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Resumo

Introducéo: Para controlar a pandemia de VIH a UNAIDS desenvolveu os objetivos 95-
95-95 para serem atingidos até 2030. A concretizacdo destes objetivos pode ser
dificultada pelo aparecimento de mutacdes de resisténcia devido ao uso intensivo da
terapia antirretroviral ou também a existéncia de individuos com apresentacdo tardia
(IAT) ao diagnostico. Estes IAT ndo s6 impactam os resultados dos seus proprios
tratamentos como sdao também uma ameaga para alcangar os objetivos da UNAIDS, uma
vez que podem potenciar, de forma inconsciente, a transmissao do VIH.

Objetivos: Primeiro, identificar as carateristicas sociodemograficas e clinicas dos
individuos infetados com VIH-1, bem como identificar os determinantes da apresentacao
tardia em Portugal e na Europa. Segundo, descrever os padrdes de resisténcia transmitida
(TDR) e de resisténcia adquirida (ADR) em individuos infetados com VIH-1 seguidos na
Europa, comparar os seus padrdes de resisténcia IAT e individuos com apresentagdo nao-
tardia (IANT) e analisar as mutagdes de resisténcia aos antirretrovirais nos diferentes
subtipos de VIH-1. Para finalizar, descrever e caraterizar os clusters de transmissao (CT)
de VIH-1 na Europa e comparar o papel dos IAT com os IANT nos CT do VIH-1.

Metodologia: No primeiro estudo, a base de dados utilizada incluiu dados clinicos e
sociodemograficos de individuos infetados com VIH-1 seguidos no Hospital Egas Moniz,
Centro Hospitalar de Lisboa Ocidental (CHLO), Lisboa, Portugal, entre1984 ¢ 2017. Nos
outros estudos, utilizou-se a EuResist Integrated Database (EIDB) que inclui dados
sociodemograficos, clinicos e genomicos de individuos infetados com VIH-1 seguidos na
Europa (Portugal, Espanha, Alemanha, Luxemburgo, Russia, Reino Unido e Italia) entre
1981 e 2019. Para a analise dos CTs, foram utilizadas informacdes de individuos
infetados pelos subtipos mais prevalentes (B, A e G).

Resultados: No primeiro estudo, 68,7% dos individuos infetados com VIH-1 eram
homens com uma mediana de idade de 37 anos (IQR 30—47). 50,6% destes individuos
tinham apresentacao tardia (AT) e desses 61,9% tinham apresentacdo tardia com doenca
avancada. Os determinantes associados a AT foram idade ao diagndstico superior a 30
anos e origem em paises da Africa subsaariana. No segundo estudo, entre os individuos
incluidos na andlise a mediana de idade foi igual a 33 anos (IQR: 27,0-41,0) e 74,4%
eram homens. 50,4% destes individuos tinham AT e os determinantes associados foram
idade acima de 56 anos, heterossexuais, individuos com origem em paises africanos e
com carga viral abaixo de 4,1copias/mL. No terceiro estudo, a mediana de idades obtida
foi igual a 37 anos (IQR: 27,0-45,0) e 72,2% eram homens. 71,9% dos individuos tinham
sido infetados pelo subtipo B e 54,8% foram classificados com AT. Para AT e
apresentacao ndo-tardia (ANT) a prevaléncia de TDR foi 12,3% e 12,6% respetivamente,
e a de ADR foi de 69,9% e de 68,2% respetivamente. As mutacdes mais prevalentes
observadas em IAT e IANT foram K103N/S, T215rev, T215FY, M1841/V, M411/L,
M46l/L e L90M. No quarto estudo, o subtipo mais prevalente nos individuos infetados
com VIH-1 foi o subtipo B (84,7%) seguido do subtipo G (9,4%) e subtipo A (5,9%). A
idade mediana foi de 33 anos (IQR: 26,0-41,0) e 75,5% eram homens. 51,4% dos
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individuos infetados com VIH-1 tinham AT e 21,6% estavam dentro de CTs. As analises
filogenéticas demonstraram que apenas 17,6% dos IAT estavam dentro de CTs
comparados com 20,2% dos IANT. Para os subtipos A e B, verificou-se que os IAT dentro
de CTs foram caracterizados por uma menor percentagem de homens e por uma maior
percentagem de individuos mais velhos comparativamente aos IANT. Para os subtipos B
e G, os IAT dentro de CTs apresentaram maior percentagem de tratados
comparativamente com os IANT. No subtipo G, os IAT dentro de CTs, eram
maioritariamente utilizadores de drogas intravenosas comparativamente com os IANT.
Analisando o tamanho dos CTs, verificou-se que os IANT pertenciam a grandes CTs (>8
individuos) comparativamente aos IAT.

Conclusio: A AT ¢ considerada um dos grandes obstaculos para travar a epidemia do
VIH e uma ameaga a transmissdo do mesmo. Os nossos resultados apresentam as
caracteristicas sociodemograficas e clinicas dos IAT na Europa e indicam que estes nio
contribuem, de forma significativa, para a transmissdo dos VIH-1.Os resultados
encontrados podem contribuir para o desenvolvimento de medidas de prevencdo e para
uma melhor compreensdo das mutagdes de resisténcia e falhas terapluticas nesta
populagao de individuos.

Palavras-Chave: VIH-1; Apresentagdo tardia; Europa; Resisténcias; Clusters de
transmissao



Abstract

Background: To control the HIV pandemic, the UNAIDS set the 95-95-95 targets to be
reached by 2030. These targets can be more difficult to achieve, whether due to the
appearance of drug resistance mutations regarding the increasing use of antiretroviral
therapy (ART) or due to individuals who present late at diagnosis (late presenters-LP).
These individuals can not only impact treatment outcomes, but also threat UNAIDS
goals, as well as potentiate the spread of HIV.

Aims: First, to identify clinical and sociodemographic characteristics of HIV-1 infected
patients, as well as to identify determinants of late presentation in Portugal and in Europe.
Second, to describe the patterns of transmitted drug resistance (TDR) and acquired drug
resistance (ADR) in HIV-1 infected patients followed in Europe (Portugal, Spain,
Germany, Luxembourg, United Kingdom, Russia and Italy), to compare its patterns in
late presenters (LP) vs non-late presenters (NLP), and to analyze the most prevalent drug
resistance mutations among HIV-1 subtypes. And finally, to describe and characterize
HIV-1 transmission clusters in Europe and to compare the role of LP vs NLP populations
on HIV-1 transmission clusters (TC).

Methods: For the first study, the database included clinical and sociodemographic
information from HIV-1-infected patients followed in Hospital Egas Moniz, Centro
Hospitalar de Lisboa Ocidental (CHLO), Lisbon, Portugal, between 1984 and 2017. For
the other studies, the EuResist Integrated Database (EIDB) included socio-demographic,
clinical, and genomic information from HIV-1 infected patients followed between 1981
and 2019. For the analysis of TC, information from patients infected with the
most prevalent subtypes B, A and G was analyzed.

Results: In the first study, 68.7% of patients were males and the median age was 37 years
(IQR 30-47). 50.6% patients were LP and, of those, 61.9% were late presenters with
advanced disease (LPAD). The determinants associated with LP were age at diagnosis
higher than 30 years and origin from sub-Saharan Africa. In the second study, among the
HIV-1 infected patients included in the analysis, the median age was 33 (IQR: 27.0-41.0)
years and 74.4% were males. 50.4% were late presenters and the determinants associated
with late presentation were older patients (>56), heterosexuals, patients originated from
Africa and patients presenting with log VL >4.1. In the third study, the median age of
HIV-1 infected individuals was 37 (IQR: 27.0-45.0) years old and 72.6% were males.
71.9% of patients were infected by subtype B and 54.8% of patients were classified as
LP. For LP and NLP, the TDR prevalence was 12.3% and 12.6%, respectively, while
ADR, was 69.9% and 68.2%, respectively. The most prevalent TDR drug resistance
mutations, in both LP and NLP, were K103N/S, T215rev, T215FY, M1841/V, M411/L,
M461/L, and L90M. In the fourth study, the most prevalent subtype among those infected
with HIV-1 was subtype B (84.7%), followed by subtype G (9.4%) and subtype A (5.9%).
The median age was 33 (IQR: 26.0-41.0) years old and 75.5% of patients were males.
51.4% of patients were classified as LP and 21.6% of patients were inside TCs.
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Phylogenetic analyses showed that only 17.6% of LPs were inside clusters compared to
20.2% of NLPs. For subtypes A and B, we found that LP inside clusters were less
frequently males and were older than NLPs. For subtypes B and G, LP inside clusters
were more frequently treated than NLP. In subtype G, LP inside clusters more frequently
had IDU transmission route than NLP. Finally, when analyzing cluster size, we found
that NLP more frequently belonged to large clusters (>8 patients) when compared to LP.

Conclusion: Late presentation is a major obstacle to halt the HIV epidemic and could be
a threat to HIV-1 transmission. Our results characterize the socio-demographic and
clinical characteristics of LPs in Europe and, all together, indicate that LPs are not
important contributors to forward HIV-1 transmission. These results help to direct
prevention measures for this population and to better understand drug resistance
mutations and therapeutic failure in this population of patients.

Keywords: HIV-1; Late presentation; Europe; Drug Resistance; Transmission Clusters
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INTRODUCTION

1. Introduction

1.1. HIV-1 Epidemiology

In 1981, the first cases concerning young homosexual men with depleted T-
lymphocytes, which died of opportunistic infections, were reported in the United States.
This disease would later be known to the world as AIDS (1). The cause of AIDS, in 1983
was still unknown, however the number of people with AIDS in the US continued to
grow. In February of the same year, the Centers for Disease Control e Prevention (CDC)
reported 1000 cases of AIDS (2). AIDS was identified as a transmissible syndrome that
could be transmitted between individuals, and it was observed that the infectious agent
could be spread via distinct transmission routes, including sexual transmission, vertical
transmission and blood-borne transmission (i.e., intravenous drug user (IDU) and blood
products) (2). To unravel the pathogen responsible for AIDS, scientists studied the
immune response of individuals that exhibited AIDS-related symptoms, and in late 1983,
a new human retrovirus, dubbed lymphadenopathy-associated virus (LAV), was isolated
from a patient in France at the Institut Pasteur (3). This virus was confirmed as the cause

of AIDS and was later renamed as human immunodeficiency virus (HIV) (3).

Since the beginning of the pandemic around 36 million people have died from
AIDS-related illness, while around 79 million people have been infected with HIV. In
2020, there were 37.7 million individuals living with HIV, 1.5 million were new
infections and 680000 individuals died from AIDS-related illness and in June 2021, 28.2
million individuals were under antiretroviral therapy (ART) regimens (4). Graphs in
Figure 1 show the evolution through time of the people living with HIV, the AIDS-related
deaths and the new HIV-1 infections between 1990 and 2020.
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Figure 1. HIV-1 graphs for the number of people living with HIV-1 per year (A), AIDS-related death
count per year (B) and new HIV-1 infections count per year (C) between 1990 and 2020.

Data source: UNAIDS (5).

In 2014 the Joint United Nation Programme on HIV/AIDS (UNAIDS) had set some
targets to be attained until 2020 with the objective to control the HIV pandemic. The 90-
90-90 targets state that 90% of people living with HIV know their status, of those 90%
are receiving Antiretroviral Therapy (ART) and of those 90% achieve viral suppression.
By the end of 2019, according to UNAIDS, globally, there were 81% of people living
with HIV who knew their status. Of those, 67% were receiving antiretroviral therapy and
of those 59% had reached HIV viral suppression. Moreover, between 2010 and 2019, the
percentage of new infections dropped by 31% (6). After that, the 95-95-95 targets were
defined based on the same definition of the previous ones and were set to end the

pandemic by 2030 (7).
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1.2. Etiological agent and origin of HIV-1 infection

Orthogonal to outbreak analyses, determining HIV-1 genomic sequences also enabled
researchers to study the origin of HIV, which led to the discovery that the different HI'V-
1 groups originated from a series of distinct zoonotic transmission event from non-human

primates of simian immunodeficiency virus (SIV) (8).

HIV-1 is a part of the Retroviridae tfamily and Lentivirus genus (9). SIV was
transmitted from chimpanzees subspecies Pan troglodytes troglodytes and gorillas to

humans (9) as shown in Figure 2.

HIV-1 zoonotic origins

e H|V-1 group P

Slvgor

HIV-1group O ?

SIVcpz

— HIV-1 group M
HIV-1 group N

Figure 2. HIV-1 zoonotic origins.

In this figure we show the zoonotic transmission of simian immunodeficiency viruses (SIV) from non-
human primates to humans, leading to the development of the human immunodeficiency virus (Adapted

from Tebit DM and Arts EJ (2011) (10)).

Early in the 20th century, four independent zoonotic transmission events from
these primates led to the origin of four HIV-1 groups. The most common and the oldest
being group major (M), responsible for the HIV-1 global pandemic, directly originated
from the chimpanzee Pan troglodytes troglodytes (11). HIV-1 is composed by four
groups (M,N,O and P) and 10 subtypes (A,B,C,D,F,G,H,J,K and L) from group M, and
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at least 132 circulating recombinant forms (CRFs), as well as some unique recombinant
forms (URFs), have been documented (9,12—14). CRFs are viruses characterized as
having a genome with identical mosaic patterns and different clustering regions in
phylogenetic trees of genomic sequences of individuals who are epidemiological
unlinked. They are a combination of two or more different pure subtypes of the virus and
are a result of viral replication and high levels of mutation and recombination through the

reverse transcriptase enzyme inside the host infected cell (12,15,16).

The consensus on the origin of HIV group-M is that the zoonotic transmission
event took place in Central Africa, and the epidemic ignition occurred in Kinshasa
(Democratic Republic of Congo) region. From there it could spread to other regions in

Africa and subsequently the rest of the World (17), as shown in Figure 3.

Subtype A
Subtype B
Subtype C
Subtype D
Subtype F

Democratic

@l Republic of
‘3 Congo

Figure 3. HIV-1 group M global dispersion patterns.

In this figure is shown how HIV- 1 group M disseminated from its original epidemic location (Kinshasa,
Democratic Republic of Congo) to other regions of the globe. It is clear how subtype B is the most widely
spread subtype globally. It is also demonstrated how subtype A disseminated mostly to the east regions of
Africa, Europe and Asia and subtype C disseminated widely through Brazil, South Africa and Southeast
Asia. (Adapted from Tebit DM and Arts EJ (2011) (10)).

The group outlier (O) was related to SIV from gorillas in Cameroon and caused

infections in West-Central Africa, especially in regions like Cameroon, Gabon and
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Equatorial Guinea, although it is though that the original hosts might have been
chimpanzees (10,18). The group nonmajor and nonoutlier (N) was originated from natural
reservoirs of SIV from chimpanzee Pan troglodytes troglodytes and caused infections in
a small proportion of individuals in Cameroon (11) as we can see in Figure 4. The more
recently identified group (P), only caused infections in a few individuals in Cameroon

and is thought to be originated from SIV from gorillas (19).
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Figure 4. Phylogenetic tree for HIV-1.

The HIV-1 phylogenetic tree shows sequences that demonstrate the zoonotic jump of the distinct HIV-1
groups (Adapted from Thomson MM, Pérez-Alvarez L and Najera R (2002) (20)).

1.3. Viral particle

Characteristic of the genus lentivirus, the HIV is enveloped by a lipid bilayer, derived
from the membrane host cell, where are anchored the surface and transmembrane
glycoproteins gp120 and gp41, respectively (21). Internally, the particle is composed by
the matrix shell which includes the matrix protein (p17), a nucleocapsid (NC) and a

conical capsid core particle, which includes the capsid protein (p24), which is located the
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HIV genome (22). The HIV genome consists of two copies of a single-stranded, positive-

sense segment of Ribonucleic Acid (RNA) as shown in Figure 5 (23).

gp120
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Glycoprotein

Lipid
Membrane
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Figure 5. HIV viral particle.

RNA: Ribonucleic Acid; gp120: glycoprotein 120; gp41: glycoprotein 41. (Adapted from Drug Discovery
and Development/ Discovery of Key Component of HIV Virus Yields Drug Target (24)).

1.4. HIV-1 genomic structure

This virus genome is composed by the structural genes gag (group-specific antigen),
env (envelope glycoprotein) and pol (polymerase). Additionally, the HIV-1 genomic
structure is composed by four accessory genes (vif, vpr, vpu and nef) and two regulatory

genes (fat and rev), besides the main structural genes, as shown in Figure 6 (25).

For the expression of the virus genes and the formation of hybrid structures of DNA-
RNA, the regions of Long Terminal Repeats (LTR) are essential. These regions are
hundreds of nucleotides-long and are comprised at the extremities 5’ and 3’ of the proviral
Deoxyribonucleic Acid (DNA) as shown in Figure 6. These regions are involved in the
expression of the enhancer/promoter proximal, transcription and insertion processes

(26,27).
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The gag gene is located immediately downstream of LTR 5°. The gag gene encodes
for capsid (CA), matrix (MA), nucleocapsid (NC) and p6 proteins. These proteins are
responsible for the assembly of the virion (28). From 5’ to 3’, next to the gag gene there
is the pol gene, which encodes for protease (PR), reverse transcriptase (RT), and integrase
(IN) associated with the genetic material. The PR is responsible for the maturation of viral
proteins, the RT is responsible for the transcription of the viral RNA into double-stranded
DNA and the IN is responsible for the integration of the viral DNA into the host cell (29).
On the 3’ extremity there is the env gene, which encodes for glycoprotein gp120 and
glycoprotein gp41 and are responsible for the binding of the virus to the CD4 cell receptor

and the envelope fusion process, respectively (30).

The accessory protein tat contributes to the HIV-1 viral replication, increasing the
production of viral RNA by enhancing the rate of transcription (31). The rev is a viral
protein regulator and helps the transportation of viral mRNA from the nucleus into the
cytoplasm (22). The vif, virion infectivity factor, encodes a cytoplasmatic protein with an
essential role in replication of highly infectious mature virions. The vpr encodes the viral
protein R that integrates the mature virion, and its role has been difficult to describe,
although it is known to enhance the expression of HIV proteins and could induce
apoptosis. The gene vpu encodes the viral protein U and is responsible for cell surface
modulation and influence viral replication and dissemination. The nef gene encodes one

of the first viral proteins expressed after infection (22,25,29).
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Figure 6. Schematic representation of HIV-1 proviral genome.

Different boxes indicate different genes. MA-Matrix; CA-Capsid; NC-Nucleocapsid; PR-Protease; RT-
Reverse Transcriptase; IN-Integrase; SU-Surface; TM-Transmembrane (Source: Adapted from Freed, E.O.

HIV-1 Replication (27)).

1.5. Replicative cycle of HIV

The replicative cycle starts when the HIV-1 envelope spikes are triggered, and it
initiates a cascade of changes that culminate in the fusion of the viral and host cell
membranes. Therefore, there is a release of the viral nucleus into the cytoplasm that goes

to infect the TCD4+ cells and macrophages first (30).

Regarding the infectious mechanism of HIV, it is divided into two phases (21). The
early phase and the late phase. The early phase initiates with the entry of the virus into
the host cell mediated by an interaction between the HIV envelope and the CD4 and a co-
receptor, usually chemokine (CC motif) receptor 5 (CCRS) or chemokine (C-X-C motif)
receptor 4 (CXCR4), of the host cell (32). After that, the CD4 cell receptor binds to the
gp120 of the virus which leads to the fusion peptide (in the terminus of gp41) to be
inserted into the cell plasma membrane (33). After the release into the cytoplasm, the
HIV-1 core undergoes a uncoating event which is poorly understood and then the process
of reverse transcription is initiated and catalyzed by RT (27). The transcription process
of the viral RNA begins from the 5 extremity, and through the action of the RT the DNA

segment is synthetized in direction to that same extremity. In the extremity 3°, the DNA
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segment, going in the opposite direction of the previous one described, completes the
synthetizes into a single strand of DNA. At the same time, the RNase H enzyme, part of
RT, is necessary to digest the RNA from the hybrid DNA-RNA. Alongside the DNA-
polymerase RNA dependent of RT transform the complementary DNA single strand,
resulting in the double-stranded DNA (34). After, the double-stranded DNA is directed
to the HIV nucleus where it is integrated, by IN, into the host genome (35).

The late phase starts after the HIV integration, the RNA polymerase II of the host cell
uses the viral DNA as a base to the syntheses of viral proteins, mRNA transcripts.
Consequently, the mRNAs are exported to the cytoplasm, where they are translated in the
ribosomes. The final step of the late phase is the virus assembly and release, where the
genomic RNAs move to the plasma membrane and acquires a portion of it containing
gp120 and gp41. The next step is the maturation of HIV virus, that happens through the
action of the PR enzyme, that cleaves the proteins into their final forms, therefore forming
the infectious and mature viral particle (21,28,36). The Figure 7 summarizes the

replication process.
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Figure 7. HIV-1 replicative cycle.

HIV: Human Immunodeficiency Virus; gpl20: glycoprotein 120; RNA: Ribonucleic Acid; DNA:
Deoxyribonucleic Acid. (Source: Adapted from National Institute of Allergy and Infectious Diseases, HIV
Replication Cycle (37)).

1.6. Routes of transmission

HIV can be transmitted via different routes, the most common being sexual contacts
(via heterosexual contact and between men who have sex with men (MSM)). There is
also transmission via IDU, transmission via blood products (i.e., contact with blood
products) and vertical transmission (mother-to-child) (38). The transmission of HIV-1
depends on its concentration in the body fluid (i.e., blood or genital secretions) and the
susceptibility of the human cells to virus-specific determinants. Furthermore, HIV-1
transmission is linked to other Sexual Transmitted Diseases (STDs), as they can increase
the efficiency of transmission, such as gonorrhea, chlamydia and trichomoniasis (39). The
transmission route of HIV differs considering different geographical areas. In Sub-
Saharan Africa, the main route of transmission is via heterosexual contact followed by
vertical transmission (40). In Latin America, including South and Central America and
Mexico, new cases are mainly generated between MSM and via IDU (40). In North

America and Western Europe, the main route is sexual transmission, where MSM are
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most at risk (41). In Eastern Europe and Central Asia, the most prevalent mode of

transmission remains IDU (42).

