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Background/Aims: A link between oral cavity infections and chemotherapy-in-
duced oral mucositis (CIOM) in patients with hematological malignancies (HMs) 
undergoing intensive chemotherapy (IC) or hematopoietic stem cell transplanta-
tion (HSCT) has been suggested. However, conclusive data are lacking, and there 
are no current guidelines for the prophylactic use of antimicrobials to prevent 
CIOM in these populations.
Methods: The relationships between herpes simplex virus (HSV) reactivation and 
Candida colonization in the oral cavity and CIOM in patients with HMs undergo-
ing IC or HSCT were evaluated. Patients aged ≥ 19 years with HMs undergoing IC 
or HSCT were enrolled. Each patient was evaluated for HSV and Candida in the 
oral cavity along with CIOM at baseline and during the 2nd, 3rd, and 4th weeks.
Results: Seventy presentations among 56 patients were analyzed. CIOM was ob-
served in 23 presentations (32.9%), with a higher incidence associated with HSCT 
(17 of 35 presentations, 48.6%) than with IC (six of 35 presentations, 8.6%). The 
reactivation of HSV-1 was significantly associated with an increased incidence of 
CIOM after adjusting for age, sex, type of disease, and treatment stage. A higher 
HSV-1 viral load was associated with an increased incidence of CIOM. The pres-
ence of Candida was not associated with CIOM.
Conclusions: HSV-1 reactivation in the oral cavity was highly associated with 
CIOM in patients with HMs undergoing high-dose chemotherapy.

Keywords: Hematologic neoplasms; Stomatitis; Herpesvirus 1, human; Drug 
therapy; Stem cell transplantation
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INTRODUCTION

Antifolates, topoisomerase II inhibitors, high-dose al-
kylating agents, anthracyclines, and other anticancer 
drugs are known to be highly mucotoxic agents that can 
cause chemotherapy-induced oral mucositis (CIOM) [1]. 
Patients with hematological malignancies (HMs) are 
distinct from those with solid tumors because most HM 
patients receive high-dose, intensive chemotherapy (IC) 
that causes prolonged immunosuppression. Some pa-
tients with HMs may receive autologous or allogeneic 
hematopoietic stem cell transplantation (HSCT), which 
involves profound immunosuppression and various 
related complications. The incidence of CIOM among 
patients receiving HSCT is reportedly up to 70% [2-4], 
which is much higher than in patients who receive con-
ventional chemotherapy [5]. These patients experience 
pain and functional disturbances such as dysphagia, 
leading to suboptimal nutritional status. CIOM may 
also delay or disrupt planned treatments and increase 
medical costs [6]. Most importantly, the CIOM-induced 
disruption of the oral mucosa provides a major route of 
entry for pathologic microorganisms, leading to various 
infections, including fatal septicemia [7,8].

Both therapy- and patient-related risk factors influ-
ence the development of CIOM [9]. The dosage and du-
ration of the exposure to chemotherapy influence CIOM 
development, as do therapy-related risk factors [1]. Pa-
tient-related factors include underlying comorbidities, 
malnutrition, trauma, and irritation caused by denti-
tion, dental infection, and poor oral hygiene [1,9]. Micro-
bial colonization has been proposed to be an exacerbat-
ing factor for oral mucositis and perhaps to even cause 
ulceration by itself [10]. Herpes simplex virus (HSV) [11-
13] and Candida spp. [11,12] have reportedly been associ-
ated with the incidence and severity of CIOM in patients 
with HM. For these reasons, the use of antimicrobials 
for the suppression of microbial colonization and the 
control of viral reactivation has been proposed [8,14]. 
However, previous studies showed inconclusive results 
regarding the role of antimicrobial prophylaxis for oral 
mucositis [10,15-17], and the Multinational Association 
of Supportive Care in Cancer guidelines that govern the 
management of mucositis secondary to cancer therapy 
do not specifically address CIOM prevention via the sys-
temic use of antimicrobial agents [18]. Furthermore, the 

Center for International Blood and Marrow Transplant 
Research (CIBMTR) guidelines limit the prophylactic 
use of acyclovir to HSV-seropositive allogeneic HSCT 
recipients [19]. The CIBMTR recommends administer-
ing acyclovir or valacyclovir during the pre-engraftment 
period to HSV-seropositive autologous HSCT recipients 
who are expected to experience severe CIOM; however, 
this recommendation is based only on expert opinion 
and is not widely supported [19].

