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Multiple Human Herpesvirus—8 Infection
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In Malawian patients with Kaposi sarcoma (KS) and their relatives, we investigated nucleotide-sequence
variation in human herpesvirus—8 (HHV-8) subgenomic DNA, amplified from oral and blood samples by use
of polymerase chain reaction. Twenty-four people had amplifiable HHV-8 DNA in >1 sample; 9 (38%) were
seropositive for human immunodeficiency virus type 1, 21 (88%) were anti-HHV-8-seropositive, and 7 (29%)
had KS. Sequence variation was sought in 3 loci of the HHV-8 genome: the internal repeat domain of open-
reading frame (ORF) 73, the KS330 segment of ORF 26, and variable region 1 of ORF K1. Significant intra-
person/intersample and intrasample sequence polymorphisms were observed in 14 people (60%). For 3 patients
with KS, intraperson genotypic differences, arising from nucleotide sequence variations in ORFs 26 and K1,
were found in blood and oral samples. For 2 other patients with KS and for 9 people without KS, intraperson
genotypic and subgenotypic differences, originating predominantly from ORF K1, were found in oral samples;
for the 2 patients with KS and for 4 individuals without KS, intrasample carriage of distinct ORF K1 sequences

also were discernible. Our findings imply HHV-8 superinfection.

Human herpesvirus—8 (HHV-8), also known as Kaposi
sarcoma (KS)-associated herpesvirus, is etiologically
linked to KS, multicentric Castleman disease, and pri-
mary effusion lymphoma. Its endemicity in general
populations, as assessed by seroprevalence studies, is
low in North America and Northern Europe (<20%)
but much higher in some regions around the Medi-
terranean and in Africa (20%—-60%) [1].

In Africa, HHV-8 commonly is acquired in child-
hood. Transmission tends to be intrafamilial, and the
dominant route is from mother to child [2]. Extrafa-
milial nonsexual transmission also has been identified
[3, 4]. Studies among homosexual men in North Amer-
ica implicate the mouth and oropharynx as dominant
sites of HHV-8 shedding and saliva as an important
vehicle of HHV-8 transmission [5]. Two recent reports
show that, in Africa, too, HHV-8 has a predilection to
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be shed in saliva. The first is a study of Egyptian chil-
dren with acute fever not due to a specific viral ex-
anthem, in which significantly more children were
found to have HHV-8 DNA in saliva but not in blood
than to have HHV-8 DNA in blood but not in saliva
[6]. The second report relates to our earlier study con-
ducted in Malawi of asymptomatic family members of
patients with KS whose HHV-8 genome detection rate
was found to be significantly higher in oral than in
blood samples [3].

Saliva or saliva-contaminated objects might facilitate
the intra- and extrafamilial spread of HHV-8 in African
communities. Assuming that, in these communities, the
main portal of entry of HHV-8 is the mouth, exposure
of susceptible persons to the virus is likely to begin
early in life. Although it is unclear how immunological
responses generated by the host after first exposure pro-
tect against infection from subsequent exposures, it
would appear that humoral responses may not be neu-
tralizing, because HHV-8 can actively replicate in peo-
ple who are seropositive for the virus [7]. Accordingly,
people growing up and living in regions where HHV-
8 is hyperendemic are potential hosts to multiple HHV-
8 strains. We tested for the presence of the HHV-8
genome in blood and several different oral compart-
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ments, in a group of people residing in Malawi, and evaluated
the extent to which, in each person, the genomes found in one
compartment diverge from those in another.

PATIENTS, MATERIALS, AND METHODS

Patients and samples. The study group included patients
with KS (n = 22) attending the Central Hospital of Blantyre,
Malawi, and their first-degree relatives (n = 67), a group of
subjects described in detail elsewhere [3, 4]. Ethical approval
for the study was granted in the United Kingdom and locally.
Venous blood and oral samples were obtained after informed
consent was given. The following oral samples were collected:
mouth rinse, throat gargle, and palatal exfoliate. A sampling
order of the oral components was imposed to minimize cross-
contamination between compartments: the throat-gargle sam-
ple (collected after 30 s of gargling with 5 mL of PBS), the
mouth-rinse sample (collected after retaining 5 mL of PBS in
the mouth for 2 min, during which gentle lateral flexions of
the neck were encouraged), and the palatal-exfoliate sample
(collected in 1 mL of PBS after applying 5 rotations of an
exfoliative cytology brush to the palatal mucosa posterior to
the upper incisors). All oral specimens were stored at —70°C
until further processing.
Sample processing.
blood samples, CD45" leukocytes were immunomagnetically