1.7. Clinical phases of infection

Without treatment, HIV infection deteriorates the immune system, which lead to a
variety of symptoms and therefore progressing through different stages, getting worse
over time. There are three stages of HIV infection, the first stage, i.e., acute HIV infection
stage; the second stage, i.e., clinical latency, and the third stage, i.e., AIDS (43). Figure 8
illustrates the stages of HIV-1 infection (44).
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Figure 8. Clinical stages of HIV-1 infection.

Data source: Figure from https://commons.wikimedia.org/wiki/File:Hiv-timecourse.png (Accessed on 23

March 2022).

The first stage occurs between 2-4 weeks post HIV infection. Infected individuals
typically start to develop flu-like symptoms, yet a proportion of individuals remains
asymptomatic. This stage only lasts several days to few weeks due to high values of viral

load and infectiousness (45,46).
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During the second stage, the virus multiplies at a low rate and infected individuals
will typically not experience any symptoms. This stage can last 10-15 years without
treatment and has an epidemiological importance as most HIV infected individuals are
not aware of their infection state, enabling them to generate new infections (45). This
signifies the importance of reducing the delayed diagnosis in HIV infected individuals.
Also, early diagnosis prevent the onward transmission of the virus and increases the
chances of treatment success (47). At the end of this stage, the viral load goes up and the
CD4 count drops, which constitutes the prelude to the third and final stage, i.e., the AIDS
stage (43).

In this last stage, as the viral load increases and the drop in the number of CD4+ cells
weaken the immune system of the patient. In this phase the immune system is highly
affected, for that reason some opportunistic infections, like pneumonia, can be developed
and without treatment the survival time is around three years (48). The main symptoms
in this stage can be weight loss, recurring fever, extreme tiredness, prolonged swelling of
the lymph nodes, prolonged diarrhea, sores of the mouth, anus or genitals, red, brown,
pink or purplish blotches on or under the skin, memory loss, depression and other

neurologic affections (45,48).

1.8. Late Presentation at diagnosis

Late presentation is an important clinical condition and can impact health and
treatment of infected individuals, which leads to poorer outcomes and increased health
care costs (49). Late presenter (LP) is defined, according to the European Late Presenter
Consensus working group, as an individual presenting a TCD4+ count lower than 350
cells/mm3 at diagnosis or an AIDS-defining event at diagnosis, regardless of TCD4+ cell
count (50).

Late presentation has an impact at individual and at population level, that way

negatively impacting the control of the pandemic. LP could also increase the risk of

12
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onward HIV transmission by those who are not aware of their HIV status, considered a

public health problem for that reason (51).

Moreover, the cost of care for late presenters has remained higher for the past years
achieving values at least twice higher than for non-late presenters (NLP). These costs not
only include ART use but also out and in-patient care and other therapeutics related to
different diseases. Furthermore, the hospital admission rate is higher for LP whether
presenting HIV or non-HIV related conditions (52,53). Treatment failure is more
common among LP since they are more difficult to treat, probably because of the toxic
effects of ART when a patients present a low CD4 cell count (53). It has also been shown
that late presenters above 50 years old are at higher risk for developing non-infectious co-
morbidities and complex multimorbidity (54). Usually, LP are individuals that belong to
vulnerable groups, as migrants, or without proper access to HIV testing or care and mainly
infected by an heterosexual route of transmission (55,56). For prevention and treatment

of HIV infection, timely diagnosis and linkage to health care are essential strategies (57).

It is estimated that LP account for 50.4% of HIV cases in Europe (47), in Asia the
percentage of LP range from 72 to 83% (58), in Africa range from 35 to 89% (59) and in
Brazil, it is estimated that the percentage is around 45-55% (60). As we can see LP
represent more than half of HIV infected patients from different regions, which is motive
of concern not only in Europe, but globally as well. This population remains understudied,

and it can have a high impact on HIV-1 transmission and therapy.

1.9. Antiretroviral Therapy

Highly active antiretroviral therapy (HAART) is used to achieve and maintain viral
suppression, making the viral load in the individual infected plasma undetected, which
increase CD4 cell count helping to recover the immune system function, thereby
improving the clinical status of the patient (61,62). At an individual level, HAART
increases quality of life, reduces morbidity and mortality and prevents transmission when

an infected individual presents undetectable viral load (61).
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Currently, there are seven classes of antiretrovirals drugs (ARV) (63):
e Nucleoside reverse transcriptase inhibitors (NRTI)

e Non-nucleoside reverse transcriptase inhibitors (NNRTI)

e Protease inhibitors (PI)

e Fusion inhibitor (FI)

e Integrase inhibitors (INSTI)

e CCRS antagonist

e Attachment inhibitor

The NRTIs class inhibits the activity of the reverse transcriptase, and its main function
is to translate the virus” RNA to DNA (64). The first approved antiretroviral agent for
HIV-1 treatment was Zidovudine (AZT), which is a thymidine analogue and belongs to
the class of NRTIs, in 1987 by the Food Drug Administration (FDA) (65). The class of
NNRTISs reduces virus replication through the inhibition of the reverse transcriptase, the
first NNRTI nevirapine (NVP) was approved in 1996 (66). The class of PIs reduces virus
replication by inhibiting the activity of viral enzyme protease, and consequently
inhibiting the maturation of virions, and the first PI saquinavir (SQV) was approved in
1995 (65). In the FI class the first and only so far drug approved was Enfuvirtide (T-20)
in 2003, which blocks the fusion of the HIV envelope to the cell membrane (61). In the
INSTI class, the first drug approved was Raltegravir (RAL) in 2007, and it inhibits the
integration of HIV viral genome into the DNA of the host cell, by inhibiting the IN (66).
The class of CCRS antagonist, having Maraviroc (MVC) as the first and only so far drug
approved in 2007, inhibits the entry of HIV viral through the blocking of the CCRS5 co-
receptors (67).

After the first ARV approved, ART was always used in monotherapy even though
there were new compounds being developed and approved. However, these compounds
used in monotherapy regimen experienced therapeutic failure. (65). It was only in 1996
that ARV drugs could be combined, resulting in HAART, a breakthrough in management
of HIV patients, therefore decreasing the mortality rate. The first HAART combinations
included two NRTIs plus a protease inhibitor (PI) (62). Figure 9 shows the chronological

FDA approval of antiretroviral drugs.
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Figure 9. Antiretroviral Drugs by year of FDA approval.

NRTI: nucleoside reverse transcriptase inhibitors; PI: protease inhibitors; NNRTI: non-nucleoside reverse
transcriptase inhibitors; FI: fusion inhibitors; INSTI: integrase inhibitors; CCR5ant: CCRS antagonist. Data

source: https://hivinfo.nih.gov/understanding-hiv/fact-sheets/fda-approved-hiv-medicines

In 2016, the guidelines from the World Health Organization (WHO)
recommended as first-line ART regimens the combination of two NRTIs, such as
tenofovir (TDF) and lamivudine (3TC) or emtricitabine (FTC), plus an INSTI, such as
dolutegravir (DTQG), or instead of DTG the combination with the NNRTI efavirenz (EFV)
(68). There has been some improvements to minimize adherence problems that have been
arising through the years, and one strategy developed was the use of injectable long-acting
HIV medication, which showed acceptance and effectiveness (69). It is very important to
mention that more recent antiretrovirals have a higher genetic barrier, which means that

the virus is less likely to escape from selective pressure (70).

In 2015, WHO launched the “Treatment for all” recommendation, which
recommended immediate treatment for all HIV infected individuals at any CD4 cell count
(71) and in 2020, 73% of people living with HI'V had access to ART (4). The observation
of this improvement in quality of life and clinical status led to the use of antiviral therapy

in prevention, and in the same year, 2015, WHO also issued a recommendation regarding

15



INTRODUCTION

the use of pre-exposure prophylaxis (PrEP) as a choice for people at risk of contracting
HIV (72). The most common PrEP is a combination of TDF and FTC and it has been
demonstrated effective in reducing the risk of HIV-1 infection (73). ART is also used as
a post-exposure prophylaxis (PEP), when there is a recent exposure to HIV (74).

While at the start of the HIV pandemic a limited number of ARVs were available,
nowadays, the options for HIV treatment are wider, with new generation drugs and
antiretroviral classes (75). However, resistance to ARV, that could be related to poor
treatment adherence, is still a global reality and it is a major barrier to end HIV/AIDS

pandemic (76).

1.9.1. Transmitted and Acquired Drug Resistance to ART

Since the introduction of HAART, the clinical outcomes of HIV-1 infected
individuals have significantly improved, thereby decreasing both mortality and morbidity
rates. Although, due to the fast evolutionary rate of HIV and the selective pressure that is
induced by HAART, the emergence of HIV drug resistance can compromise the
effectiveness of antiretroviral drugs. The development of antiretroviral resistance occurs
when the virus develops mutations that escape the inhibitory properties of the antiviral
drugs (77). However, resistance to ART can manifest by two different ways, as a result
of selective pressure of antiretrovirals in individuals or as a result of an infection with a
virus strain that carries drug resistance mutations (DRM). The first is called acquired drug
resistance (ADR) and the second is called transmitted drug resistance (TDR) (78,79). The
overall prevalence of ADR in Europe between 1991 and 2019 was 68.5% and TDR
between 1995 and 2019 was 12.8% (80). Drug resistance testing is a necessary tool to
detect DRMs in newly diagnosed patients in order to guide the selection of ART, to
minimize the risks of virological failure (81). DRMs can be categorized as primary and
accessory. A primary DRM is a single mutation that has sufficient capacity to reduce the
virus’ susceptibility to ARV, while an accessory DRM is a mutation that can enhance the
capacity of a strain carrying also a primary DRM or contribute to reduce virus
susceptibility. There are specific DRMs associated with the different antiretroviral drug

classes. The most common DRMs that are associated with higher resistance rates to
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NRTIs, NNRTIs and PIs are M41L and M184V; K103N and L90M and M46IL,
respectively (82—-87).

To acknowledge the importance of drug resistance, WHO released in 2009 a
surveillance list with a standard list of mutations with the objective to compare the
prevalence of transmitted resistance from different times and regions (88). In this list the
surveillance drug resistance mutations (SDRMs) are from the four ARV classes, NRTIs,
NNRTIs, PIs and INSTI (89). These DRMs can have different clinical impacts on the
different ARV drugs used for HIV therapy. Clinical impact can present different levels
of resistance, e.g. high, medium, low, depending on which mutation or a combination of
mutations a viral strain of the infected individual is carrying and their association with
the ARV drug used in the same individual therapy. DRMs can present low-level,
intermediate or high level of clinical impact (90). Table 1 shows the most prevalent

SDRMs for each drug class.

Table 1. SDRMs according to ARV class (91-93).

In this table it is described the most prevalent SDRM and which ARV drugs they affect.

ARY Class SDRMs ARY Drug
NRTIs M41L AZT, D4AT
ABC, DDI, TDF
M184VI FTC, 3TC
ABC
NNRTIs K103NS NVP
EFV
PIs M46IL NFV
ATV, FPV,IDV, LPV, SQV
L90OM NFV
IDV, SQV
ATV, FPV, LPV
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Drug resistance testing is recommended for all patients who are ART-naive, and
usually involves testing for mutations in the RT, PR and IN coding sequences. For
patients ART-experienced, genotypic and phenotypic resistance testing also involves
testing for mutations in the RT and PR genes. Testing is recommended in individuals
carrying mutations suspected of multi drug-resistance and virological failure or
suboptimal viral load reduction. Drug resistance testing for mutations in the IN gene are
performed if there is virological failure while receiving a regimen including an INSTI

drug (94).

1.10. Genetic diversity and Molecular Epidemiology of
HIV-1

The genetic diversity of HIV is a result of various factors, not only patterns of human
migration and globalization, but also due to mutations, replication cycles and
recombination, that are different according to the disparities in sub-epidemics, and
heterogeneous in nature (18,95). The CRFs are the cause of the HIV genetic diversity that
continues to increase globally, the virus can range between 5x10° and 9x10° mutations
per nucleotide, per cycle of virus replication (15). Besides the virus’ high rates of genetic
diversity, the within-host and between-host dynamics can impact on the evolutionary
process as the first dynamic implies competitive fitness and selective forces, and the
second implies HIV-1 strains co-existing epidemiologically (95). This evolution of viral
strains of HIV-1 is closely related to their subtype and this can be noticeable regarding
their differences in route of transmission (96), pathogenicity (97), transmissibility (98)

and susceptibility to ART (99).

Africa is still the most affected region, globally, where HIV had its origin (100). The
United States, on the other hand, is one of the most affected country within high-income
countries, where AIDS was first detected (101). Subtype C is the most prevalent subtype
worldwide and account for 50% of infections concentrated in Southern and East Africa,
as well as India (98). Even though subtype B accounts for 12% of infections, this subtype
is the most spread globally and is highly dispersed in Europe, North America, Australia
and South America (97). Subtype A is the third most prevalent accounting for 10% of
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infections and is concentrated in Eastern Africa region. Subtype A is followed by the
recombinant strains CRF02_AG (7.7%) mainly dispersed in the West and Central Africa
regions and CRFO1_AE (5.3%) mainly dispersed in South and East Asia (97,102).
Following the CRFs strains, the most prevalent subtypes worldwide are subtype G (4.6%)
and D (2.7%). The four subtypes B, A, G and D are associated with higher pathogenicity
(102). The genetically different viruses have been spread throughout geographical areas
(103).
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Figure 10. Global distribution of HIV-1 subtypes and CRFs.

(Adapted from Hemelaar ef al. (2019) (102)).

Focusing on Europe region, the prevalence of HIV-1 subtypes differs from
Western to Eastern regions, where in the first region subtype B is the most prevalent and

in the second region subtype A is the most prevalent (104).

As it was mentioned above, HIV-1 has a fast evolutionary rate and for that reason
the study of transmission patterns and clusters is important (105). One major strategy to
understand transmission patterns and be able to characterize populations is phylogenetic

analysis through transmission cluster (TC). HIV-1 TCs are defined as an nonrandomly
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aggregation of HIV-1 sequences linked to their epidemiology (106). From TCs it is
possible to understand the origins, evolution, interactions and geographical location of
HIV-1 virus. It is important to combine epidemiologic and clinical data to the information
given by TCs in order to not only have a better knowledge of the patterns and subgroups
of the HIV-1 epidemic, but also to give information for better HIV prevention strategies
(107). HIV-1 transmission is highly influenced by migration and globalization patterns
and this can be shown in TCs, since individuals that share a most recent common ancestor

(MRCA) might be linked epidemiologically (107,108).

As previously mentioned, the concern around HIV late presenters population is
centred in their clinical presentation to healthcare and their ability to carry on HIV
transmission by those who are not aware of their HIV status. Late presenters are
a population understudied and might have a great impact on HIV transmission. Until
now to our knowledge there are no studies regarding TCs in this population. This thesis
proposes to explore the characteristic of this population referring to the determinants
associated with their late presentation, to analyse drug resistance mutations that occur in
this population, and finally understand their dynamics of HIV transmission. With this
thesis we would like to expand the knowledge about this population and give inputs to

public health experts for new preventive health strategies and guidance based in evidence.
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INTRODUCTION

2. Aims

The urge to study late presenters population came after a study made in Portugal about
the same topic, where the proportion of late presenters was 50.6%, more than half the
population (Manuscript I). This population could be accountable for spreading HIV-1,
having a more difficult adherence to ART and higher health costs. For this reason, it is
important to study the determinants associated with this population, to understand the
patterns of resistance to ARV drugs and to construct transmission clusters in order to

understand the transmission dynamics of HIV-1 among this specific population.

To be able to attain these characterization and analysis we set specific objectives:

1. To analyse the molecular epidemiology and identify clinical and
sociodemographic characteristics of HIV-1 infected patients in Europe
(Manuscript II).

2. To analyse the patterns of Transmitted and Acquired Drug Resistance and the
most prevalent DRMs and subtypes among LP and NLP in Europe (Manuscript
III).

3. To characterize HIV-1 transmission clusters and identify risk factors for HIV

infection and vulnerable groups for late presentation (Manuscript IV)
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3. Methods

3.1. Study Group (Manuscript I)

The database included clinical and sociodemographic information from HIV-1
infected patients followed in Hospital Egas Moniz, which is part of Centro Hospitalar de
Lisboa Ocidental (CHLO), Lisbon, Portugal, and was collected during routine clinical
care between 1984 and 2017.

3.2. Main Study Group (Manuscript II, III, IV)

The database we used to conduct our study was the EuResist Integrated Database
(EIDB). This database has clinical, sociodemographic and genomic information from
HIV-1 infected patients between 1981 and 2019. The EIDB is one of the largest existing
datasets which integrate clinical, socio-demographic and viral genotypic information
from HIV-1 patients. It integrates longitudinal, periodically updated data mainly from
Italy (ARCA database), Germany (AREVIR database) Spain (CoRIS and IRSICAIXA),
Sweden, Belgium, Portugal and Luxembourg. In our studies, information from the
ARCA, AREVIR, Luxembourg, IRSICAIXA, Portugal, United Kingdom, Russia and

CoRIS databases were used.

3.3. Study Variables (Manuscript 11, III, IV)

For our study, we used information from the EuResist database to create new variables

such as:

e Migrant/Native- Based on Country of Origin and Country of Follow-up (if
country of origin and country of follow-up is the same, then patient is native; if
country of origin and country of follow-up is not the same, then patient is migrant)

e Age at Diagnosis- Based on the difference between Year of Birth and Date of the
first HIV Positive test;

e Age at Drug Resistance test- Based on the difference between Year of Birth and
Date of the first drug resistance test;

¢ Region of Origin- Based on Country of Origin;
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Treatment Status at date of first CD4 count- Based on the difference between
sample collection date of first CD4 count and first therapy date; for purposes of
classification of Late Presentation, only patients naive at date of first CD4 count
were considered;

Treatment Status at date of first Drug Resistance Test — based on the
difference between sample collection date for first drug resistance test and date of
start of first therapy:

ART-naive - patients who had a sample collection date for first drug resistance
test before the date of start of first therapy
ART-experienced > patients who had a sample collection date for first drug
resistance test after the date of start of first therapy

Recentness of infection- Based on ambiguity rate of genomic sequences. We
defined Chronic infection as an ambiguity value higher than 0.45% and Recent
infection as an ambiguity value equal or below 0.45%. Additionally, only
genomic sequences larger than 500 nucleotides and with ambiguity rate lower
than 2.5% were considered.

LP vs. NLP- Based on CD4 count at diagnosis, LP were defined as patients with
CD4 count lower than 350 cells/mm? and NLP were defined as patients with CD4

count higher than 350 cells/mm?.
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4. Results
4.1. Manuscript I
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Determinants of HIV-1 Late Presentation
in a Cohort of Portuguese HIV-1 Patients
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Abstract

Undiagnosed HIV-1 patients still account for 25% of worldwide HIV patients. Studying late presenters (LPs)
for HIV care may help to identify characteristics of such patients. The present study aims to identify factors
associated with late presentation and late presentation with advanced disease based on a population of patients
followed in a Portuguese hospital between 1984 and 2017. Sociodemographic and clinical data from infected
patients with HIV-1 aged 18 years and older, followed in Egas Moniz Hospital, in Portugal were collected. Of
the 907 patients included in this study, 68.7% were males and the median age was 37 years (interquartile range
30-47). Four hundred fifty-nine patients (50.6%) were LP and, of these, 284 patients (61.9%) were LPAD. The
LP population mostly originated from Portugal and sub-Saharan Africa (64.4% and 28.8%; p=.004) and the
HIV exposure category, mainly heterosexuals and men have sex with men (57.0% and 24.9%; p <.001). The
stage of disease and viral load at diagnosis were significantly associated with both LP and LPAD (p<.001).
Factors associated with LP in the logistic regression included age at diagnosis lower than 30 years (adjusted
odds ratio [aOR] 0.34; 0.17-0.68; p=.002) and origin from sub-Saharan Africa (aOR 2.24; 1.44-3.50; p<.001).
Late presentation is a major obstacle to halt the HIV epidemic. In this population, the majority of newly
diagnosed HIV-infected individuals were LPs. Our results characterize vulnerable populations that should be
frequently tested for HIV.

Keywords: HIV-1 infection, late presentation, late presentation with advanced disease

Introduction advanced disease (LPAD) are around 33%-42% of HIV
cases.” According to the last Portuguese report, in 2018, LP

IV CONTINUES TO be one of the main public health cases accounted for 55.8% and LPAD cases accounted for

issues. In 2018, there were 1.7 million people newly
infected worldwide and 973 new cases were reported in
Portugal.'? Early diagnosis is vital to achieve the objectives
proposed by the WHO: the 95-95-95 target to end the pan-
demic by 2030: diagnosing 95% of people living with HIV,
95% of diagnosed on treatment, and 95% of people on
treatment viral suppressed.’> However, people living with
HIV, who do not know their status, account for 25% of the
total infected people worldwide (9.4 million people).* In the
European Union, it is estimated that late presenters (LPs)
represent around 49%—54% of cases and late presenters with

34.3% of HIV infection.? Importantly, the proportion of LP
cases among newly diagnosed is increasing, indicating that
we are leaving some older cases of undiagnosed patients
behind.

According to the European Late Presenter Consensus
working group, LPs were defined as presenting a TCD4"
count lower than 350 cells/mm? or an AIDS-defining event,
regardless of TCD4" cell count.® A subgroup of LPs, called
LPAD, is characterized by presenting a TCD4" count lower
than 200 cells/mm? or an AIDS-defining event, regardless of
TCD4" cell count. This latest subgroup particularly is at
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greater risk of severe disease and death.”® The current
guidelines for LP and LPAD patients suggest that they are
unable to fully benefit from antiretroviral therapy, leading to
poorer outcomes in treatment. This late entry to care can not
only have an impact on an individual’s morbidity and mor-
tality but also can increase the risk of onward transmission
due to unawareness of their HIV status, with an impact on the
control of the pandemic.”™"!

The present study has the objective of identifying deter-
minants of late presentation and late presentation with ad-
vanced disease. To do this, we analyzed a population of
patients followed-up in a Portuguese hospital, diagnosed
between 1984 and 2017.

Methods
Study group

Clinical and sociodemographic information from 907
HIV-1-infected patients was collected during routine clinical
care of patients followed in Hospital Egas Moniz, which is
part of Centro Hospitalar de Lisboa Ocidental (CHLO),
Lisbon, Portugal, between 1984 and 2017. Patients were aged
18 years and older.

