
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

HIV-1 superinfection

Kozaczynska, K.

Publication date
2009

Link to publication

Citation for published version (APA):
Kozaczynska, K. (2009). HIV-1 superinfection. [Thesis, fully internal, Universiteit van
Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/hiv1-superinfection(102fb4fc-6675-463b-b956-61987f02980c).html


General introDuction

11



10

Chapter 1



11

General introduCtion

General Introduction
HIV, human immunodeficiency virus, is the cause of AIDS (acquired immune 
deficiency syndrome), and was identified in 1983 [1,2]. The first report on 
aiDs described a 33-year – old homosexual men with cervical lymphaden-
opathy and asthenia [1]. It is estimated that at present 33 million people are 
living with AIDS worldwide and that 2.7 million people were newly infected 
with HIV in 2007. Since 1981, AIDS has killed more than 25 million people, 
which makes it one of the most destructive epidemics in our history [3]. The 
most affected countries in the world are found in sub-saharan africa, where 
it is believed that HIV originated during the early twentieth century [4].

HIV classes and subtypes
Two variants of HIV have been identified; HIV type 1 (HIV-1) in 1983 [1] 
and HIV type 2 (HIV-2) in 1986 [5]. It is believed that HIV-1 and HIV-2 were 
introduced in the human population via two separate cross-species jumps 
from primates, probably during exposure to blood from bush – meat hunting 
[6,7], or inoculation of human blood from malaria attenuation experiments 
[8]. HIV-1 is related to viruses isolated from the common chimpanzee (Pan 
troglodytes) [4] and reservoirs of HIV-2 have been found in the sooty manga-
bey (cercocebus atys). 

One of the most remarkable features of HIV-1 is the extremely broad 
genetic diversity that discriminates the many strains [9]. The diversity has 
crucial implications for the understanding of viral transmission, pathogen-
esis, and diagnosis, and influences strategies for vaccine development. 

the three distantly related “groups” of HiV-1 viruses that have been es-
tablished are termed M (for major), O (for outlier) and N (for non-M non-O). 
More than 90% of all HiV-1 infections worldwide are caused by group M 
viruses. to date, 12 subtypes (a1-a3, B, c, D, f1-f2, G, H, J, K) of group M 
have been found [10]. Genetic variation within a subtype can vary between 
8 and 17% in amino acid sequence, whereas variation between subtypes is 
higher (e.g. 17% in the gag gene and 25% in env between subtype A and B) 
[11]. HIV viral diversification has been attributed to high rates of virus pro-
duction [12], the error-prone reverse transcriptase (RT) that causes a high 
mutation rate, a rapid turnover of virus that facilitates the emergence of 
more than 1010 mutants per day, and frequent recombination between viral 
genomic RNA strands as they are reverse transcribed into DNA [13-16]. 
therefore, individuals infected with more than one subtype may generate an 
array of unique recombinant forms (urfs) over the course of the infection. 
The most recent URF, identified in July 2007 [17], has been classified as a 
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circulating recombinant form (crf), meaning that at least two complete 
genomes, in addition to the (partial) sequence of the urf, have been identi-
fied in at least three individuals who have no direct epidemiological linkage 
[10]. Up to date, 43 CRFs have been described; CRF01_AE and CRF02_AG 
are found mostly in southeast asia and West africa but others have a more 
limited distribution [18,19].

contribution to the group M pandemic by each of the subtypes varies 
greatly with subtype c (49.91%), subtype a (12.13%) and subtype B (10.42%) 
being the most prevalent [20]. The greatest diversity of HIV-1 is found in 
central (sub-saharan) africa, with subtype a and c as the most common 
subtypes. in north and south america, asia, oceania and europe subtype 
B is predominant, showing a strong founder effect. subtype c is the most 
common subtype in south east Africa, India and Brazil [21]. The involvement 
of crfs in global HiV-1 infections has increased up to 18% of current in-
fections [22,23] and CRF02_AG and CRF01_AE represent the predominant 
local forms in West Central Africa [24,25] and Southeast Asia, respectively 
[26,27]. HIV-2 has a more restricted distribution and it is mainly found in 
West Africa [5] (Figure 1).

