EuroCoord (grant agreement no. 260694). A
list of the funders of the participating cohorts can be
found at www.COHERE.org. COHERE has received
unrestricted funding from: Agence Nationale de
Recherches sur le SIDA et les Hépatites Virales (ANRS),
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de Médecine Interne et Maladies Infectieuses, Bordeaux,
France; 16Centre for the Study of Sexual Health and HIV,
Homerton University Hospital NHS Foundation Trust,
London, United Kingdom; 17Robert Koch Institute,
Dept. for Infectious Disease Epidemiology, Berlin,
Germany; 18First Department of Internal Medicine,
University Hospital of Cologne, Germany; 19Department
of Infectious Diseases, Copenhagen University Hospital,
Rigshospitalet, Copenhagen, Denmark; 20Copenhagen
HIV programme, University of Copenhagen, Copenha-
gen, Denmark; 21INSERM, Sorbonne Universités,
UPMC Univ Paris 06, UMR_S 1136,Pierre Louis
Institute of Epidemiology and Public Health, (IPLESP
UMRS 1136), F75013, Paris, France; 22National
Institute for Infectious Diseases L. Spallanzani, Rome,
Italy; 23Clinic of Infectious Diseases, University of Bari,
Italy; 24Service de Infectious Diseases, HIV Unit, Geneva
University Hospitals, Geneva Switzerland; 25The Brussels
Saint Pierre Cohort, University hospital Saint Pierre,
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Médicale U1018, Université Paris-Sud, le Kremlin-
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20. Chêne G, Phillips A, Costagliola D, Sterne JA, Furrer H,
Del Amo J, et al. Cohort profile: Collaboration of Obser-
vational HIV Epidemiological Research Europe (COHERE)
in EuroCoord. Int J Epidemiol 2016 pii: dyw211. [Epub ahead
of print].

21. Kjaer J, Ledergerber B. HIV cohort collaborations: proposal for
harmonization of data exchange. Antivir Ther 2004; 9:631–
633.

22. Phillips AN, Lee CA, Elford J, Janossy G, Kernoff PB. The
cumulative risk of AIDS as the CD4 lymphocyte count declines.
J Acquir Immune Defic Syndr 1992; 5:148–152.

23. Verbeke G, Molenberghs G. Linear mixed models for longitu-
dinal data. New York: Springer; 2000.

24. Monge S, Jarrin I, Mocroft A, Sabin CA, Touloumi G, van Sighem
A, et al. Migrants Working Group on behalf of COHERE in
EuroCoord. Mortality in migrants living with HIV in Western
Europe (1997–2013): a collaborative cohort study. Lancet HIV
2015; 2:e540–e549.

25. Joint United Nations Programme on HIV/AIDS (UNAIDS).
90–90–90 – an ambitious treatment target to help end the
AIDS epidemic. Geneva: UNAIDS; 2014.

26. ECDC. Migrant health: increasing uptake and effectiveness in
the European Union. Stockholm: European Centre for Disease
Prevention and Control; 2011.

27. Mocroft A, Lundgren JD, Sabin ML, Monforte Ad, Brockmeyer
N, Casabona J, et al. Risk factors and outcomes for late
presentation for HIV-positive persons in Europe: results from
the Collaboration of Observational HIV Epidemiological
Research Europe Study (COHERE). PLoS Med 2013;
10:e1001510.

28. Saracino A, Tartaglia A, Trillo G, Muschitiello C, Bellacosa C,
Brindicci G, et al. Late presentation and loss to follow-up of
immigrants newly diagnosed with HIV in the HAART era.
J Immigr Minor Health 2014; 16:751–755.

29. Zoufaly A, an der Heiden M, Marcus U, Hoffmann C, Stellbrink
H, Voss L, et al. Late presentation for HIV diagnosis and care in
Germany. HIV Med 2012; 13:172–181.

30. Burns FM, Johnson AM, Nazroo J, Ainsworth J, Anderson J,
Fakoya A, et al. Missed opportunities for earlier HIV diagnosis
within primary and secondary healthcare settings in the UK.
AIDS 2008; 22:115–122.

31. Thierfelder C, Weber R, Elzi L, Furrer H, Cavassini M, Calmy A,
et al. Participation, characteristics and retention rates of HIV-
positive immigrants in the Swiss HIV Cohort Study. HIV Med
2012; 13:118–126.

32. Lanoy E, Mary-Krause M, Tattevin P, Dray-Spira R, Duvivier C,
Fischer P. Predictors identified for losses to follow-up among
HIV-seropositive patients. J Clin Epidemiol 2006; 59:829–
835.

33. Chauvin P, Simmonot N, Vanbiervliet F. Access to healthcare in
Europe in times of crisis and rising xenophobia. Paris: Médecins
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