The aim of the current study was to determine the 
prevalence of HSV reactivation and colonization with 
Candida, as well as the relationship between such oral 
microbial factors and CIOM development, in patients 
with HMs undergoing IC or HSCT.

METHODS

Patients and study design
The inclusion criteria for this study were (1) age ≥ 19 
years; (2) afflicted with an HM and admitted for IC or 
HSCT (either autologous or allogeneic); and (3) did not 
undergo or recover from any prior chemotherapy, ra-
diation therapy, or surgery within the 3 weeks prior to 
enrollment. One patient with rhabdomyosarcoma who 
received autologous HSCT was included during their 
transplantation because they received an HM-equiva-
lent treatment. Patients who satisfied all the inclusion 
criteria were eligible for enrollment multiple times. The 
exclusion criteria were (1) patients who already had de-
finitive symptoms or signs of oral mucositis at baseline; 
(2) those who had other severe dental diseases or sys-
temic diseases that could significantly affect the study 
outcomes, including active infection, uncontrolled dia-
betes, and symptomatic cardio- or cerebrovascular dis-
orders; and (3) those who had underlying psychological 
diseases or cognitive disorders that precluded the nec-
essary communication.

All enrolled patients received a basic oral and dental 
examination, as well as panoramic radiography when 
possible. The plaque index for periodontal diseases and 
the decayed, missing, and filled surface (DMFS) score 

[20] for dental caries were recorded within 2 days before 
or after the initiation of chemotherapy (baseline exam-
inations). Evaluations of HSV-1, HSV-2, and Candida, 
and CIOM in the oral cavity were performed at baseline 
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(day 0 ± 2), week 2 (day 14 ± 2), week 3 (day 21 ± 2), and 
week 4 (day 28 ± 2), while the patients remained admitted 
(Fig. 1); missed appointments were documented. The 
patients were evaluated at least twice (at baseline and 
week 2) during each enrollment, or else their data were 
excluded from the analyses.

This cohort study was performed in accordance with 
the principles in the 1964 Declaration of Helsinki and 
its later amendments and was approved by the Insti-
tutional Review Board of Seoul National University 
School of Dentistry in Seoul, Korea (approval number: 
S-D20160016). Written informed consent was obtained 
from all patients as a condition of participation.

Evaluation of HSV-1, HSV-2, and Candida in the oral 
cavity
We defined HSV reactivation as the presence of the HSV 
genome in the oral mucosa. To evaluate the presence 
of HSV-1 and -2 in oral keratinocytes, a sample was ob-
tained by placing a sterilized 30 × 30 mm Immobilon-P 
Transfer Membrane (Merck Millipore, Billerica, MA, 
USA) on the buccal mucosa for 30 seconds. If CIOM de-
veloped, the sampling site included the CIOM lesions. 
DNA was isolated from the sampled membrane using 
a PowerSoil DNA Isolation Kit (MO BIO Laboratories, 
Carlsbad, CA, USA) and eluted in 100 mL elution buffer. 
In the preliminary experiment, the proper isolation of 
eukaryotic cell DNA was confirmed by the polymerase 
chain reaction (PCR) amplification of the β-actin gene 
fragment. The presence of HSV-1 and -2 was determined 
by PCR using an HSV 1/2 PCR kit (BioCore, Seoul, Ko-
rea). PCR mixtures were prepared by mixing 5 μL reac-

tion mixture, 3 μL primer mix, and 2 μL DNA samples, 
and amplification was performed under the following 
conditions: initial denaturation at 95°C for 12 minin-
utes; 35 cycles of 94°C for 45 seconds, 67°C for 45 seconds, 
and 72°C for 45 seconds; and finally, 72°C for 5 minutes. 
All PCRs were performed with positive, negative, and 
internal controls (Fig. 2). The viral loads of HSV-1 and 
-2 were first expressed as the ratios of the intensities of 
the HSV bands to the internal control bands, as mea-
sured by densitometry and categorized as 0, 1 (0 < ratio 
< median), and 2 (ratio ≥ median). Patients with positive 
results for the HSV PCR test were regarded as experi-
encing HSV reactivation.