Statistical analysis

A descriptive analysis was conducted. The proportion and
median (interquartile range [IQR]) of LP, non-late presenters
(NLP), and LPAD were calculated for every categorical and
continuous variable, respectively. Our interest variables were
compared with the categorical variables with chi-square test
and continuous variables with t-test for independent samples.

To study the association between our dependent variable
and the independent variables, logistic regression models
were calculated. We first presented the logistic regression
with the unadjusted odds ratios and confidence intervals at
95% (95% Cl), variables with a p value <.05 were consid-
ered to enter the model. We calculated the logistic regres-
sion model with the stepwise mode, which lead to the
construction of the final model. The final model for LP
versus NLP was adjusted for gender, this variable was
forced into the model regardless of its significance and the
reference class was women, and the final model for LP
versus LPAD was adjusted for gender and age at diagnosis.
Results were considered statistically significant when
p <.05. The odds ratio and 95% Cls were calculated for the
variables of the final model. Data were analyzed using SPSS
for Windows (Version 23.0).

Ethics

The protocol was in accordance with the Declaration of
Helsinki and approved by the Ethics Committee of Centro
Hospitalar de Lisboa Ocidental (108/CES-2014). This data-
base contains anonymized patients’ information, including
demographic and clinical data from patients followed in
Hospital Egas Moniz between 1984 and 2017.

Results

Among 907 HIV-1-infected patients included in the anal-
ysis, the median age was 37 (IQR: 30.0-47.0) years and
68.7% were males (Table 1). Four hundred fifty-nine patients

(50.6%) were LP and, of these, 284 patients (61.9%) were
LPAD. Heterosexuals and Portuguese originated patients
presented a higher proportion in this study population, 52.3%
and 67.7%, respectively. CD4 count at diagnosis and viral
load at diagnosis (log;o) presented a median of 342 cells/mm’>
(IQR 155-554) and 4.8 copies/mL (IQR 4.2-5.4), respec-
tively. We also performed an analysis for CD4 count over
time for LP and NLP (Supplementary Fig. S1) and we ob-
served that there was no variation for either LP or NLP in
CD4 counts at diagnosis over time. Patients at stage A of HIV
infection accounted for 66.8% of the population of patients,
when compared to stages B and C.

Characteristics of patients stratified according to time of
presentation are presented in Table 1. In this sample, males
accounted for the bigger proportion of LP (69.7%); 71.1% of
those being LPAD. No statistical differences according to
gender were found for LP and LPAD populations. The me-
dian age for LP was 39.5 (IQR 32-50; p<.001) and the age
group between 31 and 55 years (p <.001) represented 64.2%
of LP, significantly higher when compared with the other age
groups (£30 and 256; p<.001). The median age for LPAD,
41 (IQR 32.25-51; p=.049), was higher than LP. The median
CD4 count for LP was 158 cell/mm?® (IQR 59-250) and for
LPAD was 83.5 cells/mm® (IQR 33-144). LP population was
mainly from Portugal and sub-Saharan Africa (64.4% vs.
28.8%) and the HIV exposure category was mainly hetero-
sexuals and men have sex with men (MSM) (57.0% vs.
24.9%). In the univariate analysis, both region of origin and
HIV exposure category were associated with LP (p<.001),
but not associated with LPAD. Clinical characteristics, as
stage of disease and viral load at diagnosis were associated
with both LP and LPAD (p<.001), for LP stage A had a
higher proportion 48.6%, but for LPAD, the stage C had
higher percentage, 46.4%.

In the unadjusted model (Table 2), for LP versus non-LP,
no significant differences were found between gender. In the
HIV exposure category, significant differences were found
for MSM compared with heterosexuals, with a higher pro-
portion of heterosexuals among LP. Furthermore, signifi-
cantly more immigrants from sub-Saharan Africa were LP
when compared to native Portuguese. In LP versus LPAD
unadjusted model, significant differences were found in
stage of infection, youngest age group compared to the older
one (LPAD are older), and viral loads higher than 5.1
compared to viral loads lower than 4.0, as consistent with
the evolution of infection. However, no significant differ-
ences were found between gender, HIV exposure category,
and region of origin.

In the adjusted model, age at diagnosis is one of the
factors associated with LP (Table 2), patients with <30 years
old had lower probability of being LP than patients with >56
years old (adjusted odds ratio [aOR] 0.34; 0.17-0.68;
p=.002). Patients from sub-Saharan Africa had 2.24 more
probability of presenting late than those from Portugal [aOR
2.24; 1.44-3.50; p<.001), and patients presenting stage B
or C had higher probability of being LP than those in stage A
(aOR 2.95; 1.79-4.86 and aOR 10.16; 5.38-19.19); p <.001
and p <.001, respectively]. The last variable associated with
LP was viral load at diagnosis, patients with a viral load
between 4.1-5.0 and >5.1 had higher probability than those
with a viral load of <4.0 (aOR 3.40; 2.00-5.79 and aOR
7.01; 4.03-12.20; p<.001 and p <.001, respectively).
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TABLE 1. DEMOGRAPHIC AND CLINICAL PATIENT CHARACTERISTICS
Patient characteristics Total LPs Non-LPs P LPAD P
Gender, n (%) 907 (100) 459 (50.6) 448 (49.4) 499 284 (61.9) 403!
Female 284 (31.3) 139 (30.3) 145 (32.4) 82 (28.9)
Male 623 (68.7) 320 (69.7) 303 (67.6) 202 (71.1)
Median age at 806 (100) 430 (53.3) 376 (46.7) <.001 264 (61.4) .049*
diagnosis in years 37.0 (30.0-47.0) 39.5 (32.0-50.0)  33.5 (28.0-43.0) 41.0 (32.25-51.0)
IQR, n (%)
<30 230 (28.5) 89 (20.7) 141 (37.5) <.001 46 (17.4) .049"
31-55 488 (60.5) 276 (64.2) 212 (56.4) 172 (65.2)
>56 88 (10.9) 65 (15.1) 23 (6.1) 46 (17.4)
Type of transmission, n 894 (100) 453 (50.7) 441 (49.3) 001 278 (61.4) 496"
(%)
Heterosexual 468 (52.3) 258 (57.0) 210 (47.6) 165 (59.4)
MSM 275 (30.8) 113 (24.9) 162 (36.7) 66 (23.7)
IDU 141 (15.8) 75 (16.6) 66 (15.0) 44 (15.8)
Other 10 (1.1) 7 (1.5) 3(0.7) 3(1.1)
Region of origin, n (%) 899 (100) 455 (50.6) 444 (49.4) 004 282 (62.0) .893!
Portugal 609 (67.7) 293 (64.4) 316 (71.2) 181 (64.2)
Sub-Saharan Africa 215 (23.9) 131 (28.8) 84 (18.9) 80 (28.4)
Brazil 54 (6.0) 23 (5.1) 31 (7.0) 16 (5.7)
Other 21 (2.3) 8 (1.8) 13 (2.9) 5(1.8)
Stage of infection at 895 (100) 453 (50.6) 442 (49.4) <.001 276 (61.3) <.001'
diagnosis, n (%)
598 (66.8) 220 (48.6) 378 (85.5) 94 (34.1)
B 131 (14.6) 84 (18.5) 47 (10.6) 54 (19.6)
C 166 (18.5) 149 (32.9) 17 (3.8) 128 (46.4)
Median CD4 count at 907 (100) 459 (50.6) 448 (49.4) 284 (61.9)
diagnosis (cells/mL) 342.0 (155.0-554.0) 158.0 (59.0-250.0) 555.5 (444.0-712.0) 83.5 (33.0-144.0)
IQR, 1 (%)
Viral load at diagnosis 785 (100) 396 (50.4) 389 (49.6) <.001 241 (60.9) <.0012
(log;o copies/mL) 4.8 (4.2-54) 5.1 (4.7-5.6) 4.4 (3.84.9) 5.3 (4.9-5.7)
IQR, n (%)
>4.0 146 (18.6) 27 (6.8) 119 (30.6) <001 11 (4.6) <.001'
4.1-5.0 322 (41.0) 139 (35.1) 183 (47.0) 61 (25.3)
<5.1 317 (40.4) 230 (58.1) 87 (22.4) 169 (70.1)

Bold text represents statistically significant p values.
:Chi-square test for variable comparison.
“t-test of independent samples for variable comparison.

Other in mode of transmission include transfusions; Other in region of origin include European and Latin and North American Countries;

p values retrieved with -test and chi-square test.

IDU, injection drug users; IQR, interquartile range; LP, late presenters; LPAD, late presenters with advanced disease; MSM, men have

sex with men.

In the LPAD model (Table 2), the factors associated with
LPAD included stage of infection at diagnosis—patients pre-
senting stage B or C had higher probability than those in stage A
(aOR 2.42; 1.35-4.35 and aOR 7.01; 3.79-12.98; p=.003 and
p <.001, respectively) and viral load at diagnosis—patients with
a viral load of >5.1 had higher probability of being LPAD than
those with a viral load of <4.0 (aOR 3.10; 1.24-7.77; p=.016).

We also performed an analysis divided into three periods
of time, which are consistent with important periods in the
evolution of HIV treatment: (1) the pre-HAART, the time
corresponding to the era before availability of Highly Active
Antiretroviral Therapy (1984-1996); (2) the HAART period,
before availability of single-tablet regimens (1997-2007),
and (3) the introduction of a single-tablet regimens for
treatment (2008-2017). The differences in the analysis of
these time periods were not significant when compared to the
continuous time analysis (Supplementary Tables S1-S3 and
Table 2). In the first period (1984-1996), none of the vari-

ables was significant (p<.05), maybe due to the lower
number of patients in this more distant time period. The last
period (2008-2017) was the one presenting results more
similar to our continuous analysis. The tables for this analysis
were included in the Supplementary Tables S1-S3.

Discussion

This study had the goal of understanding the determinants
of LP for HIV-1 infection.

In our population of patients, LPs represented 50.6% of the
patients. Of these, 61.9% were LPAD, which is consistent
with the last national report (2017).2 Our results are in ac-
cordance with overall European data (2017), in which the LPs
account for 49% of the HIV cases, and 28% were LPAD."?

The proportion of LPs were higher in male gender, patients
with heterosexual transmission, immigrants originated from
sub-Saharan Africa and patients aged between 31 and 55
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years. These results are consistent with other studies.®'""'

Patients originated from sub-Saharan Africa represent 23.9%
of the study population; of those, 28.8% were LP, which is
substantially lower when compared to a similar Belgian
study, where the proportion of patients from sub-Saharan
African represented 54.3% of the total."*

According to our results, the stage A of infection had
higher proportions for the LP population, while in the LPAD
population the higher proportion was for the stage C. This is
expected and can be considered as a partial validation for our
assignment of LP and LPAD to patients groups.'”

The results from previous studies showed a statistically
significant correlation between LP and HIV exposure cate-
gory.®'®!7 While we did not find this significant correlation
in our logistic regression analysis, we did find it in the uni-
variate analysis. However, recent changes in the proportion
of HIV exposure categories among new diagnoses could
confound such analysis.'®'?

The main goal of this study was to identify factors asso-
ciated with late presentation and late presentation with ad-
vanced disease. Those factors included age at diagnosis,
region of origin, stage of infection at diagnosis, and logo of
the viral load at diax%nosis and were in concordance with
published studies.'*!'T2

Conclusion

Even though Portugal has achieved the 90-90-90 objectives,
the proportion of LPs is still very high, indicating that vul-
nerable populations are being left behind in screening proto-
cols. Late presentation is a high impact issue at individual,
economic, and social level. Our study highlighted the main
factors associated with that condition. Targeted prevention and
screening programs should be directed to this population.
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Abstract: To control the Human Immunodeficiency Virus (HIV) pandemic, the World Health Organi-
zation (WHO) set the 90-90-90 target to be reached by 2020. One major threat to those goals is late
presentation, which is defined as an individual presenting a TCD4+ count lower than 350 cells/ mm?3
or an AIDS-defining event. The present study aims to identify determinants of late presentation in
Europe based on the EuResist database with HIV-1 infected patients followed-up between 1981 and
2019. Our study includes clinical and socio-demographic information from 89,851 HIV-1 infected
patients. Statistical analysis was performed using RStudio and SPSS and a Bayesian network was
constructed with the WEKA software to analyze the association between all variables. Among 89851
HIV-1 infected patients included in the analysis, the median age was 33 (IQR: 27.0-41.0) years and
74.4% were males. Of those, 28,889 patients (50.4%) were late presenters. Older patients (>56),
heterosexuals, patients originated from Africa and patients presenting with log VL >4.1 had a higher
probability of being late presenters (p < 0.001). Bayesian networks indicated VL, mode of transmis-
sion, age and recentness of infection as variables that were directly associated with LP. This study
highlights the major determinants associated with late presentation in Europe. This study helps to
direct prevention measures for this population.

Keywords: HIV-1 infection; late presentation; Europe

1. Introduction

At the end of 2019, there were 38.0 million people living with the Human Immunod-
eficiency Virus (HIV) and 1.7 million people were newly infected worldwide. However,
7.1 million people were still unaware of their HIV status [1].

Pathogens 2021, 10, 835. https:/ /doi.org/10.3390/pathogens10070835
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For the control of the HIV pandemic, the World Health Organization (WHO) had set
a 90-90-90 target until 2020. 90% of people living with HIV know their status, of those
90% are receiving antiretroviral therapy (ART) and of those 90% achieve viral suppression.
These targets had been successful in some countries. Globally, by the end of 2019, there
were 81% of people living with HIV who knew their status. Of those, 67% were receiving
antiretroviral therapy and of those 59% had reached HIV viral suppression. The success of
these goals is dependent on the region of origin, the vulnerability of populations and on the
national HIV programs that are implemented. Yet, between 2010 and 2019, the percentage
of new infections dropped by 31% [2].

New goals were set to end the pandemic by 2030, the 95-95-95 targets, based on the
same definition of the previous targets. In order to attain the WHO goals by 2030, early
diagnosis is essential [3].

One major concern threatening those goals is late presentation. Late presentation can
have consequences in the health and treatment of infected individuals, leading to poorer
outcomes and increased health care costs, since it has been shown that late presenters,
especially those aged above 50 years old, are at higher risk for developing non-infectious
co-morbidities and complex multimorbidity [4]. In addition, late presentation can have
a negative impact on the control of the pandemic, increasing the risk of onward HIV
transmission in individuals that are not aware of their HIV status. Besides, late presentation
to HIV care was shown to be the main reason for virological failure [5,6].

Late presentation is defined as an individual presenting a TCD4+ count lower than
350 cells/mm? or an AIDS-defining event, regardless of TCD4+ cell count. This is the
definition according to the European Late Presenter Consensus working group [7]. It is
estimated that Late Presenters (LP) account for 40-60% of HIV cases in Europe, in Asia the
percentage of LP range from 72 to 83%, in Africa range from 35 to 89% and in Brazil, it
is estimated that the percentage is near 40% [8-10]. For prevention and treatment of HIV,
timely diagnosis and linkage to health care are essential tools [11].

The present study has the objective of identifying determinants of late presentation
in Europe. To achieve this goal, we analyzed a population of patients from the EuResist
database, a European database.

2. Results
2.1. Characteristics of European Population

Among 89851 HIV-1 infected patients included in the analysis, the median age was
33 (IQR: 27.0-41.0) years and 74.4% were males. From those 28889 patients (50.4%) were
LP and 28388 (49.6%) were non-late presenters (NLP). The majority of patients with in-
formation about treatment status were naive, 11487 (58.6%). 41.9% of patients were men
who have sex with men (MSM) and 78.5% originated from Western Europe. The most
prevalent subtype in this population was subtype B (64.4%), followed by Subtype G (20.4%),
CRF 02_AG (15.9%) and Subtype A (13.5%). Most of the patients included in this study
were classified as Native (75.4%) and as having Chronic Infection (59.8%) based on the
ambiguity rate of the first genomic sequence. CD4 count at diagnosis and viral load at
diagnosis (log10) presented a median of 348 cells/mm? (IQR 170-548) and 4.4 copies/mL
(IQR 3.4-5.1), respectively.

50.4% of patients were classified as LP (CD4 < 350 cells/mm?). Males accounted for
the higher proportion of LP (74.9%). The median age of LPs was 34 years (IQR 28.0-43.0;
p < 0.001). LPs were mainly from Western Europe and the HIV exposure category was
mainly heterosexuals (77.4 and 37.1%; p < 0.001, respectively) (Table 1).
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Table 1. Demographic and patient characteristics. Other in mode of transmission includes blood transfusions and vertical
transmission. Other in region of origin and infection includes North and Central America, Asian and Oceania continents.
p-values retrieved with chi-square test and Mann-Whitney U test.

Patient Characteristics Total Late Presenters Non-Late p-Value
Presenters
Total, 1 (%) 89,851 (100%) 28,889 (50.4%) 28,388 (49.6%)
Sex, 11 (%) 81,777 (91.0%) 27,972 (50.6%) 27,315 (49.4%)
Male 60,852 (74.4%) 20,955 (74.9%) 20,969 (76.8%) <0.001
Female 20,925 (25.6%) 7017 (25.1%) 6346 (23.2%)
Treatment status, 1 (%) 19,605 (21.8%) 10,905 (55.6%) 8700 (44.4%)
Naive 11,487(58.6%) 6040 (55.4%) 5447 (62.6%) <0.001
Treated 8118 (41.4%) 4865 (44.6%) 3253 (37.4%)
Median age at diagnosis in years 25,530 (28.4%) 11,929 (52.3%) 10,897 (47.7%)
IOR, 1 (%) 33.0 (27.0-41.0) 34.0 (28.0-43.0) 31.0 (26.0-39.0) <0.001
<18 700 (2.7%) 241 (2.0%) 340 (3.1%)
19-30 9767 (38.3%) 4002 (33.5%) 4823 (44.3%)
31-55 13,815 (54.1%) 6920 (58.0%) 5384 (49.4%) <0.001
>56 1248 (4.9%) 766 (6.4%) 350 (3.2%)
Mode of transmission, 1 (%) 47,007 (52.3%) 21,283 (49.5%) 21,677 (50.5%)
Heterosexual 15,165 (32.3%) 7894 (37.1%) 6071 (28.0%)
MSM 19,696 (41.9%) 7657 (36.0%) 10,693 (49.3%) <0.001
DU 9532 (20.3%) 4453 (20.9%) 3896 (18.0%)
Other 2614 (5.6%) 1279 (6.0%) 1017 (4.7%)
Region of origin, 1 (%) 54,529 (60.7%) 21,584 (50.1%) 21,495 (49.9%)
Western Europe 42,790 (78.5%) 16,693 (77.4%) 17,398 (81.0%)
Eastern Europe 1862 (3.4%) 693 (3.2%) 672 (3.1%)
Africa 5349 (9.8%) 2250 (10.4%) 1422 (6.6%) <0.001
South America 3233 (5.9%) 1341 (6.2%) 1460 (6.8%)
Other 1286 (2.4%) 607 (2.8%) 543 (2.5%)
Subtype, 1 (%) 54,176 (60.3%) 17,449 (52.7%) 15,638 (47.3%)
HIV-1 Subtype B 35,454 (64.4%) 11,966 (68.6%) 11,745 (75.1%) <0.001
HIV-1 Subtype non-B 18,722 (34.6%) 5483 (31.4%) 3893 (24.9%)
Distribution of non-B Subtypes
HIV-1 CRF 01_AE 447 (2.4%) 183 (3.3%) 108 (2.8%)
HIV-1 CRF 02_AG 2973 (15.9%) 871 (15.9%) 556 (14.3%)
HIV-1 CRF 06_cpx 248 (1.3%) 81 (1.5%) 58 (1.5%)
HIV-1 CRF 14_BG 1106 (5.9%) 337 (6.1%) 203 (5.2%)
HIV-1 Subtype A 2521 (13.5%) 626 (11.4%) 527 (13.5%)
HIV-1 Subtype C 1943 (10.4%) 550 (10.0%) 400 (10.3%)
HIV-1 Subtype D 307 (1.6%) 102 (1.9%) 74 (1.9%)
HIV-1 Subtype F 1619 (8.6%) 444 (8.1%) 362 (9.3%)
HIV-1 Subtype G 3815 (20.4%) 1156 (21.1%) 701 (28.0%)
Others 3743 (20.0%) 1133 (20.7%) 3893 (23.2%)
Migrant status, 1 (%) 54,520 (60.7%) 21,584 (50.1%) 21,495 (49.9%)
Migrant 13,408 (24.6%) 5588 (25.9%) 4895 (22.8%) <0.001
Native 41,112 (75.4%) 15,996 (74.1%) 16,600 (77.2%)
Recentness of infection, 1 (%) 50,132 (55.8%) 15,897 (52.6%) 14,304 (47.4%)
Chronic 29,972 (59.8%) 11,069 (69.6%) 7803 (54.6%) <0.001
Recent 20,160 (40.2%) 4828 (30.4%) 6501 (45.4%)
Median CD4 count at diagnosis 57,277 (63.7%) 28,889 (50.4%) 28,388 (49.6%)
(cells/mL) IQR, 1 (%) 348.0 (170.0-548.0) 172.0 (69.0-264.0) 550.0 (442.0-720.0) <0.001
Viral Load at diagnosis (log10 34,046 (37.9%) 15,106 (50.8%) 14,605 (49.2%)
copies/mL) IQR, n (%) 44 (34-5.1) 47 (3.8-5.3) 41(3.1-4.8) <0.001
<40 12,994 (38.2%) 4485 (29.7%) 6819 (46.7%)
41-50 11,715 (34.4%) 5034 (33.3%) 5295 (36.3%) <0.001
>5.1 9337 (27.4%) 5587 (37.0%) 2491 (17.1%)
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2.2. Determinants Associated with Late Presentation

In the unadjusted model (Table 2), sex was associated with LP. In the HIV exposure
category, significant differences were found for MSM and Intravenous Drug Users (IDU)
compared with heterosexuals. Significantly more LP were from Africa and other regions
compared to Western Europe. In addition, the variables age at diagnosis, viral load, subtype,
recentness of infection and migrant status were significantly associated with LP.

Table 2. Logistic Regression for determinants associated with late presentation. Ref—Reference category; aOR-adjusted

Odds Ratio; Other in mode of transmission include transfusions; Other in region of origin include Latin and North American

Countries; MSM- Men have sex with men; IDU- Injection drug users.

