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To investigate the impact of pregnancy on human herpesvirus 8 (HHV-8) reactivation in human immuno-
deficiency virus type 1 (HIV-1)-infected women, the HHV-8 DNA presence and load were analyzed in peripheral
blood mononuclear cells (PBMCs) and cervicovaginal secretions (CVSs) from 15 pregnant women coinfected
with HIV-1 and HHV-8. HHV-8 detection was analyzed in relation to anti-HHV-8 antibodies and HIV-1-related
parameters. Nucleotide sequence analysis of an ORFK1 hypervariable region of the HHV-8 strains was
performed. HHV-8 was detected in maternal PBMCs (5/15 women) from the second trimester and in CVSs
(5/15 women) mainly from the third trimester. The HHV-8 load significantly increased late in pregnancy in
both maternal compartments and was associated with a significant increase in HIV-1 shedding in the genital
tract. Antilytic antibodies were significantly more common in HHV-8 DNA-positive women. An elevated HHV-8
load was found in the PBMCs of an infant born to a mother with large amounts of HHV-8 in both compart-
ments at delivery. Different ORFK1 subtypes were found in maternal samples, whereas the same subtype was
identified in the mother-child pair. These data suggest that pregnancy may induce HHV-8 replication in
HIV-1-infected women. An augmented HHV-8 load may, in turn, influence mother-to-child transmission, since
one of the HIV-1-infected mothers with HHV-8 reactivation transmitted her ORFK1 subtype to the infant, who
showed a high level of HHV-8 viremia indicative of a primary infection. This finding documents for the first
time the perinatal transmission of a specific HHV-8 subtype. Vertical transmission may thus play a role in
HHV-8 spread also in areas of subendemicity among HIV-1-infected women.

Human herpesvirus 8 (HHV-8) is associated with Kaposi’s
sarcoma (KS), primary effusion lymphoma, and the plasma cell
variant of Castleman’s disease. HHV-8 has an unusual geo-
graphical distribution, being prevalent in African and Mediter-
ranean countries and among Ashkenazi Jews, Arabs, and some
Amerindian populations (14). Italy is an area of subendemic-
ity, where the seroprevalence of HHV-8 mirrors the incidence
of classic KS at the microgeographical level (8, 17, 42). In areas
where the incidence of KS is sporadic, HHV-8 infection is
acquired in adulthood and is mainly associated with sexual
activity (30). In areas of endemicity and subendemicity, al-
though sexual behavior may influence virus diffusion (1, 25,
36), HHV-8 infection is common in childhood and the rate of
seroprevalence increases with age, suggesting that intrafamil-
ial, horizontal transmission is the main modality of the spread
of HHV-8 (7, 31, 36). Initial studies on vertical transmission
showed that HHV-8 seroreactivity in newborns is mainly due
to transplacental passage of maternal antibodies (6, 18). How-
ever, rare cases of KS in newborns were described, and HHV-8
DNA was also detected at birth in the peripheral blood mono-
nuclear cells (PBMCs) of a very low percentage of infants from

Zambia (3, 20, 29, 32). These findings indicate that in utero or
intrapartum HHV-8 infection might, albeit rarely, occur in
countries where HHV-8 is endemic. The rates of HHV-8 de-
tection in cervicovaginal secretions (CVSs) was also higher
among African women than among women from areas of non-
endemicity or subendemicity (2, 5, 24, 41, 43), highlighting that
the HHV-8 load in the female genital tract might influence
vertical transmission. We planned to address the vertical trans-
mission of HHV-8 from a different perspective. Reactivation
of herpesvirus infections occurs during pregnancy (12, 23, 28,
33, 38), and the impact of pregnancy on HHV-8 replication has
not yet been defined. The loss of containment of HHV-8 la-
tency and a subsequent increase in the viral load may contrib-
ute to the development of HHV-8-associated disorders. In-
deed, a few cases of KS and Castleman’s disease diagnosed
during pregnancy were reported in the literature (4, 22), and it
was suggested that impaired immune control of HHV-8 repli-
cation as well as the imbalance of proangiogenic factors in
pregnancy may account for this phenomenon. However, two
cases of spontaneous KS remission during pregnancy were also
described, along with the in vivo and in vitro antitumor activ-
ities of some human chorionic gonadotropin preparations (34).
On the whole, these conflicting findings imply a role for
HHV-8 replication during pregnancy and underscore the need
for investigations to elucidate the interplay between viral rep-
lication, pregnancy, and HHV-8-related disorders.

