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Abstract

Introduction: This study was designed to investigate the effect of oral HSV-1 shedding on the survival of allogeneic
hematopoietic stem cell transplanted (allo-HSCT) patients.

Methods: One hundred nineteen allo-HSCT patients were included in the study and divided in three groups: be-
fore transplant, 100 days after transplant and 1 year of allo-HSCT. Healthy volunteers matched by age and gender
were also selected. Oral swabs were performed and the nested PCR was used to detect HSV-1 presence in the oral
mucosa. In statistical analysis, chi-square test was used to test the distribution of HSV1 shedding among the three
groups. Time to death after allo-HSCT was displayed by means of the Kaplan-Meier method and the results were
compared by the log-rank test. Cox proportional hazards multivariate model was used to evaluate the survival.
Results: We observed that HSV-1 shedding was similar at different points after allo-HSCT. However, HSV-1 shedding
before allo-HSCT was associated with worst survival rates after allo-HSCT in multivariate analysis.

Conclusion: Our data demonstrates that HSV-1 shedding in oral mucosa before transplant is associated with worst
survival rate of allo-HSCT patients.
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Introduction

Allogeneic hematopoietic stem cell transplant (Allo-
HSCT) is performed in patients for a range of underlying
disorders, including haematological malignancies, severe
aplastic anaemia and genetic diseases. Many evidences
suggest that graft versus host disease (GVHD) and infec-
tious diseases are the most important causes of mortality
and morbidity after treatment with allo-HSCT (1-3).
Herpes simplex virus type 1 (HSV-1) belongs to the
Herpesviridae family, genus simplex virus and contains
a 152,000 bp double-stranded DNA genome (4). HSV-1
is usually acquired during childhood and it is transmit-
ted through direct mucocutaneous contact or droplet
infection from infected secretions. As HSV is short-lived
on external surfaces, the infection depends on intimate
contact with an individual who is shedding live virus
through secretions (5). Acute (primary) herpetic gingi-
vostomatitis typically affects children and involves the
gingiva, tongue, lips, buccal mucosa, as well as the hard
and soft palate. Lymphadenopathy, fever and malaise
are frequently reported (6). After primary infection,
HSV-1 establishes a latent infection in neuronal cells of
trigeminal ganglia. Then, it can reactivate causing the
recurrent disease (7-10). Reactivation of HSV-1 in the oral
cavity may be either symptomatically (recrudescence) or
asymptomatically (shedding) (11). The HSV-1 shedding
into the oral cavity occurs during the prodromal phase
of recurrent herpes labialis before a lesion is clinically
evident (12). Oral recrudescent HSV-1 infection is one
of the major oral complications that follows allo-HSCT,
although the incidence has decreased with the use of
acyclovir prophylaxis. Unlike recrudescent infections
in healthy patients, recrudescent lesions in immunocom-
promised patients are more extensive, aggressive, slow-
healing, and painful (13,14). Recently, we have shown that
recrudescent HSV-1 infection is an independent negative
prognostic variable in allo-HSCT survival rate (15).
Although allo-HSCT patients are more susceptible to oral
recrudescence of HSV-1, the impact of oral asymptoma-
tic HSV-1 in allo-HSCT patients survival rate has not
been studied yet. Therefore, the purpose of the present
study was to investigate the frequency of asymptomatic
HSV-1 oral shedding before and after allo-HSCT and its
association with survival after allo-HSCT patients using
nested polymerase chain reaction (PCR).

Material and Methods

The study protocol was approved by the appropriate local
ethical committee and informed consent was obtained
from all the patients and from parents if the patient was
less than 18 years.

Patients

Three groups of patients were included in the study. For
each case group there was a control group composed of
healthy patients matched by age and gender. The first
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case group consisted of subjects that were being prepared
to allo-HSCT (Group 1; n= 38), while the second group
comprised individuals alive 100 days after allo-HSCT
(Group 2; n=45). The third group included subjects alive at
1 year after allo-HSCT (Group 3; n=36). Considering that
more than 90% of Brazilians older than 30 y.o. are HSV-1
seropositivity (16) no serologic test was not included in this
study. All the patients were attended at the Dental Clinics
in the Scholl of Dentistry of Universidade Federal de Minas
Gerais. Patients were conditioned for transplantation with
the following protocol: Cyclophosphamide 200mg/kg and
Busulfan 4mg/kg (aplastic anemia) or Cyclophosphamide
120mg/kg and Busulfan 16mg/kg (malignant diseases).
Methotrexate and cyclosporin were used for GVHD pro-
phylaxis and steroids for GVHD treatment. All patients
received acyclovir as HSV-1 prophylaxis from graft infu-
sion until engraftment.

