
Viral infections among renal transplant
recipients continue to be a major cause of
post-transplantation morbidity and mor-
tality despite the availability of effective
antiviral therapy (6, 20). Human herpes-
virus 8 (HHV-8), the first human gamma-
2 herpesvirus to be discovered, is
associated with all epidemiological vari-
ants of Kaposi’s sarcoma (KS), including
post-transplantation (iatrogenic) KS. KS

is a mesenchymal tumor involving blood
and lymphatic vessels. Post-transplanta-
tion KS may arise from HHV-8 reactiva-
tion in patients who have been infected
before reception of the graft, or from
HHV-8 neo-infection from either contam-
inated blood products or the allograft (26,
29). Most cases of post-transplantation
KS develop as a result of viral reactiva-
tion (2, 3, 7, 12).

Previous studies have shown that HHV-
8 infection, identified by the presence of
HHV-8 DNA sequences in peripheral
blood mononuclear cells (PBMCs) or of
antibodies to HHV-8 in the blood circula-
tion, precedes and is predictive of the
subsequent onset of KS (15, 36, 48).
However, not all pre-transplantation
HHV-8-seropositive patients develop
KS even when they are undergoing
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Introduction: Studies were conducted to investigate changes in the extent of human
herpesvirus 8 (HHV-8) shedding and diversity of HHV-8 strains in the mouth of a renal
allograft recipient who developed cutaneous post-transplantation Kaposi’s sarcoma.
Methods: Matched oral and blood samples were obtained from a Saudi Arabian renal
allograft recipient from 3 days before to 38 weeks after transplantation, and from his
kidney donor. Polymerase chain reaction (PCR) protocols to amplify selected HHV-8
sub-genomic regions were applied to detect and quantify HHV-8 DNA. Sequence
diversity was determined by cloning the PCR products and subjecting them to denaturing
gradient gel electrophoresis and to nucleotide sequencing.
Results: Before transplantation, the recipient was seropositive for anti-HHV-8 immuno-
globulin G, but the donor was seronegative; HHV-8 DNA could be detected in the
recipient’s blood, whole-mouth saliva (WMS) and buccal exfoliates, and the salivary viral
load was estimated as 2.6 million genome-copies/ml. Post-transplantation, the recipient’s
salivary viral load initially increased to 4.1 million genome-copies/ml, and thereafter
declined precipitously, coinciding with an increase in the dosage of valaciclovir given;
HHV-8 DNAwas detected most often in WMS compared with parotid saliva, and buccal
and palatal exfoliates. Carriage of multiple HHV-8 strains was evident in blood and oral
samples; whereas before transplantation strains belonging to genotypes A1 and A5 were
observed, after transplantation genotype A5 strains became dominant and A2 strains
emerged.
Conclusion: Immunosuppression and antiviral prophylaxis may interact to influence the
spectrum of oral HHV-8 strains and the extent of post-transplantation HHV-8 shedding
into the mouth.
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immunosuppression (4, 7, 37). In addition,
it is not known if HHV-8 shedding from
the oral cavity, a dominant site of shedding
(45), can predict the development of KS in
immunosuppressed people.
We investigated the extent of oral and

blood HHV-8 shedding in a renal allograft
recipient who developed KS after kidney
transplantation. The study included an
evaluation of the diversity of HHV-8
strains carried in the oral and blood
compartments.

Subject and methods

Matched oral and blood samples were
obtained from a 33-year-old Saudi Arabian
renal allograft recipient and the kidney
donor, his 21-year-old sister, undergoing
kidney transplantation in 2004 at the
Armed Forces Hospital in Riyadh, King-
dom of Saudi Arabia. Ethical approval for
the investigation was obtained from the
Ethics Committee of the Riyadh Armed
Forces Hospital before the study. The renal
allograft recipient was diagnosed with and
treated for hepatitis C virus infection
2 years prior to the transplantation. Rou-
tine pre-transplantation screening for var-
ious infectious agents, including hepatitis
B virus, hepatitis C virus, human immuno-
deficiency virus, and cytomegalovirus, by
the hospital laboratory revealed that the
donor and the recipient were seronegative
for all viruses tested except for cytomeg-
alovirus and hepatitis C virus, respectively.