After separation of plasma from the

fractionated using Dynabeads (Dynal A.D.), as described else-
where [8], and were stored at —70°C. DNA was extracted from
the fractionated leukocytes by use of Geneclean III (BIO 101).
Oral samples were subjected to low-speed centrifugation, after
which the pellets were resuspended in 1 mL of PBS, split into
150-uL aliquots, and stored at —70°C until required. DNA was
extracted from each aliquot by use of the QIAamp kit (Qiagen).

Length polymorphism and restriction fragment—length poly-
morphism (RFLP) analyses of HHV-8 DNA amplified from the
open-reading frame (ORF) 73 internal repeat domain (IRD).
A nested polymerase chain reaction (PCR) protocol was applied
to sample extracts to amplify a DNA segment from the IRD of
ORF 73, as described elsewhere [4]. This segment (hereafter re-
ferred to as “IRD”) varies in length from 1350 to 1900 bp [9].
To further evaluate sequence polymorphism within IRD, PCR
products were digested with Banll and Mbol, after which the
digested products were electrophoresed, and the gel migration
distances of the products were analyzed [4].

Sequencing analyses of HHV-8 DNA amplified from ORFs
26 and K1. A 211-bp segment from the KS330 region of
OREF 26 (hereafter referred to as “KS330”), spanning positions
355-588, was amplified from sample extracts by use of nested
PCR, as described elsewhere [10] (KS330 position assignments
are based on the prototype HHV-8 sequence; GenBank acces-
sion no. U75698). A 246-bp segment of ORF K1 that encom-

passes the highly variable V1 region [11] (hereafter referred to
as “K1/V1”), spanning positions 366—577, was amplified from
sample extracts by use of nested PCR, as described elsewhere
[3] (K1/V1 position assignments are based on the BCBL-1
HHYV-8 sequence; GenBank accession no. U86667). Genotypic
assignments based on KS330 were made according to the pro-
tocol of Poole et al. [12]; assignments based on K1/V1 were
made according to the protocol of Zong et al. [11]. To minimize
contamination during PCR, DNA extraction, PCR reagent
preparation, thermocycling, and post-PCR procedures were
conducted in dedicated rooms. Appropriate negative and pos-
itive control specimens were included in each PCR. In addition,
DNA extraction and PCR were repeated for those samples
showing intraindividual HHV-8 subgenomic sequence varia-
tion. PCR products were sequenced using the Beckman-Coulter
CEQ2000 automated capillary array sequencer. Raw DNA se-
quence data were analyzed using SeqMan software (DNAstar),
and phylogenetic analyses were performed using PHYLIP (ver-
sion 3.5; available at: http://evolution.genetics.washington.edu/
phylip.html).

Screening for intrasample K1/V1 sequence differences by de-
naturing gradient gel electrophoresis (DGGE).
son, samples that amplified positively for K1/V1 and for which

From each per-

sequences differed between body compartments were subjected
again to nested PCR by use of the EXPAND High Fidelity PCR
System (Roche Diagnostics). Clones were generated from each
K1/V1 PCR product by use of the TOPO TA Cloning System
(Invitrogen). For each colony, another round of PCR was done
under conditions identical to the second-round high-fidelity
PCR, except that a “clamping” primer was used in place of the
inner sense primer, which contains a guanine-cytosine rich do-
main with a high melting temperature, to prevent complete de-
naturation of the PCR product. This primer has the sequence
5-CGCCCGCCGCGCCCCGCGCCCGTCCCGCCGCCCCCG-
CCCGGAGTGATTTCAACGC-3.