The aim of this pilot study was to define the impact of
pregnancy on HHV-8 replication in human immunodeficiency
virus type 1 (HIV-1)-infected women, who represent a popu-
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lation at high risk for HHV-8 acquisition (5, 19) as well as
reactivation during pregnancy. Indeed, successful pregnancy
requires adjustments in the immune network regulation, such
as modulation of the Th1/Th2 cytokine balance, and it is con-
ceivable that the occurrence of these changes in immunocom-
promised patients might further impair immunosurveillance
for intracellular pathogens and viral infections (35, 40). We
therefore selected 15 pregnant women from southern Italy, an
area with high HHV-8 seroprevalence, coinfected with HIV-1
and HHV-8 (5) and studied the presence and load of HHV-8
DNA in PBMCs and CVSs during the three trimesters of
pregnancy in relation to anti-HHV8 antibodies and HIV-1-
related parameters. When possible, PBMC samples from their
children were also analyzed.

MATERIALS AND METHODS

Study population and samples. The study participants were part of a cohort
study of 58 HIV-1-infected pregnant women who were referred to the Clinic of
Infectious Diseases, University of Bari, between September 1999 and November
2003. At the time of enrollment, 22 of the 58 subjects analyzed were found to be
HHV-8 seroreactive. Informed consent was obtained from 15 HHV-8-seropos-
itive pregnant women, who provided a blood sample and underwent vaginal
washings at three time points corresponding to the three trimesters of gestation.
Blood and CVS specimens were processed as described previously (5). CD4�-
cell counts and the levels of HIV-1 viremia were measured at each time point.
HIV-1 RNA levels were measured in CVS at two time points, before and during
the third trimester. Table 1 reports data on the HIV-1 risk factors, delivery
modalities, and treatment. Six women began highly active antiretroviral therapy
(HAART) after the first trimester to reduce the risk of teratogenicity, seven
received HAART before and during pregnancy, and two remained untreated
throughout their pregnanacies. Samples collected before pregnancy were avail-
able for five women. One patient was included in the study at the second
trimester, and another patient was lost after collection of the first PBMC and
CVS samples. The last CVS sample was not collected in two patients because of
genital bleeding; only one sample collected at delivery was available for another
patient. Placenta samples from three women were also available.

Informed consent was obtained from the parents of 11 children. Blood samples
taken within 48 h after birth were obtained from nine children, but samples from
four children were not analyzed because of insufficient sample volumes for accurate
HHV-8 molecular analyses. Samples were also collected at the time of pediatric
evaluation; however, since after delivery and prophylactic treatment of their infants
most women were referred to the pediatric centers of their original towns, most of
the children were lost to follow-up. Follow-up samples were obtained at 1 to 2
months of age from three of the infants analyzed at birth. Sufficient amounts of
blood were collected from two other children, at 2 and 7 months of age.

HHV-8 serological analyses. Plasma samples were analyzed for the presence
and titers of antibodies to a latency-associated nuclear antigen (LANA) and to
a lytic phase-associated structural protein encoded by ORF65, as described
previously (7, 8). Antibody titers were calculated as the reciprocal of the highest
plasma dilution that gave positive results.

Quantitative assessment of HIV-1 RNA. The numbers of HIV-1 RNA copies
in plasma and cell-free CVSs were measured by using the standard and ultra-
sensitive procedures of the AMPLICOR HIV-1 MONITOR test (lowest detec-
tion limits, 400 and 50 copies/ml, respectively; Roche Diagnostic Systems,
Branchburg, NJ). All results are reported as the log10 number of HIV-1 RNA
copies per milliliter of plasma or CVS.