To detect colonization with Candida, swabs of the buc-
cal mucosa and the dorsum of the tongue of each pa-
tient were directly plated onto ChromID Candida Agar 
(BioMérieux, Lyon, France), which selects for yeasts 
and identifies Candida albicans. The plate was incubat-
ed at 37°C for 48 hours under aerobic conditions. The 
result was recorded as negative, carrier (less than 20 
colony-forming units), or positive. To minimize the lo-
cal effect of gargles, including nystatin, the swabs were 
performed while avoiding the time immediately after a 
meal and gargling.

Measures of infection prevention and applied oral care
Prophylactic use of antibiotics, antifungal agents, and 
antiviral agents was decided according to the physicians’ 
discretion and was mostly based on the reimbursement 
guidelines of the Korean Health Insurance Review and 
Assessment Service. Generally, patients undergoing IC 
received no prophylactic antibiotics, whereas ciproflox-

Evaluations
1. PI  and DMFS
2. Oral examination
3. HSV and Candida 
4. CBC
5. Questionnaire

70 Presentations
from 56 patients

analyzed

Baseline 
70 Evaluations

1st enrollment: 56
2nd enrollment: 11
3rd enrollment: 3

Week 2
70 Evaluations

1st enrollment: 56
2nd enrollment: 11
3rd enrollment: 3

Week 2
51 Evaluations

1st enrollment: 38
2nd enrollment: 10
3rd enrollment: 3

Week 4
33 Evaluations

1st enrollment: 23
2nd enrollment: 8
3rd enrollment: 2

Evaluations
repeat no. 2–5  

Evaluations
repeat no. 2–5 

Evaluations
repeat no. 2–5 

80 Enrollments

8 Enrollments excluded
due to drop out

2 Enrollments excluded
due to evalution later than D+2

Figure 1. Flowchart of the study. PI, plaque index; DMFS, decayed, missing, and filled surface; HSV, herpes simplex virus; 
CBC, complete blood count.
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acin (500 mg per os twice a day) was prescribed to HSCT 
recipients. Standard doses of posaconazole and mica-
fungin were administered to patients with acute myeloid 
leukemia (AML)/myelodysplastic syndrome undergoing 
induction or reinduction chemotherapy and to HSCT 
recipients as antifungal prophylaxes. For patients receiv-
ing consolidative IC or in cases of other HMs such as 
acute lymphoblastic leukemia (ALL), antifungal prophy-
laxis was not routinely provided, although fluconazole or 
itraconazole was prescribed at the physician’s discretion. 
In contrast, prophylactic anti-herpes virus drugs were 
not provided except to allogeneic HSCT recipients. All 
prophylactic antimicrobial agents were administered 
from the initiation of chemotherapy until neutrophil 
recovery, which was defined as an absolute neutrophil 
count > 1,000/μL for 3 consecutive days.

Patients were instructed to rinse their oral cavities 
with normal saline four times daily and with chlorhex-
idine twice daily. To prevent oral candidiasis, patients 
gargled with 5 to 10 mL of nystatin oral suspension three 
times daily right after a meal during the study period. 
Standard infection prevention measures that were ap-
plied, including isolation with a high efficiency partic-
ulate air-filtered laminar flow hood, low bacterial diet 
during the neutrophil count nadir, hand-washing and 
hygiene practices, such as wearing surgical masks when 
contacting personnel.

Evaluation of CIOM
At every evaluation (baseline, week 2, 3, and 4), the CIOM 
presence was estimated and graded according to the 
World Health Organization (WHO) oral toxicity scale 

[21] and the National Cancer Institute Common Tox-
icity Criteria for Adverse Events (NCI-CTCAE), version 
3.0. Among the oral lesions, typical HSV-associated 
vesicular lesions and HSV-associated ulcers were not 
considered CIOM. HSV-associated ulcers, which occur 
in nonmovable keratinized gingiva (attached gingiva, 
hard palate, and tongue dorsum), were differentiated 
from mucositis-related ulcers, which occur in movable 
mucosa (buccal mucosa, soft palate, labial mucosa, and 
ventral tongue). At every evaluation, patients completed 
the Oral Mucositis Daily Questionnaire (OMDQ), which 
was identical to that used previously except for the ex-
clusion of two diarrhea-related questions [22].