DGGE polyacrylamide gels were prepared as described else-
where [13]. Preliminary experiments showed that, to achieve
a 1-bp discrimination between the K1/V1 colony PCR products,
the gel gradient needs to contain 30%-50% of denaturants. A
50% solution consists of 10% acrylamide, 0.6% TRIS-acetate-
edetic acid (TAE) buffer, 20% formamide, and 3.5 mol/L urea,
whereas a 30% solution consists of 10% acrylamide, 0.6 X TAE,
12% formamide, and 2.1 mol/L urea. To prepare a gradient gel,
30 mL of each solution, each containing 13 uL of N, N, N’,
N’-tetramethylethylenediamine and 250 pL of 10% ammonium
persulfate, was pumped between glass plates of the Ingeny Phor
U2 vertical electrophoresis apparatus (GRI), with the aid of a
gravity-driven gradient maker with pumped drive. A 48-well
comb was inserted into the gel, which then was left to poly-
merize. DGGE experiments were conducted such that a single
gel accommodated, for each sample of a given person, up to
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15 “clamped” K1/V1 PCR products. Each product (2 uL) was
mixed with an equal volume of Orange G loading buffer and
loaded into the wells, after which gel electrophoresis was carried
out in 0.6X TAE buffer at 60°C and 100 V for 18 h. The gel
then was stained in SYBR Green I (Flowgen; Ashby de la
Zouch), and DNA bands were visualized by UV transillumi-
nation. K1/V1 inserts in clones corresponding to bands that
migrate to disparate gel positions were sequenced for genotypic
and subgenotypic differences. For the purpose of this study,
subgenotypic differences were considered to be significant (i.e.,
indicating that the differences are due to the sequences that
originated from distinct virus strains) if the divergence between
K1/V1 sequences was =5%.

RESULTS

Patient and sample characteristics.  Figure 1 summarizes the
characteristics of 24 (27%) of the 89 people who were found
to carry amplifiable HHV-8 subgenomic DNA in >1 sample.
Thirteen (54%) of the 24 were male. Patients with index cases
of KS are assigned the “1” suffix, and their family members
were assigned numerals; letters denote family assignments. Ages
ranged between 2 and 44 years (mean, 18 years). Seven (29%)
patients had KS, 9 (38%) patients were human immunodefi-
ciency virus (HIV) type 1-seropositive, and 21 (88%) patients
were HHV-8 seropositive. The rate of HHV-8 subgenomic DNA
detectability varied according to the type of sample and the
target of amplification within the HHV-8 genome (figure 1).
In mouth-rinse samples, the detectability rates were 38% for
IRD, 75% for KS330, and 92% for K1/V1 DNA; in throat-
gargle samples, the detectability rates were 22% for IRD, 48%
for KS330, and 74% for K1/V1 DNA; in palatal-exfoliate sam-
ples, the detectability rates were 0% for IRD, 38% for KS330,
and 50% for K1/V1 DNA; and, in blood samples, the detect-
ability rates were 4% for IRD, 17% for KS330, and 21% for
K1/V1 DNA. The detectability rates according to the number
of amplifiable subgenomic DNA segments were as follows:
for all 3 segments, 33% for mouth-rinse samples, 22% for
throat-gargle samples, 4% for blood samples, and 0% for
palatal-exfoliate samples; with at least 2 segments, 42% for
mouth-rinse samples, 26% for throat-gargle samples, 21% for
palatal-exfoliate samples, and 13% for blood sample; and,
with at least 1 segment, 46% for palatal-exfoliate samples, 26%
for throat-gargle samples, 21% for mouth-rinse samples, and
4% for blood samples.

IRD length polymorphism and RFLP.  Figure 2 shows elec-
trophoretic banding patterns of IRD PCR products derived
from 5 people from whom products could be amplified from
>1 sample. Length polymorphisms of the products are displayed
in the upper panel, whereas RFLPs are shown in the lower
panel. Intraperson length polymorphism and RFLP were absent

in all patients except 1, T2, in whom the IRD amplicons gen-
erated from his mouth-rinse and throat-gargle samples were
polymorphic for length, both without and with BanIl and Mbol
restriction.

Differences in KS330 consensus sequences. For 16 people,
KS330 DNA could be amplified from at least 2 samples, and, for
5 people (Ci, Fi, Ki, T2, and W4), KS330 DNA was amplifiable
from 3 samples. The sequences, which are deposited in GenBank
(accession nos. AY219429-AY219458), cluster with ORF 26 se-
quences of known African HHV-8 strains [12]. Identical KS330
sequences were observed in the samples from 9 people (B5, Ci,
E6, Fi, G2, K1, W2, X1, and Z2). Nonidentical sequences were
found in samples from 6 subjects (E4, Ki, Qi, T2, W1, and W4);
for these subjects, intraperson divergences were <3%, and the
sequences were genotypically identical. For one person, Ei, the
sequence from the blood sample was 4.6% divergent from that
from the throat-gargle sample, and their genotype assignments
were different: genotype B for the blood sequence and genotype
B/C [12] for the throat-gargle sequence (data not shown).

