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Abstract

CC-chemokine receptor 5 serves as the coreceptor for the HIV-1 R5 strains, which are responsible for the 
majority of HIV transmissions. A deletion of 32 nucleotides in the gene encoding this receptor (termed 
CCR5-Δ32) leads to the suppression of CC-chemokine receptor 5 presentation at the cell surface, thus 
impeding process of HIV entry into the cell. Individuals homozygous for the CCR5-Δ32 allele are resistant 
to infection with HIV-1 R5 strains, and are extremely rare among HIV-1-infected individuals. We have described 
a person homozygous for CCR5-Δ32, who was infected with subtype B HIV-1. Based on examination of 
proviral V3 sequences obtained from the first clinical blood sample within less than five months after 
seroconversion, the CXC-chemokine receptor 4-using strains (X4 or R5/X4) were detected. Data on 
HIV-1-infected patients homozygous for the CCR5-Δ32 allele, course of HIV-1 infection in these cases, and 
the infecting viral strains from current and all former reports on HIV-1 infection in CCR5-Δ32 homozygotes 
were gathered and compared.
Identification of HIV-1-infected persons homozygous for CCR5-Δ32 supports the evidence that the lack of 
functional CC-chemokine receptor 5 at the cell surface does not confer absolute protection against HIV-1 
infection, which should be considered when designing future HIV pre-exposure prophylaxis schemes based 
on CC-chemokine receptor 5 blocking drugs. (AIDS Rev. 2017;19:219-30)
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Introduction

The HIV-1 R5 strains are responsible for the majority 
of HIV transmissions and are important in early infec-
tion1. They infect host immune cells by binding to the 
cell surface CD4 molecule along with the CC-chemo-
kine receptor 5 (CCR5) chemokine receptor, which 
serves as a coreceptor during viral entry. A frame-
shifting deletion of 32 nucleotides in the gene encoding 
CCR5 receptor (called CCR5-Δ32) is a well described 
functional mutation, which results in a lack of the last 
three transmembrane domains of the CCR5 protein. 
Truncated CCR5 molecule is not presented at the cell 
surface, thus hampering entry of HIV-1 R5 strains into 
the cell2. The CCR5-Δ32 allele is the most prevalent 
among Europeans (average frequency 10%), while it 
is very rare or absent in the indigenous populations of 
the Americas, Africa, and Eastern Asia3. 

As demonstrated in recent meta-analyses, heterozy-
gous CCR5-Δ32 genotype has no effect on protecting 
from HIV-1 infection4, whereas among HIV-1-infected 
individuals it is linked to delayed disease progression5. 
On the other hand, homozygotes for the CCR5-Δ32 
allele are highly protected from HIV-1 infection and 
completely resistant to infection with HIV-1 strains us-
ing exclusively CCR5 for cell entry. The frequency of 
homozygous CCR5-Δ32 genotype is elevated among 
highly HIV-1-exposed but uninfected individuals6,7, 
while among HIV-1-positive individuals, only 17 cases 
with this genotype has been reported so far, although 
tens of thousands were tested8-23. Data on disease 
progression among such rare HIV-1-infected homozy-
gotes, as well as the information about infecting viral 
strains, are to some extent inconsistent, although most 
of the described patients experienced rapid progres-
sion in terms of decline of CD4+ T-cell count8-23.

As the absence of the functional CCR5 protein in 
CCR5-Δ32 homozygotes was not associated with any 
apparent clinically unfavorable conditions, blocking of 
CCR5 was considered to be a safe therapeutic option2. 
Maraviroc is currently the only antiretroviral drug tar-
geted at CCR5. It is indicated for treatment-experi-
enced patients infected with R5 strains of HIV-1, and 
the possible use of this compound in HIV pre-exposure 
prophylaxis is also examined24,25. Along with the report 
on the “Berlin patient” (diagnosed with acute myeloid 
leukemia), who was the first, and at present the only, 
case regarded as cured of HIV infection after receiving 
hematopoietic stem cell transplantation from a 
CCR5-Δ32 homozygous donor, other novel strategies, 

including gene-editing technologies, aimed at eliminat-
ing CCR5 from a cell surface are being increasingly 
developed and are a promising approach, with a HIV 
curative potential26,27. Given efforts to develop such 
HIV curative therapies designed to modify or disrupt 
CCR5 cell expression, cases of HIV-infected individu-
als with the homozygous CCR5-Δ32 genotype de-
serve attention.