Figure 1. The global distribution of the HIV-1 subtypes and recombinant strains.
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Virus structure
HiV-1 belongs to the lentivirus genus, a subfamily of the Retroviridae [28]. 
retroviruses carry two identical positive stranded rna molecules in each 
virion that are reverse transcribed into Dna by a unique enzyme called 
reverse transcriptase (rt). the proviral Dna genome is approximately 9.8 
in length and contains multiple open reading frames (ORFs) [29,30], includ-
ing three major ones encoding gag, pol and env [31] (Figure 2). The gag orf 
encodes the Gag polyprotein precursor, which is proteolytically processed 
into three structural proteins: the capsid (CA-p24), the matrix (MA-p17) and 
nucleocapsid (NC-p7). The pol orf encodes three enzymes, reverse tran-
scriptase (RT-p66), integrase (IN-p32) and protease (PR-p12), all of which 
are crucial for the virus replication cycle [32]. The env gene encompasses 
the reading frame for the viral envelope glycoprotein 160 (Env), which after 
cleavage gives the surface (su-gp120) and transmembrane (tM-gp41) pro-
teins of the virus [33,34]. Additionally, the HIV-1 genome encodes four ac-
cessory genes: vif, vpr, vpu, nef, and two regulatory genes: tat [35,36] and rev 
[37,38] (Figure 2). Accessory genes are not strictly required for viral replica-
tion in many in vitro cell culture systems but are important for pathogenesis 
and viral replication in vivo [39-41]. The coding sequence of HIV-1 is flanked 
by long terminal repeat sequences (LTRs), which contain three regions: U3 
(unique 3’), R (repeat) and U5 (unique 5’) [42,43]. A number of sequences 
and structural motifs important for viral replication are located in the LTR; 
such as the TATA box [44], and the TAR hairpin [45]. 

Figure 2. The genome organization of HIV-1
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HiV-1 is an enveloped virus (figure 3). the outer surface of the viral par-
ticle is composed of a bilayered lipid envelope that is derived from the host 
cell membrane. The transmembrane gp41 protein is non-covalently linked to 
the p17 protein on the inside and to the gp120 glycoprotein on the outside of 
the virus [34,46,47]. Underneath the lipid bilayer, matrix protein p17 forms 
a shell. inside this shell are two genomic rna molecules surrounded by a 
core of p24 capsid proteins. During the fusion of the virus with the host cell, 
the viral core is released into the cytoplasm of the cell where it is uncoated. 
the rna molecules are reverse transcribed by the rt enzyme into double 
stranded DNA that is integrated into the host genome [48].
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AIDS (acquired immune deficiency syndrome)
aiDs is the set of symptoms and opportunistic infections resulting from 
chronic infection by the human immunodeficiency virus [49]. By killing 
or damaging cells of the human body’s immune system, HiV progressive-
ly destroys the body’s ability to fight opportunistic infections and tumors. 
HiV can be transmitted via direct contact of mucosal membranes or with 
bodily fluids, such as blood, semen, vaginal fluid and breast milk [50,51]. 
the transmission can occur after blood transfusion, anal, vaginal or oral 
sex, using contaminated needles, or between mother and baby, during preg-
nancy, childbirth or breastfeeding [50,51]. 

an infected person’s immune system soon becomes vulnerable to oppor-
tunistic infections, e.g. infections caused by pathogens (such as bacteria, 
parasites, viruses and fungi) which usually do not cause disease in healthy 
persons [52]. Patients with AIDS also have increased risk to develop differ-

Figure 3. Structure of HIV-1
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ent types of cancer, especially Kaposi’s sarcoma (a tumor caused by human 
herpesvirus 8, HHV8), cervical cancer and lymphomas (cancers of the 
immune system). the prevalence of opportunistic infections depends for a 
large part on the prevalence of certain pathogens in the patients geographic 
location [52]. 