Differences in K1/V1 consensus sequences. For 24 people,
K1/V1 DNA could be amplified from at least 2 samples. K1/
V1 sequences were identical between at least 2 samples from
8 people (E6, H2, Ki, K1, P1, X1, Zi and Z2); for 1 person, Zi,
sequences in 3 samples (mouth rinse, palatal exfoliate, and
blood) were identical. Nonidentical sequences were found in
samples from 16 people, with intraperson divergences ranging
from 0.6% (between the mouth-rinse and throat-gargle samples
of E4) to 28.9% (between the palatal-exfoliate and throat-gargle
samples of Y1). A dendrogram displaying the variation in con-
sensus K1/V1 sequences among the samples is shown in figure
3. The sequences primarily cluster with those reported from
African patients with KS [3, 12] and have been deposited in
GenBank (accession nos. Y219483-AY219535).

Seven of the 16 people with nonidentical intraperson K1/V1
sequences yielded samples that carried sequences belonging to
2 genotypes. These were the palatal-exfoliate and blood samples
from Fi (A2 and B, respectively), mouth-rinse and throat-gargle
samples from T3 (B and A2, respectively); mouth-rinse and
throat-gargle samples from W2 (B and A2, respectively); throat-
gargle and palatal-exfoliate samples from Y1 (A2 and B, re-
spectively); and mouth-rinse and palatal-exfoliate samples from
Y2 (A2 and A5, respectively). For Ki, the identical sequences
from her blood and mouth-rinse samples (genotype A5) were
different than those from her palatal-exfoliate sample (genotype
A2), whereas for P1, the identical sequences from her mouth-
rinse and throat-gargle samples (genotype A5) were different
than those from her palatal-exfoliate sample (genotype B). For
1 other person, 12, K1/V1 sequences belonged to 3 genotypes
(mouth rinse, Al; throat gargle, B; and palatal exfoliate, C2).
For 3 people whose samples were found to carry nonidentical
sequences of the same genotype (all genotype B), intraperson/
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Mouth rinse Gargle Palate Blood

AntiHHV-8 Anti HIV

Patient Age/sex  serostatus  serostatus IRD KS330 K1/V1 IRD KS$330 KI/Vi IRD KS330 K1/V1 IRD KS330 K1/V1
BS 7y/M + - - + + - - - - + + - - -
Ci 8y/M + + + + + + + + - + - - - -
Ei 31y/F + + - - + - + + - - - - + +
E4 9 y/F + - - + + - + + - - - - -

E6 6y/F + - - + + - + + - - - - - -
2 y/iM + + + - - - + + - H - + H
23 y/M + - + + B + + H - - - - - -
0 12yM + - - + + - - + - - + - - -
11 y/F - - - - - - H - - - - -
30 y/F + + + - - - - + - + +
Kl 12 yM - - + + - - - + + - - -
1 28 y/F + + - + H - - + - - H - - -
Qi 24 y/F + + - + + - - - - - - + + +
2 11 yM + - + ¥ H " + A _ . - _ _ _
T3 9 y/M + - + + + - + - - - - - -
Wi 36 yM + + - + + - + + - - - - - -
20y/M + - + + H - + H - - - - - -
W4 13 y/M + - + + + + + + - + - - - -
44 yM + + + + + + H - + - - - -
32 y/M + - - - - - - - - H - - -
Y1 38y/F + - - - - - - + - - + - - -
Y2 8y/F - - - - + - - - - - + - - -
Zi 2y/M + + - + + nd nd nd - - + - - +
22 22 y/F + - — + + ~ ~ - - + + - - -

Figure 1. Patient demographic and virological characteristics. Anti-human herpesvirus (HHV)-8 serostatus was determined by anti-HHV-8 IgG immunofluorescence assay [3]. Anti-human immunodeficiency
virus (HIV) status was determined by anti—HIV-8 particle assay [3]. ND, not done. Samples from individuals whose K1/V1 sequences were further studied (summarized in figures 4, 5, and 6, and 7) are
boxed. Sites affected by KS in patients with KS: Ci, abdomen and limbs; Ei, legs and palate; Fi, foot; Ki, leg; Qi, foot; Yi, arm; Zi, neck.



