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Abstract

Background: This longitudinal study described Cytomegalovirus (CMV) DNA, Epstein-Barr (EBV) DNA and human
herpesvirus 8 (HHV-8) DNA asymptomatic salivary shedding in HIV-positive men who have sex with men (MSM). We
aimed to 1-analyze frequency and persistence of herpesvirus shedding, 2-correlate herpesvirus positivity and HIV
viroimmunological parameters and 3-assess the association between HIV-RNA suppression and herpesvirus replication.

Methods: Herpesvirus DNA was tested with an in-house real-time PCR in 2 salivary samples obtained at TO and T1 (24
months after TO). HIV-RNA was evaluated in the 24 months prior to TO and in the 24 months prior to T1; MSM were
classified as successfully suppressed patients (SSPs), viremic patients (VPs) and partially suppressed patients (PSPs). EBV
DNA load was classified as low viral load (EBV-LVL, value <10,000 copies/ml) and as high viral load (EBV-HVL,> 10,000
copies/ml). Mann-Whitney U test tested the difference of the median between groups of patients. Chi-squared test and
Fisher's exact test compared categorical variables according to the frequencies. Kruskal-Wallis test compared
continuous data distributions between levels of categorical variables.

Results: Ninety-two patients (median CD4+ count 575 cells/mm3, median nadir 330 CD4+ cells/mm3) were included:
40 SSPs,33 VPs and 19 PSPs. The more frequently single virus detected was EBV, both at TO and at T1 (in 67.5 and 70%
of SSPs, in 84.8 and 81.8% of VPs and in 684 and 73.7% of SPSs) and the most frequently multiple positivity detected
was EBV + HHV-8. At T1, the percentage of CMV positivity was higher in VPs than in SSPs (36.4% vs 5%, p < 0.001), the
combined shedding of HHV-8, CMV and EBV was present only in VPs (15.1%, p=0.01 respect to SSPs) and no VPs
confirmed the absence of shedding found at TO (vs 17.5% of SSPs, p = 0.01). EBV-HVL was more frequent in VPs than in
SSPs: 78.6% at TO (p=0.03) and 88.9% at T1 (p=0.01).

Conclusions: The relationship between uncontrolled plasma HIV viremia and CMV, EBV, and HHV-8 shedding is
multifaceted, as demonstrated by the focused association with EBV DNA load and not with its frequency and by the
persistent combined detection of two oncogenic viruses as EBV and HHV-8 regardless of HIV virological control.
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Background

Adult humans harbour a variable number of persistent
viruses, most of which do not cause disease in healthy
people [1]. However, the reactivation of members of the
herpes-virus family such as Epstein-Barr virus (EBV),
Cytomegalovirus (CMV) and human herpesvirus 8
(HHV-8) may be responsible for serious diseases in the
infected host [2]. CMV, EBV and HHV-8 are DNA vi-
ruses that can infect a broad spectrum of cellular types.
CMV primarily infects monocytes and epithelial and
vascular endothelial cells [3, 4], whereas the main targets
for EBV infection are B lymphocytes and epithelial cells
[5] and HHV-8 cellular tropism include endothelial cells,
monocytes and B cells [6].

EBV infection is associated with cancers such as Bur-
kitt’s lymphoma, Hodgkin’s lymphoma, a subset of gas-
tric carcinomas, and almost all undifferentiated
nasopharyngeal carcinomas [7]; an oncomodulatory role
for CMV was proposed in high-grade glioblastomas [8],
whereas Kaposi sarcoma, multicentric Castleman dis-
ease, and primary effusion lymphoma are associated with
HHV-8 infection [9]. Interestingly, these three herpesvi-
ruses are also involved in inflammatory disorders, such
as HHV-8-inflammatory cytokine syndrome [10]; add-
itionally, CMV and EBV replication may be linked to the
development of autoimmune diseases including systemic
lupus erythaematous and systemic sclerosis [11, 12].