HHV-8 PCR and real-time PCR analyses. DNA was extracted from at least
2 � 106 maternal PBMCs or cells obtained from CVSs and from at least 0.5 �
106 PBMCs from children. Amplifications were carried out by PCR and nested
PCR, as described previously (5), by using 0.5 to 1 �g of DNA and primers
specific for three nonoverlapping HHV-8 genomic regions. Two sets of primers
(specific for the ORF26 and ORF25 regions) were described previously (5). The
third set is specific for the ORFK8.1 region; the outer primers amplify a 420-bp
region (nucleotides 76243 to 76662 on the BC-1 sequences; GenBank accession
number U75698), and the inner set amplifies a 337-bp region (nucleotides 76297
to 76633). DNA samples, along with several negative controls randomly alter-
nated with patient samples, were tested. Each DNA sample was tested in a
blinded fashion at least twice with each set of primers, and the order of the
samples and the negative controls was changed each time. DNA extracted from

the CRO-AP/3 cell line (9), a kind gift from A. Carbone, was used as the positive
control in all amplifications. HHV-8 DNA was quantified in maternal PBMC and
CVS samples and in the infant’s PBMC sample by a quantitative real-time PCR
assay, as described previously (15), with ORF26-specific primers and probe.

Nucleotide sequence analyses. A nested PCR product containing the hyper-
variable region 1 (VR1) of the ORFK1 gene (44) was obtained from the DNA
samples of four PCR-positive women and an infant. DNA from the three re-
maining PCR-positive women was not available for this analysis. Reaction mix-
tures were prepared as described previously (5), except for the use of a high-
fidelity DNA polymerase (PfuTurbo DNA polymerase; Stratagene, La Jolla,
CA). The ORFK1-specific outer primers amplify a 396-bp region (nucleotides 51
to 446), and the nested primers amplify a 325-bp product (nucleotides 76 to 400).
At least three independent PCR products for each patient were directly se-
quenced by using the BigDye Terminator cycle sequencing kit (version 1.1;
Applied BioSystems) and subjected to capillary electrophoresis with an ABI
Prism 310 genetic analyzer (Applied BioSystems). The nucleotide sequences
were analyzed and aligned by using Lasergene (DNASTAR Inc., Madison, WI)
and BioEdit (version 5.0.9; http://www.mbio.ncsu.edu/BioEdit/bioedit.html) se-
quence analysis software. Phylogenetic analyses were conducted with the
PHYLIP phylogeny inference package (version 3.5c; J. Felsenstein, http:
//evolution.genetics.washington.edu/phylip.html). The unrooted phylogenetic
trees were generated by the neighbor-joining method with the NEIGHBOR
program by use of a 276-bp region that included VR1 region of the ORFK1 gene.
To assess the reliability of the tree topology, 1,000 bootstrap replicates were
generated by using the SEQBOOT program.

Statistical analyses. Binomial comparisons were made by using Fisher’s exact
and t tests. Nonparametric tests (the Wilcoxon signed-rank test) were used to
evaluate differences in HIV-1 RNA loads and in CD4�-cell counts among dif-
ferent groups of women in different trimesters of pregnancy. To include the data
in the statistical analyses, HIV-1 RNA-negative samples were assigned an arbi-
trary value of 40 copies/ml, and plasma samples found to be negative for anti-
HHV-8 antibodies were assigned an arbitrary antibody titer of 20. Antibody titers
were log10 transformed to achieve normality, and the titers between groups were

TABLE 1. Demographic and clinical characteristics of the 15
pregnant women coinfected with HIV-1 and HHV-8

Characteristic No. (%)

Age
�30 yr ........................................................................................... 8 (53)
�30 yr ........................................................................................... 7 (47)

Mode of HIV-1 acquisition
Heterosexual intercourse............................................................ 9 (60)
Injection drug use ....................................................................... 6 (40)

Mode of delivery
Cesarean section..........................................................................13 (87)
Vaginal delivery........................................................................... 2 (13)

CDC classificationa

A.................................................................................................... 5 (33)
B .................................................................................................... 7 (47)
C .................................................................................................... 3 (20)

Antiretroviral therapyb

Schedule
Whole pregnancy..................................................................... 7 (47)
From the second trimester..................................................... 6 (40)
Untreated ................................................................................. 2 (13)

Type
Two NRTIs, PI ........................................................................ 8 (62)
Two NRTIs, NNRTI............................................................... 5 (38)

a According to the definition of the Centers for Disease Control and Preven-
tion (CDC), Atlanta, Ga., 1993.

b Highly active antiretroviral therapy was composed of two nucleoside reverse
transcriptase inhibitors (NRTIs) and a protease inhibitor (PI) or two nucleoside
reverse transcriptase inhibitors and a nonnucleoside reverse transcriptase inhib-
itor (NNRTI).
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compared by means of an unpaired t test. All hypothesis tests were two tailed,
and a P value of �0.05 indicated statistical significance.