Cir Cig G2r G2g T2r T2g Xlr Xlg Wdr Wdg

Cir Cig G2r G2g T2r T2g XlIr Xlg WdrWdg

Figure 2. Gel-electrophoretic length polymorphisms of internal repeat
domain amplicons without (A) and with (B) restriction by Mbol and Banll.
DNA marker bands (100 bp) are shown on the left. Letters after patient
identifiers: g, gargle; r, rinse.

intersample sequences were >5% divergent: Cir/Cig (5.4%),
T2g/T2r (5.4%), and Yir/Yip (5.9%).

Clonal analysis of intraperson/intersample K1/V1 sequence
differences. High-fidelity PCR of sample extracts from 9 peo-
ple (Fi, G2, 12, Ki, P1, T2, W2, X1, and Yi) yielded K1/V1
DNA. Clones were generated from which differences in nucle-
otide sequence could be analyzed by the combined DGGE-
sequencing approach. Figure 4 is a composite of representative
DGGE gel pictures showing migration distances achieved by
amplicons generated from clonal inserts; each gel accommo-
dates, for a given person, K1/V1 DNA derived from up to 15
clones/sample. All PCR products that yielded minority banding
positions and some products representing the majority were
sequenced (denoted by dots in figure 4; numerals correspond
to lane positions in the gel illustrated). Figure 5 is a nonrooted
dendrogram depicting the extent of intersample K1/V1 nucleo-
tide sequence diversity. Sequences derived from the PCR clones
have been deposited in GenBank (accession nos. AY220915-
AY2209801). Figure 6 is an alignment of a stretch of amino acid
sequences predicted from the nucleotide sequences studied.

DGGE and nucleotide sequencing analyses confirmed find-
ings from direct K1/V1 PCR sequencing that >1 genotype was
carried by Fi, 12, Ki, P1, W2, and X1. Analysis of clones from
minority sequences permitted intrasample K1/V1 variability to
be further characterized from individual samples. For the
mouth-rinse sample from 12, the existence of a group of mi-
nority sequences comprising 12r 5 and 8 became evident, with
both being 6.4% divergent from the majority sequence 12r4;
all 3 sequences belonged to genotype B. In addition, a small
population of closely related genotype Al sequences (I12r 1, 3,
13, and 14) was identifiable. For Ki and P1, the presence of
minority sequences belonging to genotypes not evident after
direct sequencing could be revealed. In the mouth-rinse sample

from Ki, the genotype of the minority sequences Kir 8/10 and
9 (B) was different than that of the majority sequence Kir 4
(A5). Similarly, from her palatal-exfoliate sample, the genotype
of a set of related minority sequences—Kip 17, 23, and 27
(A2)—and of a unique sequence, Kip 29 (B), were different
than that of the dominant sequence, Kip 19 (A5). The 2 ge-
notype B mouth-rinse nucleotide sequences, Kir 8/10 and 9,
were 5.0% and 5.4% divergent, respectively, from Kip 29 (figure
5). There were, thus, a total of 4 different groups of sequences
that originated from Ki’s mouth-rinse and palatal-exfoliate
samples. From the palatal-exfoliate sample of P1, an additional
genotype (A5) could be assigned to a population of clones
bearing the P1p 16/24/29 sequence, contrasting with the ge-
notype (B) assigned to the majority sequence (P1p 17).

For 2 people, X1 and Yi, direct sequencing of K1/V1 from
their samples generated sequences assignable as genotype B,
but, for each person, clonal analysis revealed carriage of mi-
nority sequences belonging to another genotype. For the throat-
gargle sample from X1, this was A5 (assigned to X1g28); and
for the palatal-exfoliate sample from Yi, it was A2 (assigned to
sequences typified by Yip 17, 20, 21, and 22). X1’s mouth-rinse
sample carried the following minority sequences: X1r6; and a
closely related group of sequences, X1r 3/11, 9, and 13, which
were all 5.0% divergent from X1r6.

For T2, although direct sequencing yielded genotype B se-
quences from both his mouth-rinse and throat-gargle samples,
analysis of the clones generated revealed that each sample car-
ried its own distinct set of sequences: T2r 9 and 15 from the
mouth-rinse sample, and T2g16/18/24, 20, and 22 from the
throat-gargle sample; the latter sequences were 5.9%, 6.4%, and
6.4% divergent, respectively, from T2r 9. The intra- and in-
tersample distribution of genotypes and subgenotypically dis-
tinct sequences recovered from the 9 people described here is

summarized in figure 7.