New HIV-1-infected person homozygous 
for the CCR5-Δ32 allele

Here we report on another person who is HIV-1-pos-
itive despite being homozygous for the CCR5-Δ32. 
Detection of 32 base-pair deletion was performed in a 
patient’s genomic DNA isolated from peripheral blood 
with the use of QIAamp® DNA Blood Mini Kit (QIAGEN 
GmbH). Polymerase chain reaction (PCR) allowing for 
the amplification of the CCR5 gene fragment was done 
as described before6. The resulting PCR products, of 
183 nt for wild-type alleles and 151 nt for alleles with 
the CCR5-Δ32 polymorphism, were visualized by elec-
trophoresis in 2% agarose gel containing 0.5 µg/ml 
ethidium bromide. The homozygous deletion of 32 nu-
cleotides in CCR5 gene was confirmed by bidirec-
tional sequencing of CCR5 fragment encompassing 
the deletion, using ABI Prism Big Dye Terminator v3.1 
cycle sequencing kit and 96-capillary 3730xl DNA 
Analyzer (Applied Biosystems).

The studied patient was a white man of Polish origin 
(Table 1) who was diagnosed as HIV-1-positive in the 
Outpatient Clinic for AIDS Diagnostics and Therapy 
(Specialist Hospital in Chorzow, Chorzow, Poland). The 
first confirmatory Western Blot test (MPD HIV1/2 BLOT 
2.2, MP Biomedicals) positive for antibodies directed 
against HIV-1 p17, p24, p55, p31, gp41, gp120, and 
gp160 antigens, was performed in February 2013. At 
the time of diagnosis the patient was 21 years old. He 
reported homosexual contacts as the route of HIV-1 
transmission, with no history of injecting drugs use or 
nosocomial exposure to HIV infection. During his first 
clinical presentation, in March 2013, neither symptoms 
of acute retroviral disease nor AIDS-defining diseases 
were observed; however, the patient notified non-spe-
cific cardiac disorders dating from December 2012. 

The patient was recruited to the EuroCoord study, in 
which persons with recent and long-term HIV-1 infec-
tions were differentiated with the use of immunoenzy-
matic assay (Sedia™ HIV-1 Limiting Antigen [LAg]-
Avidity EIA, Sedia BioSciences Corporation). Blood 
samples for this immunoenzymatic assay and for the 
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genetic analyses were obtained at first clinical pre-
sentation (March 2013). According to the results of 
LAg-Avidity EIA (normalized optical density = 0.835 
in the initial testing, and median normalized optical 
density = 0.760 in the confirmatory, triplicate testing), 
accompanied by the viral load of > 1000 HIV-1 RNA 
copies/ml, the patient was deemed to have a recent 
HIV-1 infection of duration less than 130 days. Together 
with the positive Western Blot in February 2013, this 
means that seroconversion occurred between November 
2012 and February 2013. 

The patient’s first CD4+ T-cell count was 651/µl 
(March 2013), and subsequently a rapid decline was 
noted, with 423/µl in November 2013, and 340/µl in 
September 2014. The loss of CD4+ T-cells was linked 
to the increase in viral load from initial 5  475 HIV-1 
RNA copies/ml to 13 163 copies/ml in November 2013. 
From HIV-1 diagnosis to September 2014, the patient 
did not receive any antiretroviral treatment. At the last 
clinical consultation, in September 2014, due to ad-
vanced immunosuppression, introduction of antiretrovi-
ral treatment was discussed with the patient. Unfortu-
nately, the patient was lost to follow-up in the outpatient 
clinic, and further attempts to contact the patient were 
unsuccessful. 