Nucleotide sequence accession numbers. The ORFK1 nucleotide sequences
analyzed in this study have been submitted to GenBank and have been assigned
the following accession numbers: AY772819 (M1ITA), AY772820 (F1ITA),
AY772821 (M2ITA), AY772822 (M3ITA), AY772823 (M4ITA), and AY772824
(CRO-AP/3).

RESULTS

HHV-8 qualitative and quantitative DNA analyses. The
presence and load of HHV-8 DNA were investigated in 45
PBMC samples and 43 CVS samples from 15 HIV-1- and
HHV-8-seropositive pregnant women (Table 2). PBMC and
CVS samples collected before pregnancy and during the first
trimester of gestation were found to be repeatedly PCR neg-
ative. HHV-8 was detected in 5 of 13 (38.5%) PBMC samples
collected during the second trimester of pregnancy, with values
ranging from 2 to 123 genome equivalents (GE)/105 PBMCs
(median value, 15 GE/105 PBMCs) and in 2 of 14 (14.2%)
samples obtained during the third trimester. These two sam-
ples showed elevated HHV-8 loads (883 and 890 GE/105

PBMCs). On the whole, HHV-8 was detected in the PBMCs
from 5 of 15 pregnant women. The HHV-8 DNA detection
rate was found to be significantly higher in samples drawn
during the last two trimesters of pregnancy compared to the
rates in samples drawn before or during the first trimester (P �
0.03, Fisher’s exact test).

One of 13 (7.7%) cellular fractions of CVS samples collected
during the second trimester showed detectable HHV-8 se-
quences (Table 2) and a low viral load (2 GE/105 cells). Among
the 12 CVS samples obtained during the last trimester, 5
(41.6%) were found to be PCR positive (Table 2), with a
median HHV-8 load of 352 GE/105 cells (range, 36 to 2,871
GE/105 cells). The HHV-8 detection rate was also significantly
higher in samples collected from the genital compartment dur-
ing the last two trimesters of gestation (P � 0.03, Fisher’s exact
test). Thus, 5 of 15 pregnant women harbored HHV-8 se-
quences in their CVS samples and more frequently so during
the last trimester of pregnancy.

HHV-8 sequences were detected simultaneously in the gen-
ital and peripheral blood compartments in three women. The
CVS samples of two patients with detectable HHV-8 loads in
PBMC samples collected in the second and third trimesters
were also PCR positive at delivery.

Samples of placental tissue from three women with HHV-8
DNA-positive specimens were found to be repeatedly PCR
negative (data not shown).

On the whole, HHV-8 sequences were detected in 7 of the

15 pregnancies; the increased rate of viral detection and the
increased viral load suggest that latent HHV-8 infection may
reactivate in HIV-1-infected women during pregnancy.

Parameters linked to HHV-8 DNA detection. HHV-8 DNA
was found to be significantly more common (P � 0.04) in
women more than 30 years of age (Table 3). The absence of
antiviral therapy during the first trimester or throughout was
also significantly correlated with HHV-8 detection (P � 0.04).
Moreover, a HAART regimen that included a protease inhib-
itor was associated with the absence of HHV-8 detection (P �
0.02).

All women were HHV-8 seropositive before pregnancy, and
the antibody pattern did not change during pregnancy. How-
ever, while anti-LANA antibodies were detected in all women,
the presence of anti-ORF65 antibodies was found to be signif-
icantly associated with HHV-8 detection during pregnancy
(P � 0.01). Indeed, anti-ORF65 antibodies were detected in
six of the seven women with PCR-positive samples but only in
one of eight women with PCR-negative samples (Table 3).
Moreover, the geometric mean titer (GMT) for anti-ORF65
antibodies was 252 (95% confidence interval [CI], 137 to 464)
in women with PCR-positive samples, whereas an antibody
titer of 50 was found in just one woman with undetectable
HHV-8 sequences (P � 0.001) (Table 3). Anti-LANA antibody
titers were found to be higher in women with PCR-positive
samples (a GMT of 981 [95% CI, 477 to 2,018] versus a GMT
of 194 [95% CI, 113 to 333] for women with PCR-negative
samples), although the difference was not significant (P �
0.069). Evaluation of the trends of the antibody titers during
pregnancy showed 42.5% and 34% decreases in the GMTs
between the first and the third trimesters for anti-ORF65 and
anti-LANA antibodies, respectively, in women with PCR-pos-
itive samples. Conversely, women with PCR-negative samples
showed a most pronounced decline (55%) in the anti-LANA
antibody GMT (Table 3).

