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Clinical Manifestations of Norovirus Infection in Korean
Pediatric Cancer Patients
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Purpose : Norovirus infection, a common cause of community—acquired gastroenteritis, can also lead to severe illness in
immunocompromised patients, We investigated clinical manifestations of norovirus infection in pediatric cancer patients,
Methods : Stool specimens were collected from pediatric patients with gastrointestinal symptoms between November 2008
and September 2009 at Samsung Medical Center, Seoul, Korea, Norovirus infection was identified by reverse—transcription
polymerase chain reaction (RT-PCR). A retrospective chart review was performed in pediatric cancer patients who were
diagnosed with norovirus infection,

Results : Ten patients were diagnosed with norovirus infection by RT-PCR in stool samples, The median age was 0.83 years
(range 0.25-5.5 years) and the male to female ratio was 1.5:1 (6 males and 4 females). Underlying diseases were hemato-
logic malignancies (4/10, 40%), neuroblastoma (4/10, 40%), and brain tumors (2/10, 20%). Three patients were infected
before hematopoietic cell transplantation (HCT) and four patients after HCT, All patients had diarrhea (10/10, 100%), with
a median frequency of diarrhea of 8,5 times/day (range 4—22 times/day). Median virus shedding duration was 72.5 days
(range 19-299 days). Four patients with pneumatosis intestinalis were conservatively treated with bowel rest and total pa-
renteral nutrition, One patient with severe diarrhea and bloody stool had concomitant chronic gut graft—versus—host disease
(GVHD). Norovirus infection—related mortality was not observed,

Conclusion : Norovirus infection can cause significant clinical manifestations with prolonged viral shedding in immunocom-
promised patients, Norovirus should be considered in pediatric cancer patients with severe gastrointestinal symptoms,
(Korean J Pediatr Infect Dis 2011;18:40—47)
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even with a low infective dose (<100 virus particles).

Introduction Prolonged asymptomatic shedding has been reported

in certain infected patients. The viruses are also

Norovirus, a common cause of community —acqui- known to be highly resistant to inactivation by
red gastroenteritis”, can cause clinical symptoms freezing, heating to 60°C, exposure to chlorine, and
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accompanied by fever and abdominal pain in noro-

symptoms last for about 3 to 4 days and infection
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is usually self-limited" *®. Excretion lasts 5 to 7
days after onset of symptoms and asymptomatic
shedding of virus in feces may continue for up to 3
weeks?. In contrast, immunocompromised patients
often suffer from prolonged symptoms and severe
illnesses. Roddie et al. reported that norovirus infec-
tion could cause prolonged morbidity in adults after
allogeneic hematopoietic stem cell transplantation
(HCT)”. Pediatric cancer patients must be closely
monitored for prolonged viral shedding to protect
them from severe norovirus—related complicationsZ).

Although the impact of norovirus infection in im-
munocompromised patients has started to receive
more attention, little has been described in Korean
immunocompromised children. Here, we summarized
the clinical manifestations of norovirus infection in

ten immunocompromised children.

Materials and Methods

1. Clinical samples and data collection

Stool specimens from pediatric cancer patients
who presented with gastrointestinal symptoms such
as vomiting, diarrhea, fever, poor oral intake and/or
abdominal pain between November 2008 and Sep-
tember 2009 at Samsung Medical Center, Seoul,
Korea were examined for the presence of norovirus.
Within a median four days after symptom onset,
norovirus infection was confirmed by PCR at the
Korea Centers for Disease Control and Prevention
(KCDC), Seoul, Korea. In addition, RT—PCR for
rotavirus, sapovirus, adenovirus, and astrovirus was
performed at the KCDC for all patients. Stool cul-
ture, rotavirus antigen test, enterovirus PCR, and

enzyme—linked fluorescent immunoassay (ELISA)
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for detection of Clostridium difficile toxins A and B
were also performed. Clinical data were collected by
retrospective chart review. Follow—up PCR tests
for norovirus were continued until the patients clea-
red the virus. When the patients became asympto-
matic during recovery period, RT—PCR tests only
for norovirus, rotavirus, sapovirus, adenovirus, and
astrovirus were performed at the KCDC. When the
patient had waxing and waning symptoms, all the

tests same as initial tests were performed.
2. Extraction and identification of viral genome

The viral genome was extracted from stool sus-
pensions with the QIAamp viral kit (Qiagen, Valen-
cia, CA) according to the manufacturer's instruc-
tions. Infection with noroviruses was confirmed by
PCR assay as previously described”.