Review of medical records
Baseline characteristics of the patients, such as age, sex, 
and diagnosis, were recorded. Stages of IC or HSCT for 
the enrolled patients were classified as (1) induction, (2) 
consolidation, (3) reinduction or salvage, and (4) HSCT. 
Although the treatment regimens were heterogeneous 
among patients, the induction regimens for AML and ALL 
were mostly cytarabine plus anthracycline (so-called 7 + 
3) and vincristine, prednisolone, daunorubicin, and L-as-
paraginase (VPDL), respectively. Both myeloablative and 
reduced-intensity conditioning with or without antithy-
mocyte globulin were allowed. However, no patient with 
a total body irradiation-integrated conditioning regimen 
was included. Any use of antibiotics, antifungal agents, 
and antiviral agents from day –7 to 28 was recorded.

Statistical analysis
The incidence of CIOM was calculated based on en-

M S1 S2 (+) (–) M S3 S4 (+) (–)

500 bp

Internal control

HSV-1 
HSV-2

400 bp
300 bp

200 bp

100 bp

Figure 2. Polymerase chain reaction (PCR) for herpes simplex virus (HSV) 1 and 2. PCR was performed with a reaction mixture 
that included a template and primers for an internal control as well as primers for HSV-1 and -2. All PCR screenings of patient 
samples were carried out along with a positive sample provided in the kit (+) and water as a negative control (–).
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rollment. Since multiple evaluations were performed 
during each enrollment, relationships between various 
factors, including patient characteristics, microbial fac-
tors, and OMDQ data, were analyzed from among the 
224 evaluations. Odds ratios and 95% confidence inter-
vals for the associations of explanatory variables with 
binary outcomes were estimated by multiple logistic 
regression models, and coefficients and p values for the 
explanatory variables with continuous outcomes were 
estimated by linear regression models. After indepen-
dent variables were screened as possible explanatory 
variables for CIOM, age, sex, type of disease, and treat-
ment stage were adjusted as possible confounders in the 
final model to test the association of HSV and Candi-
da with CIOM. p values < 0.05 were considered statisti-
cally significant. Tests were two-sided, and all statisti-

cal analyses were calculated using STATA version 12.0 
(StataCorp., College Station, TX, USA).

RESULTS

Patient enrollment and treatment
Patients were enrolled between July 2016 and May 2017. 
Initially, 80 patients were enrolled; however, 10 were 
subsequently excluded (Fig. 1). Because eight patients 
were enrolled twice and three were enrolled thrice, 70 
presentations from 56 patients were finally analyzed. 
Overall, 224 oral and dental evaluations were conduct-
ed for the 70 presentations during the study period (Fig. 
1). The characteristics of the enrolled patients are sum-
marized in Table 1. Of the 70 presentations, antibiotics 

Table 1. Patient characteristics and the relationship of the patient characteristics to the incidence of CIOM

Characteristic
Patient numbera CIOM according to the WHO/NCI-CT-

CAE version 3.0 (yes vs. no)b

Total With CIOM Without CIOM  Odds ratioc 95% CIc p valuec

Sex

Male 34 14 20 Reference

Female 36 9 27 0.221 0.093–0.525 0.001

Age, median, yr 53.5 53.0 57.0 0.996 0.961–1.033 0.847

Type of disease

Acute leukemia or MDS 46 11 35 Reference

Multiple myeloma 15 7 8 0.655 0.205–2.092 0.475

Lymphoma 8 5 3 0.728 0.214–2.472 0.611

Other: rhabdomyosarcoma 1 0 1 -

Treatment stage

Induction chemotherapy 18 5 13 Reference - -

Consolidative chemotherapy 13 1 12 0.168 0.019–1.515 0.112

Reinduction or salvage 4 0 4 - - -

HSCT 35 17 18 5.900 1.606–21.670 0.007

Autologous 23 12 11

Allogeneic 12 5 7

Plaque index, median (range) 0.53 (0–2.13) 0.42 (0.1–1.33) 0.29 (0–2.13) 0.574 0.164–2.006 0.385

DMFS score, median (range) 15.0 (0–51.7) 11.4 (3.3–35) 16.1 (0–51.7) 0.970 0.926–1.016 0.201

CIOM, chemotherapy-induced oral mucositis; WHO, World Health Organization; NCI-CTCAE, National Cancer Insti-
tute-Common Toxicity Criteria for Adverse Events; CI, confidence interval; MDS, myelodysplastic syndrome; HSCT, hemato-
poietic stem cell transplantation; DMFS, Decayed, Missed, Filled Surface.
aAmong 70 presentations. 
bAccording to multiple logistic regression analysis among 224 evaluations. 
cAdjusted for age, sex, type of disease, and treatment stage.
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were used from the initiation of chemotherapy in 56. 
Antifungal and antiviral prophylaxes were applied in 60 
and 12 (acyclovir for only the allogeneic HSCT recipi-
ents) presentations, respectively.