Analysis of HIV-1-related immunovirological parameters in
the peripheral blood. CD4�-cell counts remained stable in all
women during the three trimesters (Fig. 1A), whereas a sig-
nificant decrease in HIV-1 viremia was observed between the
second and the third trimesters (P � 0.003, Wilcoxon signed-
ranks test) (Fig. 1B). The decrease in HIV-1 viremia observed
between the second and the third trimesters was found to be
statistically significant whether or not the two untreated
women were included in the analysis (data not shown).

Trends in HIV-1 viremia were found to be associated with
the antiretroviral treatment schedule. A significant decrease in
the number of HIV-1 RNA copies/ml was observed only in
women treated from the second trimester (P � 0.03, Wilcoxon
signed-ranks test) (Fig. 1E). These women also showed an
increase in CD4� lymphocytes between the second and the
third trimesters (Fig. 1D), although this increase was not sta-
tistically significant (P � 0.06, Wilcoxon signed-ranks test).

Analysis of these parameters between women with and with-
out PCR-positive samples revealed a simultaneous increase in
CD4�-cell counts (P � 0.04, Wilcoxon signed-ranks test) and
a decrease in the levels of plasma HIV-1 viremia between the
second and the third trimesters, which were significant only in
women with PCR-positive samples (P � 0.02, Wilcoxon
signed-ranks test) (Fig. 1G and H).

TABLE 2. HHV-8 DNA detection in the 15 HIV-1-infected
pregnant women

Compartment

No. of pregnant women with PCR-positive samples/
total no. of women tested (%)

Before
pregnancy

First
trimester

Second
trimester

Third
trimester Total

PBMCa 0/5 0/13 5/13 (38.5) 2/14 (14.2) 5/15 (33.3)
CVSb 0/5 0/13 1/13 (7.7) 5/12 (41.6) 5/15 (33.3)

a PBMC, peripheral blood mononuclear cells.
b CVS, cellular fraction of cervicovaginal secretions.
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Analysis of genital HIV-1 shedding. No statistically signifi-
cant variations in genital HIV-1 shedding were observed be-
tween the two gestational periods analyzed (Fig. 1C) in any of
the women or when the women were subdivided according to
the antiretroviral treatment schedule (Fig. 1F). Conversely, a
significant increase in genital HIV-1 shedding was found only
in women with detectable HHV-8 sequences (Fig. 1I) (P �
0.03, Wilcoxon paired-matched signed ranks).

HHV-8 detection by PCR analyses in children. PBMC sam-
ples were available from five children born to mothers with PCR-
positive samples and from two children born to mothers with
PCR-negative samples. HHV-8 DNA was detected in the PBMCs
from one infant born to a mother with PCR-positive samples. The
results of HHV-8 quantitative analysis performed with samples
from this woman were highly suggestive of an HHV-8 reactiva-
tion. Indeed, her PBMC samples showed an increase in the
HHV-8 load from 123 to 890 GE/100,000 cells from the second to
the third trimesters of gestation. Similarly, her CVS samples from
the first and second trimesters showed undetectable HHV-8 lev-
els, but the viral load increased to 660 GE/100,000 cells in the
genital tract at delivery. The infant’s PBMC sample was collected
at 2 months of age and showed a very high HHV-8 load (4,363
GE/100,000 cells), consistent with a primary HHV-8 infection.
Unfortunately, the blood sample obtained from the infant at birth
was not of sufficient quantity to allow an accurate molecular
analysis to be performed.