DISCUSSION

Multiple HHV-8 infection rarely has been considered. Putative
recombinant HHV-8 genomes have been characterized [12],
assuming dual infection in at least a single host cell. Most
studies of humans who have developed KS [11, 14-16] or mul-
tiple HHV-8-associated lesions [17] have not shown intraper-
son variation in HHV-8 subgenomic sequences amplified by
PCR from blood and lesional tissues.

Gao et al. [14] reported that, of 27 KS lesional samples
studied, 2 were dually infected. Otherwise, there are no reports
of mixed HHV-8 infection. This paucity may be due to a com-
bination of factors. First, samples from homosexual men favor
hosts who are exposed to HHV-8 later in life, rather than early
in childhood, and favor HHV-8 strains transmitted via sexual
routes, rather than those transmitted nonsexually within the
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individuals whose K1/V1 sequences were further studied (summarized in figures 4, 5, 6, and 7) are boxed. Bootstrapping for 1000 replicates is noted
as a percentage at major branch points. Horizontal line at bottom left represents 10% nt substitution for that horizontal branch length. Letters after
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household or community. Second, previous studies have been
largely confined to patients with KS or patients who are at risk
of developing KS. When sequence polymorphism of subge-
nomic HHV-8 DNA in the blood is sought from such people,
the tendency is for none to be found, particularly when con-
sensus sequencing is applied, because the high HHV-8 genome
load [7] favors the generation of sequences reflecting the dom-
inant variants. When sequence polymorphism in KS lesional
tissues is sought, it is also likely that none will be found, not
because of the high viral genome load [18, 19] but because KS

is largely a clonal tumor [20, 21]. Third, in previous studies
examining for HHV-8 genomic polymorphisms, the PCR prod-
ucts were directly amplified from the samples [11, 12, 14-17];
in doing so, the existence of minor virus populations would
have been revealed only if they constituted a relatively large
fraction (>20%) of the entire population [22]. When consensus
sequencing protocols are applied, the sequence information
obtained will not differentiate minority sequences from the
sequence of the dominant variant.

The present study focuses on whether intrahost HHV-8 sub-
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Figure 4. Composite of 9 denaturing gradient gel electrophoresis gel photographs. Each gel accommodates, for a given individual, K1/V1 DNA amplified from up to 15 K1/V1 clones generated per
sample. Dots at bottom indicate polymerase chain reaction products that underwent sequencing; numerals indicate lane positions in the gel.
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genomic sequence polymorphism exists among and within oral
and blood samples of Malawian individuals with and without
KS and the extent of such polymorphism. This group of HHV-
8—infected people is a subset of a population whose charac-
teristics and possible routes of HHV-8 acquisition have been
described elsewhere [3, 4]. Although our previous reports fo-
cused on interperson HHV-8 subgenomic sequence variation,
the present study focuses on intraperson variation. Accordingly,
sequence polymorphism data from 2 other oral components,
in addition to the mouth-rinse sample (which principally per-
mits characterization of HHV-8 carried in the nonkeratinized
oral compartment), are presented here: the throat-gargle sam-
ple, to reflect HHV-8 carried predominantly in the pharyngeal
compartment, and the palatal-exfoliate sample, which has con-
sistently been shown in HIV-coinfected people to be the most
common site of development for KS [23, 24], suggesting that
HHV-8 might be particularly tropic for this anatomical site.
These 2 other oral samples were collected at the same time as
the blood and mouth-rinse samples.

The present study is limited by several factors. The first is the
variability in PCR amplification yields from the various samples.

This variability depends on the type of sample examined. That
mouth-rinse and throat-gargle samples yielded higher amplifi-
cation rates than did blood and palatal-exfoliate samples probably
reflects active HHV-8 replication in the oral epithelium other
than the hard palate, the high load of shedding into the oral
cavity [25], and the possible lower replicative activity of the virus
systemically and in the palatal mucosa. Blood samples yielded
HHV-8 subgenomic amplicons in a substantial proportion of
patients with KS but not at all in those without KS. This result
confirms our previous data [3] showing that, in HHV-8-infected
African people not affected by KS, the virus is not shed into the
circulation to a significant extent and that the principal site of
viral shedding is the mouth. Variability in amplification rates also
depended on the region within the HHV-8 genome to be am-
plified. Higher yields from KS330 and K1/V1, rather than from
the IRD, are due to the much longer amplicon that needs to be
generated to permit subsequent analyses.