Incidences of CIOM and the associated patient 
characteristics
Among the 70 presentations, 23 (32.9%) experienced 
CIOM, which was first observed in week 2 in most cases, 
although some cases were first observed in week 3 or 4 
(Fig. 3A). Patients with HSCT showed a higher incidence 
of CIOM (17 of 35 presentations [48.6%]; 12/23 and 5/12 for 
autologous and allogeneic HSCT, respectively) than that 
of patients with IC (six of 35 presentations [8.6%]; 5/18, 
1/13, and 0/4 for induction, consolidation, and reinduc-
tion, respectively).

The incidences of CIOMs that were estimated accord-
ing to the WHO and NCI-CTCAE version 3.0 scales were 
highly correlated; both scales showed 100% agreement re-
garding the incidence of CIOM (yes vs. no) for the 33 posi-
tive evaluations among the 224 total evaluations. Male sex 
and HSCT were associated with an increased incidence of 
CIOM that was estimated by the WHO (and NCI-CTCAE 
version 3.0) scale. The plaque index and DMFS score were 
not associated with the incidence of CIOM (Table 1).

Microbial factors associated with CIOM
Among the 224 evaluations, HSV-1 was detected in 94 
evaluations (42.0%; 46 and 48 for viral-load categories 1 
and 2, respectively). HSV-2 was detected only in seven 
evaluations (3.1%; four and three for categories 1 and 2, 
respectively), and all cases except for one case that was 
observed at baseline were detected together with HSV-
1. The prevalence of HSV and Candida was increased 
compared to that at baseline after IC or HSCT, but the 
increase was only significant for HSV-1 (Fig. 3B). The re-
activation of HSV-1 was significantly associated with an 
increased incidence of CIOM after the data were adjust-
ed for age, sex, type of disease, and treatment stage (Ta-
ble 2). In contrast, the detection of either HSV-2 or Can-
dida was not associated with CIOM (Table 2). To exclude 
a bystander infection of HSV-1, the association of HSV-
1 with CIOM was further analyzed after excluding the 
presentations that had HSV-1 reactivation at baseline 
(Fig. 3C). Patients with newly detected HSV-1 in the oral 
cavity during treatment showed a significantly higher 
incidence of CIOM (15/32 = 46.9%) compared to that of 
patients who did not have HSV-1 during treatment (1/17 
= 5.9%). Eleven out of the 17 patients (64.7%) with a high 
HSV-1 viral load (2+) developed CIOM, whereas did four 
out of the 15 patients (26.7%) with a low HSV-1 viral load 
(1+) suggesting that there was a relationship between the 

Never

First observation of CIOM

66%

wk 2 wk 3 wk 4

20%
11%

3%

 HSV-2 Candida
bBetween two groups, according to chi-square test
cBetween three groups, according to chi-square test

p = 0.015b

p = 0.003c

No. of presentations

Baseline (+)

HSV-1 status

14 217 (33.3%)

(–) → (–) 

(–) → (–) 

16 171 (5.9%)

(–) → any (+) 17 3215 (46.9%)

CIOM

NO
Total

Yes

16 171 (5.9%)

(–) → 1+ 11 154 (26.7%)

(–) → 2+ 6 1711 (64.7%)

80

70

60

50

40

30

20

10

0

60

50

40

30

20

10

0

a

30

1
9
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Figure 3. Evaluation of chemotherapy-induced oral mucositis (CIOM) and the presence of herpes simplex virus (HSV) in the 
oral cavity. (A) The first observation of CIOM during the periods of evaluation. (B) Prevalence of HSV-1, HSV-2, and Candida 
before and after treatment. (C) Analysis of the association between HSV-1 status and the occurrence of CIOM after excluding 
patients who showed HSV-1 at baseline examination. ap < 0.05, bBetween two groups, according to chi-square test, cBetween 
three groups, according to chi-square test.
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HSV-1 viral load and the occurrence of CIOM.