Sample collection

Samples from the donor were obtained
pre-transplantation, whereas samples from
the recipient were obtained 3 days before
and up to 38 weeks after transplantation.
Peripheral blood was obtained by vene-
puncture. Whole mouth saliva (WMS) was
collected unstimulated by having the
patient dribble into a sterile plastic con-
tainer. Parotid saliva (PS) was collected
using a Lashley’s cup placed over the
parotid duct after 5% citric acid solution
was dropped onto the tongue. Buccal
mucosa exfoliates (BE) and palatal exfo-
liates (PE) were obtained by rotating a
cytology sampling brush (Cytotak�, Med-
ical Wire and Equipment Co., Corsham,
Wiltshire, UK) against the oral mucosa;
the brush was then rinsed in 5 ml phos-
phate-buffered saline.

Sample processing

After separation of plasma from the blood,
the CD45+, CD31+, CD19+, CD14+ and

CD2+ cell subsets were immunomagneti-
cally fractionated using Dynabeads (Dynal
A.D., Oslo, Norway) as described else-
where (24). The cellular and supernate
fractions of WMS (WMSc and WMSs,
respectively) were separated by low-speed
centrifugation. BE and PE were similarly
pelleted. Following aspiration of the
supernate, WMSc, BE and PE were resus-
pended in 1 ml phosphate-buffered saline,
and stored at )20�C until required. DNA
was extracted from blood cell subsets and
oral samples using the QIAamp DNA
Blood Mini Kit (Qiagen Inc., Venlo, the
Netherlands). The presence of DNA in
each extract was verified by amplifying a
fragment of the b-globin gene as previ-
ously described (41).

HHV-8 subgenomic DNA detection

A 211-base-pair segment from the KS330
region of open reading frame (ORF) 26,
spanning positions 366 to 577, was ampli-
fied from sample extracts by nested poly-
merase chain reaction (PCR) as previously
described (11). (KS330 position assign-
ments are based on the prototype HHV-8
sequence, GenBank accession no.
U75698.) A 247-base-pair segment of
ORF K1 that encompasses the highly
variable V1 region, spanning positions
573 to 820, was amplified by nested PCR
as previously described (10). (K1/V1
position assignments are based on the
BCBL-1 HHV-8 sequence, GenBank
accession no. U86667.) Extracts were
tested at least twice for KS330 and K1/
V1, and considered positive only when
PCR repeatedly yielded products from
both KS330 and K1/V1 segments. To
minimize contamination, pre- and post-
PCR procedures were conducted in dedi-
cated rooms. Appropriate negative and
positive control specimens were included
in each PCR. The PCR products were
sequenced using a Beckman-Coulter
CEQ2000 automated capillary array
sequencer. Raw DNA sequence data were
analysed using Seqman (DNAstar).

Denaturing gradient gel electrophoresis

To screen for inter- and intra-sample K1/
V1 sequence differences, selected oral
samples that concordantly amplified posi-
tively for KS330 and K1/V1 and showed a
significant divergence in their K1/V1
sequences were subjected again to nested
PCR by use of the EXPAND High Fidelity
PCR System (Roche Diagnostics, India-
napolis, IN). Clones were then generated
from the K1/V1 PCR products using a

TOPO-TA� Cloning System (Invitrogen,
Carlsbad, CA). From each amplificate, 14
colonies were randomly picked, and each
colony was subjected to another round of
PCR using a clamping primer in place of
the inner sense primer, which contains a
guanine/cytosine-rich domain with a high
melting temperature to prevent complete
denaturation of the PCR product. Poly-
acrylamide gels were prepared and the
PCR products were subjected to denatur-
ing gradient gel electrophoresis (DGGE)
as described elsewhere (5), followed by
nucleotide sequencing to confirm that
differences in the rate of migration of
DNA bands were the result of nucleotide
sequence variations.