Briefly, norovirus reverse—transcription polyme-
rase chain reaction (RT—PCR) was performed in the
followings. The primary RT—PCR mix contained
12,5 puL of 2X RT—-PCR Master mix (Bioneer,
Korea), 10 pmol of the type—specific sense primer
(5'-GGG AGG GCG ATC GCA ATC T-3"), 10 pmol
of the antisense primer (5’—CCR CCI GCA TRI CCR
TTR TAC AT-3"), and 2.5 pL of virus extracts in
a final aqueous volume of 25 pL. Using a thermo-
cycler (GeneAmp PCR system 2700, Perkin—Elmer,
USA), cDNA was amplified at the primary RT—PCR
step that was consisted of reverse transcription at
48°C for 40 min and followed by denaturation (94
C for 3 min), 35 cycles of amplification (94C for
30 s, 54C for 30 s, and 727C for 45 s), and a final
incubation (72°C for 7 min).

The secondary seminested PCR reaction contained
of 12.5 uL of 10X PCR reaction buffer, 2.5 mM of
dNTP, 1 U of Taq polymerase (Bioneer, Korea),
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and 20 pmol of the second antisense primer (5'—
GGG AGG GCG ATC GCA ATC T-3") was added
with 2 ulL of the primary RT—PCR and then ampli-
fied by denaturation (94C for 3 min), 25 cycles of
amplification (94°C for 30 s, 56C for 30 s, and 72
C for 45 s), and a final extension (72°C for 7 min).

The final amplification products were electro-
phoresed in 1% LE agarose (Gibco, USA). Bands
were visualized by staining with ethidium bromide

and then inspected under UV light.

Results

1. Patient characteristics

One hundred thirty—six stool samples from 69
pediatric patients were collected and tested for no-
rovirus infection by PCR. Norovirus was detected
in 55 samples of 14 patients (14/69, 20.3%).
Among these patients, ten were immunocompromised
(Table 1) with underlying hematologic diseases (4/
10, 40%), neuroblastoma (4/10, 40%), and brain

tumors (2/10, 20%). At the time of initial norovirus

isolation, all of the patients had no other proven gut
pathogens except norovirus. The median age was
0.83 years (range 0.25—5.5 years) and the male to
female ratio was 1.5:1 (6 males and 4 females).
Three patients received autologous HCT (3/7, 43%)
and four received allogeneic HCT (4/7, 57%). Four
patients received HCT twice (autologous HCT in
three patients and allogeneic HCT in one patient).
Four patients were infected after HCT and three
before HCT. Among the four allogeneic HCT reci-
pients, one patient had severe chronic gut graft—
versus—host disease (GVHD).

2. dinical presentation, management and outcome

Clinical manifestations of the included patients are
summarized in Table 2. Three patients developed
symptoms during hospitalization and seven patients
developed symptoms in the community. All patients
had diarrhea (10/10, 100%), with a median fre-
quency of 8.5 times/day (range 4—22 times/day). In
our study, diarrhea was the chief complaint and pa-
tients had prolonged duration of the symptom for a

median of 14 days (range 6—30 days). All patients

Table 1. Summary of Clinical Characteristics of Patients with Norovirus Infection

fgtlent Underlying disease”  Age/sex HCT' Gut GVHD® Use ;)ée;r?r;turé?;;g g Sri:sswe
1 WAS 4.0/M Allo Yes Yes (steroid, mycophenolate, tacrolimus)
2 Relapsed ALL 5.5/M Allo No No

3 PNET 1.3/F Auto (2 times) No No

4 Neuroblastoma 0.7/M - No No

5 JMML 0.4/M Allo No No

6 Relapsed AML 1.8/M Allo (2 times) No No

7 PNET 0.5/M  Auto (2 times) No No

8 Neuroblastoma 0.8/F - No No

9 Neuroblastoma 0.5/M - No No

10 Neuroblastoma 1.8/F Auto (2 times) No No

Underlying diseases: ALL (acute lymphoid leukemia), AML (acute myeloid leukemia), JMML (juvenile myelomonocytic leu-
liemia), PNET (primitive neuroectodermal tumor), WAS (Wiskott—Aldrich syndrome)

HCT (hematopoietic cell transplantation)
TGVHD (graft—versus—host disease)
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had watery diarrhea and two patients also had
bloody diarrhea. Vomiting (4/10, 40%) was also
present, mainly during the early phase of illness.
Most patients did not have significant weight loss
during the acute illness except one patient who lost
10% of body weight. Only 2 patients (20%) experi-
enced fever over 38C by axillary temperature. Six
patients (60%) had neutropenia with an absolute
neutrophil count below 0.5%10%uL at the time of
virus isolation (Table 2). Median virus shedding
duration was 72.5 days (range 19—299 days). The
shedding duration of each patient relative to their
transplant date is shown in Fig. 1. All ten patients
needed hospitalization and nutrition support. The
median duration from symptom development to re-
covery during initial infection was 14 days (range
6—30 days). Nine patients (90%) received empiri-
cal antibiotic therapy. Four patients (patient 1, 4, 7,
and 9) developed pneumatosis intestinalis, with or
mural gas shown by abdominal X-ray. Three had
pneumatosis intestinalis as their initial presentation