there are two diagnosis systems based on the clinical staging of the HiV-
infected patients. in developing countries, the WHo (World Health organi-
zation) staging system based on clinical and laboratory data is used [53,54], 
while in developed countries, the cDc (centers for Disease control) clas-
sification system is applied [55,56]. According to the WHO disease staging 
system there are four stages of HIV infection:

Stage I: HIV infection is asymptomatic and not categorized as AIDS 

Stage II: includes minor mucocutaneous manifestations and recurrent 
upper respiratory tract infections 

Stage III: includes severe bacterial infections, pulmonary tuberculosis 
and unexplained chronic diarrhea for longer than a month

Stage IV: includes candidiasis of the esophagus, trachea, bronchi or lungs, 
toxoplasmosis of the brain and Kaposi’s sarcoma; these diseases are indi-
cators of aiDs. in 1993, the centers for Disease control and prevention 
(CDC) defined AIDS as the condition in HIV-infected patients when the 
cD4+ t cell count drops below 200 per µl of blood or less than 14% of all 
lymphocytes are CD4+ T cells [57]. 

The majority of HIV-infected individuals develop an acute HIV infec-
tion syndrome within three to six weeks after infection. The symptoms of 
an acute HIV infection last for about a week and include sore throat, fever, 
tiredness, lack of appetite, vomiting, diarrhea, nausea, joint and muscle 
pain, and swollen lymph glands, and are often called ‘flu-like symptoms’. 
During the primary stage of the infection, the viral load is high as the virus 
is replicating without any suppresion. subsequently the viral load drops as 
the immune system responds to the infection. this is associated with the 
activation of CD8+ T cells, which kill HIV-infected cells, and subsequent-
ly with antibody production and seroconversion. the gastrointestinal tract 
(Gt) undergoes the most extensive cD4+ t cell depletion compared to pe-
ripheral blood [58] or lymph nodes (LNs), at all stages of HIV disease. This 
cell depletion happens preferentially among CCR5+ CD4+ T cells [59]. Most 
of the cD4+ t cells in the Gt express ccr5 at a higher level than blood 
cD4+ t cells, and are more often of an activated phenotype than in the pe-
ripheral blood or lns. these cells are therefore a perfect target for HiV-1. 
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the direct infection of the Gt cD4+ t cells results in a dramatic depletion 
during the acute phase of the disease [59].

after the acute infection syndrome most people do not have symptoms 
for years since part of the killed CD4+ T cells are replaced by new ones. 
However, the balance between the virus and the immune system shifts at 
some point in favor of the virus, and then the symptoms of chronic HIV in-
fection begin to appear. During this period the immune system is engaged 
in a massive battle with the virus. the depletion of ccr5+ cD4+ t cells in 
the Gt tract is sustained during this phase of infection. this constant deple-
tion implies that total body cD4+ t cell numbers are continuously reduced 
and replenished since the very early stages of infection. also, the abnormal 
immune activation that takes place during the chronic phase of HIV infec-
tion impacts upon the ability of the lymphoid tissue to support the normal 
lymphocyte homeostasis and antigen presentation [59]. At last, the balance 
shifts towards the virus, and the patient becomes weak and vulnerable to 
AIDS-defining illnesses. In this stage the CD4+ cells count has decreased 
below 200 cells/mm3.

HIV-1 super-, co- and dual infection
for a long time it was believed that infection with more than one strain 
of HIV-1 was impossible or at least an extraordinary event [60], but such 
a double infection has now been shown to occur regularly. superinfections 
have been reported to occur regularly for other viruses. e.g. superinfection 
with herpesviruses has been reported for herpes simplex virus type 1 [61], 
herpes simplex virus type 2 [62], human herpesvirus 8 [63] and Epstein-
Barr virus (EBV) [64]. For hepatitis B virus (HBV) and hepatitis C virus 
(HCV) both co- and superinfection were documented [65,66]. Dual infection 
with both HiV-1 and HiV-2 has already been reported at the beginning of 
the HiV epidemic and this type of infection is not uncommon in West africa 
[67-71]. Initially, there was some confusion about the nomenclature of HIV 
double infections. now it has been agreed upon that an HiV-1 superinfection 
is a second HIV-1 infection that occurs after a specific immune response to 
the first infecting strain has developed (after seroconversion) and an HIV-1 
co-infection is a (simultaneous) infection with two strains of the virus before 
seroconversion. HiV double infections where the timing of the second infec-
tion is not known are described as dual infections [72]. 