Late Presenters/

Non-Late Presenters Unadjusted Final Model
Variable OR (95%CI) p-Value aOR (95%CI) p-Value
Sex
Female Ref Ref Ref Ref
Male 0.90 (0.87-0.94) <0.001 1.05(0.91-1.21) 0.522
Age at diagnosis 1.03 (1.02-1.03) <0.001
Age groups
<18 0.55 (0.47-0.65) <0.001 0.48 (0.33-0.69) <0.001
19-30 0.65 (0.61-0.68) <0.001 0.70 (0.63-0.79) <0.001
31-55 Ref Ref Ref Ref
>56 1.70 (1.49-1.94) <0.001 1.54 (1.15-2.06) 0.004
Mode of transmission
Heterosexual Ref Ref Ref Ref
MSM 0.55 (0.53-0.58) <0.001 0.74 (0.64-0.86) <0.001
IDU 0.88 (0.83-0.93) <0.001 1.12 (0.96-1.31) 0.137
Other 0.97 (0.88-1.06) 0.462 1.29 (0.99-1.70) 0.062
Region of Origin
Western Europe Ref Ref Ref Ref
Eastern Europe 1.08 (0.97-1.20) 0.191 1.07 (0.78-1.48) 0.683
Africa 1.65 (1.54-1.77) <0.001 1.76 (1.37-2.26) <0.001
South America 0.96 (0.89-1.03) 0.267 1.41 (1.07-1.87) 0.015
Other 1.17 (1.04-1.31) 0.011 1.39 (0.92-2.09) 0.118
Subtype
HIV-1 Subtype B Ref Ref
HIV-1 Subtype non-B 1.38 (1.32-1.45) <0.001
Migrant Status
Migrant Ref Ref
Native 0.84 (0.81-0.88) <0.001
Recentness of infection
Chronic Ref Ref Ref Ref
Recent 0.52 (0.50-0.55) <0.001 0.61 (0.55-0.68) <0.001
Log Viral load at diagnosis 1.45 (1.42-1.48) <0.001
Log Viral load groups
<4.0 Ref Ref Ref Ref
4.1-5.0 1.45 (1.37-1.53) <0.001 1.37 (1.22-1.55) <0.001
>5.1 3.41 (3.21-3.62) <0.001 3.41 (2.96-3.91) <0.001

44

Determinants associated with late presentation were age at diagnosis (Table 2): pa-
tients with less than 30yo had lower probability of being late presenters and patients aged
above 56yo had higher probability of being late presenters when compared with patients
aged between 31 and 55yo (>18yo: aOR 0.31 (0.20-0.49), p < 0.001; 19-30yo: aOR 0.46
(0.34-0.62), p < 0.001; >56: aOR 1.70 (1.49-1.94), p = 0.004), transmission via MSM had lower
probability when compared with heterosexuals (aOR 0.74 (0.64-0.86); p < 0.001). Patients
originating from Africa and South America had 1.76 and 1.41 more probability, respectively,
of presenting late than those from Western Europe (aOR 1.76 (1.37-2.26), p < 0.001; aOR
1.41 (1.07-1.87), p = 0.015, respectively) and patients presenting with a viral load between
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4.1 and 5.0 and higher than 5.1 had a higher probability of being LP than those with a viral
load lower than 4.0 (aOR 1.45 (1.37-1.53) and aOR 3.41 (3.21-3.62); p < 0.001 and p < 0.001,
respectively). As expected, but confirming the reliability of our classification of recentness
of infection based on the ambiguity rate, patients with a recent infection—as classified
based on the ambiguity rate of the genomic sequence from the first drug resistance test—
had a lower probability of being LP than those classified as being chronically infected (aOR
0.61 (0.55-0.68); p < 0.001).

2.3. Bayesian Network

For the bayesian network, we used the HillClimber algorithm with nine as the maxi-
mum number of parents a node in BN can have. This algorithm is based on a “hill climbing
adding and deleting arcs with no fixed ordering of variables” [12]. The BN had a LogScore
Bayes of —35615.94 and an accuracy of 61%. In the BN (Figure 1), LPs are directly associated
with the viral load, recentness of infection, mode of transmission and age, as we can see in
the figure below, those were direct links between the nodes. The indirectly associated links
were between LP and region of origin. As we can also see in the figure, there was no direct
link between those two nodes. We can see that the mode of transmission is the variable
with more direct associations and the variable sex is the only one that is not associated with
LP. This BN is in accordance with our logistic regression model.

LogScore Bayes: —-35615.94
Correctly Classified Instances: 61.0007%

Figure 1. Bayesian Network analysis of association between variables investigated in the study. The BayesNet classifier
and the HillClimber algorithm were used as implemented in the WEKA software. LP—Late Presenters; VL—Viral Load;
MT—Mode of Transmission; RI—Recentness of infection; RO—Region of Origin; MS—Migrant Status.

The variables Subtype and Migrant status had been removed from the logistic regres-
sion model due to the conflict with the variable region of origin. As we can see in Figure 1,
the region of origin is directly associated with those two variables and that the migrant
status is only associated with region of origin.
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2.4. Ambiguity Rate and CD4 Analysis

We performed an analysis to understand the association between CD4 count and the
ambiguity rate overall and on subtype B, non-B and G. This association was inversely pro-
portional in all correlations, this means that for higher values of CD4 count the ambiguity
rate is lower. In this study, the LP population had higher ambiguity rates in their sequences,
since their CD4 count is lower. We also performed a linear regression in order to explain
how much of the CD4 count could the ambiguity rate explain. We divided that analysis in
the same categories as mentioned above and the higher result was from only individuals
with non-B subtype, in which the ambiguity rate explained 5% of the variation from CD4
count (Tables A1-A4).

2.5. Analysis of Late Presenters Rate over Time

We also constructed a graph to evaluate the evolution in time of the rate of LP
(Figure 2). The confidence intervals were also calculated for each point. We did not
include in the analysis the first three years (1981-1983) since the total number of patients in
those years was low and the confidence intervals had high values. In 2019 the sample size
was also small, but we included this year in the analysis to see the trend that LPs in Europe
will have. As we can see in the graph, LPs have had constant values through the years. In
1984 we had 57.5% LPs, in 1991 we had the lowest value of LPs (45.1%). The evolution
through the years maintained between 45 and 60% the rate of LP. Since 2017 the rate of LPs
was growing until 2019 that peaked, beyond 60%.

Year of Diagnosis/ Number of Patients

Figure 2. Evolution of Late Presenters rate per Year. Vertical black lines represent confidence intervals.
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3. Discussion

This study had the goal of explaining the determinants of late presentation for HIV-1
infection in Europe.

In our population, late presenters represented 50.4% of the patients. A study in
Georgia, using the same definition of late presentation as we used, reported 63.4% of late
presenters. Another study analyzing late presentation in different settings indicated a rate
of late presentation ranging between 40 and 67%, depending on the region of study. This
study corresponded to the Swiss data incorporated in the COHERE study, a Collaboration
of Observational HIV Epidemiological Research Europe Study. Our results are concordant
with the results reported in these studies [13-15].

In our study, late presenters were more frequently males, with heterosexual transmis-
sion, from Western Europe and aged between 31 and 55 years old. In a study in East of
England, the percentage of late presenters was higher in older patients and patients with
heterosexual contact, when compared with homosexual and bisexual contact. Furthermore,
according to other studies in Poland and the Netherlands, males were also more prevalent
in the late presenters’ population. These results are consistent with our study [16-18].

Patients originated from Africa had a higher probability of being LPs when compared
to patients originated from Western Europe. This percentage of African migrants in the
LP population can be explained by the lower access to health care. Furthermore, African
migrants have a higher probability of being in conditions of unemployment, poverty
and poorer household, which further increase their barriers to access to health care. A
positive status for HIV also stigmatizes individuals, and they fear the reactions of their
communities, since HIV is mostly associated among these communities with inappropriate
and promiscuous sexual behavior [19]. The migrants of our study from South America
were mainly from Brazil and the LP rate was lower than the NLPs. This can be explained
in two ways: Brazil has a concentrated HIV epidemic among MSM population and that
population is frequently tested [20]. These results are in accordance with HIV studies about
the migrant population [21-23].

The results from a previous study showed a statistically significant correlation between
late presentation and IDUs [24]. In our study, we found this significant association between
LP and IDU in our univariate analysis, but in the logistic regression analysis, we only
found significant the association between MSM when compared to heterosexuals. The
prevalence of HIV-positive IDU population is mainly from Eastern Europe. In our study,
the IDU group maybe underrepresented since the larger proportion of cases are from
Western Europe, in which the major mode of transmission is through heterosexual and
MSM contacts [25,26].

We also studied the association between CD4 count and the ambiguity rate of the
sequences included in this study. Our results show a negative correlation between CD4
count and the ambiguity rate, for lower values of CD4 we had higher values of the
ambiguity rate. There is still little information regarding this topic, but our results were
in accordance with a study about sequence ambiguity and HIV incidence trends [27]. In
fact, the ambiguity rate could be an alternative variable to be used for the definition of Late
Presentation. As we know, the initial drop of CD4 count in the acute phase of HIV infection
can be a cause of bias when we define Late Presentation based on a CD4 count lower than
350 cells/mm?®.

The results from the graph showed stable and high values for LPs rate. This indicates
that LPs were and remain a big part of the HIV epidemic and represent a major threat to
treatment and prevention strategies.

The main goal of this study was to identify determinants associated with late presen-
tation. Those determinants included age at diagnosis, mode of transmission, region of
origin, recentness of infection and viral load at diagnosis (Figure 3). Our results were in
concordance with other previously published studies [13,28,29].
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transmission

Determinants of
Late Presentation
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Viral Load I >4'1. log
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Sequence l <0.45%
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Figure 3. Schematic representation of determinants of late presentation based on logistic regression and Bayesian networks
analysis. The light grey box indicates the direct determinants, and the dark grey box indicates the indirect determinants of

late presentation. Individuals older than 56yo and originated from Africa had higher probability of being late presenters,

Men who have sex with men were less likely to be late presenters. In the clinical determinants there were only direct
associated determinants. Individuals with a viral load higher than 4.1 copies/mL had higher probability of being late
presenters and individuals with a lower rate of sequence ambiguity had lower probability of being late presenters. MSM-Men

who have sex with Men.

The last study about late presentation in Europe was published in 2015 and the
timeline of the study was between 2010 and 2013. This was an update from the first study
published in 2013, with a timeline of analysis between 2000 and 2011 [29,30]. Our study
analyzes a European database with a timeline between 1981 and 2019. The main strength
of our study was the database used, which is one of the largest datasets and integrates
clinical, socio-demographic and viral genotypic information from HIV-1 patients from all
over Europe. This large dataset allows for a robust analysis of the data, and up to date
information regarding late presentation. In addition, we can analyze trends in the evolution
of late presentation in Europe.

The major limitation of our study was the lack of information about the stage of HIV
infection and AIDS-defining events. While we used the ambiguity rate to minimize this
problem, we only used the definition of a CD4 count below 350 cells/mm? to define an
individual as LP or NLP.

Yet, this study is the most recent update on the HIV epidemic of late presentation in
Europe, since the last one was published in 2015.

Since late presentation is a major obstacle to the 95-95-95 targets, it is necessary to
reinforce the follow-up of this population. Increased HIV testing is key to reduce late
presentation since it results in earlier HIV diagnosis. Prevention measures like targeting
the vulnerable populations and increasing screening programs for those populations are
the most urgent strategies to halt and decrease the percentage of late presenters. In low-
and middle-income countries, point-of-care testing would be a major advance to stop
the spread of the virus by those who do not know their serological status and therefore
decreasing late presentation at diagnosis.
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4. Materials and Methods
4.1. Study Group

Our study includes clinical and socio-demographic information from 89851 HIV-1
infected patients from the EuResist Integrated Database (EIDB) between 1981 and 2019.
The EuResist integrated database (EIDB) is one of the largest existing datasets which
integrate clinical, socio-demographic and viral genotypic information from HIV-1 patients.
It integrates longitudinal, periodically updated data mainly from Italy (ARCA database),
Germany (AREVIR database) Spain (CoRIS and IRISCAIXA), Sweden, Belgium, Portugal
and Luxembourg [31-33].

In this study, information from the ARCA, AREVIR, Luxembourg, IRISCAIXA, Portu-
gal, Russia, United Kingdom and CoRIS databases were used.

4.2. Subtyping

The genomic data included HIV-1 protease and reverse transcriptase sequences, gen-
erated through routine drug resistance testing and as stored in the EuResist database. Only
the first HIV genomic sequence per patient was considered.

HIV-1 subtyping was performed using the consensus of the result obtained through
three different tools: Rega HIV Subtyping Tool (https://www.genomedetective.com/app/
typingtool/hiv, accessed on 1 July 2021) [34], COMET: adaptive context-based modeling
for HIV-1 (https:/ /comet.lih.lu, accessed on 1 July 2021) [35] and SCUEAL (http://classic.
datamonkey.org/dataupload_scueal.php, accessed on 1 July 2021).

4.3. Study Variables

We used the information from the EuResist database regarding the following variables:
Country of follow-up, Year of Birth, Gender, Country of Origin, Mode of transmission,
Date of the first HIV Positive test, Date and value of the first CD4 count, Date and value
of the first Viral Load count, first genomic sequence and sample collection date, Date of
therapy initiation.

With this information we created new variables such as:

e  Migrant/Native-Based on Country of Origin and Country of Follow-up (if country of
origin and country of follow-up is the same, then patient is native; if country of origin
and country of follow-up is not the same, then patient is migrant)

e  Age at Diagnosis-Based on the difference between Year of Birth and Date of the first
HIV Positive test;

e Region of Origin- Based on Country of Origin;

e  Treatment Status at date of first CD4 count-Based on the difference between sample
collection date of first CD4 count and first therapy date; for purposes of classification
of Late Presentation, only patients naive at date of first CD4 count were considered;

e  Treatment Status at date of first Drug Resistance Test-based on the difference between
sample collection date for first drug resistance test and date of start of first therapy;

After creating these two variables, for quality control purposes, we only included in
the analysis patients for which treatment status at date of first CD4 count and Treatment
Status at date of first Drug Resistance test were consistent.

e  Recentness of infection-Based on ambiguity rate of genomic sequences. We defined
Chronic infection as an ambiguity value higher than 0.45% and Recent infection as
an ambiguity value equal or below 0.45% [36]. Additionally, only genomic sequences
larger than 500 nucleotides and with ambiguity rate lower than 2.5% were considered.

e  LPvs. NLP- Based on CD4 count, LP were defined as patients with CD4 count lower
than 350 cells/mm3 and NLP were defined as patients with CD4 count higher than
350 cells/mm?®.
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4.4. Statistical Analysis

The proportion and median (interquartile range, IQR) of LP and non- Late presenters
(NLP) were calculated for every categorical and continuous variable, respectively. Our
interest variables were compared with the categorical variables with Chi-square test, and
continuous variables with Mann-Whitney U test.

To study the relationship between our dependent variable (LP or NLP) and the in-
dependent variables, logistic regression models were calculated. We first presented the
logistic regression with the unadjusted odds ratios (uOR) and confidence intervals at 95%
(95% CI), in order to see the probability of our event, the dependent variable, (late presenta-
tion vs non-late presentation) on the occurrence of each independent variable, individually,
e.g., the probability of a woman being late presenter. Variables with a p-value < 0.05 were
considered to enter the model since it is the most used threshold. The final model for
LP vs. NLP was adjusted for sex, this variable was forced into the model regardless of
its significance and the reference class was women. The final model included only the
variables that were considered statistically significant (p < 0.05) and the variables that suited
the best regression model according to the backward stepwise regression analysis through
SPSS. The odds ratio and 95% confidence intervals were calculated for those variables as
well. Data were analyzed using RStudio (Version 1.2.5033) and SPSS (Version 26.0.0.0).

4.5. Bayesian Networks

A Bayesian network (BN) is a tool that consists of a directed acyclic graph (DAG),
made of nodes and directed links between the nodes, which allows us to understand the
representation of a probabilistic distribution. Each node is a representation of a variable,
and the links indicate that one node is directly influencing another. The lack of a direct link
does not mean that one variable is not associated with another. These networks are able
to intuitively create causal links between variables since they are built from probability
distributions and for prediction [37].

We constructed a BN to analyze the association between all variables, specifically, we
wanted to see how the variables were associated with one another. With the different levels
and connections between variables, it is possible to see if they are directly or indirectly
associated. We used the WEKA software version 3.8.5. WEKA stands for Waikato Environ-
ment for Knowledge Analysis. After the upload of the dataset, the first step is to choose
a classifier to start the analysis. We used a statistical-based learning scheme, the Bayes
classifier, specifically the BayesNet [38]. After choosing the classifier, we used different
search algorithms as a local score structure learning. Our final choice of algorithm was
based on the LogScore Bayes value and the percentage of correctly classified instances.

5. Conclusions

In summary, late presentation still accounts for 50% of the new diagnosis in Europe.
Its most important determinants are age at diagnosis, mode of transmission, region of
origin and viral load at diagnosis (Figure 3). In addition, the evolution of the rate of
late presentation through the years was stable, except for the last two years analyzed
(2018 and 2019) when that rate showed an increase. This study highlights the major
determinants associated with late presenters in Europe, and this will help to strengthen
some prevention measures.
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Table A1. Linear Regression for CD4 count vs. Ambiguity rate.

Standardized 95% Confidence Interval for
CD4 Count R? Unstandardized B Coefficients p-Value ° B Spearman’s Correlation
Beta
Lower Correlation
Bound Upper Bond p-Value Coefficient
A’“I'{’;i““y 0.023 —69.52 ~0.152 <0.001 —74.61 —64.44 <0.001 ~0.190
Table A2. Linear Regression for CD4 count vs. Ambiguity rate for Subtype B.
Standardized o "
CD4 Count R? Unstandardized B Coefficients p-Value 95% Conﬁden;e Interval for Spearman’s Correlation
Beta
Lower Correlation
Bound Upper Bond p-Value Coefficient
A‘“;;%:“y 0.015 —57.11 —0.123 <0.001 —63.27 —50.95 <0.001 —0.159
Table A3. Linear Regression for CD4 count vs. Ambiguity rate for Subtype non-B.
Standardized o "
CD4 Count R? Unstandardized B Coefficients p-Value 95% Conﬁde:;sce Interval for Spearman’s Correlation
Beta
Lower Correlation
Bound Upper Bond p-Value Coefficient
Amlg;%:“y 0.051 ~96.72 ~0.226 <0.001 ~105.54 ~87.91 <0.001 ~0.265
Table A4. Linear Regression for CD4 count vs. Ambiguity rate for Subtype G.
Standardized o .
CD4 Count R? Unstandardized B Coefficients p-Value 95% Conﬁde:;}ce Interval for Spearman’s Correlation
Beta
Lower Correlation
Bound Upper Bond p-Value Coefficient
Amrl{’;f:“y 0.014 —52.78 ~0.120 <0.001 ~73.38 -32.17 <0.001 —0.144
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Background: The increased use of antiretroviral therapy (ART) has decreased mortality
and morbidity of HIV-1 infected people but increasing levels of HIV drug resistance
threatens the success of ART regimens. Conversely, late presentation can impact
treatment outcomes, health costs, and potential transmission of HIV.

Obijective: To describe the patterns of transmitted drug resistance (TDR) and acquired
drug resistance (ADR) in HIV-1 infected patients followed in Europe, to compare its
patterns in late presenters (LP) vs non-late presenters (NLP), and to analyze the most
prevalent drug resistance mutations among HIV-1 subtypes.

Methods: Our study included clinical, socio-demographic, and genotypic information
from 26,973 HIV-1 infected patients from the EuResist Integrated Database (EIDB)
between 1981 and 2019.

Results: Among the 26,973 HIV-1 infected patients in the analysis, 11,581 (42.9%)
were ART-naive patients and 15,392 (57.1%) were ART-experienced. The median age
was 37 (IQR: 27.0-45.0) years old and 72.6% were males. The main transmission
route was through heterosexual contact (34.9%) and 81.7% of patients originated from
Western Europe. 71.9% of patients were infected by subtype B and 54.8% of patients
were classified as LP. The overall prevalence of TDR was 12.8% and presented an
overall decreasing trend (p for trend < 0.001), the ADR prevalence was 68.5% also with
a decreasing trend (p for trend < 0.001). For LP and NLP, the TDR prevalence was
12.3 and 12.6%, respectively, while for ADR, 69.9 and 68.2%, respectively. The most
prevalent TDR drug resistance mutations, in both LP and NLP, were K103N/S, T215rey,
T215FY, M184I/V, M411/L, M461/L, and LOOM.
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Conclusion: Our study showed that the overall TDR (12.8%) and ADR (68.5%)
presented decreasing trends during the study time period. For LP, the overall TDR was
slightly lower than for NLP (12.3 vs 12.6%, respectively); while this pattern was opposite
for ADR (LP slightly higher than NLP). We suggest that these differences, in the case of
TDR, can be related to the dynamics of fixation of drug resistance mutations; and in the

case of ADR with the more frequent therapeutic failure in LPs.

Key HIV-1 i i tr

presenters

INTRODUCTION

In 2014, UNAIDS implemented the Fast-Track approach driven
by the 95-95-95 targets. These targets have the aim to end
the pandemic by 2030 by achieving 95% of diagnosis among
people living with HIV, 95% of those receiving antiretroviral
treatment and 95% of those reaching viral suppression (Joint
United Nations Programme on Hiv/Aids (Unaids), 2015). In the
meantime, UNAIDS has developed a set of targets for 2025 to help
achieve the previous goals until 2030, which are people-centered
and right-based (Unaids).

At the end of 2020, there were 37.7 million people living with
HIV and at least 50% of the new diagnoses were related to late
HIV infection [late presenters (LP)], with regional differences. LP
are patients newly diagnosed with a baseline CD4 count lower
than 350 cells/mm?® or with an AIDS-defining event, regardless
of CD4 cell count (Miranda et al., 2021). Between 2000 and
2020 the percentage of new HIV infections dropped by 49% and
HIV-related deaths dropped by 55% due to antiretroviral therapy
(ART; World Health Organization).