Saliva collection is simple and non-invasive. The de-
tection of herpesvirus DNA in saliva samples has a po-
tential diagnostic role: testing CMV PCR in saliva can be
included in the workflow to diagnose congenital CMV
infection [13]. For example, EBV DNA was detected in
80% of pretreatment saliva samples in 175 consecutive
newly diagnosed nasopharyngeal carcinomas cases [14],
and HHV-8 oral shedding was positively related to HPV
infection in the anal area in HIV-positive men who have
sex with men (MSM) [15]. Only a few studies have eval-
uated CMV DNA, EBV DNA and HHV-8 DNA simul-
taneously in salivary samples of HIV patients: one study
had a cross-sectional design [16], one was a case-control
study [17], one reported a comparative analysis between
the results obtained in HIV-positive subjects and age-
and sex-matched HIV seronegative controls [18], and
Jacobson et al. [19] performed a small pilot study that
analysed 2—4 saliva specimens obtained from a prospect-
ive observational study spanning a 6—12 month period.
In our previous study [20], which included 193
HIV-positive MSM, we showed that 76.2% of the entire
cohort displayed detectable EBV DNA in their saliva.
Additionally, CMV DNA was found in 18.7% of the sub-
jects, and a double herpesvirus positivity was reported in
16.6% of the patients. Isolated EBV shedding was re-
ported in a comparable percentage of patients with suc-
cessful plasma HIV viremia suppression and in those
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with not suppressed viremia (60 and 59.7%, respectively),
whereas the combined shedding of the two herpesviruses
was more frequent in patients with uncontrolled plasma
HIV RNA (25% versus 11.8%, respectively).

This longitudinal study described CMV DNA, EBV
DNA and HHV-8 DNA asymptomatic salivary shedding
in HIV-positive men who have sex with men (MSM).
We had three main objectives:1-to analyze the frequency
and persistence of single and combined herpesvirus
shedding; 2- to evaluate the correlations between her-
pesvirus positivity and viroimmunological parameters of
HIV disease (CD4+ and CD8+ lymphocyte count and
percentage, CD4/CD8 ratio, and CD4+ count at nadir);
3-to determine if long-term plasma HIV viremia suc-
cessful suppression correlated with herpesvirus replica-
tion control. The patients were followed for a 24-month
study period before the first saliva sampling and for a
24-month interval before the second saliva sampling.

Methods

HIV-positive MSM older than 18 years of age were en-
rolled from January 2013 to December 2013. The pa-
tients had to fulfil the following inclusion criteria: 1)
diagnosis of chronic HIV infection; 2) availability of
regular monitoring of HIV disease (at least three plasma
HIV-RNA determinations by year) in the 24 months
prior to each salivary sampling; 3) serology tests indicat-
ing past EBV, past CMV and past HHV-8 infection; 4)
no clinical history or serological evidence of acute CMV
and/or acute EBV and/or acute HHV-8 infection in the
2 years prior to enrolment; 5) no history of clinical ma-
lignancy and no oral/mucosal lesions upon oropharyn-
geal examination; 6) no diagnosis of Kaposi sarcoma or
of other HHV-8-associated diseases; and 7) no use of
drugs with activity against herpesvirus in the 48-month
study period. All participants provided written informed
consent for all study procedures and for the use of their
data for scientific evaluation and publication in a blinded
form. This study was conducted in accordance with the
Declaration of Helsinki, and it was approved by the Eth-
ical Committee for Clinical Experimentation, Padua
Province (prot. 2606-12P).

The study time defined as TO corresponded to the first
saliva sampling, and the study time defined as T1 corre-
sponded to the second saliva sampling; plasma
HIV-RNA was analysed for a period of 24 months prior
to TO and for a period of 24 months prior to T1.

Viroimmunological data collected at the time of the
first salivary sampling for analysis included CD4+
lymphocyte count (cells/mm®) and percentage, CD8+
lymphocyte count (cells/mm?) and percentage, CD4/
CD8 ratio, and CD4+ lymphocyte count (cells/mm?)
at nadir.
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The plasma HIV RNA value was analysed separately
for each of the two 24-month periods before the first
and second salivary testing. Patients were considered
successfully suppressed patients (SSPs) if they had un-
detectable plasma HIV viremia or an HIV RNA value <
400 copies/ml in all the tests performed [21]; otherwise,
the subjects were classified as viremic (viremic patients,
VPs). The cut-off of 400 copies/ml was chosen in order
to classify the subjects with a viral blip as VPs because a
blip magnitude of >400 copies HIV-1 RNA/mL may
predict HIV virological failure [22, 23]. Subjects who
switched from successful to unsuccessful control of
plasma HIV viremia and vice versa were classified as
partially suppressed patients (PSPs).