Tropism, subtype, and drug susceptibility of the 
transmitted virus were evaluated based on genotypic 
analyses of proviral DNA amplified from the patient’s 
genomic DNA isolated from the blood sample obtained 
at first clinical presentation. To assess coreceptor us-
age, gp120 proviral sequences containing V3-loop 
coding region were amplified in triplicate with nested-
PCR, and population-based sequencing was per-
formed. Proviral V3 sequences were interpreted with 
the geno2pheno coreceptor usage prediction algorithm 
(http://coreceptor.bioinf.mpi-inf.mpg.de/index.php). 
Additional coreceptor usage predictions were per-
formed with the PhenoSeq (https://www.burnet.edu.au/
facilities/9_phenoseq), WebPSSMSINSI, WebPSSMX4R5 
(https://indra.mullins.microbiol.washington.edu/web-
pssm), 11/25 and the net charge rules. Based on the 
geno2pheno analysis of all three replicates, virus in-
fecting the patient with homozygous CCR5-Δ32 muta-
tion was considered to be able to use CXCR4 chemo-
kine receptor as a coreceptor (X4 or R5/X4 variant), 
with a false positive rate (FPR) of classifying a R5-strain 
falsely as X4 of 1.7% (Table 2). Geno2pheno results 
were in accordance with the coreceptor usage predic-
tions performed with the PhenoSeq, WebPSSMSINSI, 
WebPSSMX4R5, and the 11/25 rule. Examination of four 
nested-PCR amplified and sequenced proviral DNA 

fragments, coding for the entire protease (nucleotides 
according to the numbering positions of HIV-1 HXB2: 
2253-2549, GenBank accession no: KT324378), part of 
the reverse transcriptase (nucleotides: 2565-3299, 
GenBank accession no: KT324538), part of the gp120 
(nucleotides: 6583-7314, GenBank accession no: 
KT778163), and part of the gp41 (nucleotides: 7817-8345 
GenBank accession no: KT324422) showed that the 
patient was infected with HIV-1 subtype B. No major 
drug resistance related mutations were found in the 
protease, reverse transcriptase, and gp41 sequences.

The research was approved by the National Institute 
of Public Health, National Institute of Hygiene Bioethics 
Committee, Poland (no. 3/2007). Prior to collection of 
samples for LAg-Avidity EIA and all genetic analyses, 
written informed consent was obtained from the study 
participants. Data on the patient’s infection course 
were retrieved from medical records.

What do we know about HIV-1 infection  
in patients homozygous for the CCR5-Δ32 
allele?

Combining data from current and previous reports 
on HIV-1-infected homozygotes for the CCR5-Δ32 al-
lele (Table 1), as many as 17 of 18 were men (in one 
study sex was not specified), and those for whom the 
race was indicated (12) were most commonly white 
people of European origin8-23. The HIV-1 infection in 
these patients could be acquired by different routes, 
but most of them (12/18; 66.7%) were infected through 
homosexual contacts8,12-14,16-18,20,21, for one person the 
route of infection was heterosexual intercourse15, and 
for a further two men sexual transmission was indi-
cated without specifying the type of sexual contacts22. 
Another two persons were hemophiliacs who contracted 
infection through injections of contaminated coagula-
tion factor VIII in the early epidemics (putatively in 
1982)10,19. For one person, injecting drug use was pre-
sumed to be the transmission route23 and this route 
also could not be excluded in case of one homosexu-
al man18. Thus, it appears that CCR5-Δ32 homozygotes 
may become infected regardless of the route of trans-
mission, although the homosexual men may presum-
ably be more vulnerable to such infections. The pre-
dominating homosexual route of HIV-1 infection among 
CCR5-Δ32 homozygotes may however reflect the gen-
eral epidemiology of HIV-1 subtype B transmission in 
Europe, North America, and Australia where the stud-
ies were carried out, rather than association of HIV-1 
transmission in CCR5-Δ32 homozygotes with the type 
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of exposure. On the other hand, the HIV-1 infection in 
individuals homozygous for CCR5-Δ32 allele seems to 
be associated with heavy exposure10,16,17. 