Quantitative PCR

A quantitative, fluorescence-based, real-
time PCR assay targeting ORF 25, which
is applicable to a variety of clinical
specimens, including saliva, was applied
to positive WMSs extracts, as previously
described (42). The samples were tested in
duplicate.

Anti HHV-8 immunoglobulin G detection

An enzyme-linked immunosorbent assay
(Advanced Biotechnologies Inc., Colum-
bia, MD) was used for the detection of
HHV-8 immunoglobulin G (IgG) antibod-
ies in the plasma samples collected from
both donor and recipient.

Results

HHV-8 DNA and anti HHV-8 detection

HHV-8 was detected in the recipient’s
PBMCs both pre- and post-transplantation.
Of a total of 35 PBMC fractions tested,
seven (20%) were concordantly positive for
KS330 and K1/V1 (one CD19+ fraction;
one CD31+ fraction; and five CD45+ frac-
tions). HHV-8 could also be detected in the
recipient’s oral samples pre- and post-
transplantation. Of a total of 35 oral samples
tested, 16 (46%)were concordantly positive
for KS330 and K1/V1 (five for WMSs; six
forWMSc; three forBE; and one each for PS
and PE). Before transplantation, HHV-8
was present inWMSs,WMSc and BE. Post-
transplantation, HHV-8 DNAwas detected
in every WMS sample, in BE at 2 weeks
and 4 weeks, and in PS and PE at 2 weeks
and 4 weeks, respectively. All pre- and
post-transplantation plasma samples ob-
tained from the recipient were reactive for
anti-HHV-8 IgG. Figure 1 summarizes the
laboratory findings in relation to the
changes in dosages of immunosuppressive
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and antiviral prophylactic drugs adminis-
tered to the recipient. The donor of the
allograft was negative for anti-HHV-8 IgG
and for HHV-8 DNA.

HHV-8 subgenomic nucleotide sequence

diversity

A narrow inter-sample KS330 sequence
diversity (£1.2%) was observed. The
KS330 genotype of HHV-8 in all blood
and oral samples taken at different inter-
vals was identical and could be assigned to
genotype B/C.
A dendrogram displaying the diversity

of consensus K1/V1 sequences and their
genotypic assignments is shown in Fig. 2.
Inter-sample sequence diversities ranged
between 0 and 9.5%. Various blood and
oral samples, taken before transplantation,
and at 2 weeks and 8 weeks post-trans-
plantation, segregated into two genotypes
(A1 and A5, or A2 and A5), while those
taken at 1, 4, 6 and 38 weeks post-
transplantation all belonged to the A5
genotype.

Inter- and intra-sample K1/V1 nucleotide

sequence differences

The recipient’s pre-transplantation WMSs

sample showed a 9.5% K1/V1 consensus
sequence divergence from the pre-trans-
plantation BE sample. DGGE of PCR
clones derived from the K1/V1 amplifi-
cates of these two samples (Fig. 3A) and
confirmation by sequencing showed a
maximum divergence of 9.5% among the
BE clonal sequences and 0.5% among the
WMSs samples. The majority sequence
(V) was identical to the consensus ORF
K1/V1 sequence from the pre-transplanta-
tion WMSs. The BE sequences could be
assigned to two genotypes (A1 and A5),
while the WMSs all belonged to A5. In
addition, sequence diversity of up to 9.5%
between the pre-transplant WMSs clones
and the majority of buccal clones was also
observed. A dendrogram displaying the
diversity of sequences generated after
sequencing a selected number of clones,
indicated by an asterisk in Fig. 3A, is
displayed in Fig. 3B. An alignment of

the nucleotide sequences is shown in
Fig. 3C.