Nucleotide sequence analyses. To characterize the HHV-8
subtype harbored in PCR-positive women, nucleotide se-
quence analysis of the PCR-amplified ORFK1 VR1 region was
performed with HHV-8 DNA from 4 women. Material from
the three remaining PCR-positive women was not available for
this analysis. Figure 2 shows the alignment of a 276-bp coding
region obtained from the four women (mothers M1 to M4)
aligned to the CRO-AP/3 sequence and the predicted amino
acid changes. The ORFK1 sequences amplified from the four
women were different; the variability within this group ranged
from 3.3 to 9.5% at the nucleotide sequence level and from 7.7
to 22.9% at the amino acid sequence level. All sequences were
found to be different from that amplified from the CRO-AP/3
cells. Phylogenetic analyses (Fig. 3) showed the presence of
four different ORFK1 subtypes. Subtype C3 was found in
mother M1, and subtypes A2, A1, and A3 were found in moth-
ers M2, M3, and M4, respectively. The newly characterized
genotype harbored by the CRO-AP/3 cell line was found to
belong to ORFK1 subtype C3.

Nucleotide sequence analysis of the VR1 region amplified
from the PBMC sample of the newborn (newborn F1) dis-
closed full identity with the mother’s sequence (mother M1).
We exclude the possibility of cross-contamination with the
mother’s sample, since the samples from all mothers and
children were collected, extracted, and amplified at different
times.

TABLE 3. Parameters linked to HHV-8 DNA detection

Characteristic

No. (%) of women

P valuea

Antibody GMTc

Antibody titer during the
indicated trimester:

Women with
PCR-positive

samples

Women with
PCR-negative

samples

Total
With PCR-

positive
samples

With PCR-
negative
samples

Women with
PCR-positive

samples

Women with
PCR-negative

samples
I II III I II III

Age
�30 yr 8 (53) 6 (75) 2 (25) 0.04
�30 yr 7 (47) 1 (14) 6 (86)

Antiretroviral therapy
Schedule

Whole pregnancy 7 (53) 1 (14) 6 (86) 0.04
From the second trimester

or untreated
8 (47) 6 (75) 2 (25)

Type
With protease inhibitor 5 (33) 5 (100) 0.02
Without protease inhibitor

or untreated
10 (67) 7 (70) 3 (30)

HHV-8 antibody detectionb

ORF65 7 (40) 6 (83) 1 (17) 0.01 252 (137–464)d 50e 348 230 200 NDf ND ND
LANA 15 (100) 7 (47) 8 (53) 981 (477–2,018)g 194 (113–333) 1,212 1,007 800 297 200 135
At least one antigen 15 (100) 7 (47) 8 (53)

a All P values were estimated by Fisher’s exact test; antibody titers were compared by means of unpaired t test after log10 transformation to achieve normality.
b HHV-8 seropositivity is reported as the presence of antibodies to a structural ORF65-encoded protein, a LANA, or to at least one of these two antigens.
c Values in parentheses are the 95% CI.
d P � 0.001 for the difference between the two groups.
e Antibody titer for one woman. Statistical analysis was performed by assigning an arbitrary antibody titer of 20 to plasma samples found to be negative.
f ND, not done.
g P � 0.069 for the difference between the two groups.
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DISCUSSION

The data presented here show that HHV-8 infection may be
reactivated during pregnancy in HIV-1-infected women. The
rate of HHV-8 DNA detection in PBMCs of pregnant HIV-1-
and HHV-8-infected women was found to be 33.3% (Table 2).
This value is higher than that reported for nonpregnant HIV-1-
and HHV-8-infected women of the same area, among whom
HHV-8 DNA was detected in only 3.5 to 10% of PBMC sam-
ples (5, 41). Moreover, HHV-8 was detected in PBMC samples
drawn during the second trimester of pregnancy from 5 of 15
women, and HHV-8 DNA detection was lost in samples col-
lected during the last trimester from three of the five women
(Table 2). The well-documented twofold increase in maternal
leukocytes, as well as modifications in hormone and cytokine

production, could account for the lack of HHV-8 detection at
delivery, a phenomenon also described for other herpesviruses
(see reference 12 and references therein). The lack of HHV-8
DNA detection during the last trimester might also suggest
that a subset of patients could control HHV-8 reactivation in
the peripheral compartment. On the other hand, the two
women with persistent PCR-positive PBMC samples during
the last trimester showed increased HHV-8 loads. It is con-
ceivable that in this HIV-1-infected population, the increased
HHV-8 load in PBMCs could have also been affected by the
antiretroviral therapy (Table 3). Indeed, HHV-8 detection in
PBMCs was significantly associated with a therapeutic regimen
that did not include a protease inhibitor and with the absence
of therapy throughout the first trimester. These results further