The advent of highly active ART has greatly improved the
prognosis of HIV-1 infection and reduction of the risk of HIV
transmission (Cdc). Today, 73% of people living with HIV have
access to ART. Drug resistance could be acquired drug resistance
(ADR), due to selective pressure of antiretrovirals (ARVs) in
individuals, or transmitted drug resistance (TDR) due to an
infection by HIV strains that harbor drug resistance mutations
(DRMs; Clutter et al., 2016; Pingarilho et al., 2020).

Drug resistance testing is recommended for individuals
with HIV infection who are newly diagnosed or ART-
naive patients, individuals on ART with a viral load higher
than 200 copies/mL, individuals who did not achieve viral
suppression, and individuals who interrupted ART with a non-
nucleoside reverse transcriptase inhibitor (NNRTI; Giinthard
et al,, 2019). For ART-naive patients, genotypic drug-resistance
testing involved testing for mutations in the reverse transcriptase
(RT), protease (PR) and integrase (IN) genes. In ART-
experienced patients, genotypic and phenotypic resistance testing
is recommended in individuals suspect of multi drug-resistance
mutations and virological failure (Nih).

The most common DRMs among ART-naive and ART-
experienced patients for nucleoside reverse transcriptase
inhibitors (NRTIs) were M41L and M184V, respectively, and
K103N for NNRTIs (Rossetti et al., 2018; Zou et al., 2020).

In 2016, the World Health Organization (WHO)
recommended the following guidelines as a first-line ART

drug resi: quil drug late pi S, lat

regimen: the combination of two NRTIs, such as tenofovir (TDF)
and lamivudine (3TC) or emtricitabine (FTC), plus an integrase
strand inhibitor (INSTT), such as dolutegravir (DTG), or instead
of DTG the combination with the NNRTI efavirenz (EFV).
The recommendations for second-line regimens included the
combination of two NRTIs plus one protease inhibitor (PI),
like atazanavir (ATV) or lopinavir/ritonavir (LPV/RTV) or two
NRTIs and DTG. Third-line regimens included the combination
of one PI, such as darunavir (DRV), DTG, and one or two NRTIs
(World Health Organization).

Resistance to ART could decrease the success of first line
regimens and is a major threat to halt the UNAIDS targets,
as well as late presentation. Resistance to antiretrovirals and
late presentation are still existing problems that could delay the
success of regimens and continue the onward transmission of
HIV-1 infection. In this study, we aim to describe the patterns
of TDR and ADR, as well as compare them in LP and non-
late presenter (NLP) populations included in this study. We also
analyzed the most prevalent drug resistance mutations and their
prevalence in HIV-1 subtypes among LP and NLP HIV-1 infected
patients followed in Europe.

METHODS
Study Group

Clinical, socio-demographic, and genomic information from
26,973 HIV-1 infected patients from the EuResist Integrated
Database (EIDB) between 1981 and 2019 were included in
this study. The EIDB is one of the largest existing datasets
which integrate clinical, socio-demographic, and viral genotypic
information from HIV-1 patients. It integrates longitudinal,
periodically updated data mainly from Italy (ARCA database),
Germany (AREVIR database) Spain (CoRIS and IRSICAIXA),
Sweden, Belgium, Portugal, and Luxembourg (EuResist; Lawyer
etal., 2011; Zazzi et al., 2012).

In this study, information from the ARCA, AREVIR,
Luxembourg, IRSICAIXA, and Portugal databases were used.

Exclusion Criteria

Among the 89,851 HIV-1 infected patients included in the
EuResist database, only 54,176 patients had sequence information
for the RT and PR regions. Those patient sequences went through
the quality control process. We calculated the ambiguity rate for
each genomic sequence and only included those sequences that
were larger than 500 nucleotides and with an ambiguity rate lower
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than 2.5%, resulting in the elimination of 4,044 sequences. Our
final study population included 26,973 HIV-1 infected patients,
because of the 50,132 patients, only 26,973 had information
regarding their date of first ARV therapy.

Institutional Review Board Statement

All procedures performed in this study were in accordance
with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration.
The database enrolled anonymized patients’ information,
including demographic, clinical, and genomic data from patients
from the EuResist Integrated Database (Date of approval:
January 15, 2021).

Drug Resistance Analysis and Subtyping
HIV pol sequences were derived from existing routine clinical
genotypic resistance tests (Sanger method, e.g., Viroseq, Trugene
and in house genotyping). The size of RT and PR fragments
used for this analysis were between 500 and 1,000 nucleotides.
Only the first HIV genomic sequence per patient was analyzed.
TDR was defined as the presence of one or more surveillance
drug resistance mutations in a sequence, according to the WHO
2009 surveillance list (Bennett et al., 2009). The sequences were
submitted to the Calibrated Population Resistance tool version
8.0. Clinical resistance to ARV drugs was calculated through the
Standford HIVdb version 9.0.

We analyzed TDR and ADR overall proportions between 1981
and 2019, although we only used the years 1995-2019, divided
into three time periods (1995-2002; 2003-2010, and 2011-2019),
to compute TDR and ADR trends, since the absolute number
before 1995 was smaller than 10 patients per year. We also
analyzed TDR and ADR proportions in countries of follow-up.
For this analysis, we limited the analyses to the last 10 years
divided into two time periods (2008-2012 and 2013-2019).

HIV-1 subtyping was performed using the consensus of the
result obtained based on three different subtyping tools: Rega
HIV Subtyping Tool version 3.46' (Pineda-Pefa et al., 2013),
COMET: adaptive context-based modeling for HIV-1* (Struck
etal., 2014) and SCUEAL.?

Study Variables

New variables were created according to:

e Migrant/Native—based on country of origin and country of
follow-up (if country of origin and country of follow-up is
the same, then patient was classified as native; otherwise as
migrant)

e Age at Drug Resistance Test—based on the difference
between year of birth and date of the first drug resistance
test;

e Region of Origin—based on country of origin;

https://www.genomedetective.com/app/typingtool/hiv
2https://comet.Jih.lu
*http://classic.datamonkey.org/dataupload_scueal.php

o Treatment Status at Date of First Drug Resistance Test—
based on the difference between sample collection date for
first drug resistance test and start date of first therapy:

ART-naive — patients who had a sample collection date for
first drug resistance test before the start date of first therapy
ART-experienced — patients who had a sample collection
date for first drug resistance test after the start date of first
therapy

Recentness of infection—based on ambiguity rate of
genomic sequences. We defined as Chronic if the ambiguity
rate was higher than 0.45% otherwise was defined as Recent
infection, as previously described (Andersson et al., 2013).

LP vs NLP at HIV diagnosis- based on CD4 count, LP were
defined as patients with a baseline CD4 count < 350 cells/mm?
and NLP were defined as patients with baseline CD4
count > 350 cells/mm?> (Antinori et al., 2011).

Statistical Analysis

The proportion and median [interquartile range (IQR)] were
calculated for every categorical and continuous variable,
respectively. The treatment status variable was compared with
the categorical variables with the Chi-square test and continuous
variables with the Mann-Whitney U test. Also, we analyzed
the trends over time for the overall TDR and ADR through
logistic regression models. Data was analyzed using RStudio
(Version 1.2.5033).

RESULTS

Characteristics of European Population
Among the 26,973 HIV-1 infected patients included in
the analysis, 11,581 (42.9%) were ART-naive patients and
15,392 (57.1%) were ART-experienced patients. Other socio-
demographic characteristics of the population of patients has
been analyzed and described in “Determinants of Determinants
of HIV-1 Late Presentation in Patients Followed in Europe”
(Miranda et al., 2021).

In the total population, the median age was 37 (IQR: 27.0-
45.0) years old and 72.6% of HIV-1 infected patients were males.
The main transmission route was through heterosexual contact
(34.9%) and 81.7% were originated from Western Europe. The
most prevalent subtype observed in this population was subtype
B (71.9%). Most patients included in this study were native
(77.4%) and as having chronic infection (63.6%) based on the
ambiguity rate of the first genomic sequence. CD4 count at
diagnosis and viral load at diagnosis (log10) presented a median
of 318 cells/mm? (IQR 151-513) and log10 4.3 copies/mL (IQR
3.3-5.0), respectively.

54.8% of patients were classified as LP (CD4 < 350 cells/mm?).
In ART-naive patients, 52.8% were LP, meanwhile in
ART-experienced patients, 56.4% were LP at time of
diagnosis (Table 1).
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TABLE 1 | Sociodemographic and clinical patient characteristics.

Patient characteristics Total ART-naive ART-experienced p-value

Total, n (%) 26973 (100) 11581 (42.9) 15392 (57.1)

Gender, n (%) 26475 (98.2) 11458 (43.3) 15017 (56.7)

Male 19224 (72.6) 8797 (76.8) 10427 (69.4) p < 0.001

Female 7251 (27.4) 2661 (23.2) 4590 (30.6)

Median age at resistance test in years IQR, n (%) 26973 (100) 11581 (42.9) 156392 (57.1) p < 0.001

37.0 (27.0-45.0) 37.0 (30.0-45.0) 37.0 (0.0-44.0)

<18 5047 (18.7) 761 (6.6) 4286 (27.8) p < 0.001

19-30 3423 (12.7) 2468 (21.3) 955 (6.2)

31-55 16707 (61.9) 7472 (64.5%) 9235 (60.0)

=56 1796 (6.7) 880 (7.6) 916 (6.0)

Transmission route, n (%) 18118 (67.2) 8336 (46.0) 9782 (54.0)

Heterosexual 6326 (34.9) 3130 (37.5) 3196 (32.7) p < 0.001

MSM 6124 (33.8) 3863 (46.3) 2261 (23.1)

DU 4370 (24.1) 838 (10.1) 3532 (36.1)

Other 1298 (7.2) 505 (6.1) 793 (8.1)

Region of origin, n (%) 19881 (73.7) 9460 (47.6) 10421 (52.4)

Western Europe 16249 (81.7) 7436 (78.6) 8813 (84.6) p < 0.001

Eastern Europe 554 (2.8) 377 (4.0) 177 (1.7)

Africa 2109 (10.6) 1051 (11.1) 1058 (10.2)

South America 611 (3.1) 338 (3.6) 273 (2.6)

Other 358 (1.8) 258 (2.7) 100 (1.0)

Migrant status, n (%) 19881 (73.7) 9460 (47.6) 10421 (52.4)

Migrant 4494 (22.6) 2616 (27.7) 1878 (18.0) p < 0.001

Native 15387 (77.4) 6844 (72.3) 8543 (82.0)

Recentness of infection, n (%) 26973 (100) 11581 (42.9) 15392 (57.1)

Chronic 17151 (63.6) 69156 (59.7) 10236 (66.5) p < 0.001

Recent 9822 (36.4) 4666 (40.3) 5156 (33.5)

Subtype, n (%) 26973 (100) 11581 (42.9) 15392 (57.1)

HIV-1 Subtype B 19387 (71.9) 8047 (69.5) 11340 (78.7) p < 0.001

HIV-1 Subtype non-B 7586 (28.1) 3534 (30.5) 4052 (26.3)

Median (IQR) CD4 count at diagnosis (cells/mL), n (%) 24442 (90.6) 10937 (44.7) 13505 (65.3) p < 0.001

318.0 (151.0-513.0) 332.0 (160.0-518.0) 306.0 (147.0-508.5)

LP 13390 (54.8) 5776 (52.8) 7614 (56.4) p < 0.001

NLP 11052 (45.2) 5161 (47.2) 5891 (43.6)

Viral Load at diagnosis (log10 copies/mL), n (%), IQR 14005 (51.9) 4589 (32.8) 9416 (67.2) p < 0.001
4.3(3.3-5.0) 4.6(3.8-5.3) 41 (3.2-4.9)

<40 5814 (41.5) 1410 (30.7) 4404 (46.8) p < 0.001

4.1-5.0 4573 (32.7) 1580 (34.4) 2993 (31.8)

>5.1 3618 (25.8) 1599 (34.8) 2019 (21.4)

Transmitted and Acquired Drug

Resistance

The overall prevalence of TDR was 12.8% (95%CI: 12.2-13.4%).
NRTI, NNRTI and PI TDR were detected in 8.2% (95%CI: 7.7—
8.7%), 5.6% (95%CI: 5.2-6.0%) and 3.7% (95%CI: 3.4-4.1%)
of ART-naive patients, respectively. 9.1% (95%CI: 8.6-9.7%) of
these patients presented single class resistance, 2.8% (95%CI: 2.5-
3.1%) presented dual class resistance and 0.9% (95%CI: 0.8-1.1%)
presented triple class resistance (Table 2).

68.5% (95%CI: 67.8-69.2%) of experienced patients presented
ADR, with higher drug resistance mutations for NRTI (59.1%;
95%CI: 58.3-59.8%), followed by NNRTT (42.2%; 95%CI: 41.4-
43.0%) and by PI (24.2%; 95%CI: 23.5-24.9%). 23.5% (95%CI:
22.8-24.2%) of ART-experienced patients presented single class
resistance, 33.0% (95%CI: 32.3-33.8%) presented dual class

resistance and 12.0% (95%CI: 11.5-12.5%) presented triple class
resistance (Table 2).

TDR presented an overall decreasing trend between 1995 and
2019 (p for trend < 0.001; Table 2 and Supplementary Data).
The same decreasing trend for TDR was observed for NRTIs,
NNRTIs and PIs drug classes (p for trend < 0.001; Table 2). TDR
between three time-periods (1995-2002; 2003-2010, and 2011~
2019) was analyzed and it was observed that the overall TDR
decreased from 20.0% to 13.3% to 10.7%. The same happened for
every drug class, PIs (8.2% to 3.8% to 2.7% for the three time-
periods, respectively), NRTIs (17.0% to 8.9% to 5.4% for the three
time-periods, respectively) and for the NNRTIs (8.1% to 6.0% to
4.4% for the three time-periods, respectively). Moreover, between
the 2003-2010 time-period, the overall TDR had a statistically
significant decreasing trend (OR = 0.87; p = 0.001; Figure 1A).
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TABLE 2 | Proportion of transmitted drug (TDR) and acquired drug resistance (ADR) between 1991 and 2019.

Transmitted drug resistance (TDR)

Acquired drug resistance (ADR)

n (%) 95% CI p for trend n (%) 95% CI p for trend

Total 11581 (100) 15392 (100)

Any DRMs 1482 (12.8) 12.2-13.4 <0.001 10543 (68.5) 67.8-69.2 <0.001
NRTI resistance 944 (8.2) 7.7-8.7 <0.001 9089 (59.1) 58.3-59.8 <0.001
NNRTI resistance 644 (5.6) 5.2-6.0 <0.001 6499 (42.2) 41.4-43.0 <0.001
Pl resistance 427 (3.7) 3.4-4.1 <0.001 3727 (24.2) 23.5-24.9 <0.001
Single class resistance 1056 (9.1) 8.6-9.7 0.049 3617 (23.5) 22.8-24.2 <0.001
Dual class resistance 319 (2.9 2.5-3.1 <0.001 5080 (33.0) 32.3-33.8 <0.001
Triple class resistance 107 (0.9) 0.8-1.1 <0.001 1846 (12.0) 11.5-12.5 <0.001
Pl + NRTI resistance 115 (1.0) 0.8-1.2 <0.001 1671 (10.9) 10.4-11.4 <0.001
PI'+ NNRTI resistance 13(0.1) 0.07-0.2 0.452 63 (0.4) 0.3-0.5 0.179
NRTI + NNRTI resistance 191 (1.6) 1.4-19 <0.001 3346 (21.7) 21.1-22.4 <0.001

p-value for trend of TDR and ADR between 1995 and 2019. DRM, drug resistance mutations; NRTI, nucleotide reverse transcriptase inhibitors; NNRTI, non-nucleotide

reverse transcriptase inhibitors; P, protease inhibitors; Cl, confidence interval.
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FIGURE 1 | Proportion of (A) overall transmitted drug resistance (TDR), (B) of protease inhibitors (Pls), (C) of nucleoside reverse transcriptase inhibitor (NRTIs) and
(D) of non-nucleoside reverse transcriptase inhibitor (NNRTIs) in sequences from drug-naive patients between three periods 1995-2002, 2003-2010, and
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For the same time-period, the ARV drug classes also showed a
decreasing trend, PI (OR = 0.85; p < 0.001), NNRTIs (OR = 0.82;
p < 0.001) and NNRTIs (OR = 0.88; p < 0.001; Figures 1A-D).
Regarding the overall ADR trend, it has been decreasing over
the three time-periods (80.0% to 70.7% to 44.5%) as well as
in all drug classes studied except for NNRTIs (Figure 1A). PIs
decreased from 36.3% to 24.8% to 5.9% and NRTIs decreased
from 74.3% to 61.4% to 29.8%. Conversely, NNRTIs increased
from 36.9% to 47.0% and then decreased to 31.4%. In the last
time-period, 2011-2019, the overall ADR showed a decreasing
trend (OR = 0.96; p = 0.018). The drug classes, in the same

time-period, also showed a decreasing trend, but without being
statistically significant PIs (OR = 0.94; p = 0.092), NRTIs
(OR = 0.97; p = 0.163) and NNRTIs (OR = 0.98; p = 366;
Figure 2A-D).

Differences in TDR and ADR prevalence between different
countries included in this study were also analyzed between
two time-periods (2008-2012 and 2013-2018). In our study
population, in the first time-period (2008-2012), Luxembourg
had the higher rate of TDR (16.8%). This scenario changed for
TDR when the last time-period (2013-2018) was analyzed, since
Germany (13.9%) presented the highest TDR rate. Comparing
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each country in those two time-periods, the TDR rate of
Italy and Luxembourg decreased from one period to another
(10.9% to 8.8%; 16.8% to 13.8%, respectively), while the rates
of Germany and Portugal increased (9.9% to 11.9%; 9.1% to
13.9%, respectively).The ADR rates for the first time-period,
indicated that all the countries, with the exception of Portugal
(57.2%), presented a ADR lower than 50% (Figure 3A) and
for the last time-period Portugal maintained the highest rate
(53.7%; Figure 3B). Comparing the ADR rates between the same
time-periods, the rate of Italy and Portugal decreased from one
period to another (48.9% to 38.4%; 57.2% to 53.7%, respectively),

while the rates of Germany and Luxembourg increased (31.3% to
32.4%; 37% to 38.9%, respectively; Figure 3).

Transmitted and Acquired Drug

Resistance Among Late Presenters and
Non-late Presenters

Focusing now on the LP and NLP population, we observed
a TDR of 12.3% (95%CI: 11.5-13.2) for LP population and
12.6% (95%CI: 11.8-13.6) for NLP population. In relation to
drug resistance classes, the rates of resistance were higher in
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TABLE 3 | Proportion of transmitted drug (TDR) and acquired drug resistance
(ADR) in Late Presenters (LP) and Non-Late Presenters (NLP) between 1991 and
2019

Futhermore, in the PIs class there were two mutations present
in LP (I47VA and V32I, respectively), that were not present in
NLP (Figure 4). In the NLP, for NRTTs, we observed that M411/L
(3.2%) was the mutation with highest prevalence, followed

Transmitted drug Late presenters (LP) Non-late presenters (NLP)

resi (TDR) by T215 revertants (3.0%) and by D67N/G/E and M1841/V
n (%) 95% Cl n (%) 95% Cl (2.5%). Conversely, in the LP population, T215 revertants
Total 5776 (100) 5161 (100) were more prevalent (3.2%), followed by M41I/L (2.4%) and

M1841/V (2.3%).

Any DRMs 710(12.3)  11.5-132 652 (12.6) 11.8-13.6
NRTI resistance 446 (7.7) 71-8.4 428 (8.3) 7.6-9.1 Drug resistance mutations in ART-experienced patients in
NNRTI resistance 317 (5.5) 4.9-6.1 269 (5.2) 4.6-5.9 both LP and NLP populations were also analysed and compared
Pl resistance 202 (3.5) 3.1-4.0 1913.7) 3.0-43 (Figure 5). The more prevalent mutations consistently presented
Acquired drug resistance (ADR) higher prevalences in LPs than in NLPs. Similarly to ART-naive
Total 7614 (100) 5891 (100) patients, for NNRTTs drug class, K103N/S mutation presented the
Any DRMs 5319 (69.9) 68.8-70.9 4016 (68.2) 67.0-69.3 highest prevalence (21.0% in LP and 19.0%, in NLP; Figure 5).
NRTI resistance 4588 (60.3) 59.2-61.4 3538 (60.1) 58.6-61.1 For NRTIs, M1841/V had the highest prevalence (42.5% for LP
NNRTI resistance 3354 (44.1) 42.9-45.2 2327 (39.5) 38.3-40.8 and 41.7% for NLP). In the PIs class, the mutations with higher
P resistance 2047 (26.9) 259-27.9 1328 (22.5) 21.5-23.6 prevalence were L90M (11.8% NLP and 14.3% LP) and M46I/L

(9.4% for NLP and 12.4% for LP). Also, K238TN mutation from
the NNRTIs class was present only in the LP population. The
presence of these mutations could lead to reduced susceptibility
to some specific ARV.

DRM, drug resistance mutations; NRTI, nucleotide reverse transcriptase inhibitors;
NNRTI, non-nucleotide reverse transcriptase inhibitors; Pl, protease inhibitors; Cl,
confidence interval.

the NLP when compared to LPs, except for the NNRTIs class. . .
LP presented higher rates of ADR—69.9% (95%CI: 68.8-70.9)— Analysis of Mutations Per Subtype

when compared to NLP: 68.29% (95%CL: 67.0-69.3). Contrary to AMNONg Late Presenters and Non-late

TDR, the rates of ADR were higher in LP when compared to
NLP (Table 3).

In both LP and NLP populations, the NNRTTs class K103N/S
mutation presented the highest prevalence (3.1%; Figure 4).
For PIs, M46I/L was more prevalent (1.5% for both LP and
NLP) followed by L90M (1.4% for LP and 1.2% for NLP).

Presenters Patients

Finally, we compared mutations in LP and NLP, according to
subtype B and non-B subtypes. As we can see in Figure 6, for
subtype B ART-naive patients, for both NRTIs and NNRTTIs,
most mutations—except T215rev—were more prevalent in
NLP when compared to LP. K103N/S mutation was the one

c10ans
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FIGURE 4 | ART-naive mutations in Non-Late-Presenters (NLP) vs Late Presenters
NNRTIs, non-nucleoside reverse transcriptase inhibitor.