HIV-1 superinfection: detection methods
The detection and confirmation of HIV dual infections is challenging. It 
requires not only broad laboratory analyses but also appropriate blood 
samples. serial sampling provides better detection because of the possible 
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fluctuation and recombination of the strains [73]. Sometimes in the early 
stages of co-infection one of the virus strains can overgrow the other strain 
which could then no longer be detected in later samples [72]. Or the expres-
sion of one strain can vary with time, so that it will be found at detectable 
levels at some time points only [74]. 

one way to detect HiV superinfections is to be aware of sudden, unex-
pected rises in the plasma viral load, preferably of at least 10-fold [74-79]. In 
HiV-1 infected patients treated with antiretroviral drugs, increases in the 
plasma viral load are mostly related to poor drug adherence facilitating the 
appearance of drug resistant virus variants. rapid increases in the plasma 
viral load are also observed in untreated patients, but there they do also not 
necessarily indicate superinfections. Vaccinations, opportunistic infections, 
sexually transmitted diseases or other stimulations of the immune system 
can also cause a (transient) rise in the plasma viral load [80-85]. Another 
method to detect HiV dual infections is based on the level of ambiguity in 
the Viroseq genotyping sequence of the HiV-1 pol gene [86]. Population se-
quencing of the protease-reverse transcriptase (prot/rt) gene fragment is 
routinely requested by physicians to assess drug resistance mutations if a 
patient is failing antiretroviral treatment, or before this treatment is started 
to detect if a patient’s viruses already harbor any drug-resistance mutations 
[86]. Population sequencing of a heterogeneous viral quasi-species can lead 
to multiple bases being present at a certain position in the sequence. such 
heterogeneous positions will be assigned a degenerate base code. Degener-
ate base codes (single-letter nucleotide codes of the iupac-iuBMB for in-
completely specified bases in nucleic acid sequences) taken into account are 
r (a or G), y (c or t), K (G or t), M (a or c), s (G or c), W (a or t), B (c, G 
or T), D (A,G or T), H (A,C or T), and V (A, C or G) [87]. In sequences with a 
high score of degenerate base codes, 34 or more in the rt fragment, a high 
percentage (43%) of HIV-1 dual infections was detected [86]. 

although a sudden rise in the plasma viral load and a high score of de-
generate base codes are good predictors of an HiV-1 dual infection, other 
methods have also been used. Heteroduplex mobility assay (HMa) is a fast 
and sensitive method to screen pcr products for the presence of divergent 
sequences [88-91]. Another method is serotyping which, however, allows 
only to distinguish between HIV-1/HIV-2 dual infections [92], and between 
HIV-1 groups O, M and N intergroup dual infections [93-97]. 

the Multiregion Hybridization assay (MHa), which is a real-time pcr 
amplification, uses subtype-specific probes for detection, and detects dual in-
fections without additional sequencing. as such, it can only be used to detect 
intersubtype dual infections. therefore, it is only useful in areas where dif-
ferent subtypes co-exist, such as in Asia [98] and Africa [99].
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Any pre-selection method requires confirmation of the suspected dual in-
fection through cloning, sequencing and phylogenetic analysis of the viral 
sequences. two phylogenetic methods often used in HiV evolution studies 
are the neighbor-joining method (NJ), and Bayesian inference of phylogeny, 
a maximum-likelihood approach [100]. Divergent sequences from a patient 
that cluster together should always be attributed to viral evolution and not 
to dual infection. sometimes it is claimed that a superinfection can only be 
proven if sequences from a suspected superinfection case can be coupled to 
those of an identified source partner. Unfortunately, in most cases it is dif-
ficult to identify such a source, especially in case of anonymous sexual con-
tacts. However, sometimes a candidate transmission donor can be retrieved 
from databases with HIV-1 sequences [101-105]. 