The HIV-1 infection course in the absence of anti-
retroviral drugs was described for 14 patients with 
homozygous CCR5-Δ32 genotype, and in 10 (71.4%) 
of them rapid decline of CD4+ T-cell count was no-
ticed10,12,14-19,21. The fast decline of CD4+ T-cell count 
in the majority of individuals with homozygous 
CCR5-Δ32 genotype, who cannot be infected with HIV-
1 strains exclusively using CCR5 coreceptor is in line 
with the accelerated CD4+ T-cell decrease observed 
after the appearance of CXCR4-using variants that is 
linked to the greater pool of CD4+ T-cells expressing 
CXCR4 than CCR55. However, a more complex inter-
play between viral and host factors is suggested to be 
involved in the accelerated disease progression in per-
sons initially infected with CXCR4-using strains. Previ-
ously it was shown that high replicative capacity of the 
infecting, dual tropic viruses together with impaired 
hosts’ humoral and cellular HIV-1-specific immune re-
sponses may contribute to fast clinical disease pro-
gression, with the development of AIDS-defining symp-
toms during the acute HIV-1 infection28. For the 
remaining four out of 14 persons with described HIV 
infection course, disease progression was not acceler-
ated8,23 or was defined as slow, with preserved CD4+ 
T-cell counts and viral load < 4,000 RNA copies/ml22. 
Three of them were deemed to be infected with CX-
CR4-using virus, while in the case of one patient with 
slow disease progression (#16), infection with the virus 
able to use CXCR6 and CCR5 coreceptors was recog-
nized according to the phenotypic assay (Table 2)22. 
The occurrence of HIV-1 strain using alternative core-
ceptors in addition to CXCR4 and CCR5 as a result of 
changes in the V3 region has been previously demon-
strated in an asymptomatic person with slow disease 
progression to AIDS29.

For 10 of 18 HIV-1-infected CCR5-Δ32 homozygotes, 
antiretroviral drug use was reported8-10,14-17,19,21,22. In 
three of these cases, two hemophiliacs experienced 
opportunistic infections or adverse effects under azi-
dothymidine monotherapy10,19, and in one subject 
therapy was initiated too recently to evaluate its out-
come22. Among the remaining seven out of 10 persons 
receiving antiretroviral drugs, therapy was associated 
with a significant suppression of viral load8,9,14-17,21; 
additionally, in six of these seven therapy responders, 
no significant clinical symptoms were noticed, and only 
one individual under therapy had symptomatic infections 
with Chlamydia and Shigella sonnei21. This generally 

good virological and clinical response was not always 
associated with a rise in CD4+ T-cell count. In fact, for 
three persons, advantageous therapy outcome was 
observed despite persistently low CD4+ T-cell lev-
els14,16. However, any conclusion concerning the out-
come of the antiretroviral therapy in CCR5-Δ32 homo-
zygotes is uncertain, given the small number of patients 
on treatment and the differences in therapy regimens 
as well as the duration and stage of infection at thera-
py introduction. 

For 15 CCR5-Δ32 homozygotes, the HIV-1 strains 
were characterized by sequence analysis (Table 2). 
Thirteen of these 15 viruses were of subtype B, while 
for two strains subtype was not indicated and sequenc-
es were not published, thus not permitting the deter-
mination of the viral genotype. The prevalence of sub-
type B among HIV-1-infected homozygotes for the 
CCR5-Δ32 allele is consistent with its predominance 
among populations in Europe, Australia, and North 
America, where all HIV-1-infected CCR5-∆32 homozy-
gotes were identified.

The V3 sequences, crucial for genotypic prediction 
of HIV-1 coreceptor usage, were available for 10 of 18 
HIV-1-infected CCR5-∆32 homozygotes (Table 2). For 
seven cases, sequences were published in the Gen-
Bank database, and for three subjects, directly in the 
manuscript. Our examination of all these sequences 
with the geno2pheno resulted in obtaining FPR indica-
tive for CXCR4-using strains. In most cases (9/10) FPR 
were < 3%, and in one case of a person (#9) infected 
with virus using both coreceptors according to the cell 
infection assay, FPR was in the range of 4.4-7.1% 
(6.6% for consensus sequence) (Table 2). For all V3 
sequences, geno2pheno results were supported by 
the PhenoSeq analysis. The other genotypic methods 
for coreceptor usage prediction, namely WebPSSMSIN-

SI, WebPSSMX4R5, 11/25 and net charge rule, indicated 
CXCR4-using strains in nine, six, seven, and five indi-
viduals, respectively. Of note, discordant results of 
geno2pheno and other methods were obtained for two 
viruses, which were recognized to use both corecep-
tors for the cell entry (in patients #9 and #11)17,18, and 
for one with CXCR6-tropism in the cell infection assay 
(in patient #16)22. 

