
Journal of General Virology (1998), 79, 259–267. Printed in Great Britain
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Genetic differences between human immunodeficiency virus
type 1 subpopulations in faeces and serum

Lia van der Hoek,1 Cees J. A. Sol,2 Jolanda Maas,1 Vladimir V. Lukashov,1 Carla L. Kuiken3

and Jaap Goudsmit1

1, 2 Departments of Human Retrovirology1 and Medical Microbiology2, Academic Medical Center, University of Amsterdam, Meibergdreef 9,
1105 AZ Amsterdam, The Netherlands
3 Los Alamos National Laboratory, Los Alamos, N. Mex., USA

To study human immunodeficiency virus type 1
(HIV-1) compartmentalization between intestine
and blood, paired faecal and serum samples were
collected from 204 HIV-1-infected persons. Direct
sequencing of the gp120 V3 region obtained
from 33 persons showed that faecal and serum
sequences could be nearly homologous (0±3%
different) or very dissimilar (11±3% different).
Individual clones were obtained and sequenced
from the faecal and serum samples of 13 persons.
In 6 persons the HIV-1 subpopulations in faeces
and serum were similar, whereas in 7 persons,
distribution of V3 genotypes showed a marked
difference. Genetic characterization of the HIV-1
subpopulations showed less heterogeneity in faecal
subpopulations than in serum subpopulations in 5
of the 7 subjects. Furthermore, faecal and serum

Introduction
Receptive anal sexual intercourse is the main route of

human immunodeficiency virus type 1 (HIV-1) infection in
homosexual and bisexual males (van Griensven et al., 1987 ;
Moss et al., 1987). For a vaccine to be effective it should protect
against virus variants with the ability to enter and replicate in
the intestinal mucosa. The intestinal mucosa comprises the
largest pool of lymphoid cells, yet to date there is no
experimental evidence for the existence of HIV-1 variants with
a preference for this tissue.

The HIV-1 population in an infected person often contains
a diverse mix of variants. In particular, the external envelope
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subpopulations differed predominantly by non-
synonymous nucleotide substitutions (in 6 of 7
persons). Comparison of the HIV-1 subpopulations
in faeces and serum of these 7 persons, using
resampling techniques, revealed a significant dif-
ference between faecal and serum subpopulations
at an N-linked glycosylation site, C-terminal of the
V3 loop (amino acids 331–333). Sequences from
faecal subpopulations of all 7 persons contained a
glycosylation site at amino acid position 331–333.
Four of these 7 harboured serum variants lacking a
glycosylation site at this position. The faecal sub-
populations in these 4 persons showed limited
nonsynonymous substitutions compared to synony-
mous substitutions, indicating that purifying selec-
tion is operational on these subpopulations.

protein gp120 of HIV-1 exhibits extensive heterogeneity
(Saag et al., 1988). The envelope contains critical determinants
of cell tropism (O’Brien et al., 1990 ; Shioda et al., 1991), and
variation at the hypervariable regions of gp120 may facilitate
evasion of the immune system (Albert et al., 1990 ; Zwart et al.,
1994). In particular the third variable region, V3, has been
shown to be involved in cell tropism (Hwang et al., 1991),
syncytium formation (de Jong et al., 1992 ; Fouchier et al.,
1992), and immune recognition (Javaherian et al., 1990).

HIV-1 has been detected in a wide variety of lymphoid and
nonlymphoid tissues (reviewed by Levy, 1993). Tissue-specific
variants can be detected (Epstein et al., 1991 ; Barnett et al.,
1991 ; Kuiken et al., 1995 ; Korber et al., 1994 ; Zhu et al., 1996 ;
Overbaugh et al., 1996), indicating compartmentalization of
HIV-1 in different tissues. Most of this work has focused on the
central nervous system, but Barnett et al. (1991) showed that
isolates recovered from the bowel can differ in biological and
serological properties from HIV-1 strains recovered from
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serum. We have also shown that in some persons HIV-1
subpopulations in intestinal tissue can differ from those in
serum (van der Hoek et al., 1996). However, a study by
Donaldson et al. (1994) showed restricted sequence variability
in the HIV-1 V3 loop among different tissues, including the
colon.