WMSs viral load

The recipient’s pre-transplantation WMSs

sample carried 2,606,250 genome-copies/
ml. At 1 month post-transplantation, the
WMSs viral load increased to 4,106,500
copies/ml, thereafter dropping significantly
(Fig. 1).

Clinical progress

Twenty-six weeks following allograft
receipt, the recipient developed cutaneous
KS on the upper trunk, arms and legs
(which was confirmed histologically). KS
affecting the stomach and colon were
diagnosed at 61 weeks and 68 weeks
post-transplant, respectively. No oral KS
was evident.

Discussion

Salivary HHV-8 shedding in immunocom-
promised individuals may be extensive,
even before immunosuppression is admin-
istered, and may increase further when
immunosuppression is started. The sali-
vary HHV-8 viral load of the renal
allograft recipient studied here was found
to increase by 60% 1 month after immuno-
suppression, thereafter dropping signifi-
cantly, coinciding with an increase in the
dosage of valaciclovir given. Valaciclovir,
an ester of aciclovir, is licensed for herpes
zoster virus and herpes simplex virus
infections of the skin and mucous mem-
branes. Aciclovir has been found to have
some effect, albeit weak, on the inhibition
of HHV-8 replication (21, 28). This rela-
tively insubstantial effect may explain
why, in this case, higher doses of valaci-
clovir were required to achieve a signifi-
cant reduction in the WMSs HHV-8 viral
load. The observation that the HHV-8 load
in WMSs later rebounded following the
cessation of valaciclovir is noteworthy.
Nevertheless, valaciclovir administered
between week 2 and week 8 post-trans-
plantation, as prophylaxis against herpes-
virus infection, could not prevent the onset
of KS. This outcome is in agreement with
previous studies showing that aciclovir has
no effect on the development of KS in
AIDS patients (16, 33).
Previous studies have detected HHV-8

DNA in the buccal mucosa and palate of
KS patients (5, 9, 10), and in the normal
oral mucosa of immunocompetent indi-
viduals (13). The present study supports
these findings, but in the context of an
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Fig. 1. Time chart illustrating change in supernate whole mouth saliva (WMSs) viral loads in
relation to (A) daily dosage of administered drugs; (B) human herpesvirus 8 (HHV-8) DNA
polymerase chain reaction findings; and (C) anti-HHV-8 immunoglobulin G and Kaposi’s sarcoma
diagnosis. Viral load measurement values (in genome-copies/ml) were as follows; pre-transplant
sample: 2,606,250; post-transplant samples: 2,270,000 (1 week), 788,750 (2 weeks), 4,106,500
(4 weeks), 170 (6 weeks), and 1495 (38 weeks). Abbreviations: MMF, Mycophenolate Mofetil;
CD45+, CD31+, CD19+, CD14+, and CD2+, immunomagnetically fractionated cell subsets; WMSs,
supernate fraction of whole-mouth saliva; WMSc, cellular fraction of whole-mouth saliva; PS,
parotid saliva; BE, buccal exfoliate; PE, palatal exfoliate.

Oral shedding of HHV-8 after renal transplantation 111



individual who has been given immuno-
suppressants. HHV-8 DNA was found in
both pre- and post-transplantation BE
coinciding with time points when WMSs

viral loads were ‡788,750 copies/ml, and
in post-transplantation PE when the
WMSs viral load was the heaviest, indi-
cating that HHV-8 in the buccal and
palatal cells contributed to the increased
WMSs HHV-8 viral load. The inability to
detect HHV-8 DNA in the BE or PE at
other times does not rule out the possi-
bility that the virus was replicating at
locations distant from the sampling sites.
The limited HHV-8 DNA detection rate in
saliva collected from the parotid duct
supports previous findings indicating that
the major salivary glands are not impor-
tant contributors to HHV-8 shedding (38).
The observation that WMS yielded sig-
nificantly higher PCR detection rates than
other oral samples may reflect HHV-8
shedding from other sites, such as tonsils
or tongue (8, 23, 47, 49).
To assure broad representation of the