LP). Pls, protease inhibitors; NRTIs, nucleoside reverse transcriptase inhibitor;
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FIGURE 6 | Mutations in Non-Late presenters (NLP) and Late presenters (LP) in subtype B (A) and subtype non-B (B) for ART-naive patients. Pls, protease
inhibitors; NRTIs, nucleoside reverse transcriptase inhibitor; NNRTIs, non-nucleoside reverse transcriptase inhibitor.

with higher prevalence for NNRTIs (3.5% for NLP and 3.2% T215rev mutation (4.4% LP vs 3.8% NLP). For the PIs class,
for LP). For NRTIs, M41L was the mutation with highest conversely, M46I/L and L90OM were the mutations with the
prevalence (3.9% for NLP vs 3.1% for LP), while for LP it was  highest prevalence with higher prevalence in LP compared to
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NLP (1.6 and 1.5% for NLP and 2.1 and 1.8% for LP, respectively;
Figures 6A,B).

Regarding the non-B subtypes, K103N/S mutation was more
prevalent in LP compared to NLP (2.7 vs 1.9%, respectively)
which was the one with the highest prevalence. For NRTIs,
M184V/I, M41L and D67NGE mutations (1.6, 1.4, and 1.2% for
NLP and 2.0, 1.0, and 1.1 for LP, respectively) were the ones
with higher prevalence. For PIs, M461/L (1.3% for NLP and 0.5%
for LP) was the one with the higher prevalence (Figures 6A,B).
Comparing both populations regarding subtype non-B, opposite
to what happens in subtype B, we observed that the LP population
carried higher a prevalence of the most prevalent mutations
(Figures 6A,B). Also, the K103N/S and the M184V/I were the
mutations that were present in more non-B subtypes in the
LP population, while the M46I/L was the one for the NLP
populations. The most prevalent non-B subtype was subtype C
(data not shown).

In ART-experienced patients, both in subtype B and in non-B
subtypes, the most prevalent mutations occurred more frequently
in LP than in NLP. For NNRTIs class K103N/S mutation
had the highest prevalence in both NLP and LP (18.8 and
20.5%, respectively). For NRTIs the mutation with the highest
prevalence was M184V/I mutation (43.6% for NLP and 43.9% for
LP), and for PIs LOOM and M461/L were the mutations with the
highest prevalence (12.7 and 10.4% for NLP and 16.7 and 14.2%
for LP, respectively; Figures 7A,B).

Regarding the non-B subtypes, similiar to subtype B, KI03N/S
mutation (19.7% for NLP and 22.3% for LP) for NNRTIs, and
M1841/V (33.1% for NLP and 38.8% LP) for NRTTs, were the ones
with the highest prevalence. While in the PIs class, I54VLMATS
(7.5% for NLP and 8.8% for LP) and L90M mutations (7.3% for

NLP and 7.4% for LP) were the ones with the higher prevalence
(Figures 7A,B). Also, M184V/I was the mutation that was present
in the most diversity and proportion of non-B subtypes in both
NLP and LP populations. The most prevalent non-B subtype was
subtype G (data not shown).

DISCUSSION

There are no recent studies with updated information regarding
TDR and ADR prevalence in Europe and the most recent study
about this topic only includes TDR and is based on the median
overall values from different studies (Rhee et al., 2020). In our
study, we presented updated information of the prevalence of
TDR and ADR in the overall population and compared its
patterns between LP and NLP. Overall, TDR had a prevalence of
12.8% and ADR of 68.5%. The TDR and ADR prevalence from
our study was slightly higher when compared to other studies
and this could be explained by the fact that our timeline includes
patients diagnosed between 1981 and 2019 (Tostevin et al., 2017;
Zazzi et al.,, 2018). Regarding the overall trends, both TDR and
ADR presented a decreasing trend, consistently with other studies
in and outside of Europe (Schmidt et al., 2014; Rocheleau et al.,
2018).

We also compared TDR and ADR for the countries of
follow-up included in the database divided into two time
periods (2008-2012 and 2013-2018). For Italy, TDR prevalence
decreased within time-periods (2008-2012:10.9% and 2013-
2018: 8.8%), which is in accordance with studies from that
country and around the same timeline (Franzetti et al., 2018;
Rossetti et al., 2018). The prevalence of ADR also decreased

FIGURE 7 | Mutations in Non-Late presenters (NLP) and Late presenters (LP) in subtype B (A) and subtype non-B (B) for ART-experienced patients. Pls, protease
inhibitors; NRTIs, nucleoside reverse transcriptase inhibitor; NNRTIs, non-nucleoside reverse transcriptase inhibitor.
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in Italy (2008-2012: 48.9% and 2013-2018; 38.4%), and these
results are slightly lower than those from a study from the
Ttalian ARCA database. Moreover, the decrease in the last 5 years
is in accordance with that study (Lombardi et al., 2021). For
Germany, TDR prevalence was 9.1% and ADR prevalence was
31.3% between 2008 and 2012, and for a similar time-period, the
TDR rate was around the same, but our ADR rate was lower
than in another study reported in this country (Schmidt et al.,
2014). For Luxembourg, the TDR prevalence was 16.8% and the
ADR prevalence was 37% between 2008 and 2012, which is higher
when compared to the values in Europe (Hofstra et al., 2016).
For Portugal, TDR prevalence increased between time-periods
(2008-2012:9.9% and 2013-2018: 11.9%), while ADR prevalence
decreased between the same time-periods (2008-2012: 57.2%
and 2013-2018: 53.7%). The TDR prevalence in the first time-
period was closer to the one from a study conducted in Portugal
between 2001 and 2017 and that same study indicated an increase
trend for TDR. Our ADR prevalence for Portugal in the first
time-period, had a lower value than the overall ADR prevalence
from that study, although the decreasing trend was concordant
(Pingarilho et al., 2020).

We also compared drug resistance in LP vs NLP, both in
ART-naive or ART-experienced patients. There were no major
differences in the prevalence of drug resistance mutations in
both LP and NLP from the ART-naive population. However,
LPs presented a lower prevalence of TDR than NLP, potentially
suggesting a reversion of these mutations when patients are
diagnosed late. The most prevalent mutations were the K103N/S,
T215 revertants, the M184V/I, the M41I/L, the M46I/L and
the L90M. However, in the LP, there were two mutations—
147V/A and V32I—that were not present in the NLP. Despite
the lack of significance of these findings, we were not expecting
to find mutations occurring specifically in late presenters,
that could eventually indicate the irreversible fixation of these
mutations in some cases, where they are not associated with
a fitness cost (Winand et al., 2015; Nagaraja et al., 2016). In
the ART-experienced population, there were also no significant
differences between the LP and NLP populations, however,
LPs presented a higher prevalence of ADR compared to NLP.
The most prevalent mutations among LP and NLP were the
K103N/S, the M184IV/I, the L90M and M46I/L. The K103N/S
mutation presented similar prevalence in LP and NLP in
ART-naive, while ART-experienced LP had higher prevalence
compared to NLP (Hiv Drug Resistance Database). T215rev
in drug naive patients was more prevalent in LP compared
to NLP.The NRTIs T215rev mutants is associated with risk
of virological failure to zidovidine (AZT) or stavudine (d4T).
M41I/L impacts negatively virological response to regimens
with abacavir (ABC), didanosine (ddl) or tenofovir (TDF).
Together, these mutations confer high-level resistance to
AZT and d4T. For the same drug class, M184V/I mutation
reduces susceptibility to lamivudine (3TC) and emtricitabine
(FTC; Hiv Drug Resistance Database). PI mutations were
consistently more prevalent in LP compared to NLP, both in
experienced and naive patients, indicating a potential irreversible
fixation of these mutations when they occur. The most
prevalent were M46I/L which is associated with a reduction

in the susceptibility to atazanavir (ATV), fosamprenavir (FPV),
indinavir (IDV), lopinavir (LPV) and NFV, and L90M which
is associated to reduced susceptibility to almost all Pls, except
for tipranavir (TPV) and darunavir (DRV; Hiv Drug Resistance
Database).

It is known that some mutations are closely related to specific
subtypes and recombinant forms. As such, we conducted a final
analysis distinguishing the patterns found in subtype B when
compared to non-B subtypes. The most prevalent subtype was
subtype B and the mutation with the highest prevalence in NLP
ART-naive patients was M41L from the NRTIs drug class. This
result is in accordance with a study of mutations according to
subtypes in Brazil (Westin et al., 2011).

In the LP and NLP patients, in the ART-experienced
population, for both subtypes B and non-B, M184V/I mutation
was the one with the higher prevalence.

This study was the first to analyze and compare transmitted
and ADR in LP and NLP populations. Despite the lack of
significant differences, we consistently found higher levels of
TDR in NLP and higher levels of ADR in LP. We find this
pattern consistent, except for non-B subtypes and the PIs class.
This suggests different dynamics of reversion and irreversible
fixation of mutations that should be further investigated in
future studies.

Limitations

Our study had some limitations. For example, concerning the
analysis time-period, the first years and the more recent ones
can be a bias in the analysis, since the number of individuals
of those years is low compared to other years of resistance test
collection date. Also, our population is mainly from Western
Europe, providing a certain imbalance when characterizing the
population and the TDR and ADR origins regarding geographical
distribution. Another limitation of our study is the definition of
LP as there is lack of consensus as to whether this definition
(“baseline CD4 count in newly diagnosed patient is lower than
350 cells/mm? or has an AIDS-defining event, regardless of CD4
cell count”) is the correct one to characterize those who present
late to diagnosis. Some discuss that the threshold should be CD4
count lower than 200 cells/mm?, i.e., those characterized in LP
with advanced disease.

CONCLUSION

In conclusion, our study showed that the overall TDR and ADR
had a decreasing trend and the prevalence has been steady
through the years. There were no significant differences in the
TDR rate between the LP and NLP (around 12% in both),
with slightly higher levels in the NLP. The mutation profile
was also similar, again with most mutations presenting a higher
prevalence of TDR in NLP and higher prevalence of ADR in LP.
Late presentation for HIV remains a key unresolved challenge in
HIV/AIDS with serious adverse consequences at the individual
and societal levels. Our study highlights ADR and TDR patterns
and drug resistance mutations, alone and according to subtypes
in the LP population, when compared to NLP.
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Abstract

Background: Investigating the role of late presenters (LP) on HIV-1 transmission is
important, as they can contribute to the onward spread of HIV-1 virus in the long period
before diagnosis, when they are not aware of their HIV status

Objective: To describe the clinical and socio-demographic characteristics of HIV-1
infected individuals followed in Europe, to characterize patients in clusters and to
compare transmission clusters (TC) in LP vs non-late presenters (NLP) populations.
Methods: Clinical, socio-demographic and genotypic information from 38531 HIV-1
infected patients was collected from the EuResist Integrated Database (EIDB) between
1981 and 2019. Sequences were aligned using VIRULIGN. Maximum likelihood (ML)
phylogenies were constructed using FastTree. Putative transmission clusters were
identified using ClusterPicker v1.332. Statistical analyses were performed using R.
Results: 32652 (84-7%) sequences were from subtype B, 3603 (9:4%) were from subtype
G, and 2276 (5-9%) were from subtype A. The median age was 33 (IQR: 26-0-41-0) years
old and 75-5% of patients were males. The main transmission route was through
homosexual (MSM) contact (36:9%) and 86-4% were originated from Western Europe.
Most patients were native (84:2%), 59-6% had a chronic infection, and 73-4% had
acquired drug resistance (ADR). CD4 count and viral load at diagnosis (log10) presented
a median of 341 cells/mm3, and of log10 4-3 copies/mL, respectively. 51-4% of patients
were classified as LP and 21-6% patients were inside TCs. Most patients from subtype B
(85-6%) were in clusters, compared to subtypes A (5:2%) and G (9:2%). Phylogenetic
analyses showed consistent clustering of MSM individuals. In subtype A, patients in TCs
were more frequently MSM patients and with a recent infection. For subtype B, patients
in TCs were more frequently those with older age (> 56), MSM transmission route,
originating from Western Europe, migrants, and with a recent infection. For subtype G,
patients in TC were more frequently patients with recent infection and migrants. When
analysing cluster size, we found that NLP more frequently belonged to large clusters (>8
patients) when compared to LP.

Conclusion: While late presentation is still a threat to HIV-1 transmission, LP individuals
are more present either outside or in small clusters, indicating a limited role of late
presentation to HIV-1 transmission.
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74  Introduction
75 At the end of 2020, there were 37-7 million people living with HIV (1) and it is known
76 that in HIV epidemics, certain risk groups contribute to the spread of HIV
77  disproportionately more than others. This can be due to specific demographic, clinical or
78  behavioral factors or to factors related to the infecting strain of the virus (2,3). On the one
79 hand, the literature suggests that a recent infection, without diagnosis, could be
80  disproportionately associated with transmission and spread of HIV-1 disproportionately
81  (4). On the other hand, late presentation to diagnosis has been increasing over the years
82  and in Europe, late presenters (LP) account for around 50% of HIV new diagnosis (5).
83  Late presenters (LP), based on a definition consensus, are HIV-1 infected individuals
84  defined by a baseline CD4 count lower than 350 cells/mm3 or with an AIDS-defining
85 event, regardless of CD4 cell count (6). Late presentation is associated with high
86  morbidity and mortality, at an individual level, and increased health costs (7). Besides
87  those consequences, LP can also contribute to the onward spread of HIV-1 virus at the
88  population level, as these individuals are not aware of their HIV status and could also
89  spread the virus without knowing their infection status (8).
90 The use of powerful tools as phylogenetic trees and transmission clusters (TC) are
91  essential to understand the dynamics of viral transmission and to identify groups of
92  individuals connected to each other (2,9).
93 In this study, we aim to describe the clinical and socio-demographic characteristics of
94  HIV-1 infected individuals followed in Europe according to subtype and to understand
95 the determinants associated with clustering on each of the more prevalent subtypes. The
96 analysis of transmission clusters for the most prevalent HIV-1 subtypes, B, A, and G, and
97  comparison of the patterns of transmission clusters in late presenters (LP) vs non-late
98  presenters (NLP) populations were included in this study.
99

100  Methods

101  Study Group

102  Clinical, socio-demographic and genomic information from 38531 HIV-1 infected

103  patients from the EuResist Integrated Database (EIDB) between 1981 and 2019 were

104  included in this study. The EuResist integrated database (EIDB) is one of the largest

105 existing datasets which integrate clinical, socio-demographic and viral genotypic

106  information from HIV-1 patients. It integrates longitudinal, periodically updated data

107  mainly from Italy (ARCA database), Germany (AREVIR database) Spain (CoRIS and

108  IRSICAIXA), Sweden, Belgium, Portugal, and Luxembourg databases (10).

109 In this study, information from the ARCA, AREVIR, Luxembourg, IRSICAIXA,

110  Portugal and Russia databases were used.

111

112 Institutional Review Board Statement

113 All procedures performed in this study were in accordance with the ethical standards of

114  the institutional and/or national research committees and with the 1964 Helsinki

115  declaration. The database enrolled anonymized patients’ information, including

116  demographic, clinical and genomic data from patients from the EuResist Integrated

117  Database (Date of approval: 15 January 2021).

118

119  Drug Resistance Analysis and Subtyping

120  HIV pol sequences were derived from existing routine clinical genotypic resistance tests

121 (Sanger method). The size of RT and PR fragments used for this analysis was between

122 500 and 1000 nucleotides. Only the first HIV genomic sequence per patient was analyzed.

123 TDR was defined as the presence of one or more surveillance drug resistance mutations
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in a sequence, according to the WHO 2009 surveillance list (11). The sequences were
submitted to the Calibrated Population Resistance tool version 8.0. Clinical resistance to
ARV drugs was calculated through the Standford HIVdb version 9.0.

HIV-1 subtyping was performed using the consensus of the result obtained based on three
different subtyping tools: Rega HIV  Subtyping Tool version 3.46
(https://www.genomedetective.com/app/typingtool/hiv), COMET: adaptive context-
based modeling for HIV-1 (https://comet.lih.lu) and SCUEAL
(“http://classic.datamonkey.org/dataupload scueal.php”).

Transmission cluster (TC) identification

For the analysis of transmission clusters and construction of phylogenetic trees, the
database was divided in three separate datasets, subtype B, A, and G. Control sequences
were retrieved from the Los Alamos database and all HIV-1 pol subtype B, A, and G
sequences from Europe, South America and Africa were included
(http://www.hiv.lanl.gov) (12). We used as the outgroup reference three subtype B and C
references retrieved from the Los Alamos database. For each subtype, sequences were
aligned against the control sequences dataset using VIRULIGN (13). The HIV-1
K03455.1 (HXB2) pol nucleotide sequence (nt) was used as reference for codon correct
alignment. The dataset was then manually edited to exclude sequences with low quality,
duplicates and clones using MEGA7 software. The final datasets of subtypes B, A, and
G consisted of 62543, 10122, and 5547 sequences, respectively, with a length of 948.
Maximum likelihood (ML) phylogenies were constructed in FastTree with the
generalized time reversible model. Statistical support of clades was assessed using the
Shimodaira-Hasegawa-like test (SH-test). Putative transmission clusters were identified
using ClusterPicker v1.332 (14) and defined a threshold that included a genetic distance
of 0.030 and a branch support >0-90 aLRT. For analyses of cluster size, we defined
clusters with 8 patients or more as large clusters and cluster with less than 8 patients as
small clusters. The visual configuration of the phylogenetic trees was possible through
the iTOL programme.

Study Variables
New variables were created according to:

e Migration Status- Based on Country of Origin and Country of Follow-up (if
country of origin and country of follow-up is the same, then patient was classified
as native; otherwise as migrant)

e Age at Resistance Test - Based on the difference between Year of Birth and Date
of the first drug resistance test;

Region of Origin- Based on Country of Origin;

e Treatment Status at date of first Drug Resistance Test — based on the difference
between sample collection date for first drug resistance test and date of start of
first therapy:

ART-naive—> patients who had a sample collection date for first drug resistance
test before the date of start of first therapy

ART-experienced—> patients who had a sample collection date for first drug
resistance test after the date of start of first therapy

e Recentness of infection - Based on ambiguity rate of genomic sequences. We
defined Chronic Infection if the ambiguity rate was higher than 0-45% otherwise
Recent infection was defined, as previously described (15).
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173 e LP vs NLP at HIV diagnosis- Based on CD4 count, LP were defined as patients
174 with a baseline CD4 count =< 350 cells/mm3 and NLP were defined as patients
175 with baseline CD4 count > 350 cells/mm3 (6).

176

177  Statistical analysis

178 The proportion and median (interquartile range, IQR) were calculated for every
179  categorical and continuous variable, respectively. The treatment status variable was
180 compared with the categorical variables with Chi-square test, and continuous variables
181  with Mann-Whitney U test. Logistic regression was used to analyze the association
182  between demographic, clinical factors, clustering status and the subtypes. First, we
183  presented the logistic regression with the unadjusted odds ratios (WOR) and confidence
184  intervals at 95% (95% CI), then we included only the variables with a p-value <0-05 in
185 the final model. The final model was adjusted for sex, this variable was forced into the
186 model regardless of its significance. Data was analyzed using RStudio (Version
187  1.2.5033).

188

189  Results

190 Characteristics of European Population

191  Among the 38531 HIV-1 infected patients from the EIDB included in the analysis, 32652
192 (84:7%) were from subtype B, 3603 (9:4%) were from subtype G and 2276 (5-9%) were
193  from subtype A. The median age at resistance test was 40-0 (34:0-47-0) years old and
194 75-5% of HIV-1 infected patients were males. The main transmission route was through
195  homosexual (MSM) contact (36-9%). For subtype B, the MSM route (40-7%) was also
196  the most prevalent route whereas was the heterosexual route was the predominant route
197  for subtype A and G (43-3% and 49-9%, respectively) (Data not shown). 86-4% of
198  patients were originated from Western Europe and according to subtypes, South America
199 was the most prevalent region of origin for subtype B, whereas subtype A-infected
200  patients were mainly from Eastern Europe region and for G it was Africa region the most
201  prevalent. Most patients included in this study were native (84:2%) and according to
202  subtype, while in subtype B natives were more prevalent (94:8%), in subtype A and G
203  were migrants (13-8% and 16-6%). Based on the ambiguity rate of the first genomic
204  sequence, most patients were classified as presenting a chronic infection (59-6%). Most
205  patients were ART-experienced (59%) and 73-4% had acquired drug resistance (ADR).
206 CD4 count at diagnosis and viral load at diagnosis (logl0) presented a median of 341
207  cellsy'mm3 (IQR 170-540) and log10 4-3 copies/mL (IQR 3-4-5-0), respectively. 21-6%
208  of patients were represented within transmission clusters and 51:4% of patients were
209 classified as LP (CD4<350 cells/mm3). Most patients from subtype B (85-6%) were
210  located in clusters in contrast to subtypes A (5:2%) and G (9:2%) (Table S1).

211

212 Dynamics of subtype A HIV-1 epidemic in Europe

213 Based on the sequences from our database and the control sequences retrieved, we could
214  observe that the majority of the subtype A population had its origin in Africa, and the
215  major route of transmission was heterosexual. There were some individuals with IDU
216  transmission. The phylogenetic analyses indicates that most EuResist patients cluster in
217  two different parts of the tree, indicated with arrows A and B in figure 1, suggesting two
218  parallel epidemics of subtype A in Europe. The first cluster was related to patients
219  originating from Africa and Eastern Europe through heterosexual and IDU transmission
220  (cluster A) and the other was linked to patients originating from Western Europe with
221  MSM transmission (cluster B). LP individuals are mostly concentrated in cluster A,
222 where the majority of individuals are also migrants (Figure 1).
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Figure 1. Phylogenetic tree for Subtype A. This image shows a visual phylogenetic tree of the subtype A
population. The region A, figure 1.a), shows a clustering of individuals originating from Africa and Eastern
Europe with a heterosexual and IDU transmission, the region B, figure 1.b), shows a clustering of
individuals originating from Western Europe and MSM transmission. C- Clusters; RO- Region of origin;
T- Transmission; LP- Late presenters vs non-late presenters; MS- Migration status

Dynamics of subtype B HIV-1 epidemic in Europe

Based on the sequences from our database and the control sequences retrieved, we could
observe that most subtype B patients originated from Western Europe, are native and
MSM. Individuals with IDU transmission originating from Western Europe dominate one
cluster of the tree (indicated with an arrow). LP and NLP individuals are distributed
evenly in the tree. Based on the configuration of the phylogenetic tree and apart from the
cluster dominated by IDUs, there seems to be no major compartmentalization patterns in
the subtype B epidemic in Europe (Figure 2).
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%1318 Figura 2. Phylogenetic tree for Subtype B. This image shows a visual phylogenetic tree of the subtype B
241 population. The region highlighted with an arrow shows a clustering of individuals with an IDU
242 transmission and originating from Western Europe. C- Clusters; RO- Region of origin; T- Transmission;
243 LP- Late presenters vs non-late presenters; MS- Migration status

244

245  Dynamics of subtype G HIV-1 epidemic in Europe

246  Based on the sequences from our database and the control sequences retrieved, we could
247  observe two major regions of origin - Western Europe and Africa — compose the subtype
248  Gepidemic of HIV-1 in Europe. These are largely divided in two major clusters indicated
249  with arrows A and B in the Figure 3. Most individuals are heterosexuals and LP dominate.
250  The tree configuration indicates lack of compartmentalization of subtype G epidemic in
251  Europe and suggests frequent importations of subtype G.