and one patient had it in the third month during his

viral shedding period. All four required bowel rest
and total parenteral nutrition. Mortality from all
causes was 40% (4/10), and included death from
venocclusive disease and massive hemorrhage (pa-
tient 5), pneumonia and acute respiratory distress
syndrome (ARDS) (patient 6), and disease progres-
sion (patients 3 and 8). The four patients with pne-
umatosis intestinalis survived, and norovirus infec-
tion—associated death was not observed.

Among the patients with pneumatosis intestinalis,
patient 1 had the most convoluted clinical course,
with the longest duration of virus shedding (299
days). This patient received an unrelated peripheral
blood stem cell transplantation for Wiskott—Aldrich
syndrome. He developed severe gut and skin GVHD,
for which he received rituximab (anti—CD20 mono-
clonal antibody) before day 100 post—transplanta-
tion and infliximab (anti—TNF—a monoclonal anti-
body) between days 100 and 200 post—transplan-
tation. He then presented with additional gastroin-
testinal symptoms on day 225 post—transplant (in

November 2008) while he was on oral prednisone,

Table 2. Clinical Manifestations with Norovirus Infection in Immunocompromised Children

Patient Diarrhea/ Magéqliéircrhea SF;;n;térrgn?é shZérdilng temgeorczil}t’ure AN 3C U Tube Pneumatosis Overall
ID Vomiting (.0 daz) ieoe @yd) G ) (X10°/uL) feeding intestinalis Survival
1 Yes/No 7 307 299 36.9 2.46 No Yes Yes
2 Yes/No 11 10 126 37.0 0.15 No No Yes
3 Yes/No 4 9 89 37.3 3.30 Yes No No
4 Yes/No 10 15 199 37.3 0 No Yes Yes
5 Yes/Yes 5 8 21 38.0 0.01 No No No
6 Yes/Yes 14 26 56 39.6 0 No No No
7 Yes/Yes 22 21 100 37.1 0.04 Yes Yes Yes
8 Yes/Yes 5 6 35 37.7 0 No No No
9 Yes/No 14 13 19 37.5 1.84 No Yes Yes
10 Yes/No 7 21 46 37.3 1.16 Yes No Yes
Median - 8.5 14 72.5 37.3 0.10 - - -

"Maximum body temperature during diarrheal illness

ANC (absolute neutrophil count) at the first day of positive norovirus detection
"The duration of patient 1 represents the initial gastrointestinal symptom episode
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mycophenolate, and tacrolimus. His worsening symp-
toms were attributed to GVHD aggravation and im-
munosuppression was increased. He further deve-
loped pneumatosis intestinalis and a PCR test for
norovirus was sent out to the KCDC on post—
transplant day 240. Because of the time delay in
receiving results from the KCDC, the patient started
infliximab on day 247, since all the other available
tests were negative, CMV enterocolitis was not pre-
sent, and the patient’s condition was deteriorating.
The report came back positive for norovirus infec-
tion on day 255 and the patient went home on day
265 with symptom improvement. He continued to
have waxing and waning diarrheal episodes and
received 4 additional colonoscopies on post—trans-
plant day 340, 433, 453, and 560. Of note, from day
454, colonoscopy started to show pathology findings

compatible with ulcerative colitis (UC). Mesalazine
was started in addition to other immunosuppressants
and the patient’s condition improved. The patient
eventually became norovirus negative on post—trans-
plant day 539.

Patients 2, 5, 6, and 7 had norovirus infection and
shed virus for 126, 21, 56 and 100 days before HCT,
respectively. After norovirus was cleared, they each
received HCT. Patient 3 received his second autolo-
gous HCT during the virus shedding period. Al-
though he did not appear to have significant noro-
virus infection—related complications during the
immediate post—transplant period, he died of disease
progression during the period after second transplant
period (Fig. 1). Virus shedding duration and the
time from infection to HCT and mortality are sum-

marized in Fig. 1.
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Fig. 1. Viral shedding duration of each patient. Each patient’s first virus detection
day is aligned on y axis. Numbers on x axis represents the pre and post days
from viral shedding day O (first virus detection day). The each arrow bar shows
the virus shedding duration from the first to the last virus detection day. The
time points of allogeneic hematopoietic cell transplantation (HCT) and autologous
HCT are marked with the boxes with solid lines and with dotted lines, respectively.
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Discussion

Noroviruses are one of the most common causes
of both outbreaks and sporadic cases of acute gas-

.- 4,9, 10
troenteritis )

. Because immunocompromised pa-
tients are vulnerable to pathogens circulating in the
community, norovirus infection can impact their
clinical course. This study summarized the clinical
manifestations of norovirus in infected immuno-
compromised Korean children.