The patients provided an unstimulated saliva sample
(2 ml) according to the method previously described by
Navazesh [24]. The sample was kept at 4 °C, submitted
within 2 h from collection to the Laboratory of Virology
at the University of Padova and stored at —80°C until
analysis.

Laboratory methods

DNA extraction and purification of the saliva samples
(600 ul, processed as plasma samples) were performed
using the QIAamp Blood kit (Qiagen, Inc., Chatsworth,
CA, USA).

A quantitative real-time PCR detection of EBV DNA,
CMV DNA and HHV8 DNA, was performed on an ABI
PRISM 7900 HT Sequence Detection System (Applied
Biosystems, Foster City, CA, USA) using Tagman® tech-
nologies [25].

Primers and probe (contains a fluorescent reporter dye
(6-carboxyfluorescein, FAM) at the 5'-end and a fluores-
cent quencher dye (6-carboxy-tetramethyl-rhodamine,
TAMRA) at the 3'-end), selected using Primer-Express
software, are reported:

EBV amplification: fw 5EBT (5-TCA ACC TCT TCC
ATG TCA CTG AGA-3’), rev 3EBT (5'-TGG GTG
AGC GGA GGT TAG TAA-3") and probe EBpr (5-
TCA GCC CCTCCA CCA GTG ACA ATTC-3’); [26]
CMV amplification: fw CMT-5T (5 TCATCCACA
CTAGGAGAGCAGACT 3), rev CM-3T (5GCCA
AGCGGCCTCTGAT), and probe (5ACTGGGCAA
AGACCTTCATGCAGATCTC3) [27];

HHYV-8 amplification: fw (5-CTCGAATCCA ACGG
ATTTGAC-3"), rev (5-TGCTGCAGAATAGC
GTGCC-3") and probe (5-CCATGGTCGTGCCG
CAGCA-3") [28].

The human genomic B-globin DNA amplification, was
performed for each sample with the same amount of ex-
tracted DNA and identical thermal cycling conditions,
assessed the absence of PCR inhibitors as well.
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During all DNA extractions and purifications, precau-
tions were taken to reduce the risk of false-positive re-
sults. EBV DNA and CMV DNA viral loads were
expressed in copies/mL with a threshold level of 1000
copies/ml whereas HHV-8 DNA was analysed as a bin-
ary variable (present versus absent) because no validated
method to quantify this herpesvirus was available.

Statistical analysis

The continuous data were presented as the median and
interquartile range for continuous variables (years, CD4
positive cell count and percentage, CD8 positive cell
count and percentage, CD4/CD8 ratio, CD4 positive
count at nadir, plasma HIV-RNA value) because the data
distribution was not normal: the Mann-Whitney U test
was used to test the significance of the difference of the
median between the groups of patients. Each specific
herpesvirus shedding was analyzed as a categorical vari-
able (i.e. CMV, EBV and HHV-8 present versus absent):
all possible combinations were evaluated, including the
absence of herpesvirus shedding and the simultaneous
presence of the three herpesvirus. EBV-DNA shedding
was also analyzed recording as variables the absolute
number and proportion of patients with EBV-HVL and
EBV-LVL. The Chi-squared test and Fisher’s exact test
were used to compare categorical variables as appropri-
ate (according to the frequencies). The Kruskal-Wallis
test was applied to compare continuous data distribu-
tions between levels of categorical variables [29].

The limit of significance for all analyses was estab-
lished at p <0.05. All statistical analyses were performed
with MedCalc Statistical Software version 18 (MedCalc
Software bvba, Ostend, Belgium; www.medcalc.org;
2018).

Results
Characteristics of the subjects
Ninety-two patients (all Caucasian) with a median age of
43 years (IQR 36-51 years) were included. Plasma HIV
viremia was always detectable throughout the study time
(48 months) in 33 subjects (35.9%) and was always sup-
pressed in 40 subjects (43.5%); additionally, 19 patients
(20.6% of all included MSM) switched from successful to
uncontrolled plasma HIV RNA or vice versa. All SSPs
were on HAART (highly active antiretroviral therapy), as
were the PSPs with suppressed plasma HIV viremia in
the 24 months before TO (7 patients) or in the 24 months
after TO (12 patients). Overall, median number of
HIV-RNA assessments was 8 (IQR 7-9), significantly
higher in PSPs (9, IQR 8-9) with respect to SSPs (7,
IQR 6-8) and to VPs (8, IQR 6.7-8).