HIV-1 superinfection: the first cases
for years an HiV-1 superinfection event was not considered to be possible 
for a few reasons. first of all, the chance of acquiring an HiV-1 infection 
itself is rather low, not only in the general population but also in high risk 
groups. Moreover, it was assumed that a primary HiV-1 infection protects 
against a second infection. However, the increasing emergence of recom-
binant forms provided the first evidence that HIV-1 dual infections do occur 
frequently. In 1987, artificial superinfection of a chimpanzee with HIV-1 
was reported. it was possible to re-infect the animal with a distinct strain of 
HIV-1 15 months after primary infection [106]. However, in a second chim-
panzee superinfected at 5.5 months after primary infection, the second virus 
could not be detected at 1, 2 or 6 months after superinfection. 

in 2002 three reports of HiV-1 superinfection in humans were published 
[75,107,108]. A report by Jost et al. describes a case of a male having sex 
with men (MSM) infected with a CRF01_AE strain who became superin-
fected with a subtype B strain [107]. In the paper from Ramos et al. two 
intravenous drug users were initially infected with CRF01_AE or a subtype 
B strain, and they were subsequently superinfected with a subtype B strain 
and CRF01_AE, respectively [108]. Altfeld et al. presented a patient with 
an HIV-1 superinfection where both the first and the second virus were 
subtype B strains [75]. In 2007, an interesting case report was published 
that describes superinfection with a dual-tropic virus strain [109]. The 
primary strain consisted only of ccr5-using variants whereas the superin-
fected virus strain was dual-tropic, being able to use both the ccr5 and the 
cXcr4 receptor.

up till now, at least 30 case reports of HiV-1 superinfection have 
been published (reviewed in [79,110]). A few studies about HIV-1 su-
perinfections were performed in a larger cohorts [74,91,111-114]. 
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HIV-1 triple infections
so far, four articles have described patients infected with three HiV-1 
strains. The first one was a 23-year old Cameroonian woman infected with 
a group O virus, a subtype D strain and an A/G recombinant virus [93,115]. 
in 2005, Gerhardt et al. described a case of a woman from tanzania infected 
with two subtype a strains and a subtype c virus or recombinants thereof 
[73]. However, in both cases it was not possible to examine whether the 
triple infections were the result of coinfection or superinfection. the third 
report describes a 35-year old male patient infected with subtype B strains 
before 2001 and in 2002, who was again superinfected with CRF01_AE in 
2003 ([116] and chapter 3 and 4 of this thesis). The fourth case involves an 
intravenous drug user from spain who was infected with a subtype B strain 
and 12 years later dually superinfected with two other subtype B strains, 
one of which had drug resistance mutations in the pol gene [76].

HIV-1 superinfection and antiretroviral therapy
the use of antiretroviral drugs is very common in developed countries and is 
continuously increasing in developing countries. An efficient infection with 
a new virus is challenging in the presence of antiviral drugs. the occurrence 
of HiV-1 superinfection in patients under therapy is as expected rather 
exceptional [102]. Despite detectable plasma viral load Chakraborty et al. 
found no superinfection in 14 HiV-infected couples treated with antiretro-
viral therapy during 1-4 years of follow-up despite high risk behavior [117]. 
similar results were obtained by Willberg et al. when they reported the 
absence of HiV-1 superinfection in 49 male Haart-treated individuals with 
either viremic or non-viremic male partners exhibiting high-risk behavior 
[118]. Two large studies employed pol genotyping sequences to detect HiV-1 
superinfection by phylogenetic analysis of consecutive sequences. one study 
in the usa, at the stanford university Hospital in san francisco found 
that none of 718 patients was superinfected during approximately 5 years of 
follow-up [119]. The other study was performed in Amsterdam, The Nether-
lands, and here also no superinfections were detected [120].