All previous studies were performed on post mortem
samples or intestinal biopsies from a very few individuals. To
address whether compartmentalization occurs frequently in
intestinal tissue and whether tissue specificity can be found in
the V3 sequences obtained from intestinal tissue, a study must
enlist a large number of HIV-infected persons. Since ethical
considerations make intestinal biopsies difficult to collect, we
chose to characterize the V3 sequences in the intestinal mucosa
by studying HIV-1 in faeces. This approach is feasible because
HIV-1 RNA is frequently present in faeces (van der Hoek et al.,
1995) and the HIV-1 sequences in faeces show homology to
the HIV-1 sequences in intestinal tissue (van der Hoek et al.,
1996).

In this study, paired faecal and serum samples were
collected from 204 HIV-infected persons. Of these, 99 persons
(49%) were positive for HIV-1 RNA in faeces, whereas 195
persons (96%) were positive for HIV-1 RNA in serum. The V3
region was sequenced directly from 33 paired faecal and serum
samples, and the difference between faeces and serum was
determined. Individual clones obtained from 13 persons were
sequenced, and recently described methods for analysing
groups of sequences were employed (Kuiken et al., 1995, 1996)
to identify amino acid motifs possibly involved in tissue
specificity.

Methods
+ Subjects and specimens. Faecal and serum samples were collected
on the same day from a cohort of 204 HIV-1-infected persons. Of these
subjects, 100 were diagnosed with an AIDS-defining illness ; 59 showed
AIDS-related symptoms that were not AIDS-defining ; and 45 persons
were asymptomatic. Of the 13 persons from whom clones were
sequenced, 8 were diagnosed with an AIDS-defining illness (subjects 03,
15, 58, 64, 66, 73, 79 and 92) ; 2 showed AIDS-related symptoms that
were not AIDS-defining (subjects 02 and 76) ; 3 were asymptomatic
(subjects 12, 134 and 149). Persons 03 and 02 have been described earlier
as persons A and B (van der Hoek et al., 1995) ; subjects 12 and 15 have
been described previously as persons F and N (van der Hoek et al., 1995,
1996). Serum was stored at ®70 °C and faeces were stored in broth as
reported previously (van der Hoek et al., 1995). The search for HIV-1
nucleic acids in various specimens was performed with the informed
consent of all subjects.

+ Extraction of nucleic acids from serum and faeces. Nucleic
acids were isolated from serum specimens using protocol Y}SC of Boom
et al. (1990). Nucleic acids were isolated from faeces–broth mixtures using
protocol F}SC, an adaptation of protocol Y}SC for use with faeces (van
der Hoek et al., 1995). In each experiment, negative and positive
extraction controls were included. As a positive extraction control, 10&

HIV-1 RNA molecules isolated from a virus culture were used.

+ RT–PCR and DNA–PCR. Reverse transcription (RT) and ampli-
fication (via PCR) of the V3 coding region were performed using primers

L10 (RT), L9 and 5«V3NOT in the first PCR, and primers 3«V3NOT and
5«KSI in the nested PCR as described previously (van der Hoek et al.,
1995). Minus-RT reactions (DNA–PCR) were performed as the RT
reaction but without the addition of reverse transcriptase (van der Hoek
et al., 1995). PCR products were visualized by ethidium bromide staining
and Southern blot hybridization.

+ Cloning and sequencing. For cloning, the product of the nested
PCR was purified from agarose gel slices (van der Hoek et al., 1995). The
purified DNA was eluted in 6 µl H

#
O. Purified PCR fragments (2 µl) were

cloned using the TA cloning kit (Invitrogen) according to the
manufacturer’s instructions. Screening for clones containing a plasmid
with an insert was performed by PCR (van der Hoek et al., 1996). Double-
stranded sequencing was performed using dye-labelled T7 primer, M13
reverse primer or ®21M13 primer according to the manufacturers’
protocols (dye primers, Perkin Elmer}Applied Biosystems ; thermo
sequenase fluorescent-labelled primer cycle sequencing kit, Amersham).
The products were analysed on an automatic sequencer (Applied
Biosystems). In the direct sequences of PCR products that contained more
than one V3 variant, nucleotide positions with variation could be
observed. Those nucleotide positions showing more than one nucleotide
in both plus and minus strand sequences were considered to be
ambiguous. For each PCR product, 6 to 16 clones were sequenced.