Most patients (38, 64.4% of the subjects on HAART)
were treated with the nucleosidic backbone associated
with a boosted protease inhibitor.
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The viro-immunological characteristics of the patients
at TO are reported in Table 1. The CD4 positive cell
count was comparable in the three subgroups of pa-
tients. Conversely, the CD8 positive count was lower in
SSPs with respect to the other two groups.

Based on the results obtained, EBV DNA was quanti-
fied as follows: low viral load (EBV-LVL, value <10,000
copies/ml) and high viral load (EBV-HVL, > 10,000 cop-
ies/ml). All CMV DNA values were lower than 10,000
copies/ml and for this reason CMV DNA detectability
was analysed only as a binary variable (absent vs
present).

Overall frequency and persistence of single and

combined herpesvirus shedding

Overall, CMV DNA was detected in 18 subjects (19.6%)
at TO and in 16 patients (17.4%) at T1. The frequency of
EBV DNA and of HHV-8 DNA positivity was higher
(73.9% at TO and 75% at T1 for EBV and 38% at TO and
37% at T1 for HHV-8). EBV DNA shedding was the
most frequently detected positivity at both TO and T1 in
all the three categories of patients. The double detection
EBV-HHV-8 and the triple detection EBV, HHV-8 and
CMV were those detected with the higher percentage
both in SSPs and in VPs at TO .At T1, the percentage of
patients positive for CMV was significantly higher in
HIV viremic patients than in subjects successfully sup-
pressed (36.4% vs 5%, p < 0.001).

A complete description of absolute values of herpes-
virus detection at TO and T1 in SSPs, VPs and PSPs is
presented in Fig. 1. Five herpesvirus shedding patterns
were present in the patients at both TO and T1 in the
study population: isolated EBV shedding (19 patients),
combined EBV-HHV-8 shedding (11 patients), combined
EBV-CMV-HHV-8 shedding (2 patients), combined
EBV-CMYV shedding (1 patient) and no shedding (9 pa-
tients, in 17.5% of SSPs and 0 VPs, p=0.01) (Fig. 2). A

Page 4 of 10

detailed analysis of the detectability of HHV-8, EBV and
CMYV at TO and T1 is reported in Additional file 1.

Correlations between herpesvirus positivity and
viroimmunological parameters of HIV disease

At TO, VPs with HHV-8 shedding had a significantly
higher CD4+ count at nadir than SSPs with HHV-8 de-
tection in saliva. Notably, more differences were found
in cases with no HHV-8 shedding: we showed lower
CD4+ cell percentages and higher CD8+ cell counts and
percentages in VPs with respect to SSPs (Table 2). Fur-
thermore, we analyzed CD4+ and CD8+ cell count and
percentage and CD4+ cell count at nadir in SSPs and
VPs according to the detection or not of HHV8 DNA at
TO and we found that these parameters were
comparable.

No significant difference in the main immunovirologi-
cal parameters was found between SSPs with no salivary
shedding and SSPs with the detection of any positivity at
TO and/or T1 and in patients with the same herpesvirus
shedding pattern at TO and at T1 (Table 3 and Table 4);
however, HIV successfully suppressed subjects with per-
sistently negative herpesvirus shedding had a lower me-
dian CD8+ cell count with respect to subjects who
showed any herpesvirus shedding during the study
period (800 cells/mm?, IQR 539-856 cells/mm?> vs 943
cells/mm?, IQR 610-1249 cells/mm?).

Long-term plasma HIV viremia successful suppression and
herpesvirus replication control

At TO, SSPs and VPs had a comparable frequency of pa-
tients who experienced a single herpesvirus shedding
(37.5 and 33.3%, respectively), but SSPs had a higher
percentage of subjects with no shedding (27.5% vs
12.1%, respectively) and a lower percentage of combined
herpesvirus shedding (35% vs 54.5%, respectively). At
T1, the combined shedding of HHV-8, CMV and EBV

Table 1 Characteristics of the 92 patients at TO according to plasma HIV viremia control (SSP, VP and PSP). Data are expressed as

median and interquartile range (IQR)