Relationship between subjective patient complaints 
and CIOM or the reactivation of HSV
We investigated the relationship between the severity of 
the subjective complaints of oral pain or of the limitation 
of function (measured by the OMDQ) and the incidence 
of CIOM. As the patients’ complaints of oral pain or of 

the limitation of oral and dental function became more 
severe, an increased incidence of CIOM was observed 
(Table 3). Intriguingly, these results were not associat-
ed with the overall health status (question no. 1 on the 
OMDQ). The OMDQ scores were also associated with 
HSV-1 reactivation and the viral load category (Table 4).

Table 2. Relationship between the presence of HSV-1 and -2 and the incidence of CIOM

Category of viral load (no. of evaluations)
CIOM according to the WHO/NCI-CTCAE version 3.0 (yes vs. no)a

Odds ratiob 95% CIb p valueb

HSV-1

0 (n = 130) Reference

1 (n = 46) 3.693 1.032–13.213 0.045

2 (n = 48) 16.913 3.922–72.929 < 0.001

1 + 2 (n = 94) 7.660 2.762–21.242 < 0.001

HSV-2

0 (n = 217) Reference

1 + 2 (n = 7) 13.370 0.962–185.727 0.053

Candida

Negative (n = 184) Reference

Carrier (n = 20) 0.591 0.129–2.716 0.499

Positive (n = 17) 0.435 0.045–4.161 0.470

HSV, herpes simplex virus; CIOM, chemotherapy-induced oral mucositis; WHO, World Health Organization; NCI-CTCAE, 
National Cancer Institute-Common Toxicity Criteria for Adverse Events; CI, confidence interval.
aAccording to multiple logistic regression analysis. 
bAdjusted for age, sex, type of disease, and treatment stage.

Table 3. Relationship between oral/throat pain and the incidence of CIOM

Questions for oral/throat pain according to the 
  OMDQ (scales)

CIOM according to the WHO/NCI-CTCAE version 3.0 (yes vs. no)a

β 95% CI p value

Q.1 Overall health status (0, worst–10, best) 1.153 –0.246 to 2.552 0.106

Q.2 Pain in mouth and throat (0, none–4, severe) 1.531 1.268 to 1.795 < 0.001

Q.3a Limitation of swallowing (0, none–4, severe) 0.894 0.660 to 1.129 < 0.001

Q.3b Limitation of drinking water (0, none–4, severe) 0.879 0.629 to 1.129 < 0.001

Q.3c Limitation of eating meals (0, none–4, severe) 1.488 1.185 to 1.791 < 0.001

Q.3d Limitation of speech (0, none–4, severe) 0.774 0.584 to 0.964 < 0.001

Q.3e Limitation of sleeping (0, none–4, severe) 0.488 0.276 to 0.700 < 0.001

Q.4 Overall oral and throat pain (0, none–10, severe) 4.514 3.753 to 5.275 < 0.001

CIOM, chemotherapy-induced oral mucositis; OMDQ, Oral Mucositis Daily Questionnaire; WHO, World Health Organiza-
tion; NCI-CTCAE, National Cancer Institute-Common Toxicity Criteria for Adverse Events; CI, confidence interval.
aAccording to multiple linear regression analysis (reference: no CIOM).
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DISCUSSION

We found a strong association between HSV-1 reactiva-
tion in the oral cavity and CIOM in patients with HMs. 
Only one of the 23 presentations involving CIOM did 
not experience HSV reactivation during the evaluation 
period. Furthermore, HSV-1 reactivation showed the 
highest odds ratio among the examined covariates, even 
after adjusting for other known factors (Table 2).

Several groups investigated a potential role for HSV 
in CIOM in the 1990s, but most of the groups reported 
negative results [15-17]. In a study of 60 HSCT recipients 
[17], all except one of whom were administered prophy-
lactic acyclovir, Woo et al. [17] found that 45 of the 47 
patients who developed ulcerative lesions (CIOM) were 
culture-negative for HSV. These researchers conclud-

ed that HSV was probably not a major etiologic factor 
for CIOM in HSCT recipients [17]. Earlier studies also 
found that HSV plays an insignificant role or is only one 
of many cofactors that affect CIOM in the settings of 
HMs that are treated with IC [15,16], solid tumors that are 
treated with chemo/radiation therapy [23], and pediatric 
cancers [24]. However, one study showed an association 
between the presence of HSV in the saliva and severe 
intraoral ulcers [25]. More recent studies [11,12,26] have 
revealed a relationship between HSV and CIOM; how-
ever, the present study identified HSV-1 as a risk factor 
for CIOM that was independent of age, sex, treatment 
stage, and type of disease. The reason for the difference 
in the results of earlier studies (i.e., no relationship of 
HSV to CIOM) [15-17] versus more recent studies (i.e., a 
strong association of HSV with CIOM) [11,12,26] could 