It is likely that antiviral immune responses decrease during effective 
antiretroviral treatment. this may explain the superinfection cases that 
were observed in patients during interruption of antiretroviral therapy 
[75,107]. 

to date eight cases of superinfection involving drug-resistant HiV-1 
strains have been described. Sometimes the first virus was drug-resistant 
[77,111,121], in two cases the second virus was the resistant virus [111,122] 
and in two other patients both virus strains were found to be drug resistant 
[102,123]. Drug-resistant viruses often [76,122,123], but not always, have 
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a decreased replicative capacity compared to wild-type variants. superin-
fections involving drug-resistant viruses might result in the outgrowth of 
multidrug resistant viruses (MDr). if two strains that infect a patient would 
contain multiple drug resistance mutations and recombine, a pan-resistant 
virus could emerge. a patient infected with such a virus cannot be treated 
with any of the available antiretroviral drugs. such a case was reported in 
New York by Blick et. al [102]. Here, a homosexual man experienced rapid 
progression to aiDs after acute infection with a multidrug-resistant, dual-
tropic strain of HiV-1. the resistant strain originated from a chronically 
HiV-1 infected individual harboring a subtype B MDr strain. this person 
was superinfected by a second subtype B MDr HiV-1 strain, followed by the 
emergence and transmission of a pan-resistant recombinant HIV-1 [102]. 

HIV-1 dual infection and recombination
the increasing number of crfs is a strong indicator that recombination 
plays a significant role in generating the diversity of HIV-1 strains in the 
epidemic. the high recombination potential is instigated by the HiV-1 rep-
lication mechanism [124]. RNA dimerization allows retroviruses to carry 
two RNA genomes in the virion [125]. After entering the target cells, viral 
encoded rt reverse-transcribes the viral rnas into Dna. recombination 
can occur during the reverse transcription process, which can generate Dna 
containing parts of genetic information from each co-packaged RNA mole-
cule [126]. Genotypically different recombinants can only be generated from 
viruses containing two rna molecules encoding different sequences (het-
erozygous virions) but not from viruses with two identical copies of rnas 
(homozygous virions) [127].

The dimerization initiation site (DIS) of HIV-1 was first identified in a 
subtype B strain [130]. Shortly after this publication several groups re-
ported the presence of similar sequences in other HiV-1 subtypes, also in-
volved in dimerization of the RNA genome [131-133]. The presence of a self-
complementary sequence in the Dis loop in all HiV-1 subtypes suggests 
that dimerization occurs through symmetrical intermolecular interactions 
between these sequences to form a kissing-loop complex [128,129,131,134]. 
any mutation that destroys the self-complementarity in the Dis loop pre-
vents dimerization, whereas introduction of compensatory mutations re-
stores the process [128,129,132,135,136]. Dimerization of RNA templates 
could enhance recombination, a hypothesis supported by several in vitro 
biochemical studies on HIV-1 [137-139]. Indeed, the in vitro recombination 
rate between CRF01_AE and subtype C, which have an identical DIS se-
quence, was higher than that between CRF01_AE and a subtype B virus 
[124]. However, the DIS sequence is not the only part of the genome in-
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volved in dimerization [130]. In fact, field isolates show that recombina-
tion between different subtypes of HiV-1 occurs throughout the viral rna 
genome [140,141], which is consistent with the theory that in the virion the 
two RNA genomes are linked at multiple sites [142,143]. 

recombination requires that a single cell is infected by at least two 
virions, which can then produce heterozygous offspring. in patients who are 
coinfected with two strains or different subtypes of HiV-1, a new recom-
binant can arise with novel, possibly advantageous, biological characteris-
tics or phenotype, such as higher cytopathogenicity or an increased replica-
tion rate [144]. Recombination between HIV-1 genomes plays a significant 
role in the evolution of the virus [145,146] by increasing the diversity of the 
viral quasispecies within a patient [147] and within the epidemic [148,149]. 
Mathematical models indicate that limited HiV-1 superinfection incidence 
can generate recombinant viruses at a high frequency when a small core 
group of highly sexually active individuals is combined with a large group of 
low-risk individuals [150,151]. Analysis of a high-risk group of bar workers 
in Tanzania confirmed that the incidence of HIV-1 dual infections and re-
combinant strains was higher in this group compared to the normal-risk 
population [152]. It is therefore likely that HIV-1 recombinant strains will 
continue to spread in the HiV-1 epidemic.