SSP (40 pts) VP (33 pts) SPS (19 pts)
Age (years) 47 (39-59 40 (32-47) 43 (38-49)
CD4 + cell count/mm? 605 (475-785) 570 (410-662) 530 (370-827)
CD4+ cell percentage 275 (22.5-36) 23 (19.7-30) 24 (20-28.2)
CD8+ cell count/mm 849 (602-1227) 1106 (1012-1464) 1240 (854-1490)
CD8 + cell percentage 43 (34.5-51) 51 (47-60) 48 (42-62)
CD4/CD8 ratio 0.8 (0.5-1) 04 (04-06) 0.6(0.3-0.7)
CD4+ cell count at nadir (cells/mm?) 290 (132-405) 460 (322-535) 260 (88-355)
Plasma HIV-RNA value in the 24 month prior TO log (Log;o copies/ml) - 4.57(3.99-4.8) -
Plasma HIV-RNA value in the 24 month prior T1 (Log;, copies/ml) - 444 (3.77-4.83) -

TO: time of the first saliva sampling after 24 months of plasma HIV RNA control analysis

T1: time of the second saliva testing, 24 months after TO

SSPs HIV successfully suppressed patients, VPs HIV viremic patients, PSPs HIV partially suppressed patients
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Fig. 1 Percentage of patients with CMV DNA, EBV DNA and HHV-8 DNA salivary shedding at TO and at T1 classified for plasma HIV RNA control.
T0: time of the first saliva testing after 24 months of plasma HIV-RNA control analysis. T1: time of the second saliva testing, 24 months after TO.
SSPs: HIV successfully suppressed patients. VPs: HIV viremic patients. PSPs: HIV partially suppressed patients

was present only in HIV viremic patients (15.1%, p =
0.01 with respect to subjects successfully suppressed).

HIV viremic patients with CMV shedding at T1 had a
higher median plasma HIV RNA value in the 24 months
prior to T1 than in CMV-negative subjects (median
value 4.78 log;o copies/ml, IQR 4.59-5.02 versus 4.34
logyo copies/ml, IQR 3.57-4.55 log;o copies/ml, p=
0.01); conversely, no statistically significant correlation
between HHV-8 and EBV detection at TO and T1 and
plasma HIV viremia was shown.

The highest percentage of patients with EBV DNA
shedding who had EBV HVL was found in VPs: 78.6% at
TO (p = 0.03 with respect to SSPs) and 88.9% at T1 (p =
0.01 with respect to SSPs) (Fig. 3). Moreover, a higher
frequency of VPs with no EBV shedding at TO experi-
enced HVL at T1 with respect to SSPs (80% vs 23.1%,
respectively, p = 0.04).

The median plasma HIV RNA value was higher in
subjects with HVL with respect to subjects with LVL at
TO (4.63 log;o copies/ml, IQR 4.04—4.79 copies/ml ver-
sus 3.97 logyo copies/ml, IQR 3.78-4.82, p=0.26). At
T1, only 3 subjects had LVL, so a comparative analysis
could not be performed: plasma HIV viremia at in pa-
tients with EBV-HVL was 4.43 log;o copies/ml (IQR
3.61-4.83 log;o copies/ml); no significant difference with
respect to plasma HIV RNA at TO.

Key points

Overall, we showed that most HIV+ MSM had different
patterns of salivary EBV DNA, CMV DNA and HHV8
DNA shedding and that ongoing plasma HIV RNA de-
tection had an intriguing relationship with some aspects
of the phenomenon. The most important results re-
ported in patients with successful plasma HIV RNA
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Fig. 2 Description of the herpesviruses patterns found in salivary samples of the same patient both at TO and at T1. Data are expressed as
absolute value. T0: time of the first saliva testing after 24 months of plasma HIV RNA control analysis. T1: time of the second saliva testing, 24 months
after T0. SSPs: HIV successfully suppressed patients. VPs: HIV viremic patients. PSPs: HIV partially suppressed patients
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Table 2 Main viro-immunological parameters of SSP and of VP according to the detection or not of HHV-8 shedding at TO
regardless of the presence or absence of EBV and/or CMV salivary shedding. Data are expressed as median and interquartile range