FIG. 1. HIV-1-associated immunovirological parameters in the 15 HHV-8-seropositive pregnant women. The distribution of CD4�-cell counts
and the levels of plasma HIV-1 viremia and genital HIV-1 shedding, expressed as the log10 number of HIV-1 RNA copies per ml of plasma or
cell-free fraction of cervicovaginal secretions in all pregnant women (A to C), according to the treatment schedule (D to F), and in women in whom
HHV-8 DNA was or was not detected (G to I) are shown. The median, lower quartile (25th percentile), and upper quartile (75th percentile) values
are represented by the corresponding symbols with bars. P values for significant differences are reported and were calculated by the Wilcoxon
paired-matched signed-rank test. To show trends, values of the CD4�-cell counts and the levels of HIV-1 viremia of each woman with PCR-positive
samples are joined.
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confirm that a HAART regimen that includes a protease in-
hibitor administered during the entire pregnancy is, albeit in-
directly, effective in decreasing HHV-8 to very low, undetect-
able levels in the peripheral blood (26, 27). In fact, inhibition
of HIV-1 replication with HAART leads to the reconstitution
of the immune system and regenerates effective immune re-
sponses against HHV-8. Moreover, protease inhibitors block
the production of inflammatory cytokines, which, in turn, may
result in the down-regulation of HHV-8 replication.

Viral reactivation in the peripheral blood compartment was
also accompanied by a high HHV-8 detection rate (33.3%) in
the genital tract (Table 2). This detection rate is more than
10-fold higher than that which we previously reported in non-
pregnant HIV-1-infected women from the same geographic
area (5) and exceeds that measured in other female popula-
tions from areas of nonendemicity (2, 43). In agreement with
reports on the analysis of other herpesviruses in CVSs (2, 33,
38), HHV-8 was detected in the genital tract mainly at delivery.
Local changes in maternal immune function might explain this
phenomenon and, possibly, might also affect HIV-1 replication
(21). In fact, the increased HHV-8 loads in the CVS samples
were paralleled by an increase in the level of genital HIV-1
shedding during the third trimester (Fig. 1C). These findings
indicate that the levels of these two viruses may be influenced

by similar factors operating in specific body compartments,
such as local changes in the cytokine/chemokine milieu or the
presence of inflammation. Moreover, many herpesviruses were
shown to directly influence HIV-1 replication, and a reciprocal
regulatory interaction between HIV-1 and HHV-8 has been
described previously (10, 39). Indeed, HIV-1 may induce
HHV-8 lytic replication, whereas the HHV-8 protein respon-
sible for the switch from latency to the lytic cycle, the ORF50-
encoded RTA protein, might increase HIV-1 replication as
well as susceptibility to HIV-1 infection and replication in
nonpermissive cell lines. Therefore, along with the cytokine/
chemokine milieu, local interactions between the two viruses
could further contribute to their simultaneous increase in one
body site and the parallel disappearance in the other one.

The preferential presence of antilytic antibodies in women
with PCR-positive samples confirmed that the detection and
titers of anti-ORF65 antibodies may be correlated with an
ongoing productive HHV-8 replication (7, 11). This could, in
turn, augment the pool of latently infected cells and thus justify
the parallel higher anti-LANA antibody titers (Table 3). An-
tibody titers underwent a progressive decrease during preg-
nancy, compatible with dilution due to the physiological in-
crease (30 to 35%) in the plasma volume, which is the most
pronounced late in pregnancy. However, HHV-8 reactivation

FIG. 2. Alignment of the hypervariable region 1 of the ORFK1 gene of the Italian HHV-8 strains amplified from the pregnant women. Only
positions in which changes were observed in the pregnant women’s sequences are listed and are aligned to the newly characterized CRO-AP/3
sequence (GenBank accession number AY772824). Numbering is according to the BC-1 sequence (GenBank accession number U75698). Amino
acid changes in our set of sequences with respect to the sequence of CRO-AP/3 are also shown.
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may lead to a more prolonged antigen stimulation and thus
contribute to the maintenance of more stable anti-HHV-8
antibody levels, as was observed in women with PCR-positive
samples (Table 3).