blood subpopulations, some of which have
previously been reported to support HHV-
8 persistence (17, 19, 22, 24, 31, 34, 39),
immunomagnetic fractioning of CD45+,
CD31+, CD19+, CD14+ and CD2+ cell
subsets was conducted. HHV-8 DNA was
detected in the PBMCs before the devel-
opment of clinically evident KS and even
before renal transplantation, contrary to
previous reports of the HHV-8 genome
being present mainly in PBMCs of people
with active KS (32, 40). The detection rate
of HHV-8 in PBMCs varied according to
the cell subsets studied, with the CD45+

cells generating the most positive results
(5/7), followed by CD19+ cells (1/7) and
CD31+ cells (1/7). The CD2+ and CD14+

cells, previously reported to harbor HHV-8
in patients with KS (19, 39), were negative
for HHV-8 DNA throughout the sampling
period. This result may reflect a specific
HHV-8 cellular tropism or low-copy-num-
ber-carriage of viral DNA that was below
the PCR detection limit, or intermittent
HHV-8 shedding (25).
The extreme polymorphism of ORF

K1 was exploited to investigate the
genomic diversity of HHV-8 through
amplification of K1/V1. Sequencing led
to the assignment of sequences originat-
ing from the recipient’s pre-transplant BE
and 8-week post-transplantation WMSc

samples to the A1 genotype, from the
recipient’s 2-week post-transplantation PS
to the A2 genotype and the remaining
samples to the A5 genotype. These
findings point to intra-compartmental
(oral) carriage of multiple HHV-8 strains,
the spectrum of which changed over the
period of observation. The dominant A5
variant, reported here, has previously
been identified in African (18, 46, 50)
and Brazilian (35) samples, but not in
Saudi Arabian samples.
Direct sequencing studies, however, have

an important limitation in that they are
unable to produce consensus sequence data
that will allow sequences of minority vari-
ants to be identified. Samples with high
HHV-8 genome loads favor the generation
of sequences reflecting the dominant vari-
ants (44). Accordingly, the combined
DGGE screening-nucleotide sequencing

protocol was applied to K1/V1 amplicons
generated from clonal inserts. To reduce the
degree to which PCR generates nucleotide
misincorporation, high-fidelity PCR was
applied to sample extracts. Applying this
combined DGGE-sequencing protocol
showed that the recipient’s pre-transplant
BE clones exhibited a significant nucleotide
sequence diversity of up to 9.5%, segregat-
ing BE clones into two genotypes (A1 and
A5), with the minority clade (A5) compris-
ing sequences that were genotypically dis-
tinct from the majority clade (A1). The
findings from this study are supported by
other reports that have revealed intra-person
variation in the sub-genomic sequences of
HHV-8 (1, 5, 14), but contrast with others
that have not (27, 30, 43, 50). The KS
biopsy samples for the recipient could not
be retrieved, so the origin of the viral strain
that led to the KS could not be defined.
This study has identified the oral cavity

as a major site of HHV-8 shedding in a
prospectively studied patient undergoing
renal transplantation. The extensive
amount of HHV-8 shed into the mouth
points to oral fluid as posing a risk of
nosocomial transmission in pre-transplan-
tation settings (e.g. in renal dialysis clin-
ics) and post-transplantation settings (e.g.
shared hospital wards). Monitoring allo-
graft recipients closely for oral HHV-8
shedding may guide decisions to custom-
ize the dosages of immunosuppressive and
antiviral prophylactic drugs administered.
Whether antiviral prophylaxis needs to be
administered more aggressively to prevent
the development of KS requires larger
scale, case–control studies. The possible
role antiviral prophylaxis has, in the con-
text of drug-induced immunosuppression,
to select for HHV-8 strains that are
disposed to lead to the development of
KS, may also merit further investigation.

Nucleotide sequence accession numbers

The sequences determined in this study
have been deposited in the EMBL Nucle-
otide Sequence Database (accession num-
bers AM745354 to AM745428).
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