252
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253
254 Figure 3. Phylogenetic tree for subtype G. This image shows a visual phylogenetic tree of the subtype G
255 population. The regions highlighted with arrows shows a clustering of individuals originating from Western
256 Europe and Africa. C- Clusters; RO- Region of origin; T- Transmission; LP- Late presenters vs non-late
257 presenters; MS- Migration status
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Determinants associated with transmission clusters of HIV-1 in Europe for different
subtypes

In the first unadjusted logistic regression model for Subtype A, the variables associated
with a patient being in clusters from subtype A were male individuals (p<0-001), MSM
(p<0-001) route of transmission, having a recent infection (p<0-001) and being NLP
(p=0-004) (Table S2).

In the final logistic regression model for subtype A, we adjusted the model to the variable
sex, and individuals with a MSM transmission route were more likely to be in clusters
when compared to heterosexual route (OR:2-65, p=0-001). Patients with a recent
infection were more likely to be in clusters when compared to individuals with a chronic
infection (OR:2-70, p<0-001) (Table 1.).

In the subtype B unadjusted logistic regression model, the variables associated with a
patient being in clusters were male individuals (p<0-001), individuals with an age at
resistance test between 19-30 years (p<0-001), route of transmission of MSM (p<0-001),
patients originating from Eastern Europe (p<0-001), being migrant (p<0-001) and having
arecent infection (p<0-001). Also, not having ADR (p<0-001), being NLP (p<0-001) and
higher levels of viral load (p<0-001) were also associated with being in clusters from
subtype B (Table S2).

The final logistic regression model was adjusted to sex and the determinants associated
with a patient being in clusters from subtype B were males (OR:1-18, p=0-037), age at
resistance testing, individuals with an age between 19-30 years were more likely to be
within clusters (OR:1-49, p=0-002) when compared to older age (>56 years old).
Individuals with a MSM transmission route were more likely to be in clusters when
compared to heterosexual route (OR:1-74, p<0-001), while individuals with a IDU
transmission route were less likely to be in clusters when compared to heterosexuals
(OR:0-58, p<0-001). Patients originated from South America had a lower probability of
being in clusters when compared to patients originated from Western Europe (OR:0-30,
p<0-001). Native individuals were less likely to be in clusters when compared to migrants
(OR:0-60, p<0-001) and individuals with a recent infection were more likely to be in
clusters when compared to individuals with a chronic infection (OR:1-88, p<0-001)
(Table 1.).

In the subtype G unadjusted logistic regression model, the variables associated with a
patient being in clusters were female individuals (p=0-012), being native (p=0-015),
having a recent infection (p<0-001), not having ADR (p<0-001) and being NLP
(p=0-037) (Table S2).

The final logistic regression model was adjusted to sex and individuals from subtype G
and in clusters were more likely to be native when compared to migrants (OR:1-55,
p=0-021). Other factor associated with a patient being in clusters from subtype G was to
have a recent infection when compared to those individuals with a chronic infection (OR:
1-99, p<0-001) (Table 1.).
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302 Table 1. Determinants associated with belonging to a transmission cluster according
303  to Subtype A, B and G.
Subtype A Subtype B Subtype G
In clusters/Out-of-clusters Final Model (Stepwise) Final Model (Stepwise) Final Model (Stepwise)
aOR (95%CI) p-value | aOR (95%CI) p-value | aOR (95% CI) | p-value
Sex Female Ref Ref Ref Ref Ref Ref
Male 1-44(0-95-2-18) | 0-083 | 1-18(1-01-1-38) | 0-037 | 0-80 (0-56-1-16) | 0-237
Age at resistance | <18 1-32(0-70-2-50) | 0-391
test
19-30 1-49 (1-20-1-86) | <0-001
31-55 1-05(0-87-1-28) | 0-617
>56 Ref Ref
Transmission Heterosexua | Ref Ref Ref Ref
Route 1
MSM 265 (1-50-4:69) | 0-001 1-74 (1-52-2-:00) | <0-001
IDU 0-79 (0-50-1-25) | 0-308 0-58 (0-49-0-68) | <0-001
Other 0-91 (0-51-1-61) | 0-747 | 0-73 (0-53-1-01) | 0-057
Region of Origin | Western Ref Ref
Europe
Eastern 1-00 (0-69-1-46) | 0-997
Europe
Africa 0-75 (0-46-1-22) | 0-249
South 0-30 (0-21-0-44) | <0-001
America
Other 0-61 (0-39-0-95) | 0-028
Migration Status | Migrant Ref Ref Ref Ref
Native 0-60 (0:49-0-72) | <0-001 | 1-55 (1-07-2-25) | 0-021
Recentness of | Chronic Ref Ref Ref Ref Ref Ref
Infection
Recent 270 (1-88-3-88) | <0-001 | 1-88(1-70-2:07) | <0-001 | 1-99 (1-37-2:87) | <0-001
ADR Yes
No
LP/NLP LP
NLP
Viral load groups | <4.0
4.1-5.0
>5.1
304
305 Transmission Clusters analysis:
306  Of the 38531 patients, 8335 were in clusters (21:6%). The minimum clusters size was 2
307  and the maximum clusters size was 52 (data not shown).
308  The proportion of late presenters and non-late presenters in clusters was analyzed and LP
309 were more in small clusters (95:7%) than NLP (92-4%). Also, LP within the small
310  clusters were more in dual clusters (65-6%) (2 patients per clusters) (Figure 4.A).
311  We also analyzed the proportion of migrants vs natives in clusters, and migrants were
312 more in large clusters (6-6%) than natives (4-8%) (Figure 4.A).
313  According to subtypes, subtype A had a higher proportion of patients in dual clusters
314 (61-9%), subtype B had a higher proportion of patients in clusters of 9 or more (6-1%)
315  and subtype G has a higher proportion of patients in clusters between 3-5 and 6-8 clusters
316 (36-4% and 8-1%, respectively) (Figure 4.B).
317
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Figure 4. General clusters size characterization (A) and clusters size according to subtypes (B).

Transmission Clusters in LP vs NLP:

Here we studied the associated characteristics to LP vs NLP in clusters. Although, within
the clinical and socio-demographic characteristics, there were specific characteristics of
LP in clusters and NLP in clusters. LP were mainly out-of-clusters in all subtypes. In
subtype A the variables associated with being LP vs NLP in clusters were age at resistance
test (p=0-029) and recentness of infection (p=0-017), where LP individuals in clusters
were older than 31yo (p=0-001; p=0-030), while NLP in clusters were males (p=0-002),
with an age between 19-30yo (p=0-027) and a recent infection (p<0-001).

LP vs NLP with subtype B in clusters were associated with age at resistance testing
(p<0-001), treatment status (p<0-001), transmission route (p=0-033), recentness of
infection (p<0-001), viral load (p<0-001) and ADR (p=0-010). Where LP in clusters were
older than 31yo (p<0-001; p<0-001), ART-experienced (p<0-001), originating from
Eastern Europe (p<0-001), viral load higher than 5.1 copies/mL (p<0-001) and having
ADR (p<0-001). While NLP in clusters were males (p<0-001), younger than 30yo
(p<0-001;p<0-001), ART-naives (p<0-001), with a MSM and IDU route of transmission
(p<0-001 and p=0-047, respectively), from Western Europe (p<0-001), with a recent
infection (p<0-001) and a viral load lower than 4.0 copies/mL (p<0-001).

LP vs NLP with subtype G in clusters were associated with the variables treatment status
(p=0-015), recentness of infection (p=0-001), and transmission route (p=0-035). LP in
clusters were mainly females (p=0-002), ART-experienced (p<0-001), with a chronic
infection (p<0-001) and an IDU transmission route (p=0-011). For this subtype, MSM
route in clusters was 100% related to NLP, but without being statistically significant
(Table 2.)
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346  Table 2. Characteristics of LP and NLP in clusters according to subtypes

In clusters
LP NLP p-value p-value
compared

Subtype A
Sex 0-052
Male (n=109) 43 (39:4%) 66 (60-6%) 0-002
Female (n=64) 35 (54-7%) 29 (45-:3%) 0-288
Age at resistance test 0-029
<18 (n=4) 1 (25%) 3 (75%) 0-157
19-30 (n=33) 12 (36:4%) 21 (63:6%) 0-027
31-55 (n=62) 40 (64-5%) 22 (35:5%) 0-001
>56 (n=12) 8 (66:7%) 4 (33:3%) 0-030
Recentness of infection 0-017
Chronic (n=84) 45 (53-6%) 39 (46:4%) 0-351
Recent (n=95) 34 (35-8%) 61 (64-2%) <0-001
Subtype B
Sex 0-879
Male (n=3421) 1632 (47-7%) 1789 (52-:3%) <0-001
Female (n=629) 298 (47-4%) 331 (52-:6%) 0-065
Age at resistance test <0-001
<18 (n=16) 2 (12-:5%) 14 (87:5%) <0-001
19-30 (n=608) 216 (35:5%) 392 (64-5%) <0-001
31-55 (n=2307) 1215 (52:7%) 1092 (47-3%) <0-001
>56 (n=245) 154 (62-9%) 91 (37-1%) <0-001
Treatment Status <0-001
ART-naive (n=2121) 1014 (47-8%) 1107 (52-2%) 0-004
ART-experienced (n=1284) 707 (55-1%) 577 (44-9%) <0-001
Transmission Route 0.033
Heterosexual (n=712) 373 (52-4%) 339 (47:6%) 0-070
MSM (n=1626) 760 (46-7%) 866 (53-3%) <0-001
IDU (n=427) 199 (46-6%) 228 (53:4%) 0-047
Region of Origin 0-256
Western Europe (n=2795) 1332 (47-7%) 1463 (52-:3%) <0-001
Eastern Europe (n=81) 47 (58%) 34 (42%) 0-042
Africa (n=53) 26 (49-1%) 27 (50-9%) 0-853
South America (n=88) 46 (52:3%) 42 (47-7%) 0-542
Recentness of infection <0-001
Chronic (n=1942) 1126 (58%) 816 (42%) <0-001
Recent (n=2181) 834 (38-2%) 1347 (61-8%) <0-001
Viral load (log10) <0-001
<4.0 (n=598) 201 (33-6%) 397 (66-4%) <0-001
4.1-5.0 (n=601) 265 (44-1%) 336 (55:9%) <0-001
>5.1 (n=537) 342 (63-7%) 195 (36-:3%) <0-001
ADR 0-010
Yes (n=240) 296 (61-3%) 187 (38:7%) <0-001
No (n=483) 123 (51-2%) 117 (48-8%) 0-456
Subtype G
Sex 0-460
Male (n=142) 78 (54-9%) 64 (45-1%) 0-099
Female (n=140) 83 (59-:3%) 57 (40-7%) 0-002
Treatment Status 0.015
ART-naive (n=73) 39 (53.4%) 34 (46.6%) 0.075
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In clusters
LP NLP p-value p-value
compared

ART-experienced (n=92) 66 (71.7%) 26 (28.3%) <0.001
Recentness of infection 0-003
Chronic (n=152) 99 (65-1%) 53 (34-9%) <0-001
Recent (n=130) 62 (47-7%) 68 (52-:3%) 0-458
Transmission Route 0-035
Heterosexual (n=42) 22 (52-4%) 20 (47-6%) 0-660
MSM (n=4) 0 4 (100%) 0-516
IDU (n=25) 17 (68%) 8 (32%) 0-011

347

348  Discussion:

349 In the current work, the use of the genomic sequences from the EuResist database
350 combined with genomic sequences collected from public databases provides a
351  comprehensive sample to study and characterize HIV-1 transmission clusters in Europe.
352 On the one hand, HIV-1 transmission investigations are possible through reconstruction
353  of transmission clusters. Information collected through such studies in a large scale can
354  be highly useful for public health purposes, to fine-grain transmission patterns with higher
355  resolution compared to classical epidemiology.

356  We reconstructed transmission clusters of HIV-1 in Europe with the specific objective of
357  understanding the role of LP on transmission of infection. Specifically, we aimed to
358 understand HIV-1 transmission clusters and determinants associated to transmission in
359  clusters, taking into account the independent pandemics of the most prevalent subtypes
360 in our population, A, B and C and to understand clustering patterns of LP and NLP in
361  each subtype.

362  In our population the majority of patients were from subtype B, males, with MSM route
363  of transmission and the region of origin of was Western Europe. These results are in
364  accordance with a previous study conducted in Europe to analyse the distribution of
365  subtypes (18).

366  We decided to study the transmission patterns of HIV-1 mainly according to subtypes,
367  since there has been some discussion regarding the biological differences between them
368 and mostly because of the higher prevalence of subtype B among Western Europe
369 individuals (16). There were more patients outside TCs (78-4%) compared to those inside
370  TCs (21:6%), in agreement with our study population based on sequences isolated at the
371  first resistance test (17).

372 For subtype B, it was expected that one of the factors identified as associated with being
373  inside a cluster was indeed the MSM transmission route (ref). For subtype A, we also
374  found MSM transmission route as a factor associated with being inside clusters. The fact
375  that the MSM route of transmission is being associated with clustering in other non-B
376  subtypes is in accordance with some studies that report an increase of non-B subtypes
377  associated with MSM route (19-21). Nevertheless, we expected an association of IDU
378  route of transmission and subtype A since both subtype and route of transmission are
379  highly prevalent in Eastern Europe where this type of transmission route is also prevalent
380 (22). On the other hand, in subtype G, being inside a cluster was associated with
381  heterosexual transmission, as expected (23,24). We also found that, for subtype B, the
382  ageatresistance test was associated with being in cluster, with a higher probability among
383  individuals with younger age. This is in accordance with some other studies (17,25).
384  Migration status was also associated with being in clusters: migrants infected with
385  subtype B were mainly in a cluster, and migrants infected with subtype G were less likely
386 to be in a cluster. These results were in accordance with a recent study focusing on

77



RESULTS

387  migration and HIV-1 in Portugal (26). These results could be explained by the region of
388  origin of migrants. Subtype B had higher prevalence of migrants from Brazil, and Brazil
389  has a concentrated HIV epidemic among MSM population (27,28).

390 Regarding the potential association between transmission clusters and late presentation,
391  we found that both LP and NLP were mainly outside clusters. As for the differences
392 between the populations of LP and NLP inside clusters, these patterns were consistent
393  between subtypes A and B: concerning sex, there were more NLP males inside cluster;
394  concerning age, there were older LP, with a higher and growing proportion as age
395 increases. Subtype G had the most different patterns of all. Furthermore, for subtypes B
396 and G individuals, there were more treated patients among LP than among NLP inside
397  clusters. As for transmission route, for subtype G, we found more LP with an IDU
398 transmission route inside clusters. Finally, for subtype B, it was interesting to observe
399 that LP located inside clusters had higher viral loads than NLP. These results could not
400 be compared by LP and NLP populations, nevertheless our results are overall in
401  accordance with some studies (17,26,28).

402  Finally, we found that LP were more frequently present in small clusters or outside
403  clusters compared to NLP which can indicate a limited role of this population on HIV-1
404  transmission, given the less frequent presence of these patients in TCs. However higher
405  viral loads were observed in LP located inside clusters that can indicate higher
406 transmissibility of infection within individuals from the TCs.

407  Finally, there is still scarce to none information regarding transmission clusters and late
408  presentation. We studied here the association of transmission clusters according to
409  subtypes in LP and NLP, and our results showed that the patterns of LP vs NLP in TCs
410 presented similar characteristics in subtypes A and B, but not in subtype Gdominated by
411 LP.

412

413  Limitations:

414  In our study we did not used the time and place of the most recent common ancester
415 (tMERCA), instead we used a total number of sequences from a specific region. This
416  methodology can cause some sampling bias since sequences can artificially be in cluster
417  due to their shared region of origin.

418

419  Conclusion:

420  In conclusion, our study presented an updated description of the socio-demographic and
421  clinical characteristics of HIV-1 infected individuals followed in Europe according to
422 subtype. Our study also highlights the patterns of transmission clusters in LP vs NLP
423  populations selected in the european dataset of EuResist. We conclude that late
424 presentation could have a limited role on HIV-1 transmission. However further
425  investigation should be considered to exclude LP classification bias, and to better estimate
426  the time of infection based on phylogenetic trees reconstruction and molecular clock
427  analysis.

428
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RESULTS

82

575  Table Supplementary 1. Patients socio-demographic and clinical characteristics

576
Patient Characteristics Total Subtype A Subtype B Subtype G p-value
Total 38531 (100) 2276 (5°9) 32652 (84°7) 3603 (9°4)
Sex, n (%) 36699 (95°2) 2011 (5°5) 31200 (85°0) 3488 (9°5)
Male 27715 (75°5) 1156 (4°2) 24570 (88°6) 1989 (7°2) <0-001
Female 8984 (24°5) 855(9°5) 6630 (73°8) 1499 (16°7)
Median age at resistance 18421 (47°8) 631 (3'4) 17149 (93°1) 641 (35)
teste in years IQR, n (%) <0001
4070 (340-47°0) 37-0(30°0-45°0) 410 (35°0-47°0) 340 (28:0-41°0)
<18 233(1°3) 32(13°7) 143 (61°4) 58(24°9)
19-30 2529 (13°7) 150 (5°9) 2200 (87°4) 170 (6°7) <0-001
31-55 14199 (77°1) 390 (2°7) 13430 (94°6) 379 (27)
256 1460 (7°9) 59 (4°0) 1367 (93°6) 342°4)
Transmission Route, n (%) | 18140 (47-1) 1230 (6°8) 16129 (88°9) 781 (4°3)
Heterosexual 5568 (30°7) 532(9°6) 4646 (83°4) 390 (7°0) <0001
MSM 6692 (36°9) 97 (1°4) 6566 (98" 1) 29 (0°4)
DU 4883 (26°9) 433 (8°9) 4269 (87°4) 181 (3'7)
Other 997 (5°5) 168 (16°9) 648 (65°0) 1818 (18°2)
Region of origin, n (%) 23647 (61°4) 1277 (5°4) 20595 (87°1) 1775 (7°5)
Western Europe 20440 (86°4) 482 (2°4) 18836 (92°2) 1122 (5°5)
Eastern Europe 933 (3'9) 468 (50°2) 365 (39°1) 100 (10°7) <0°001
Africa 1162 (4°9) 294 (25°3) 343 (29°5) 525 (45°2)
South America 787 (3°3) 11(1°4) 754 (95°8) 22(2:8)
Other 325 (1°4) 22 (6°8) 297 (91°4) 6(1°8)
Migration Status 16101 (41°8) 574 (3°6) 14629 (90°9) 898 (5°6)
Migrant 2543 (15°8) 351 (13°8) 1771 (69°6) 421 (16°6) <0-001
Native 13558 (84°2) 223 (1°6) 12858 (94°8) 477 (3°6)
Clusters 38531 (100) 2276 (5°9) 32652 (84°7) 3603 (9°4)
In Clusters 8335 (21°6) 433(52) 7136 (85°6) 766 (9°2) 0006
Out-of-Clusters 30196 (78°4) 1843 (6°1) 25516 (84°5) 2837 (9°4)
Treatment Status 21687 (56°3) 709 (3°3) 19387 (89°4) 1591 (7°3)
ART-naive 8887 (41-0) 443 (5°0) 8046 (90°5) 398 (4°5) <0001
ART-experienced 12800 (59°0) 266 (2°1) 11341 (88°6) 1193 (9°3)
Recentness of infection 38531 (100) 2276 (5°9) 32652 (84°7) 3603 (9°4)
Recent 15571 (40°4) 929 (6°0) 13322 (85°6) 1320 (8°5) <0-001
Chronic 22960 (59°6) 1347 (5°9) 19330 (84°2) 2283 (9°9)
TDR 7727 (20" 1) 393 (5°1) 7035 (91+0) 299 (3-9)
Yes 967 (12°5) 17 (1°8) 918 (949) 32(3:3) <0-001
No 6760 (87°5) 376 (5°6) 6117 (90°5) 267(3°9)
ADR 6184 (16°0) 133(2°2) 5320 (86°0) 731 (11°8)
Yes 4542 (73°4) 73(1°6) 3958 (87" 1) S11(11°3) <0-001
No 1642 (26°6) 60 (3'7) 1362 (82°9) 220 (13°4)
Median CD4 count at 24321 (63°1) 1011 (4°2) 21583 (88°7) 1727 (7°1)
diagnosis (cells/mL) IQR, n <0°001
(%) 341+0 (1700-540°0) 3280 (174°0-510°0) | 349°0(172:0-547-0) | 273°0 (139-0-4450)
LP 12501 (51°4) 545 (4-4) 10875 (87°0) 1081 (8°6)
NLP 11820 (48°6) 466 (3°9) 10708 (90°6) 646 (5°5) <0°001
Viral Load at diagnosis 15670 (40°7) 614 (3-9) 13105 (83°6) 1951 (12°5)
(logyo copies/mL) IQR, n <0°001
%) 43 (3°4-5°0) 43(34-5°1) 43(33-5°0) 45(3°7-5°1)
<40 6210 (39°6) 246 (4°0) 5315 (85°6) 649 (10°5)
4.1-5.0 5361 (34°2) 197 (3'7) 4436 (82°7) 728 (136) <0-001
251 4099 (26°2) 171 (4°2) 3354 (31°8) 574 (14°0)
577