HIV-1 superinfection and superinfection resistance (SIR)
the viral life cycle is a complicated process that involves numerous viral 
and host proteins. Some host gene products can block virus infection at the 
cellular level [153]. These proteins can either be true anti-viral factors or in-
active variants of essential genes (e.g. receptor variants that do not support 
viral infection). at the cellular level, cells can usually prevent a secondary 
infection by a virus that is closely related to the virus which already estab-
lished an infection. this phenomenon is called ‘superinfection resistance’ 
(sir) and in most cases virus encoded proteins are responsible for it. the 
first infecting virus prevents re-infection of the same cell after a short time 
window, which is in the range of 4-24 hours [154]. A simple form of SIR is 
receptor occupancy by env proteins, which prevents the attachment of the 
second virus. additionally, expression of gag protein in a cell can interfere 
with reverse transcription of simple retroviruses like murine leukemia virus 
[154]. Other mechanisms involving the accessory HIV-1 genes are implicat-
ed in sir, where besides env, both the Vpu and nef proteins are involved 
in downregulation of the cD4 receptor molecule by distinct mechanisms (re-
viewed in [155,156]). 
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HIV-1 superinfection and immunity
It is not known whether and how specific host factors influence the occurrence 
of an HIV superinfection. It is likely that the adaptive immune response may 
play a significant role in preventing superinfection. Neutralizing antibodies, 
which arise relatively late in infection, could be one important aspect of this 
response. Animal experiments show that neutralizing antibodies can block 
primary infection of a HIV/SIV (simian immunodeficiency virus) chimeric 
strain [157-160]. Preliminary results suggest that they may also block su-
perinfection. three patients who became superinfected with HiV-1 showed 
weaker neutralizing antibody responses to the initial infection than did non-
superinfected individuals [78]. In two injection drug users from Thailand 
infected with both CRF01_AE and a subtype B strains both humoral and 
cellular immune responses to the primary virus were seen [108]. However, 
cross-subtype antibody responses to the immuno-dominant env-V3 region 
were lacking and superinfection was not prevented [108]. In contrast, in a 
cohort of high-risk Kenyan women four of six superinfected patients had 
cross-reacting neutralizing antibodies that already emerged before super-
infection occurred [161]. Also, the neutralizing antibody response did not 
differ significantly in both breadth and potency in these individuals from 
that in 18 non-superinfected women belonging to the same cohort [161]. 

the cellular immune response, mainly the cytotoxic cD8+ t-cell (ctl) re-
sponse, could potentially also protect against superinfection. in general, the 
CTL response develops within the first month after infection [119]. This is 
reminiscent of the situation in macaques infected with HiV-2, which remain 
susceptible to superinfection up to one month after the primary infection. 
However, in humans there are documented cases in which HiV-1 superin-
fection occurred despite the development of a CTL response [75,77,107,108]. 
as described by altfeld et al., superinfection with another subtype B strain 
resulting in an increase in viremia occurred in a patient who manifested 
a strong and broadly directed virus-specific CTL response and a relatively 
stable control of initial viremia [75]. In this individual as well as in other pa-
tients the neutralizing antibody response to the autologous strain was very 
low and there was no cross-protective immunity against the second virus 
[78,108]. Another patient was described who regardless of having broad 
and stable CTL response against the first strain and reaching an equilib-
rium of viremia without antiretroviral treatment, was superinfected with 
a second subtype B strain [77]. Most of the CTL responses decayed rapidly 
after the superinfection. the newly developed responses were fewer and 
failed to contain the second virus. in the two HiV-1 superinfected drug users 
from Thailand mentioned earlier [108] it was suggested that although the 
superinfected patients developed a ctl response, it was limited in its ca-
pacity to cross-react when compared to non-superinfected thai drug-users. 