+ Reproducibility of amplification from faeces. To reduce the
possibility that differences between faecal and serum sequences were
caused by sampling errors, we performed the extraction, amplification
and direct sequencing of the PCR products at least twice. The only
persons included in further analysis were those in whom multiple direct
sequences were largely identical (more than 98% of the nucleotides being
identical). Clones were sequenced from each of the two or three
extractions.

+ Sequence analysis. Sequencing of individual clones allowed
analysis of a 303–309 bp fragment (HIV-1

MN
nucleotide positions

7060–7366 ; Myers et al., 1996) which included the V3 encoding region
of gp120. Nucleotide sequences were aligned manually. All positions
with an alignment gap in at least one sequence were excluded from any
pairwise sequence comparison. The nucleotide consensus sequences of
the clones of a genotype were determined by selecting the nucleotide
that most frequently occurred for each nucleotide position. Phylogenetic
analysis was carried out using the PHYLIP package (Felsenstein, 1993)
and the neighbour-joining method of the MEGA program (Kumar et al.,
1993). The nucleotide distance matrix input for the neighbour-joining
program was generated by Kimura’s two-parameter estimation (Kimura,
1980). Bootstrap resampling (100 replications) was employed to place
approximate confidence limits on individual branches. Probability (P)
values were determined by using a two-tailed Fisher’s exact test.
Separation indexes (S-indexes) and the Pearson correlation coefficients
were calculated as described by Kuiken et al. (1995, 1996). To determine
the cut-off value for the Pearson correlation coefficient, sequences were
divided in two random groups 100 times, and for all positions the
(random) correlation was calculated. For the S-index, a significant
difference was assumed when the S-index score was higher than the
highest among 10000 random groupings (added with twice the standard
deviation). Synonymous and nonsynonymous nucleotide P-distances (d

s

and d
a
, respectively) were calculated using the MEGA program (Kumar

et al., 1993). The percentage of nucleotide difference between direct
sequences was determined by counting the number of nucleotides which
were different between the two sequences, and also counting the number
of positions where ambiguity was seen in one sequence, and only one
nucleotide in the other sequence.
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Results
Characterization of HIV-1 subpopulations in faeces
and serum by direct sequencing

Faeces and serum were collected from 204 persons on the
same date. Nucleic acids were isolated from faeces and serum,
and the V3-encoding sequence was amplified by nested
RT–PCR. Of the 204 subjects, 99 (49%) were positive for HIV-
1 RNA in faeces, whereas 195 persons (96%) were positive for
HIV-1 RNA in serum. The presence or absence of HIV-1 RNA
in faeces was not associated with a clinical category nor with
the CD4 count (P¯ 0±75 and 0±65, respectively ; F. Snijders,
L. van der Hoek, G.-J. Weverling, J. Goudsmit, A. Tijmensen,
T. van Gool, C. I. Gallimore, C. J. A. Sol & S. A. Danner,
unpublished results).

Direct sequencing of PCR products was employed to gauge
the extent by which the HIV-1 population in faeces differs
from the HIV-1 population in serum. HIV-1 RNA from faeces
was isolated, amplified and sequenced in duplicate. Based on
the reproducibility of duplicate sequencing, 33 persons were
selected for whom the direct V3 sequence obtained from faeces
and serum were compared (see Methods for details of
comparisons). The nucleotide differences between their faecal
and serum sequences ranged from 0±3% (only 1 of 310
nucleotides) to 11±3% (35 positions of the 310 nucleotides).

V3 genotype distribution in faeces and serum

To characterize the HIV-1 subpopulations genetically, 13
persons were chosen for cloning and sequencing of the V3
region from both faeces and serum. Selection of these subjects
was based on their representation of the spectrum of differences
found in the direct sequences. The nucleotide difference was
! 3% in subjects 64 and 134 ; 3–4% in subjects 66 and 149 ;
4–5% in subjects 02 and 03 ; 5–6% in subject 12 ; 6–7% in
subjects 58 and 79 ; 7–9% in subjects 15 and 76 ; and " 9% in
subjects 73 and 92. For each of these 13 persons, between 9
and 33 clones were sequenced from both faeces and serum. For
faeces, clones were sequenced from two or three independently
obtained PCR products. Sequences were subjected to phylo-
genetic analysis to determine whether different clusters,
assigned genotypes, could be identified within each person.
The distribution of genotypes in faeces and serum was then
determined.