It was suggested that HHV-8 seropositivity might negatively
influence the outcome of pregnancies by increasing the abor-
tion rate or determining a low weight at birth (16, 37). Of the
15 children in our study, only 1 infant had a low birth weight.
Moreover, no statistically significant differences were found by
comparing the birth weights or the gestational ages of the
newborns born to women with or without HHV-8 reactivation
(data not shown), suggesting that in our study population, an
increased viral load did not seem to have affected intrauterine
growth or the timing of delivery.

Our findings suggest that analysis of HHV-8-associated
parameters before and during pregnancy may be useful for the
identification of HIV-1-infected women at higher risk for
transmission. Indeed, while no case of vertical HIV-1 trans-
mission was recorded (data not shown), a highly viremic, pri-
mary HHV-8 infection was documented in one infant (2
months old) born to a mother with HHV-8 reactivation. Trans-
mission of the maternal isolate was confirmed by means of
nucleotide sequence analysis of one of the most hypervariable

regions of the viral genome, which identified the same ORFK1
subtype in the mother-child pair (Fig. 2 and 3). Although we
could not determine whether infection occurred in utero or
through postnatal exposure to the mother’s saliva, intrapartum
transmission seems to be unlikely since the delivery was by
cesarean section. Moreover, the absence of HHV-8 sequences
in the placental tissues analyzed could argue against in utero
transmission, although further studies are needed to investi-
gate this mode of transmission. It is also conceivable that
HHV-8 reactivation may lead to increased oral shedding,
facilitating perinatal transmission through infectious saliva (13).

In conclusion, although this study was limited to a relatively
low number of pregnant women, it demonstrates that, like
other herpesviruses, HHV-8 may be reactivated during preg-
nancy in HIV-1-infected women. The increased viral load may
in turn account for a higher risk for perinatal HHV-8 trans-
mission in this HIV-1-infected population. The evidence of an
infant’s primary infection with the mother’s ORFK1 subtype
further supports this hypothesis and documents for the first
time the perinatal transmission of a specific HHV-8 subtype.
As already reported in areas of endemicity, mother-to-child
transmission may thus also play a role in the spread of HHV-8
among HIV-1-infected women in areas of subendemicity.

FIG. 3. Phylogenetic analysis of a 276-nucleotide region of the ORFK1 gene of human herpesvirus 8 strains. The unrooted phylogenetic tree
was constructed by the neighbor-joining method with the NEIGHBOR program of the PHYLIP package (version 3.5c) with a 276-bp region
including the VR1 region of the ORFK1 gene (44). The 431KA sequence (prototype B) was used as the outgroup. The bar represents 0.1
nucleotide substitution per site. The bootstrap values (in percent) were calculated from 1,000 bootstrap replicates. The sequences used in the
analysis included BCBL-R (prototype A1; GenBank accession number AF133038); BCP-1 (A1�, accession number AY787132); BC-1 (A2;
GenBank accession number U75698), BCBL1 (A3; GenBank accession number U86667); BCBL-B (A4; GenBank accession number AF133039);
ASM72 (C1; GenBank accession number AF133041); BC2 (C3; GenBank accession number: AF133042), PU1 to PU4 (GenBank accession
numbers AF130286, AF130274, AF130270, and AF130271, respectively), AP3 (CRO-AP/3; GenBank accession number AY772824), and TU1ITA
(GenBank accession number AY787131). Nucleotide sequences obtained from the analyzed women were denominated M1 (GenBank accession
number: AY772819), M2 (GenBank accession number: AY772821), M3 (GenBank accession number: AY772822), and M4 (GenBank accession
number AY772823), and they belong to the C3, A2, A1, and A3 subtypes, respectively. Nucleotide sequence analysis of the VR1 region amplified
from the PBMC sample of a newborn (newborn F1; GenBank accession number AY772820) was found to be identical to the sequence of the
mother (mother M1).
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These findings warrant further investigation of HIV-1-infected
and uninfected pregnant women in areas of endemicity.
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