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Summary
HIV superinfection in humans, defined as a second HIV infection after se-
roconversion due to a first infection, has become a frequently studied topic 
since the first conference reports on potential superinfections and dual in-
fections appeared in 2000. evidence of HiV-1 superinfections in humans 
suggests that a primary infection with HiV-1 does not always generate a 
protective immune response against a second infection. 

In this thesis we describe the first case of serial HIV-1 superinfection in 
a Dutch patient, finally resulting in a triple HIV-1 infection (chapter 2). 
the two HiV-1 subtype B strains (B1 and B2) and the recombinant virus 
CRF01_AE infecting this patient were studied in-depth in chapter 3. the 
association between a sudden increase in the plasma viral load and the oc-
currence of an HiV-1 superinfection was investigated in chapter 4. this 
search yielded two patients with an HiV-1 superinfection, of which the 
primary and secondary viruses were competed against each other to analyze 
their comparative replication fitness in a study described in chapter 5. 
Chapter 6 describes the complete genome analysis of these virus variants.

in chapter 2 we described the first HIV-positive patient, infected with a 
subtype B virus variant, with two consecutive HiV-1 superinfections. the 
first superinfection occurred with another subtype B virus approximately 
17 months after testing HIV-1 positive in March 2001. A second superin-
fection with the recombinant strain CRF01_AE took place 9 months after 
the second superinfection. the patient was a 35-years old caucasian man, 
living in amsterdam, and reported to having sex with multiple men. in July 
2003 a large increase in the plasma viral load was noticed, and the cD4+ 
T cell count was substantially reduced. Also, the patient experienced flu-
like symptoms like fever, rhinorrhoea, arthralgia and cough. Analysis of a 
plasma sample from this time point revealed the presence of two subtype 
B strains and a CR01_AE virus variant. Based on retrospective studies of 
stored plasma samples we were able to show that the first superinfection, 
with the second subtype B strain, occurred between July and october 2002. 
The first superinfection did not cause any acute infection symptoms in the 
patient, although a small increase in the plasma viral load was seen. Having 
such an unusual case provided us with an opportunity to investigate the ev-
olution of three HiV-1 strains within a single patient and the possible virus 
interactions, especially recombination. 

Chapter 3 describes the extensive follow-up of the HiV-1 quasispecies 
within this unique patient after triple infection. We investigated the evolu-
tion of the first, second and third strain by sequencing the gag and env genes 
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at different time points. Additionally we checked the viral production of all 
three strains in blood and seminal plasma to investigate the replication ca-
pacity of the strains. Measuring the transcriptional activity of the ltr pro-
moter in a luciferase system revealed that the CRF01_AE variant has a 
higher promoter activity than strains B1 and B2. However, the increased 
promoter activity was not reflected in the plasma viral load, as we observed 
the continuous expression of all three strains in blood plasma, with similar 
viral loads for strain B2 and CRF01_AE, which were about 100-fold higher 
than that of the first B1 virus. Overall, the viral load was about 100-fold 
lower in seminal plasma than in blood plasma. strain B1 sequences were 
frequently undetectable, while ample sequences of strain B2 and CRF01_AE 
sequences were detected; suggesting that strain B1 also has the lowest copy 
number in seminal plasma. We also generated biological clones to analyze 
recombination events. overall, little evidence was obtained for such virus 
interactions, except for recombination between strains B1 and B2. no in-
ter-subtype recombinants were found between the HiV-1 B viruses and the 
CRF01_AE subtype. 

the triple HiV-1 infection case described in chapters 2 and 3 was first 
identified because of a sudden increase in the plasma viral load. In chapter 
4, we therefore investigated the association between such a sudden rise in 
the plasma viral load and the occurrence of an HiV-1 superinfection. We 
have analyzed the HiV-1 variants in plasma samples from 14 chronically 
untreated HiV-1 infected patients. phylogenetic analysis of env-V3 and gag 
fragments from two time points, before the rise in plasma viral load and at 
the peak of the load increase, revealed additional HIV-1 superinfections in 
two patients (patients l and p). Both patients were superinfected with a 
second subtype B variant approximately 6 months after the primary HIV-1 
subtype B infection. in six other patients retrospective studies suggested 
diverse explanations for the sudden rise in their plasma viral load, such 
as upper respiratory tract infections or other stimulations of the immune 
system, e.g. vaccination in one patient. When no medical explanation could 
be given, the increase in the HiV-1 copy number was probably attributed to 
disease progression. We concluded that a rapid increase in the plasma viral 
load is only infrequently related to HiV superinfection. 

in chapter 5 the relative fitness of the primary HIV-1 strain and that 
of the superinfecting strain isolated from patients l and p was compared. 
Ex vivo competitions were performed with pairs of biological virus clones 
generated from patients l and p. the dual virus infections were analyzed 
with a heteroduplex tracking assay (HTA) and with isolate-specific PCR am-
plification. Head-to-head competitions showed a significantly higher repli-
cative fitness of the superinfecting strain (B2) over the first B1 strain in 
patient l. in only two out of four competitions the superinfecting virus (B4)  
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outcompeted the primary strain (B3) in case of patient p. However, it was 
very difficult to obtain B3 clones, which may suggest a replication defect. 
the relative rna copy numbers of each virus in blood plasma samples 
were also analyzed over time to estimate the in vivo replication capacity. 
in both patients l and p, the superinfecting strains B2 and B4 had higher 
copy numbers than the primary strains B1 and B3. these combined results 
suggest that the superinfecting strains have a superior replication capacity 
in vivo compared to the primary strains. 

in chapter 6 we sequenced the full-length genomes of the B1-B4 biologi-
cal clones to investigate what variation could account for the differences in 
replication capacity of the strains. for the primary infecting strain B1 of 
patient l, the most important candidate mutation is f32l in the tat protein 
that has been associated with reduced tat activity and reduced replication 
capacity of the virus. the primary strain B3 of patient p was found to have 
two interesting mutations in the polya hairpin that could negatively in-
fluence the regulation of polyadenylation and virus replication. No obvious 
mutations interfering with the replication process were found in the super-
infecting HiV-1 strains of both patients. 