In Korea, norovirus—associated infections consti-
tute up to 12—15% of acute viral gastroenteritis,
with a seasonality peaking between December and
March'"'?. Norovirus infection can also cause se-
vere disease with significant morbidity in immuno-
compromised patients. Pediatric cancer patients are
at risk of delayed clinical recovery and may require

¥ Since most

subsequent in—patient treatment
cancer patients experience mucositis, diarrhea, and
vomiting'® due to their cancer therapy, it is chal-
lenging to diagnose norovirus infection based on
clinical presentation. In addition, it is difficult to
determine the exact role of norovirus in such situa-
tions. Nonetheless, it is important for clinicians to
consider norovirus infection as a possible pathogen,
in addition to cancer—related toxicity or other types
of infections. When this infection occurs in allo-
geneic transplant recipients, it can be particularly
difficult to judge clinical condition and make treat-
ment plans due to concerns over GVHD'™.
Norovirus infection manifested itself in a variety
of ways in the allogeneic HCT recipients we eva-
luated. The clinical course of patient 1 was of parti-
cular interest, since he had a very convoluted and

prolonged course of norovirus infection that was
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complicated by gut GVHD and later, UC. In truth,
the isolation of norovirus from patient 1 caused us
to test for norovirus infection in other patients going
forward. The true beginning of this patient’s noro-
virus infection remains unclear, because he was not
tested during previous diarrheal episodes. However,
because norovirus usually circulates during the win-
ter months, it is highly likely that patient 1 acquired
the infection somewhere around this time (the first
detection occurred in November). During the initial
infection period, gut symptom improvement was
observed temporarily after infliximab treatment,
making it unclear how much of a role norovirus in-
fection played in the clinical course of patient 1
during this period. After norovirus was identified,
efforts to reduce immune suppression were made,
but the patient continued to have recurrent aggrava-
ting symptoms. Even though the patient still shed
norovirus in the stool, he was treated with continuing
immunosuppression in addition to UC treatment,
which led to symptom improvement. This case
poses many unanswered questions, and it is parti-
cularly difficult to delineate the proportional contri-
butions of norovirus infection, pathology—confirmed
GVHD, and pathology—confirmed UC. The patient’s
complicated clinical course might have been partly
due to norovirus infection, but GVHD and UC could
have also been responsible for this patient’s severe
gut symptoms. Whether norovirus was the aggrava-
ting factor or the confounding factor for GVHD and
UC is unclear.

The observation that four patients developed pne-
umatosis intestinalis in our study was also interes-
ting. Three of these patients were younger than one
year old. Based on our experience with these pati-

ents, we now always test for norovirus infection in
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infants, particularly those who develop pneumatosis
intestinalis. More data from other investigators is
needed to confirm our observations of norovirus
infection—associated pneumatosis intestinalis, as it
may represent another important serious complica-
tion in these high risk patients.

Patients in our study also showed prolonged viral
shedding, with a median value of 72.5 days (range,
19-299 days), which was in agreement with pre-
vious reportsz' 7 All of our patients in this study
had symptomatic initial infection and most of them
had prolonged asymptomatic viral shedding during
recovery period. Because the clinical course of im-
munocompromised patients changes during their
cancer treatment, norovirus infection needs careful
monitoring and assessment in this setting.

This study was limited in scope, since it was a
retrospective study of only ten pediatric patients,
including four allogeneic HCT. This study did not
include a control group such as adult immunocom-
promised patients or immunocompetent children to
compare the clinical manifestations of norovirus in-
fection. Since we only tested symptomatic patients,
it is not possible to describe whether there were
asymptomatic infection cases. In addition, we did
not analyze any association between viral load in the
stool and symptom severity. This study does not
contain genotype and sequence data in conjunction
with hospitalization time—line and rooms used by
patients to determine whether they were epidemio-
logically linked for a possible nosocomial infection
in our pediatric cancer ward. We plan to explore
some of these data further in the future study.

This study is the first report on norovirus infection
in pediatric HCT recipients and associated implica-

tions for managing pediatric cancer patients with
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severe intestinal symptoms in Korea. Awareness is
a key first step in diagnosing norovirus infection,
and pediatricians who monitor these high risk pati-
ents should be familiar with its presentation and
occurrence. Norovirus infection may have a signifi-
cant impact on the clinical conditions of immuno-
compromised pediatric cancer patients, and should
be considered along with chemotherapy—related
complications or other pathogens in the event of
gastrointestinal symptoms.
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