(IQR). In bold significant P values

SSP with HHV-8 shed-

VP with HHV-8 shed-

p SSP with no HHV-8 shed- VP with no HHV-8 shed- p

ding (n=14) ding (n=15) ding (n=26) ding (n=18)
CD4 + cell count/mm? 590 (520-690) 600(447-677) 069  630(400-850) 535(310-620) 0.17
CD4+ cell percentage 26(24-36) 23 (21-30) 011 32(22-36) 225 (15-28) 0.01
CD8+ cell count/mm 993 (522-1248) 1106 (1014-1403) 0.27 821 (619-1153) 1106 (1010-1524) 0.009
CD8 + cell percentage 44 (30-51) 50 (47-53) 009 43 (35-52) 53.5 (48-60) P<
0.001
CD4+ cell count at nadir 235 (140-340) 440 (340-567) 0.001 310(124-460) 470 (300-530) 0.09

(cells/mm?)

TO: time of the first saliva sampling, after 24 months of plasma HIV RNA control analysis

SSPs HIV successfully suppressed patients, VPs HIV viremic patients

suppression and in those with ongoing plasma HIV
viremia were: 1) no HIV viremic patient was negative for
herpesvirus shedding both at TO and at T1; 2) isolated
EBV DNA shedding was the most frequent figure de-
tected both at TO and at T1 in HIV successfully sup-
pressed patients and in HIV viremic patients; 3) HIV
viremic patients had the highest percentage of patients
with HVL-EBV DNA shedding both at TO and at T1; 4)
CMV positivity was significantly more frequent in the
HIV viremic patients than in HIV successfully sup-
pressed patients at T1; 5) overall, the most frequent per-
sistent combined shedding was EBV-HHV-8.

Discussion

To the best of our knowledge, this is the first study de-
signed to evaluate salivary EBV DNA, CMV DNA and
HHV-8 DNA shedding in a cohort of Caucasian
HIV-positive MSM that included both subjects on ART
and untreated patients who were followed for 48 months
and had two saliva samples obtained at a 24-month
interval from one another. The inclusion of untreated
patients was possible because HIV guidelines at the time
of sampling [30] did not recommend the initiation of
ART irrespective of the CD4+ cell count, which con-
trasts with updated prescriptions [31]; currently, the

inclusion of untreated subject in a study lasting 48
months would be unethical.

Our observation period was the same length for all the
subjects included, unlike that of Jacobson et al. [19].
These authors analysed the replication of CMV, EBV and
HHV-8 in paired stored saliva specimens obtained from
at least two visits separated by an interval of at least 6
months; each patient had 2—4 samples tested. Further-
more, Jacobson et al. [19] included only 16 subjects who
were all on effective antiretroviral therapy for at least
1 year (plasma HIV RNA <75 copies/mL). Overall, 27%
of the saliva samples were positive for CMV, 73% were
positive for EBV and 24% were positive for HHV-8. The
comparison of the proportion of herpesvirus detection
frequencies described in Jacobson’s work [19] and in
SSPs should take into account the different number of
samples collected for each patient (2—4 samples versus
one at each study time). However, the percentages of
EBV detection reported by Jacobson et al. [19] were
comparable to those we reported (67.5% at TO and 70%
at T1), whereas the frequency of CMV replication was
higher than that of ours (12.5% at TO and 5% at T1), and
the frequency of HHV-8 was lower (35% at TO and 40%
at T1). We reported a CMV positivity rate at TO similar
to the 10% found by Dittmer et al. [16] in HIV patients

Table 3 Main viro-immunological parameters of SSP with no herpesvirus detection or with any herpesvirus shedding at TO and T1.

Data are expressed as median and interquartile range (IQR)

Patients with persistently negative herpesvirus

Patients with the detection of any positivity at TO and/or p

shedding (n=7) T1 (h=33)
CD4 + cell count/mm’ 600 (250-802) 610 (480-782) 0.46
CD4+ cell percentage 31 (17.2-36) 27 (22.7-36) 0.87
CD8+ cell count/mm 800 (539-856) 943 (610-1249) 036
CD8 + cell percentage 43 (36.2-50.2) 43 (33.7-51.2) 0.95
CD4+ cell count at nadir 310 (87-456) 290 (135-380) 0.78

(cells/mm?)