Seven of 13 persons (subjects 02, 03, 12, 15, 73, 79 and 92)
showed a significant difference in distribution of genotypes
between faecal and serum subpopulations (Fig. 1). The
consensus sequences of the genotypes showed a nucleotide
distance of over 0±035 from other genotypes that coexisted
in the same person (Fig. 2). Based on statistical analysis,
the faecal subpopulations clearly differed from the serum
subpopulations, and genotypes could be labelled either faeces-
or serum-specific (Fig. 2).

Phylogenetic analysis of the genotypes specific for faeces

or serum of the 7 persons did not show a clustering of the
faeces-specific sequences (Fig. 3). It did, however, show that
except in one case the faecal and serum genotypes of a
particular person clustered together : in subject 79 the faecal
and serum sequences did not cluster together. The most
plausible explanation for this result would be PCR con-
tamination but, since genotypes 79A and 79B were detected in
both faeces and serum (although with different frequencies),
contamination is unlikely. To exclude that possibility, 15
sequential serum samples were analysed, and both genotype
sequences were again found in 14 samples. It is therefore
concluded that this person is a specific case in which two
distinct populations coexist for a prolonged period of time
(L. van der Hoek, V. V. Lukashov, C. J. A. Sol, J. Maas &
J. Goudsmit, unpublished results).

For 6 of the 13 persons, the HIV-1 subpopulation in faeces
was not significantly different from the HIV-1 subpopulation
in serum (subjects 58, 64, 66, 76, 134 and 149). In 4 persons,
different genotypes could not be identified (data not shown).
For 2 persons more than one genotype was present in faeces
and serum, but their difference in distribution in faeces and
serum was only borderline significant (P¯ 0±050 for subject
58 and P¯ 0±076 for subject 76). For these 2 persons the main
serum genotype was also the main faecal genotype, and the
distinction between faeces and serum lay in the detection of
minority genotypes in either faeces or serum (data not shown).

Conservation of an N-linked glycosylation site in V3
variants detected in faeces

To detect an intestinal tissue-specific V3 motif, the entire
group of faecal clone sequences was compared with the entire
group of serum clone sequences of the 7 personswho displayed
a significant difference between the subpopulations of faeces
and serum. We used recently described methods for analysing
groups of sequences in order to identify amino acid positions
which distinguish groups : calculation of the S-index for
separation, and determination of the Pearson correlation
coefficients (Kuiken et al., 1995, 1996). The S-index for
separation can identify positions that contain different amino
acids in the faecal sequences compared to sequences from
serum, as well as positions that are conserved in one group and
variable in the other. To evaluate the strength of the association
between the amino acid positions and the two groups of
sequences, a Pearson correlation coefficient was calculated
from a faecal sequence matrix and a serum sequence matrix
(Kuiken et al., 1996). The only amino acid positions showing a
significant S-index and a Pearson correlation above the cut-off
were positions 331 and 333. For position 331 the Pearson
correlation coefficient was 0±21 with a cut-off for this position
of 0±12 ; the S-index was 0±27 with a cut-off value of 0±22. For
position 333 the Pearson correlation coefficient was 0±24 with
a cut-off of 0±13 ; the S-index was 0±29 with a cut-off of 0±22.
These positions form an N-linked glycosylation site (N-X-S,
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(a)

(b)

(c)

(d )

(e)
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(g)

Fig. 1. Different genotypes within 7 persons. Phylogenetic analysis was
performed using the neighbour-joining method in the PHYLIP package
(Felsenstein, 1993) on the V3 clone sequences from faeces and serum of
7 persons. The bootstrap values (for 100 replications) of the genotypes
were calculated using the MEGA program (Kumar et al., 1993) and are
given at the root of the cluster. Subjects (a) 73, (b) 79, (c) 02, (d) 03,
(e) 92, (f) 12, (g) 15.

where X can be any amino acid except proline), located just
C-terminal of the V3 loop.