A further limiting factor was the difference in the degree to
which the 3 approaches permitted evaluation of subgenomic
HHYV-8 sequence differences. Analysis of length polymorphisms
in IRD amplicons was the least efficient approach to discrimi-
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nating between HHV-8 variants, because of its dependence on
the number of repeat sequences in the IRD and on the presence
of restriction sites, both of which are few. Less finite are the
individual nucleotide positions that differ between viral vari-
ants. Direct sequencing studies of a highly variable region, such
as K1/V1, yield data that discriminate between variants better
than one that is more conserved, such as KS330. KS330 se-
quence polymorphism generally does not provide sufficient res-
olution for inferences of HHV-8 genotype and strain variation
to be made. Nevertheless, KS330 sequence studies potentially
provide useful information on genotype differences if variations
are sufficiently wide and, furthermore, generate data that con-

trol for artifactual sequence differences due to PCR-induced
nucleotide misincorporation.

Direct sequencing studies have an important limitation in
that they are able to produce consensus sequence data that will
not allow sequences of minority variants to be identified and
characterized. Accordingly, the combined DGGE nucleotide se-
quencing protocol was developed and applied to K1/V1 am-
plicons generated from clonal inserts. This approach, which
was not adopted to study K1/V1 differences in our previous
studies [3, 4], presents the third limiting factor. To reduce the
degree to which PCR induces nucleotide misincorporation,
which may lead to false representations of natural intraperson/
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No. of sequences with

No. of genotypes >5% divergence

Person  Sample Per sample Per person  Per sample  Per person

Fi Palate 1(B) } 5 1 } 5
Blood 1(A2) 1

G2 Rinse 1(AS) } 1 1 1
Gargle 1(A5) 1
12 Rinse 2(A1,B) 3

Gargle 1(B) 3 1 4
Palate 1(C2) 1

Ki Rinse 2(A5,B) }3 2 }4
Palate 3 (A2, A5, B) 3

P1 Rinse 1(AS) } 2 1 2
Palate 2 (A5,B) 2

T2 Rinse i(B) } 1 1 }2
Gargle i(B) 1

w2 Rinse 1(B) } 5 1 }2
Gargle 2(A2,B) 2

X1 Rinse 1(B) } 2 2 } 3
Gargle 2 (A5,B) 2

Yi Rinse 1(B) } 5 1 } 3
Palate 2(A2,B) 2

Figure 7. Intrasample and intraperson distribution of genotypically and
subgenotypically distinct K1/V1 sequences.

intersample sequence polymorphism, high-fidelity PCR was ap-
plied to sample extracts. High-fidelity PCR was, however, rel-
atively inefficient in generating the amplicons. This explains
why, of extracts from the 24 people from whom intersample
K1/V1 sequence differences could be evaluated by direct se-
quencing, K1/V1 amplicons were generated from sample ex-
tracts from only 9 people.

We provide evidence of multiple HHV-8 infection in a sub-
stantial proportion (60%) of the 24 Malawian people studied.
The evidence was derived from intraperson genotype and sub-
genotype sequence differences found among and within sam-
ples. Genotypic differences are clear between the blood and oral
samples from 3 patients with KS: for Ei, from whom KS330
sequences were genotypically distinct; and for Fi and Ki, from
whom K1/V1 sequences were genotypically distinct. For 4 other
patients with KS, sequence variations in KS330 or K1/V1, or
both, in blood and oral samples were either absent (for Zi) or
not different enough to permit genotypic or subgenotypic dis-
crimination (for Ci, Ei, and Qi). Because HHV-8 genomic se-
quences carried in blood and oral samples from these 7 patients
with KS could be either genotypically identical or different,
conclusions cannot be drawn about the selective tropism of
HHYV-8 strains. Current evidence from other studies suggests
that HHV-8 exhibits broad tropism [25-27].