TO: time of the first saliva sampling, after 24 months of plasma HIV RNA control analysis

T1: time of the second saliva testing, 24 months after TO
SSPs HIV successfully suppressed patients
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Table 4 Main viro-immunological parameters of HIV patients with the same herpesvirus shedding pattern at both TO and T1. Data
are expressed as median and interquartile range (IQR)

Isolated EBV-DNA  EBV-DNA +HHV-8 DNA  EBV-DNA + HHV-8 DNA + CMV-

EBV-DNA + CMV-DNA  No shedding

(n=19 (n=11) DNA (n=2) (n="1) (n=9)
CD4 + cell count/mm? 560 (427-672) 630 (540-777) 670 (600-740) 410 600 (207-857)
CD4+ cell percentage 26 (21.2-34.7) 33 (25.2-36.7) 255 (21-30) 20 27 (13.7-34)
CD8+ cell count/mm 1000 (706-1316) 1123(527-1228) 1473 (1233-1714) 943 800 (646-1001)
CD8 + cell percentage 46 (40-52) 46 (30.5-52.7) 55 (50-60) 46 40(35.7-46.7)
CD4+ cell count at nadir 290(110-517 340 (212-480) 585(510-660) 410 310(25-450)

(cells/mm?)

TO: time of the first saliva sampling, after 24 months of plasma HIV RNA control analysis

T1: time of the second saliva testing, 24 months after TO

who had more than 200 CD4+ cells/mm?, regardless of
the plasma HIV RNA value (evaluated once). Interest-
ingly, we observed a lower CMV DNA positivity value at
T1 (5%), after an additional 24 months of successful
plasma HIV RNA control, suggesting a relationship be-
tween HIV RNA and CMV replication [17].

Our study population included only HIV positive
MSM, and this characteristic explained the high percent-
age of patients with HHV-8 salivary shedding: amongst
HIV-positive people, the HHV-8 seroprevalence was
higher in MSM and lower in heterosexual adults with
low-risk or high-risk sexual behaviour and in persons
who inject drugs [32].

The most frequent virological pattern detected in the
same patients at both TO and T1 was the isolated EBV
DNA shedding, with a comparable frequency in SSPs and
in DV; this result is in accord with our previous data [20].
EBV persists as a latent infection of a memory B cell
population, and these cells recirculate between the blood
and the lymphoid tissues; lytic infection in the oropharyn-
geal epithelium leads to oral shedding when reactivation
occurs [33], whereas CMV persists as a latent infection of
the myeloid lineage, and it can reactivate to lytic infection

at various sites [34]. In addition to the physio-pathological
explanation, the high frequency of shedding regardless of
the virological response to ART could be related to the
presence of immunoactivation, which was also demon-
strated in patients with successful plasma HIV RNA sup-
pression [35]. Agudelo Hernandez et al. [36] reported that
there was a trend of a positive correlation between the
subclinical EBV DNA shedding rate (evaluated in different
sites, included throat washings) and plasma levels of sol-
uble CD14, which is a marker of monocyte activation, in
HIV patients who have been virally suppressed on ART
for a median of 7 years.

Regarding CD4+ count at nadir, we previously re-
ported that low CD4+ cell count was the only independ-
ent variable associated with the presence of HHV-8
DNA in plasma of naive HIV positive patients, confirm-
ing the role of immune response in controlling HHV-8
replication [37].

In contrast with the simple data of the frequency of
EBV shedding, the distribution of EBV DNA load classes
differed between SSPs and VPs, both in the absolute
number of patients with HVL at TO and T1 and in the
frequency of subjects negative for EBV DNA at TO who
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became positive with HVL at T1. Some data on the clin-
ical significance of high EBV DNA values evaluated in sal-
iva were published, with Kuhara et al. [38] reporting that
high EBV DNA levels were observed in the onset-stage of
patients with connective tissue diseases (mean value of
6.85 log;o EBV DNA copies/ml) and that the viral load
was significantly higher than in patients in the relapse or
inactive stages. Additionally, the mean EBV viral load in-
creased significantly in kidney transplant recipients after
transplantation (18,027 copies/ml before transplantation
versus 192,134 copies/ml 3 months after transplantation)
[39], and the EBV DNA level was higher in stage IV naso-
pharyngeal carcinoma patients (5.56 + 0.31 log DNA cop-
ies/ul) than in stage I-III patients [40].