As shown in Fig. 2, the glycosylation site at position 331 is
conserved in all faecal sequences, whereas in serum of 4
persons sequences were detected which lacked the glycosyl-
ation site at position 331. For 3 persons these serum variants,

without the 331 glycosylation site, contained an N-linked
glycosylation site at position 333–335 (N-X-T).

To evaluate whether the glycosylation site at position 331
is frequently seen in the group of 33 persons, all direct
sequences from faeces and serum that did not have ambiguous
nucleotides at this site were examined for the presence of a

CGC
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Fig. 2. Deduced amino acid sequences of the V3 genotypes. Consensus sequences of the genotypes were aligned against the
consensus sequence of HIV-1 subtype B, and the distribution of the genotypes in faeces and serum is given at the end of the
sequence. The last column shows probabilities (P) for the association between the detection of a genotype in either faeces or
serum. Values of P were determined by using the two-tailed Fisher’s exact test. The letter C before a sequence indicates that
it is a consensus sequence calculated from a group of sequences that clustered together phylogenetically (shown in Fig. 1).
*, For faeces, clones were sequenced from two or three PCR products (described in Methods). a Sequence of clone recA/B, a
clone that is a recombinant of genotype A and B sequences, most probably an artefact produced by RT–PCR. b Sequence of
clone Ke3681, an individual sequence that clustered near the 02B sequences (Fig. 1). c For subjects 12 and 15, other
sequences were also detected in faeces and serum that did not belong to genotype A or B (van der Hoek et al., 1996) but,
being a minority, they were not assigned as faeces- or serum-specific. Dashes indicate identity with the reference sequence;
dots indicate deletions. Amino acid numbering in gp120 is indicated at the top of the figure.

glycosylation site at position 331 or 333. For serum, of the 22
direct sequences that could be analysed, 20 contained a V3
sequence with an N-linked glycosylation site at position 331
(data not shown). The other 2 serum samples harboured V3
sequences with a glycosylation site at position 333. Of the 22
faecal samples, again 20 V3 sequences had a glycosylation site
at position 331, whereas a glycosylation site at position 333
was seen in two. Those faecal samples were from the same 2
persons whose serum sequences showed the 333 glycosylation
site.

Synonymous and nonsynonymous substitutions

The nature of the substitutions that occur in a population
supplies insight into the evolutionary forces operating on that
population. We therefore determined the mean proportion of
synonymous (d

s
) and nonsynonymous (d

a
) substitutions both

within and between the faecal and serum subpopulations for
the group of 7 persons showing a clear difference between
faecal and serum subpopulations. The intrasample d

s
and d

a

values in faeces and serum facilitate comparison of the
heterogeneity of HIV-1 within these samples. In the majority
(5 of 7 persons), the HIV-1 population in faeces showed less
heterogeneity than its corresponding serum sample (Table 1),
in both synonymous and nonsynonymous substitutions.

The ratio of synonymous and nonsynonymous sub-
stitutions is commonly used to analyse selective forces which

drive the evolution of nucleotide sequences. A bias for either
synonymous or nonsynonymous substitutions points to
purifying selection or positive selection, respectively. The
d
s
}d

a
ratio was determined both within and between the

subpopulations of faeces and serum. The d
s
}d

a
ratio in serum

showed a median of 0±96 (ranging from 0±72–1±45). For faeces,
the median d

s
}d

a
ratio was 2±06 (range 0±42–5±49), indicating

less selection for nonsynonymous changes in faecal sub-
populations. In 4 persons, the ratio between d

s
and d

a
was " 1

(subjects 79, 92, 03 and 02 ; Table 1). In contrast this was seen
in serum subpopulations of only 1 of these 4 persons (subject
03). These 4 persons were those in whom serum variants
lacking a glycosylation site at position 331 were detected.
Comparison of the d

s
}d

a
ratio between the faecal and serum

subpopulations showed that in 6 of 7 individuals, the ratio was
! 1 (Table 1). This result suggests that selection for certain
nonsynonymous changes occurred between these sub-
populations.