RESULTS

578 Table Supplementary 2. Unadjusted analysis for determinants associated with belonging to a transmission
579  cluster according to Subtype A, B and G

Subtype A Subtype B Subtype G
In clusters/Out-of-clusters Unadj d Model Unadj d Model Unadj d Model
uOR (95%CI) p-value uOR (95%CI) p-value__| uOR (95% CI) p-value
Sex Female Ref Ref Ref Ref Ref Ref
Male 1°84 (1°46-2°32) <0001 1°49 (1°38-1'59) <0001 081 (0°69-0°96) 0-012
;‘gte at resistance | <I8 0756 (0°16-1"90) 0°353 072 (0°45-1°17) 0187 1-85(0°35-9°71) 0°469
es
19-30 1°19(0°57-2°49) 0641 1°72(1°47-2°03) <0°001 289 (0°65-12°80) 0°162
31-55 0°76 (0°38-1°50) 0423 0°91 (0°80-106) 0-223 216 (0-50-9-30) 0303
>56 Ref Ref Ref Ref Ref Ref
Transmission Heterosexual Ref Ref Ref Ref Ref Ref
Route
MSM 346 (2°12-565) <0001 184 (1°67-2°02) <0°001 | 1°51(0°62-3°67) 0°367
IDU 0°76 (0°51-1"13) 0-178 060 (0°53-0°68) <0001 152 (0°99-2°34) 0°055
Other 1°06 (0°64-1'77) 0°810 0°76 (0°60-0°97) 0°025 0°76 (0°46-125) 0276
Region of Origin Western Europe Ref Ref Ref Ref Ref Ref
Eastern Europe 0°63 (0°46-0°87) 0°005 1°58 (1°26-1"99) <0001 0°67 (0°40-1"14) 0°141
Africa 0°55 (0°37-0°80) 0°002 1°11 (0°86-1-43) 0424 0757 (0°43-0°75) <0°001
South America 1°20 (0°31-4°59) 0793 0°94 (0°78-1"12) 0-478 212 (0-90-5-02) 0087
Other 120 (0°46-313) 0714 1:02 (0°77-134) 0°917 0°61 (0°07-5°27) 07656
Migration Status Migrant Ref Ref Ref Ref Ref Ref
Native 148 (0°97-2°27) 0°070 0°72 (0°64-0°81) <0001 157 (1°09-2°26) 0°015
Recentness of | Chronic Ref Ref Ref Ref Ref Ref
Recent 2°70(2.18-3.35) <0001 2:22(2°10-2°34) <0001 2°31(1°96-2°72) <0001
ADR Yes Ref Ref Ref Ref Ref Ref
No 2°01 (0°87-4°64) 0°102 1°54 (1°30-182) <0001 2°35(1°47-3"74) <0001
LP/NLP LP Ref Ref Ref Ref 1 1
NLP 1-61 (116-223) 0-004 1-15 (1-08-1°23) <0°001 1-32 (102-1°71) 0037
Viral load groups <4.0 Ref Ref Ref Ref 1 1
4.1-5.0 1:15(0°67-1+98) 0°603 1:27 (1°14-1-42) <0°001 | 1°16(0°88-1°53) 0297
>5.1 166 (0°98-2°82) 0°060 1°55 (1°38-1:73) <0°001 | 1°24(0°93-166) 0°144
580
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5. General Discussion and Conclusions

5.1. Discussion

There are some studies regarding LP worldwide, but none regarding recent years. The
most recent in Europe was published in 2020 and included two major European cohorts
of HIV-1 infected individuals, although the timelines of the study were between 2010-
2013 (the COHERE) and between 2001-2016 (the EuroSIDA), and in that study LP
accounted for 48.4% of the study population (1).

This thesis presents up to date information regarding HIV-1 and late presentation in
a timeline between 1981 and 2019, based on the in-depth analyses of the EIDB, which
included information combining ARCA (Italy), AREVIR (Germany), CoRIS and
IRSICAIXA (Spain), Portugal, United Kingdom, Russia and Luxembourg databases from
treated and naive patients followed up in these countries. Since it has been hypothesized
that LP could sustain the HIV epidemic and contribute to the onward spread of the virus,
this work had the objective of explaining the determinants of late presentation for HIV-1
infection in Europe, give an overview of TDR and ADR in the overall European
population and in LP and NLP and to construct transmission clusters of HIV-1 infection

and identify and describe the role of LP and NLP populations in such clusters.

The first study (Manuscript I) described late presentation and its determinants in
Portugal, based on a combined laboratory and clinical database from Egas Moniz hospital
in Lisbon. The study showed that LP accounted for half of the infected individuals in this
database. LPs in this study were mainly males, self-reported heterosexual transmission
route, aged between 31-55 years and the main region of origin was Portugal and, for
migrants, was Sub-Saharan Africa. The results we achieved were in accordance with
studies from other European countries, where for example, migrants from Sub-Saharan
Africa had a higher prevalence among LP in a study in Spain, Germany and Switzerland
(2—4). In a study in United Kingdom, late presentation was also associated with older age
(5) and in a study from Germany heterosexual transmission was also higher among LP
(3). Also, given that in this study we had information regarding stage of infection, we

could use this dataset of patients as a partial validation for our classification of LP and
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NLP populations: logistic regression indicated a significant association between stage
of infection and late presentation status, as expected. Given these findings and that our
results were in accordance with other European countries studies, we extended our
analyses in order to understand the determinants associated with late presentation for the

rest of the Europe and its evolution through time.

For that purpose, we used the EuResist database for the other studies. The second
study (Manuscript I1) was the most recent update on the HI'V epidemic of late presentation
in Europe, since the latest published study analyzed data collected until 2016 (1). Herein,
we did not have information concerning stage of infection. As such late presentation was
defined based on the CD4 count thresholds established by the European Late Presenter
Consensus working group, which states LP as an individual presenting a TCD4+ count
lower than 350 cells/mm3 or an AIDS-defining event, regardless of TCD4+ cell count
(6). To overcome that bias, we created a new variable, based on the level of ambiguity on
the genomic sequences of the patients. As such, to validate our classification of LP, we
studied the association between CD4 count and the ambiguity rate. Results showed that
there was a negative correlation, that is, when CD4 count was higher, the ambiguity rate
was lower, consistently indicating a more recent infection (R?>= 0.023). On the other hand,
our logistic regression model indicated the ambiguity rate as a determinant associated
with LP, i.e., that LP had a higher probability of having a higher ambiguity rate. This
definition of chronic vs recent infection according to ambiguity rate is well documented
throughout Manuscript II and in a study from Andersson et.al regarding ambiguity rate
(7). The fact that LP are associated with a more chronic infection indicates consistency
of the two definitions, one based on the ambiguity rate of the genomic sequence (chronic
vs recent), and the other based on the CD4 count of the patients (LP vs NLP). The results
found herein were also in accordance with our first study made in Portugal (Manuscript
I) and where we had information regarding stage of infection. In future work, we expect
to test and validate our approach on datasets that included genomic sequences generated
through next-generation sequencing, in which the genetic diversity of the quasispecies
can be measured and be more accurate to establish time since infection than ambiguity

rate on its own (8,9).
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As in our Portuguese study (Manuscript I), late presenters in Europe accounted for
half of the HIV-1 infections (50.4%). Compared to other studies, the population of LP in
our study presented similar characteristics: there were mainly males, with heterosexual
transmission route and with Western Europe as main region of origin, as found in our
Portuguese study and some other from Europe (10—12). The determinants associated with
being LP in Europe, besides having a chronic infection, were Africa origin, older age,
heterosexual contact and a higher viral load at diagnosis. These were again consistent
with those found in our Portuguese study (Manuscript I) and in other studies regarding
late presentation (13—16). The final step of our analyses - Bayesian network (BN)
analyses — allowed to correct for potential dependencies between variables considered as
independent for the multivariate logistic regression. Bayesian network analyses results
strengthen the results obtained through logistic regression, where the variables directly
associated with LP were the same as in the logistic regression model. An important
achievement of this study was that we could demonstrate the evolution of LP through the
years, and it was shown that late presentation was constant and always with a value
around 50%. Considering these results, we could hypothesize that the present strategies
for HIV prevention and early diagnosis have not been efficient for LP populations. These
findings could help future stakeholders and health authorities to elaborate prevention
strategies directed at this population. At the end of this section, we elaborate on potential

strategies for these populations.

Studies 3 and 4 (Manuscripts III and IV) had an innovative perspective towards LP,
since they focus on drug resistance and transmission clusters among the populations of
LP and NLP. It is known that the high error rate of RT, recombination, replication rate
and population sizes during infection lead to high levels of HIV-1 genetic diversity that
allows for development of drug resistance, which is recognized as a major problem
globally. As such, continuous surveillance and research on HIV-1 genetic diversity and
drug resistance and of its evolution throughout the years remains mandatory (17). We
acknowledge drug resistance and late presentation as two important problems that may
contribute to the failure of the UNAIDS targets for ending the pandemic by 2030. In study
3 (Manuscript III), we had the objective of analyzing HIV-1 TDR and ADR in the
populations of LP and NLP using the same database used in Manuscript II. Since

information regarding this topic in this specific population is still scarce, we decided to
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adopt a comparative perspective of the TDR and ADR patterns among those two
populations. Furthermore, this study also compares the most prevalent drug resistance

mutations between subtypes: subtype B vs non-B subtypes.

There are many studies about the prevalence of TDR and ADR among European
countries individually (18-20). However, there are no recent studies regarding TDR and
ADR prevalence in Europe with various countries included in the analysis. The most
recent study about this topic includes only TDR and is a median of overall TDR values
from different studies according to different countries (21). Herein, we presented an
overview of the proportions and trends of TDR and ADR among the HIV-1 infected
population, and then to compare its patterns among LP and NLP populations. Overall,
TDR had a prevalence of 12.8%, which was higher when compared to individual studies
from other countries in and outside Europe (20,22-26) and to a study including 26
European countries between 2008-2010 where TDR prevalence was 8.3% (27).
Regarding ADR, the overall prevalence was 68.5% which was also higher when
compared to other studies of ADR prevalence (28—-30). The fact that our results might be
higher when compared to other studies could be due to the timeline included in our study
being so broad (patients diagnosed between 1981 and 2019) or it could also be related to
the low genetic barrier of previous generation of ARV drugs (31). We also estimated the
overall trends for TDR and ADR and both presented a decreasing trend over the years,
which is consistent with other studies in and outside of Europe (29,32) These decreasing
trends could also be related to the hypothesis mentioned above. In this study (Manuscript
III), we also compared the prevalence of TDR and ADR according to country of follow-
up in two time-periods (between 2008-2012 and 2013-2018), contrarily to other studies
in which results are not stratified per individual countries. All countries studied (Italy,
Germany, Luxembourg and Portugal) had prevalence of TDR and ADR concordant with
what has been reported in other studies from their countries (20,26,32-34), except for
Luxembourg, where both TDR and ADR prevalence was higher, although we could not
compare to a study made in the country and instead the values were compared to a

previous study in Europe (27).

On the other hand, we compared levels of drug resistance in LP vs NLP and we did

not find differences in the prevalence in neither of those population both in TDR or ADR.
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The prevalence of TDR and ADR for LP and NLP found in our study was similar to the
prevalence of the overall population. We could not compare our results of TDR and ADR
in LP and NLP with other studies since such studies are scarce or inexistent. On the other
hand, we compared patterns of drug resistance between LP and NLP. LP presented PI DR
mutations that were not found in NLP. However, we were expecting the opposite result -
that NLP would present mutations that were not present in LP - since the infection for LP
population is older and, without the selective pressure of ARV drugs, some transmitted
DR mutations can revert to the wild type (35). In some specific cases, it could perhaps
indicate the irreversible fixation of mutations considering that they are not associated with

a fitness cost (36,37).

In this study it was also shown that the most prevalent mutations whether in ART-
naive or ART-experienced individuals were the K103N/S (NNRTIs), T215 revertants and
T215FY, M184V/I and the M411/L (NRTIs), and M46I/L and L90M (PIs). These results
are in accordance with several studies regarding DRMs in Europe (38—40) and reflect the

long standing use of NNRTIs as first-line with low genetic barrier to resistance.

The importance of the study of DRMs is that their presence can impact treatment
outcomes and lead to first-line treatment failure for ART-naive individuals initiating ART
and virological failure or an increased burden of treatment for ART-experienced
individuals (41). Therefore, the most prevalent DRMs found in this study could lead to
some of those consequences mentioned above, for example in NRTIs class the presence
of T215rev is associated with high risk of virological failure to AZT or d4T, the presence
of M41I/L could have a negative impact in the virological response to regimens which
include ABC, ddl or TDF and the presence of M184V/I could reduce susceptibility to
regimens including 3TC and FTC (42). In NNRTIs class the mutation K103N/S can
reduce susceptibility to NVP and EFV (43). In PIs class, M46I/L. mutation is associated
with a reduction of susceptibility to ATV, FPV, IDV, LPV and NFV, while L9OM is
associated to a reduction in susceptibility to almost all PIs, except for TPV and DRV (44).
Furthermore, we performed an analysis distinguishing the patterns found in subtype B
when compared to non-B subtypes, since it is well known that some mutations occur more

frequently in specific subtypes and recombinant forms (45). In our study, the most
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prevalent subtype was subtype B compared to non-B and the mutations with the highest
prevalence in both LP and NLP were similar to those mentioned above, and these results

were in accordance with other studies about mutations per subtypes (26,40,46).

The third study (Manuscript III) was a continuation of the second study (Manuscript
IT) but with a different aim, in the first we described LP and NLP populations in Europe
and the determinants associated and in the second we presented trends and patterns of
TDR, ADR and DRMs in a comparative perspective for the two populations. Therefore,
we provided important information that can suggest different dynamics of reversion
and/or irreversible fixation of mutations in LP and NLP populations, and with that it is
possible to consider further research in these populations and new strategies and

methodologies for future studies.

HIV-1 transmission investigations are possible through reconstruction of
transmission clusters. The footprint of the viral strain infecting each patient is so accurate
that this approach is used even to support or reject the hypothesis of potential transmission

of infection in the context of HIV-1 court cases (47).

On the other hand, information collected through such studies in a large scale can be
highly useful for public health purposes, to fine-grain transmission patterns with higher
resolution compared to classical epidemiology. The accuracy of such reconstructed
transmission clusters is obviously affected by sampling issues and by the methods used
for reconstruction of phylogenetic trees. In this context, the use of the genomic sequences
from the EuResist database combined with genomic sequences collected from public
databases provides a comprehensive sample to study and characterize HIV-1 transmission
clusters in Europe. In Manuscript IV, we reconstructed transmission clusters of HIV-1 in
Europe with the specific objective of understanding the role of LP on transmission of
infection. Specifically, we aimed to understand HIV-1 transmission clusters and
determinants associated to transmission in clusters, taking into account the independent
pandemics of the most prevalent subtypes A, B and C and to understand differential

clustering of LP and NLP in each subtype.
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For subtypes A, B and C datasets of 10122, 62543 and 5547 patients were used that
included sequences from EuResist database and control sequences. In our results, there
were more patients outside TCs (78.4%) compared to those inside TCs (21.6%), which is
a result expected considering our study population (48). For subtype B, it was not a
surprise that one of the factors identified as associated with being inside cluster was the
MSM transmission route. For subtype A, we also found MSM transmission route as a
factor associated with being inside clusters. The fact that in other non-B subtypes the
MSM route of transmission is being associated with clustering is in accordance with some
studies that report an increase of non-B subtypes associated with MSM route (49-51).
Nevertheless, we expected an association of IDU route of transmission and subtype A
since this subtype is highly prevalent in Eastern Europe where this type of transmission
route is also prevalent (52). On the other hand, in subtype G, being inside cluster was
associated with heterosexual transmission (53,54). We also found that, for subtype B, age
at resistance test was associated with being in cluster and the probability of clustering
was higher among younger individuals. This is in accordance with some other studies
(48,55). Migration status was also associated with being in clusters: migrants infected
with subtype B were mainly in cluster, and migrants infected with subtype G were less
likely to be in cluster, in accordance with a recent study about migration and HIV-1 in
Portugal (56). These results could be explained by the region of origin of migrants.
Subtype B had higher prevalence of migrants from Brazil, and Brazil has a concentrated

HIV epidemic among MSM population (57,58).

Regarding the potential association between transmission clusters and late
presentation, we found that both LP and NLP were mainly outside clusters. As for the
differences between the populations of LP and NLP inside clusters, these patterns were
consistent between subtypes A and B: concerning sex, there were more NLP males inside
cluster; concerning age, there were older LP, with a higher and growing proportion as age
increases. Furthermore, for subtypes B and G, there were more treated patients among LP
than among NLP that were inside clusters. As for transmission route, for subtype G, we
found more LP with an IDU transmission route inside clusters. Finally, for subtype B, it

was interesting to observe that LP that were inside clusters had higher viral loads than
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NLP. These results could not be compared by LP and NLP populations, but according to

an overall, our results are in accordance with some studies (48,56,58).

Finally, we found that LP were more frequently present in small clusters or outside
clusters compared to NLP which can indicate a limited role of this population on HIV-1
transmission, given the less frequent presence of these patients in TCs. However, on the
other hand, the finding of higher viral loads in LP that are inside clusters can indicate

higher transmissibility of infection for those that are present in TCs.

Our results also showed that migrants were more frequently inside clusters for
subtype B, while the opposite pattern was found for subtype G, where migrants were
more frequently outside clusters. These findings, together with the findings of
(Manuscript II), where we found that migrants had a higher probability of being LP,
pinpoint HIV-1 infected migrants as a particularly vulnerable population. This can be
explained by various factors, that can be related to access to health care, laws and
regulations concerning for example HIV testing in the host country, conditions of

unemployment, poverty, household conditions and stigma (59,60).

In this thesis, we performed the first in-depth analyses of the HIV-1 LP population in
Europe. It is clearly important to target this population in the context of UNAIDS goals
for ending the pandemic by 2030 and for the 95-95-95 target. This can be done by
designing prevention measures specific for that population, and by reinforcing the follow-
up and retention in care. Also, we highlighted that there is a need to increased HIV testing
and include screening programs as a prevention strategy, since the rate of LPs throughout
the years in Portugal and broadly in Europe has never been lower than 45%. With the
implementation of new strategies and the attention of policymakers and health workforce
to these specific population it might be possible to reduce late presentation and achieve

better health outcomes and earlier HI'V diagnosis.

92



GENERAL DISCUSSION AND CONCLUSIONS

5.2. Conclusion

In this thesis we performed an analysis regarding the late presenters and non-late

presenters populations that was lacking in the literature.

We provided information not only regarding the determinants of late presentation, but
also their drug resistance patterns, their role on transmission of HIV-1 and the
characteristics of LP contributing to transmission. This information can help to overcome

adverse results in therapy and help to guide strategies for reaching these populations.

This thesis could also impact the view and integration of this population in the
community and health care systems, since we provided information on the socio-
demographics of this population. Many of LP in our studies were migrants, and the
migrant population is also a vulnerable population and at risk of contracting HIV and

other diseases.

Our final objective with this work was to provide knowledge so that healthcare
professionals and policymakers could design directed and evidence-based informed

strategies regarding prevention strategies and therapy regimens for this population.
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5.3. Future research

The results of this thesis pinpointed some important points that should be addressed
in the field of HIV research. An update of the surveillance list of SDRMs is crucial for
future DR and transmission studies, since this list was last updated more than 10 years
ago, in 2009 (61). With the rapid evolutionary rate of HIV and the shift in prevalence and
a higher proportion of non-B subtypes under treatment, new mutations have been
emerging that could threaten the success of current ART regimens, the EI38A mutation

is one example (62).

As our work focused mainly on the LP vs NLP populations, we also faced problems
in using the current consensus definition of LP. For that reason, we believe that the
definition of late presentation should also be updated to prevent bias on the classification.
It is known that when an individual is acutely infected, the CD4 cell count drops before
becoming higher again, which means that if he is diagnosed in that time period, i.e. acute
stage, the patient can be misdiagnosed as late presenter. To overcome this bias in our
studies, we combined ambiguity rate of genomic sequences with CD4 cell count
definition. So, for future research, we propose the use of a new definition of late
presentation that can combine information from CD4 and ambiguity rate of the genomic
sequence, furthermore, the information about estimated time of infection based on
phylogenetic trees reconstruction and molecular clock analysis could also be useful for

that purpose.
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5.4. Policy Implications

Considering the consistent high prevalence of LP within HIV-1 infected patients and
the characteristics of that population found in our studies, we propose here some strategies

to reach this population.

Since LP are mainly males with heterosexual transmission, migrants and individuals
aged above 50 years old, these hard-to-reach subpopulations need to be targeted. Early
testing strategies are highly necessary, but until now those strategies were proven

ineffective.

Two approaches that could be relevant in the context of this population are stigma
reduction and health education, which could have effects on the long term. One important
strategy is HIV-1 health education, lectures about HIV and the importance of HIV
prevention and testing could be implemented in schools and faculties. These lectures
could be important to reach young individuals and their relatives and to reduce stigma.
The lectures should be given by health specialists in HIV research and clinical area and
should aim to highlight the main reasons why it is important to be regularly tested at a
sexually active age. All the risk clinical and behavioural aspects should be mentioned in

order to raise awareness to the importance of testing for this chronic disease.

The individuals aged above 50 years old are hard-to-reach subpopulations in terms of
early diagnosis. The gap report of 2014 by UNAIDS (63), states that individuals of this
age group exhibit the same HIV risk behaviours that are common among young
individuals. However, according to the report, older individuals suffer more
psychological consequences due to discrimination and stigma and could have less
satisfactory treatment outcomes due to the presence of other chronic diseases. To reach
this population, it is necessary to raise awareness regarding the possibility of acquiring
HIV even with older ages. For that reason, awareness campaigns should be implemented
for HIV prevention, involving big and small companies and among public and private

sectors that could be more misinformed.
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For the migrants subpopulation, in Portugal there has been some strategies for HIV
testing in checkpoints close to the regions of residency. However, the migrant population
is very hard to reach, since they are mainly from Sub-Saharan Africa and there is still a
lot of stigma towards HIV infection. There is also a difficulty in access to health, which

makes it harder for them to be tested for HIV.
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