Conclusion

In the face of developing new drugs and curative 
strategies directed against CCR5, keeping in mind 
the rare cases of individuals initially infected with 
non-CCR5-using strains is important. The use of 
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CCR5-blocking compounds as the novel HIV-1 pre-
exposure prophylaxis in combinations with drugs tar-
geted at other proteins rather than alone should be 
considered.
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Appendix

CASCADE Steering Committee: Julia Del Amo (Chair), Laurence Meyer (Vice Chair), Heiner C. Bucher, Geneviève Chêne, 
Osamah Hamouda, Deenan Pillay, Maria Prins, Magda Rosinska, Caroline Sabin, Giota Touloumi.

CASCADE Co-ordinating Centre: Kholoud Porter (Project Leader), Ashley Olson, Kate Coughlin, Sarah Walker, Abdel Babiker. 

CASCADE Clinical Advisory Board: Heiner C. Bucher, Andrea De Luca, Martin Fisher, Roberto Muga

CASCADE Collaborators: Australia PHAEDRA cohort (Tony Kelleher, David Cooper, Pat Grey, Robert Finlayson, Mark Bloch) 
Sydney AIDS Prospective Study and Sydney Primary HIV Infection cohort (Tony Kelleher, Tim Ramacciotti, Linda Gelgor, David 
Cooper, Don Smith); Austria Austrian HIV Cohort Study (Robert Zangerle); Canada South Alberta clinic (John Gill); Estonia 
Tartu Ülikool (Irja Lutsar); France ANRS CO3 Aquitaine cohort (Geneviève Chêne, Francois Dabis, Rodolphe Thiebaut, Bernard 
Masquelier), ANRS CO4 French Hospital Database (Dominique Costagliola, Marguerite Guiguet), Lyon Primary Infection cohort 
(Philippe Vanhems), French ANRS CO6 PRIMO cohort (Marie-Laure Chaix, Jade Ghosn), ANRS CO2 SEROCO cohort 
(Laurence Meyer, Faroudy Boufassa); Germany German HIV-1 seroconverter cohort (Osamah Hamouda, Claudia Kücherer, 
Barbara Bartmeyer); Greece AMACS (Anastasia Antoniadou, Georgios Chrysos, Georgios L. Daikos); Greek Haemophilia cohort 
(Giota Touloumi, Nikos Pantazis, Olga Katsarou); Italy Italian Seroconversion Study (Giovanni Rezza, Maria Dorrucci), ICONA 
cohort (Antonella d’Arminio Monforte, Andrea De Luca.) Netherlands Amsterdam Cohort Studies among homosexual men and 
drug users (Maria Prins, Ronald Geskus, Jannie van der Helm, Hanneke Schuitemaker); Norway Oslo and Ulleval Hospital 
cohorts (Mette Sannes, Oddbjorn Brubakk, Anne-Marte Bakken Kran); Poland National Institute of Hygiene (Magdalena 
Rosinska); Spain Badalona IDU hospital cohort (Roberto Muga, Jordi Tor), Barcelona IDU Cohort (Patricia Garcia de Olalla, 
Joan Cayla), CoRIS-scv (Julia del Amo, Santiago Moreno, Susana Monge); Madrid cohort (Julia Del Amo, Jorge del Romero), 
Valencia IDU cohort (Santiago Pérez-Hoyos); Switzerland Swiss HIV Cohort Study (Heiner C. Bucher, Martin Rickenbach, 
Patrick Francioli); Ukraine Perinatal Prevention of AIDS Initiative (Ruslan Malyuta); United Kingdom Public Health England (Gary 
Murphy), Royal Free haemophilia cohort (Caroline Sabin), UK Register of HIV Seroconverters (Kholoud Porter, Anne Johnson, 
Andrew Phillips, Abdel Babiker), University College London (Deenan Pillay). African cohorts: Genital Shedding Study (US: 
Charles Morrison; Family Health International, Robert Salata, Case Western Reserve University, Uganda: Roy Mugerwa, 
Makerere University, Zimbabwe: Tsungai Chipato, University of Zimbabwe); International AIDS Vaccine Initiative (IAVI) Early 
Infections Cohort (Kenya, Rwanda, South Africa, Uganda, Zambia: Pauli N. Amornkul, IAVI, USA; Jill Gilmour, IAVI, UK; Anatoli 
Kamali, Uganda Virus Research Institute/Medical Research Council Uganda; Etienne Karita, Projet San Francisco, Rwanda).