23

General introduCtion

[162]. This study also suggested that cross-reactive responses were higher 
and broader to CRF01_AE than to subtype B in this cohort, suggesting that 
superinfection with CRF01_AE after a primary infection with a subtype B 
strain would be easier than the reverse [162].

rachinger et al presented a case in which a long-term elite controller 
regained viremic control after experiencing an HIV-1 superinfection [163]. 
although actual ctl responses were not measured in this patient, he was 
found to carry HLA-B57, an allele associated with control of HIV-1 viremia. 
This finding is in line with the reports of Casado et al [164] and Lamine et al 
[114], where HIV-1 co- and superinfections were found in patients with long-
term non-progressive disease, suggesting that some individuals are able to 
suppress replication of an incoming HiV-1 strain for a second time. in these 
studies, however, nor Hla type nor ctl response was analyzed. 

to summarize, HiV-1 co-infections and superinfections are existing phe-
nomena that contribute to viral diversity by the generation of recombinant 
virus strains. the incidence of HiV-1 dual infections is probably mainly 
controlled by risk behavior and HIV-1 prevalence. The contribution of the 
immune system in preventing HiV-1 superinfections is unclear, but the ap-
parent inability of immune system to avert a second HiV-1 infection in the 
numerous cases presently known has serious implications for HIV vaccine 
design.

Scope of the thesis
When the first cases of HIV-1 superinfection in patients were published 
many questions were raised, both at the individual patient and at the epi-
demiological level. At the patient level, the most important questions are: 
can everyone be superinfected with HiV-1, and does superinfection affect 
the clinical course? at the level of the epidemic, important questions could 
be: how frequent do HIV superinfections occur, can everyone be re-infect-
ed or does it imply a certain virus or host defect, and how about vaccines 
when a natural infection cannot protect against a new infection? this thesis 
will address some of these questions. Chapter 1 gives an introduction on 
the topic of HiV, aiDs and HiV-1 superinfection. the second chapter de-
scribes the first case of a patient who was twice superinfected with HIV-1, 
once with a subtype B strain and 9 months later with CRF01_AE after a 
primary infection with a subtype B virus. the third chapter describes the 
extensive follow-up of this patient. Real-time PCR with virus-specific primers 
showed the continuous presence of all HiV-1 strains. Despite the fact that 
the CRF01_AE LTR exhibited the highest replication activity in vitro, the 
plasma viral load measured in the patient was similar for the two superin-
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fecting virus strains, B2 and CRF01_AE, and much higher than the plasma 
viral load of the primary virus strain B1. in addition, the evolution of the 
three strains over time was investigated by sequence analysis. little conver-
gent evolution was seen, especially in the CRF01_AE sequences. Chapter 
four investigates the incidence of HiV-1 superinfections when a sudden rise 
in the plasma viral load is detected in untreated patients. of the 14 patients 
analyzed, two (14%) were found to have an HiV-1 superinfection. in the re-
maining 12 patients, the viral load increase could be linked to stimulation 
of the immune system, either by (opportunistic) infection or vaccination. in 
chapter five the viruses from the two superinfected patients from chapter 
four were analyzed in more detail. the ex vivo replicative fitness of the 
superinfecting HiV-1 strain was compared to that of the primary infecting 
strain. all HiV-1 strains were of subtype B. in both cases, the superinfect-
ing strain showed an increased fitness compared to the primary strain, and 
the same was seen in blood plasma samples from the patients. in chapter 
six, the complete genome of the biological clones used in the fitness experi-
ments of chapter five was sequenced to relate any genotypic differences to 
the replicative capacity tested in vivo and ex vivo.
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