Discussion
Transmission of HIV during receptive anal sexual in-

tercourse is restricted to viruses with the ability to enter the
intestinal mucosa. The variants able to replicate in the intestinal
mucosa are therefore of particular interest. In this study, we
examined the HIV-1 subpopulations in faeces and serum to
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Fig. 3. Phylogenetic analysis of the faeces-specific (F) and serum-specific (S) genotypes. Phylogenetic analysis was performed
using the neighbour-joining method (Kumar et al., 1993). Codes refer to the genotype sequences shown in Fig. 2. The
bootstrap values of the genotypes are given at the root of the cluster.

determine whether compartmentalization between intestine
and blood occurs. Our findings indicate that (1) the HIV-1
subpopulations in faeces and serum can differ significantly
within one individual ; (2) in general, faecal and serum V3
sequences differ most profoundly at nonsynonymous nucleo-
tide positions ; (3) the V3 sequences specific for either faeces or
serum show host-specific clustering rather than tissue-specific
clustering ; (4) in most persons, the heterogeneity of the HIV-
1 subpopulation in faeces is lower than the corresponding
serum sample ; (5) some faecal subpopulations show a bias
for synonymous substitutions in comparison with non-
synonymous substitutions ; and (6) an N-linked glycosylation
site at amino acid position 331 is conserved in faecal
subpopulations.

The difference between faecal and serum subpopulations
may be caused by selective forces operative in different
compartments. Since the type of substitutions supplies in-
formation about the selective forces, we determined the
proportion of synonymous (d

s
) and nonsynonymous (d

a
)

substitutions among subpopulations in faeces and serum, as
well as their ratio (d

s
}d

a
). A bias for synonymous substitutions

suggests selection based on replication fitness, whereas a bias
for nonsynonymous substitutions suggests selection to pro-
mote diversification of the population. In our study, the d

s
}d

a

ratio in serum showed a median of 0±96, which is typically
observed for the V3 region in serum and is considered to be a
reflection of a strong immune pressure on this region (Lukashov
et al., 1995). Four persons showed a bias for synonymous
substitutions in faeces, resulting in a d

s
}d

a
ratio" 1. This

finding implies that in these subpopulations, nonsynonymous
substitutions are mostly deleterious, and selective forces driving
the outgrowth of variants with amino acid changes are absent,
whereas a selective force on replication fitness is operational
(purifying selection). Of most interest is that these 4 persons
are those carrying serum variants lacking the glycosylation site
at position 331. So, for those persons harbouring mixtures of
variants with and without the glycosylation site at position
331, purifying selection is operational in faeces on those
variants with a glycosylation site at position 331.

Purifying selection in intestinal tissue may be the result of
a limited choice in types of target cells. Several studies have
shown that HIV is most frequently detected in mononuclear
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Table 1. Mean proportion of synonymous (ds) and
nonsynonymous (da) substitutions

Mean p-distance value*

Person Sample ds da ds/da

79 F† 0±0294³0±025 0±0133³0±020 2±21
S† 0±0459³0±028 0±0637³0±050 0±72
F}S‡ 0±0512³0±015 0±0642³0±047 0±80

92 F 0±0266³0±023 0±0049³0±004 5±49
S 0±0277³0±023 0±0314³0±031 0±88
F}S 0±0615³0±012 0±0714³0±015 0±86

03 F 0±0426³0±024 0±0238³0.018 1±79
S 0±0526³0±038 0±0378³0±028 1±39
F}S 0±1099³0±025 0±1254³0±033 0±88

02 F 0±0464³0±023 0±0255³0±010 2±06
S 0±0537³0±030 0±0561³0±024 0±96
F}S 0±0571³0±029 0±0483³0±024 1±18

12 F 0±0354³0±027 0±0469³0±031 0±75
S 0±0342³0±025 0±0236³0±023 1±45
F}S 0±0381³0±024 0±0482³0±026 0±79

15 F 0±0375³0±022 0±0677³0±040 0±55
S 0±0151³0.010 0±0215³0±036 0±70
F}S 0±0326³0±024 0±0685³0±024 0±48

73 F 0±0196³0±017 0±0462³0±055 0±42
S 0±0612³0±029 0±0494³0±034 1±24
F}S 0±0643³0±020 0±1062³0±034 0±61

* The proportions of synonymous (d
s
) and nonsynonymous (d

a
)

substitutions and the standard deviation were calculated using the
p-distance as implemented in the MEGA program.
† Every sequence within a sample was compared to every other
sequence within that sample.
‡ Every sequence of a faeces sample was compared to every sequence
of the serum sample.