The medical records of the patients were reviewed and
included the following information: gender and age of the
patient, donor gender, primary disease, stem cell source
(bone marrow or blood stem cells), and platelet counts.
Biopsies of the lower lip were done in Group 2 patients for
chronic GVHD staging in the oral mucosa and salivary
glands as described elsewhere (15).

Samples:

Swabs were collected from all the subjects (buccal muco-
sa, lower lip and dorsum of the tongue). DNA extraction
was carried out as described (17) and modified after (18).
450 pL lysis buffer (6.0M Gunidinium-SCN, 0.1 pL
Tris-C1,0.2M EDTA, 10% TritonX-100) and 20 pL silica
(Si02,Sigma S5631, washed with H20, pH 2.5, corrected
with HCI) in the pellet. The tubes were mixed for 10 s,
incubated for 10 min at 56 C, centrifuged for 1 min and
the supernatant was discarded. The pellet was washed
twice with 450 ml washing buffer (6.0M Guanidinium-
SCN, 0.1M Tris-Cl), twice with 70% ethanol and once
with 450 pL acetone. After these steps the pellet was
dried at 56 C for 10 min or until the silica became com-
pletely dry. Finally, 100 pL TE buffer (10mM Tris-Cl
pH 8.0, 1.0mM EDTA) was added and incubated at 56
C for a minimum of 10 min and maximum of 24 h. The
solution containing the silica and DNA was mixed for 5
s, centrifuged for 2 min and the supernatant was carefully
transferred to a new tube.

Nested PCR

The sequence of DNA was obtained from National Cen-
tre for Biotechnology Information and the Mac-Vector
program was used to construct and analyze the primers
as previously described (18). In summary, two sets of
primers were used for HSV-1 on the nested PCR (outer
primers F: 5> TGC TGG AGG ATC ACG AGT TTG 3’R:
5* CAT CGT CTT TGT TGG GAA CTT 3’ and inner
primers: F:5° TGC AGA GCA ACC CCA TGA AG 3’
and R: 5> ATG ACCA TGT CGG TGA CCT TGG 3).
Two microliters (100 ng) of DNA purified as described
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above were subjected to PCR using outer primers. PCR
was carried out in a 50 uL mixture containing Taqg DNA
polymerase (1 unit/reaction), PCR buffer (50 mM KCI, 10
mM Tris-HCI pH 8.4, 1.5 mM MgCl2), deoxynucleosi-
de triphosphates (0.1 mM/reaction of each dNTP) and
primers (10 pmol/reaction). All samples were amplified
using a DNA thermal cycler (Eppendorf Mastercycler).
After PCR, 2 pL of the final product was transferred to
the reaction mixture of the second round PCR (nested)
and reamplified with the inner pair of primers. Recurrent
oral herpes lesion in a bone marrow transplantation pa-
tient was used as positive control for HSV-1. Negative
controls included PCR without DNA.

Agarose gel eletrophoresis

10 uL of each reaction product was added to 2 pL of gel
loading dye (0.25% bromophenol blue, 30% glycerol, 10
mM EDTA), loaded into the 1.5% agarose gel and elec-
trophoresis was carried out using 1X TAE buffer. DNA
fragments were visualized after staining with ethidium
bromide (0.5png/ml) and using the photo documentation
system BIO-RAD GEL-DOC 1000. The molecular weight
of the DNA was estimated using k HindIII DNA and 100
bp ladder markers. The human B-globin gene was amplified
in order to assess the adequacy of each specimen (19).
Statistical analyses:

Chi-square test was used to test the distribution of HSV1
shedding into the three groups and controls. Time to
death after allo-HSCT was displayed by means of the
Kaplan-Meier method for the following variables: gender
and age of the patient (< 30 and >30 years), donor gender,
primary disease (malignant versus non-malignant), stem
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Fig. 1. Distribution of allo-HSCT patients and control subjects with oral mucosa swab positive for HSV-1.
Group 1 — before allo-HSCT; Group 2- at the day +100 after allo-HSCT; Group 3- 1 year after allo-HSCT. No significant differ-

ence in distribution was observed between the groups.
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cell source (bone marrow versus blood stem cell), platelet
count (< 100,000/mm3 vs > 100,000/mm3), and presence
of HSV-1 in the saliva. Chronic Graft Versus Host Disea-
se (¢cGVHD) at the salivary glands and oral mucosa (no
vs mild vs moderate/severe) were included in the group
2 analysis. The results of Kaplan-Meier were compared
by the log-rank test. Variables with p < 0.25 alongside
with HSV-1 DNA positivity (irrespective of p value) were
included in the Cox proportional hazards multivariate
model. Statistical significance was set at p<0.05. The
records of each patient were reviewed 36 months after
the oral swab collection of all patients in the three groups
of the study. The survival analyses were assessed using
SPSS (SPSS Inc., Chicago), version 13.0.

Results

The Group 1 was formed by 18 females and 20 males
with median age of 37 years (range 1 to 58, standard de-
viation 14.7). The Group 2 (+100 days after allo-HSCT)
presented 20 females and 25 males subjects with median
age of 27 years (range 9 to 55, standard deviation 13.2).
The group 3 consisted of 15 females and 21 males with
median age of 27 years (range 4 to 49, standard deviation
12.5). Since the control of each group was matched by
age and gender, they had the same results related to age
and gender distribution. None of the patients presented
clinical HSV oral lesions (neither suspect) at the moment
of sample collection. No difference in the presence of
HSV-1 was observed between controls and the case
groups. The frequencies of HSV positive swabs in each
group of study are shown in Figure 1. The frequency of
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Fig. 2. Survival according to HSV-1 PCR before transplant (Group 1) (p = 0.07).
HSV-1 DNA detection in the groups before allo-HSCT, Discussion

100 days and 1 year after allo-HSCT were not statisti-
cally different from the control group. The frequencies
of HSV positive swabs between the three groups were
not statistically different either (p = 0.92 - figure 1). The
number of platelets in allo-HSCT patients positive for
HSV-1 was not statistically different from the patients
negative for HSV-1 (data not shown).

Univariate analysis of the different variables is shown in
table 1. Only female donor gender was associated with a
better survival rate in patients one year after allo-HSCT
in univariate analysis. While in the univariate analysis
HSV-1 shedding before transplant revealed only a slightly
trend to a worst survival rate (p=0.07) (figure 2), in multi-
variate analysis it was associated with a significant worst
survival rate (table 2). On the other hand, a positive HSV1
shedding one hundred days and one year after transplant
was not associated with survival rate even in uni- nor in
multivariate analysis (table 2).
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Detection of viral DNA using polymerase chain reac-
tion has demonstrated greater sensitivity for identifying
HSV-1 than the traditional viral culture (12, 20). In some
circumstances HSV-1 is only detected by nested PCR (21).
Therefore, the nested PCR was used to identify HSV-1
DNA in the present study and others (11, 22, 18).

The pathogenesis of oral HSV infection in immunosu-
pressed patients is unclear. Different prevalence of HSV-1
has been identified in different immunosupression states
(23, 24). HSV-1 was present in saliva of 24% to 70% of
HIV-infected patients (25). HSV-1 was also detected in
the oral mucosa of 3.6% of patients undergoing head
and neck radiation therapy (24) and in 28% of patients
with aplastic anemia using cell cultures (26). In another
study, 60% of cell cultures from oral mucosa samples of
bone marrow transplantation patients were positive for
HSV-1 (27). Moreover, recipients of matched unrelated/
mismatched allo-SCT may be more at risk of acquiring
breakthrough infections with HSV than patients who
have undergone matched related allo-SCT (28). Imunos-
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Table 1. Baseline characteristics of patients and p value of log-rank test (univariate analysis).