EuroCoord Executive Board: Heiner Bucher, Basel Institute for Clinical Epidemiology & Biostatistics University Hospital Basel, 
Switzerland; Fiona Burns, University College London, UK; Geneviève Chêne, University of Bordeaux II, France; Dominique 
Costagliola, Institut National de la Santé et de la Recherche Médicale, France; Carlo Giaquinto, Fondazione PENTA, Italy; Di 
Gibb (Scientific Coordinator), Medical Research Council, UK; Jesper Grarup, Københavns Universitet, Denmark; Ole Kirk, 
Københavns Universitet, Denmark; Jesper Kjaer, Københavns Universitet, Denmark; Laurence Meyer, Institut National de la 
Santé et de la Recherche Médicale, France; Alex Panteleev, St. Petersburg City AIDS Centre, Russian Federation; Andrew 
Phillips, University College London, UK, Kholoud Porter, Medical Research Council, UK; Peter Reiss, Academic Medical Center, 
Netherlands; Claire Thorne (Chair), University College London, UK. 

EuroCoord Council of Partners: Jean-Pierre Aboulker, Institut National de la Santé et de la Recherche Médicale, France; Jan 
Albert, Karolinska Institute, Sweden; Silvia Asandi , Romanian Angel Appeal Foundation, Romania; Geneviève Chêne, University 
of Bordeaux II, France; Dominique Costagliola, INSERM, France; Antonella d’Arminio Monforte, ICoNA Foundation, Italy; 
Stéphane De Wit, St. Pierre University Hospital, Belgium; Frank De Wolf, Stichting HIV Monitoring, Netherlands; Julia Del Amo, 
Instituto de Salud Carlos III, Spain; José Gatell, Fundació Privada Clínic per a la Recerca Bíomèdica, Spain; Carlo Giaquinto, 
Fondazione PENTA, Italy; Osamah Hamouda, Robert Koch Institut, Germany; Igor Karpov, University of Minsk, Belarus; Bruno 
Ledergerber, University of Zurich, Switzerland; Jens Lundgren, Københavns Universitet, Denmark; Ruslan Malyuta, Perinatal 
Prevention of AIDS Initiative, Ukraine; Claus Møller, Cadpeople A/S, Denmark; Andrew Phillips, University College London, UK; 
Kholoud Porter, Medical Research Council, United Kingdom; Maria Prins, Academic Medical Centre, Netherlands; Aza 
Rakhmanova, St. Petersburg City AIDS Centre, Russian Federation; Jürgen Rockstroh (Chair), University of Bonn, Germany; 
Magda Rosinska, National Institute of Public Health, National Institute of Hygiene, Poland; Claire Thorne, University College 
London, UK; Giota Touloumi, National and Kapodistrian University of Athens, Greece; Alain Volny Anne, European AIDS 
Treatment Group, France. 

EuroCoord External Advisory Board: David Cooper, University of New South Wales, Australia; Nikos Dedes, Positive Voice, 
Greece; Kevin Fenton, Centers for Disease Control and Prevention, USA; David Pizzuti, Gilead Sciences, USA; Marco Vitoria, 
World Health Organisation, Switzerland. 

EuroCoord Secretariat: Kate Coughlin, MRC Clinical Trials Unit, UK; Silvia Faggion, Fondazione PENTA, Italy; Lorraine 
Fradette, MRC Clinical Trials Unit; Richard Frost, MRC Regional Centre London, UK; Miriam Sabin, Københavns Universitet, 
Denmark; Christine Schwimmer, University of Bordeaux II, France; Martin Scott, UCL European Research & Development 
Office, UK.
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