Table 4. Relationship between oral/throat pain and the presence of HSV-1 and viral load across all the evaluations

Questions for oral/throat pain according to the OMDQ (scales)
CIOM (Yes vs. No)a

β 95% CI p value

Q.1 Overall health status 
(0, worst–10, best)

HSV-1 reactivation
HSV-1 viral load

Yes vs. No
1 vs. 0
2 vs. 0

0.697
0.635
0.758

–0.245 to 1.639
–0.551 to 1.820

–0.444 to 1.961

0.147
0.294
0.217

Q.2 Pain in mouth and throat 
(0, no–4, severe)

HSV-1 reactivation
HSV-1 viral load

Yes vs. No
1 vs. 0
2 vs. 0

0.463
0.290
0.642

0.243 to 0.683
0.016 to 0.564
0.365 to 0.919

< 0.001
0.038

< 0.001

Q.3a Limitation of swallowing 
(0, no–4, severe)

HSV-1 reactivation
HSV-1 viral load

Yes vs. No
1 vs. 0
2 vs. 0

0.216
0.148
0.285

0.037 to 0.395
–0.077 to 0.373

0.059 to 0.511

0.018
0.197
0.013

Q.3b Limitation of drinking water 
(0, no–4, severe)

HSV-1 reactivation
HSV-1 viral load

Yes vs. No
1 vs. 0
2 vs. 0

0.194
0.136
0.253

0.006 to 0.382
–0.101 to 0.372

0.015 to 0.491

0.043
0.261
0.037

Q.3c Limitation of eating meals 
(0, no–4, severe)

HSV-1 reactivation
HSV-1 viral load

Yes vs. No
1 vs. 0
2 vs. 0

0.376
0.259
0.496

0.133 to 0.620
–0.047 to 0.564

0.189 to 0.804

0.002
0.097
0.002

Q.3d Limitation of speech 
(0, no–4, severe)

HSV-1 reactivation
HSV-1 viral load

Yes vs. No
1 vs. 0
2 vs. 0

0.210
0.108
0.313

0.063 to 0.356
–0.075 to 0.291

0.129 to 0.497

0.005
0.246
0.001

Q.3e Limitation of sleeping 
(0, no–4, severe)

HSV-1 reactivation
HSV-1 viral load

Yes vs. No
1 vs. 0
2 vs. 0

0.074
0.025
0.128

–0.077 to 0.226
–0.165 to 0.215
–0.065 to 0.322

0.337
0.798
0.194

Q.4 Overall oral and throat pain 
(0, no–10, severe)

HSV-1 reactivation
HSV-1 viral load

Yes vs. No
1 vs. 0
2 vs. 0

1.511
0.809
2.226

0.879 to 2.143
0.028 to 1.589
1.438 to 3.013

< 0.001
0.042

< 0.001

HSV, herpes simplex virus; OMDQ, Oral Mucositis Daily Questionnaire; CIOM, chemotherapy-induced oral mucositis; CI, 
confidence interval.
aAccording to multiple linear regression analysis.
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be attributed to the more frequent use of antimicrobi-
al agents in more recent days [27]. Because antibiotics 
or antifungal agents are so commonly used either pro-
phylactically or therapeutically, it is more difficult for 
bacteria or fungi to cause CIOM. In contrast, the use of 
antiviral agents is relatively limited compared to that of 
antibacterial or antifungal agents; thus, HSV could be 
the current main causative microorganism for CIOM. 
In line with this hypothesis, Chen et al. [11] reported that 
the association between HSV-1 infection and CIOM was 
significantly higher in patients who had received anti-
fungal agents prior to CIOM occurrence than that in pa-
tients who had not received antifungal agents. Another 
potential explanation is that the HSV detection technol-
ogy has improved. We and others [12,26] used a PCR-
based method that is more sensitive for HSV detection 
[28] than immunofluorescence- [15,17] or culture-based 
[16,25] methods.