Group 1 Group 2 Group 3
Parameters Cumulative P-value Cumulative P-value Cumulative | P-value
Proportion log-rank Proportion log-rank Proportion | log-rank
Surviving in test Surviving in test Surviving in test
Three years Three years Three years
Recipient gender
Male 61.1% 0.33 69.6% 077 88.6% 0.77
Female 42.8% 75.0% ) 87.5%
Donor gender
Male 66.0% 0.30 75.6% 030 76.9% 0.05*
Female 41.9% 66.7% ) 100%
Age of patient (years)
<30 64.3% 0.13* 75.0% 0.26 93.3% 0.09*
> 30 43.6% 64.7% 76.9%
Primary disease
Non-malignant disease 44.5% 0.10* 68.4% 0.26 87.3% 0.67
Malignant (neoplastic) disease 83.3% 79.1% ) 89.0%
Stem cell
Peripheral stem cell 47.0% 0.48 66.3% 0.13 95.0% 0.33
Bone Marrow 63.6% 81.6% 81.2%
Platelet number
<100,000/mm3 59.3% 0.87 54.5% 0.07* 75.0% 0.39
>100,000/mm3 51.8% 78.0% 88.6%
Mucosal GVHD
No 62.8% 031
Mild X X 77.2% ' X X
Moderate /Severe 50.0%
Oral Gland GVHD
No 54.8% 077
Mild X X 75.0% X X
Moderate /Severe 76.92%
HSV-1 DNA
Negative 66.6% 0.07* 100% 0.76* 84.6% 0.65*
Positive 46.4% ) 90.9% 88.3% )

* - included in multivariate analyses

Group 1 — before allo-HSCT; Group 2- at the day +100 after allo-HSCT; Group 3- lyear after allo-HSCT.
GVHD: Graft versus host disease.

Table 2. Survival according in an adjusted model of Cox proportional hazards multivariate model.

Group (n) Analised variables ORS 95%CI} Sp-value
Min Max

Age 2.18 0.810 5.86 0.123
Group 1 (38) Primary Disease (ref. no neoplasic) 0.60 0.191 1.900 0.387
PCR HSV-I (ref PCR negative) 6.16 19.68 1.93 0.002*
Platelets number (ref > 1x10° mm?) 2.82 1.03 7.74 0.043*

Group 2 (45) -
PCR HSV-1 (ref PCR negative) 1.85 0.81 4.23 0.140
Donor (ref female) 0.00 0.00 NA 0.957
Group 3 (36) Age (ref <30 years) 4.28 0.43 42.477 0.213
PCR HSV-I (ref PCR negative) 0.814 0.11 5.94 0.839

*significant values, NA= Not applicable
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supression after allo-HSCT, present in group 2 and 3, did
not modify HSV-1 shedding. It is important to note that
in all periods no HSV-1 lesions were observed.

A previous study conducted by our group showed that in
healthy individuals, HSV-1 shedding in the oral cavity
occurs independently of herpes labialis recrudescence
(11). In the past, we observed that the presence of oral
recrudescent lesions of HSV-1 alongside with a platelet
count below 100,000/mm3 at the day 100 were indepen-
dent negative prognostic variables in allo-HSCT patients’
survival rates (15). So the main objective of the present
study was to determine the impact of HSV-1 shedding on
the oral mucosa and on survival of allo-HSCT patients.
The present study demonstrated that the presence of
HSV-1 shedding before transplant was associated with
a higher risk of death after allo-HSCT. The absence of
viral prophylaxis during this period might predispose
the patient to a higher risk of gastrointestinal lesions
and this could explain the association between HSV-1
shedding and survival rate. On the other hand, we did not
observe a worst survival in groups 2 and 3, both in uni-
and multivariate analysis. This could be explained by a
selection bias, since most patients will die in the first one
hundred days after allo-HSCT. Moreover a great number
of patients die after engraftment, mainly due to GVHD
or infections secondary to the intense imunossupression
necessary to its treatment. Late mortality of patients is
associated with relapse of the primary disease and late
effects of allo-HSCT, but not with infections. We were
unable to show any correlation between platelets and
leukocytes counts and HSV-1 shedding. GVHD severity
was also not associated with the presence of HSV-1 in the
oral mucosa. A major drawback of this study was the fact
that the samples were collected at outpatient department
and the samples were collected during a specific time
before or after HSCT. Thus, we were unable to verify the
presence of HSV-1 in the same patient during the interval
before and 100 days after HSCT.

In conclusion, our data demonstrates that HSV-1
shedding in oral mucosa represents a very common
event that seems to be associated with a short survival
when detected before allo-HSCT. As our study is cross-
sectional and the groups are not the same, we have to
analyze this data with cautions. Prospective studies are
necessary to confirm the effects of HSV-1 shedding in
the oral mucosa on allo-HSCT survival rate.
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