Taken together, these data suggest that the EBV DNA
load may play a role in advanced cancers and that this her-
pesvirus can be involved in the mechanism of
immune-mediated inflammation. Miller et al. [17] demon-
strated that the mean EBV DNA load was higher in
HIV-positive subjects with respect to healthy controls, and
it increased with increasing HIV RNA values in a study in-
volving 58 HIV positive patients. We did not include
HIV-negative controls in our study because we focused on
the role of long-term plasma HIV RNA control and VPs as
our control population; however, we confirmed the rela-
tionship between plasma HIV RNA and EBV DNA viral
load at TO. No analysis was performed at T1 because of the
low number of subjects with LVL (only 3).

Isolated HHV-8 detection was identified in 2 SSPs
(5%) but not in VPs, and no subjects showed isolated
shedding of HHV-8 DNA at both TO and T1. Interest-
ingly, in 5 SSPs (12.5%) and 3 VPs (9.1%), the combined
EBV-HHV-8 shedding presented at TO was confirmed at
T1. Miller et al. [17] reported that HHV-8 and EBV in
saliva samples were more likely to be simultaneously
present in a study population of 58 HIV-positive subjects
(81% on ART) than in healthy controls; the overall per-
centage was 32.7%, but only one sample was tested. Car-
valho et al. [18] did not include the combined EBV and
HHV-8 shedding in the list of viruses most likely to be
simultaneously detected, but their study population of
HIV-infected subjects had an HSV-1 prevalence of
51.1%, and the combination HHV-8, HSV-1 and EBV
was included instead. Gammaherpesviruses can establish
a latent biological cycle in infected cells, but latently
HHV-8-infected cells do not become immortalized, un-
like latently EBV-infected cells; this characteristic could
explain the higher frequency of the association between
EBV and HHV-8 detection with respect to isolated
HHV-8 positivity [41]. We reported that VPs and SSPs
with HHV-8 detection had no significant differences in
CD8-positive cell absolute count and percentage, unlike
the patients with no shedding. We are aware that the
sample size influenced the statistical significance, but
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coinfection with HHV-8 may be associated with an im-
mune activation and increase of CD8/CD38/HLA-DR
cells in HIV patients on effective ART [42].

Herpesvirus salivary shedding was not identified in 9
patients (9.8%, 7 SSPs and 2 PSPs); this last percentage
is in accord with that reported in previous studies with a
single herpesvirus salivary testing, ranging from 3 to
25% [17, 18, 20]. Conversely, we demonstrated multiple
herpesvirus reactivations both at TO and at T1 in 24 pa-
tients (26.1% of the overall study population). The sig-
nificance of asymptomatic herpesvirus reactivation as a
marker of clinical significance was recently studied by
Ong et al. [43] in patients without known prior im-
munodeficiency admitted to the intensive care unit
(ICU) with a diagnosis of septic shock: patients with
multiple herpesvirus reactivations in plasma had a
higher Intensive Care Unit mortality with respect to pa-
tients with a single-type viremia or no viremia. No defin-
ite explanation of the physiopathological mechanisms
underlying these correlations is available: of note, we
demonstrated the combined shedding of EBV, HHV-8
and CMV at both T0 and T1 only in VPs.

This study’s strengths include the availability of a
48-month study period composed of two 24-month in-
tervals and the two samplings conducted at the end of
each period; the inclusion of HIV-untreated patients; the
description of simultaneous infections in a single patient;
and the focusing on herpesviruses reactivation, with the
exclusion per protocol of primary infections. The main
limitation of the study is the sample size, which limits
the ability to identify differences in immunovirological
parameters between subgroups of patients.

Conclusions

In conclusion, we observed that the replication of two
oncogenic viruses such as EBV and HHV-8 occurred with
a comparable frequency in immunocompetent patients
who were either on successful ART or untreated. More-
over, the most frequent persistent multiple shedding is the
combination of EBV-HHV-8. This result provides a basis
for investigating the predictive role of herpesvirus salivary
shedding on the development of herpesvirus-related ma-
lignancies and possibly on immunoactivation status. Saliva
sampling is a non-invasive approach that can be per-
formed via self-collection and allows for longitudinal
evaluation with minimal patient effort.

Additional file

Additional file 1: Salivary shedding of all combinations of EBV DNA,
CMV DNA and HHV8-DNA shedding at TO and at T1 in the 3 groups of
HIV patients (SSP, VP, PSP). Data at TO are expressed as absolute value
and as percentage respect to the number of patients included in the spe-
cific cohort, at T1 only as absolute value. (DOCX 19 kb)
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