Notably, 27 presentations did not develop CIOM de-
spite HSV-1 reactivation, suggesting that additional 
factors such as mucosal injury by mastication may be 
required for CIOM development. Some patients report-
edly experience oral/throat soreness due to HSV-1 re-
activation-induced nerve sensitization, although overt 
inflammation (i.e., CIOM) does not necessarily occur 
[29]. Nevertheless, these data illustrate the importance 
of controlling HSV-1 in patients with HMs undergoing 
IC or HSCT.

The incidence rate of CIOM was 48.6% in the HSCT 
setting; while this rate is high, it is somewhat lower than 
that in previous studies [2-4], possibly because allogene-
ic HSCT recipients with nonmyeloablative conditioning 
were included. The incidence rate of CIOM was 22.7% in 
patients receiving induction or reinduction chemother-
apy but was only 7.7% in those undergoing consolidative 
chemotherapy. These data suggest that the incidence of 
CIOM is substantially lower in patients receiving con-
solidative IC and that HSCT recipients and patients 
undergoing induction chemotherapy should be consid-
ered at high risk for developing CIOM.

The patients’ reports of pain were highly correlated 
with the incidence of CIOM; hence, patient-reported 
questionnaires can be integrated into clinical practice 
for CIOM screening. The lack of an association of the 
overall health status with CIOM suggests that oral and 
dental problems should be considered independently 

rather than as a reflection of the general and/or systemic 
adverse effects of IC or HSCT.

This study had limitations. The roles of antimicrobial 
agents in the occurrence of CIOM were not thoroughly 
evaluated because all three kinds of antimicrobials were 
used frequently for different purposes and with variable 
doses, durations, and routes; hence, it was impossible 
to identify specific associations. However, since we fol-
lowed routine clinical practices, our results reflect more 
real-life situations related to HM treatment. Second, we 
did not determine the status of the anti-HSV immuno-
globulin G antibody before IC or HSCT, as we assumed 
that almost all patients carry the antibody, based on a 
previous study that found a 100% HSV-1 seropositive 
rate in Koreans aged ≥ 30 years [30]. Third, we defined 
‘HSV reactivation’ as the presence of the HSV genome 
in the oral mucosa. HSV reactivation was not function-
ally validated by other methods, such as viral culture or 
a histopathologic examination for the formation of in-
clusion bodies. Since the seropositive status of patients 
at baseline was not confirmed, one may argue that some 
cases could be a primary HSV infection rather than a 
reactivation. However, we regarded all cases that were 
positive for the HSV PCR test as a ‘reactivation’ because 
there were no patients who showed the clinical fea-
tures of primary HSV infection and in consideration 
of the high seropositive rate for HSV-1 in Korean pa-
tients. Fourth, the chemotherapeutic and conditioning 
regimens among the patients varied, although we an-
alyzed the association of HSV-1 with CIOM incidence 
after adjusting for the patients’ treatment stage. Finally, 
although we swabbed the oral cavity of patients while 
avoiding the time immediately after a meal and gar-
gling, some local effects of gargles, including nystatin, 
as well as systemic anti-fungal prophylaxis, might have 
had an impact on the lack of the association between 
oral candidiasis and CIOM in some patients.

Because we designed the present study with a max-
imum of four intermittent timepoints for evaluation 
during each treatment course, we could not estimate 
the serial and chronological changes of CIOM (i.e., the 
onset, changes of severity, and resolution of CIOM) 
and other variables. Notwithstanding, the design of our 
study enabled the evaluation of the true association be-
tween HSV-1 reactivation and the occurrence of CIOM at 
each timepoint.
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In conclusion, HSV-1 reactivation in the oral cavity 
was highly associated with the incidence of CIOM in 
patients with HM undergoing IC or HSCT. A prospec-
tive trial is therefore warranted to evaluate the effect of 
prophylactic acyclovir on CIOM prevention in HM pa-
tients receiving induction chemotherapy or autologous 
HSCT. In addition, six of the 12 patients who under-
went allogeneic HSCT presented HSV-1 despite the use 
of prophylactic anti-herpes viral agents. Therefore, the 
effective dose for the prevention of HSV-related CIOM 
needs to be re-evaluated.
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