Evidence for the oral carriage of multiple strains of HHV-8
can be found for 11 people. Intersample genotype differences
are clearly discernible: for T2, from IRD length polymorphism
findings; and for 12, Ki, P1, T3, W1, W2, Y1, and Y2, from
direct sequencing data on KS330 or K1/V1, or both. Of par-
ticular interest are the 3 samples from 12, each of which yielded

K1/V1 sequences belonging to a different genotype. Analyses
of data from PCR clones revealed genotypic differences in in-
dividual samples from 12 (mouth rinse), Ki (mouth rinse and
palatal exfoliate), P1 (palatal exfoliate), W2 (throat gargle), X1
(throat gargle), and Yi (palatal exfoliate). Sequences belonging
to 3 different genotypes were found in the palatal-exfoliate
sample from Ki.

For 2 people whose oral samples yielded genotypically dis-
tinct HHV-8 variants, clonal analyses further revealed subge-
notypic differences: for T2, between mouth-rinse and throat-
gargle samples; and for 12, in the mouth-rinse sample. For 2
other people whose oral samples yielded genotypically identical
HHYV-8 variants, analysis of PCR clones also revealed subgeno-
typic differences: for Yi, between throat-gargle and palatal-
exfoliate samples; and for X1, in the mouth-rinse sample.
Whether, for these 4 people, the distinct but closely related
variants originated from founder strains that underwent genetic
drift after infection or were introduced at different exposure
time points cannot yet be determined.

We found HHV-8 DNA in oral samples from 3 anti-HHV-
8—seronegative people (12, K1, and Y2). All 3 subjects were
children and were anti—-HIV-1 seronegative (figure 1). It is likely
that the samples were obtained at the early phase of primary
HHV-8 infection (before anti-HHV-8 is mounted to a detect-
able extent), but follow-up testing of the anti-HHV-8 serostatus
would need to be done to monitor for HHV-8 seroconversion.
That the K1/V1 amplicons obtained from these children were
not due to PCR-related contamination is suggested by the
uniqueness of K1/V1 sequences derived from I12’s mouth-rinse,
throat-gargle, and palatal-exfoliate samples, and Y2’s mouth-
rinse and palatal-exfoliate samples (figure 3). The sequence
derived from K1’s mouth-rinse and palatal-exfoliate samples
was identical to that from the blood and mouth-rinse samples
from Ki, his mother, a result that is consistent with the dy-
namics of intrafamilial transmission [3].

Although there is constant mixing of cellular components
and secreted fluids from various anatomical compartments in
the mouth and the oropharynx, the mouth-rinse, throat-gargle,
and palatal-exfoliate samples may be considered to hold cells
and fluids that originate from different compartments. Our
discovery that each of the compartments sampled can harbor
distinct HHV-8 strains suggests that different strains may pref-
erentially persist and replicate in different cell types. Why this
is so remains unclear. The roles played by sequential exposure
to HHV-8, differences in inoculation routes, inter- and intra-
species viral interference, difference in anatomical site suscep-
tibility to dissemination of HHV-8 from other body sites, sys-
temic and local immune responses, and coexisting oral diseases
require further investigation.

Our study was confined to examination of HHV-8 carried in
the blood and the mouth. Sampling of other body sites might
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reveal yet more evidence of multiple HHV-8 carriage. Multiple
oral infection by other herpesviruses (e.g., cytomegalovirus [28]
and Epstein-Barr virus [29]) has been reported elsewhere, mainly
in people who have been immunosuppressed. Our findings show
that apparently healthy people in regions where HHV-8 is hy-
perendemic can be multiply infected by HHV-8. The coexistence
in a given host of >1 HHV-8 strain, particularly if the strains
are genotypically different, potentially confounds molecular ep-
idemiologic analyses of HHV-8 transmission. Strains that persist
in the host as minority variants will not be revealed if appropriate
methods are not applied, and such variants will be missed in the
course of tracking the spread of HHV-8.

It would also be important to determine whether multiple
HHYV-8 carriage reflects simultaneous coinfection by >1 HHV-
8 strain, reactivation of latent strains, or superinfection. If it
reflects superinfection, then such transmissions may not be
prevented by vaccination. Nonetheless, although the immune
system might not prevent superinfecting virus from initiating
replication in the host, it might, after vaccination, prevent
the further spread of the initial infecting strain and of the
subsequent superinfecting strains. In view of the relentless
march of HIV/AIDS in Africa, where HHV-8 is also hyper-
endemic, initiatives to develop vaccines against HHV-8 would
be beneficial.
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