cells in the lamina propria of the intestinal mucosa, either T
cells or macrophages (Ullrich et al., 1989 ; Heise et al., 1991 ;
Jarry et al., 1990). HIV has also been detected in the epithelial
layer (Nelson et al., 1988 ; Kotler et al., 1991), but whether it
infects epithelial cells on a large scale remains questionable. In
addition, HIV-infected dendritic reticulum cells in germinal
centres of mucosal lymphoid follicles have been described
(Jarry et al., 1990). In rhesus macaques infected with simian
immunodeficiency virus (SIV), SIV-infected T lymphocytes
and macrophages could be detected in the gut-associated
lymphoid tissue (Heise et al., 1994). SIV-infected macrophages
were seen mainly during the primary and terminal stages of
SIV infection. Most of our group of 7 persons whose faecal and
serum subpopulations differed were diagnosed with AIDS
(n¯ 5), and the cells infected in their intestinal mucosa may
have been predominantly macrophages. Two of the group
harboured V3 variants in serum that carried SI characteristics
(genotypes 15B and 73C), whereas all genotypes specific for
faeces contained NSI or macrophage-tropic features (de Jong et
al., 1992). However, as SI features were seen in only 2 persons,

whereas in the others the variants from faeces and serum all
carry NSI characteristics, no conclusions can be drawn.

A limitation of immune pressure on the virus could also
result in purifying selection. Both in vivo and in vitro studies
have shown that HIV-1 replication under low immune pressure
results in a low rate of nonsynonymous nucleotide sub-
stitutions (Nara et al., 1990 ; Lukashov et al., 1995). Local
intestinal immune pressure is impaired in HIV-infected persons.
The lamina propria shows decreased levels of CD4-positive
cells and increased levels of CD8-positive cells (reviewed by
Riecken et al., 1990). A decrease in CD4-positive cells can be
even more pronounced in the lamina propria of intestinal
mucosa than the decrease seen in blood (Schneider et al., 1995 ;
Snijders et al., 1996). In addition, the mucosal humoral immune
system may be compromised in HIV-infected patients (Janoff
et al., 1994). Mucosal secretions show impaired levels of IgA,
especially IgA

#
, and IgA plasma cell density is decreased

(Kotler et al., 1987). Interestingly, comparison of IgA and IgG
antibodies directed to V3 found IgA antibodies much less
capable of neutralizing HIV-1 than the IgG antibodies in the
same person (Kozlowski et al., 1994). The local intestinal
immune pressure can be strongly impaired in HIV-infected
persons, and immune pressure on HIV in the intestinal mucosa
could be sufficiently impaired that diversifying mutations to
escape from immune pressure are not seen.

Serum- or faeces-specific sequences are usually not ex-
clusively present in serum or faeces but are unevenly
distributed, predominating in one of the two. This finding
suggests migration of variants from blood to intestinal tissue,
or vice versa, rather than independent evolution of the variants
in the intestinal tissue. Similar conclusions have been drawn
regarding HIV subpopulations studied in blood and the central
nervous system (Korber et al., 1994). It may be that distinctions
between faecal and serum subpopulations are largely a
reflection of time-related factors.

For 6 persons in the group of 13, we found no evidence that
the subpopulations in faeces and serum differed. Donaldson et
al. (1994) also showed that for 2 persons harbouring an HIV-
1 population with restricted sequence variability in the V3
loop, the subpopulation obtained from colon was not signifi-
cantly different from the subpopulations in other tissues or
peripheral blood nucleated cells.

In conclusion, the subpopulations in faeces and serum are
distinct in some persons, whereas in others they are similar. In
persons whose subpopulations are distinct, conservation of a
glycosylation site at position 331 is seen in faecal sequences.
Whether conservation of the 331 glycosylation site is based on
selection due to tropism or to the local immune pressure
remains an interesting subject for further studies.

We especially thank F. Snijders for collecting faecal and serum
specimens and clinical data ; A. van Strien for preparing buffers, chemicals
and extraction tubes for nucleic acid extraction ; M. T. E. Cornelissen for
enlightening discussions and Lucy D. Phillips for editorial review.
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