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goat affinity-purified antibody against rabbit IgG (Cappel, MP
Biomedicals, Solon, OH, USA). RV-infected MAI04 cells
(in-house) were used as positive controls.

RT-PCR to detect rotavirus RNA in stool and urine
sediments

Thereafter, stools and urinary sediments were analysed with
nested RT-PCR to detect viral dsRNA (encoding the VP7
outer capsid protein and serotypes Gl, 2, 3, 4, 8, and 9) by
use of consensus primers [8]. RNA was extracted with TRI-
zol Reagent (Invitrogen, Carlsbad, CA, USA). PCR was first
carried out with initial denaturation at 94°C for 5 min, fol-
lowed by 35 cycles of 94°C for | min, 54°C for | min, and
72°C for 1.5 min. Multiplex PCR was then carried out for 30
cycles. The PCR products were analysed by electrophoresis
on |% agarose gel containing ethidium bromide, and visual-
ized under UV light.

Resuits

A small but significant number of inclusion-bearing cells were
frequently detected in the urine samples of patients with RV
gastroenteritis (Fig. la). These cells were positive for CK but
negative for epithelial membrane antigen, which indicated
that they were of renal tubular epithelial cell origin, similar
to the CK-positive cells in the urine of an IgA nephropathy
patient (data not shown). Furthermore, we found that about
40% of the CK-positive cells (fluorescein isothiocyanate )
coexpressed RV antigens (rhodamine), as represented by the
double-positive cells with orange cytoplasm in the merged
picture (Fig. Ib).

In nested RT-PCR experiments, a clear PCR product was
detectable in stool samples of patients with RV gastroenteri-
tis (Fig lc, lane 1). RV dsRNA was detectable in four of five
patients with RV gastroenteritis, although to a variable
degree (Fig. lc, lanes 2-6). Importantly, no PCR product was
detectable when non-RV gastroenteritis or IgA nephropathy
samples were used for the assay. Representative samples are
shown in Fig. lc (lanes 7 and 8). The RV dsRNA in the
stools and urinary sediments were all of serotype G3
(374 bp), because no PCR products were obtained when
primers for other serotypes were used for the assay.

Discussion

This is the first study to find evidence of RV infecting the uri-
nary sediment cells of immunocompetent children with RV gas-
troenteritis, using urinary sediments from affected patients.

©2011 The Authors

(c)
374 bp—>

w1 4 5 €z g
g 2 3 88 %
3 T2z
Py g2

< RV S <

Zz gastroenteritis Ed

Urine samples
Fi¢z. 1. Detection of rotaviral antigens and double-stranded RNA in
urinary sediments of rotavirus (RV)-infected patients. (a) Renal tubu-
lar cell-shaped inclusion-bearing cell. (b) Immunofluorescent staining
of renal tubular cells: a cytokeratin-positive cell (fluorescein isothio-
cyanate: green) coexpressing RV antigen (rhodamine: red); a double-
positive cell with orange cytoplasm (merged: orange). The cells in
the lower box are RV-infected MAI04 cells (positive controls). (c)
Results of nested RT-PCR of urinary sediments. Four of five RV-
infected patients showed RV RNA. The stool of an RV-infected
patient was used as a positive control. The urine from a non-RV gas-
troenteritis patient and an IgA nephropathy (IgAN) patient were

used as negative controls.

To confirm RV infection of the kidney, direct analysis with
a kidney section is preferable to analysis of urinary sedi-
ments. However, it is very difficult to obtain kidney sections,
because RV gastroenteritis is always self-limiting, and renal
biopsy has ethical implications. We therefore selected urine
samples from patients with RV gastroenteritis.

Inclusion-bearing cells were observed in the urinary sedi-
ments of RV gastroenteritis patients (Fig la). In general,
inclusion-bearing cells in the urine indicate viral infection [9].
Taken together, these results suggest that RV infects urinary
sediment cells in RV gastroenteritis patients.

We then found cells double-positive for RV antigen and
CK (Fig. Ib) in the urinary sediments of RV gastroenteritis
patients, indicating RV infection of renal tubular epithelial
cells. Moreover, nested RT-PCR detected RV dsRNA in the
urinary sediments of RV gastroenteritis patients.

We did not investigate clinical significance in this study, and
therefore the relationship of RV kidney infection to RV gas-
troenteritis remains uncertain. It is also unclear what types of
urinary sediment cell are infected by RV in addition to renal
tubular epithelial cells. The findings of this study were
obtained from a small sample, and therefore they must be
confirmed in a larger one. It is essential to conduct further
studies to examine the clinical aspects of RV renal infection.
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Abstract : Systemic rotavirus infection, such as rotavirus
antigenemia, has been found in immunocompetent rotavirus
gastroenteritis patients. However, the pathogenesis of rotavirus
infection in immunocompromised transplant recipients remains
unclear. Enzyme-linked immunosorbent assay was used to
measure rotavirus antigen levels in serially collected serum
samples obtained from 62 pediatric patients receiving allogeneic
hematopoietic stem cell transplants (HSCT). Rotavirus antigen
was detected in 43 (6.8%) of 633 serum samples (8 of 62 patients).
The duration of rotavirus antigenemia ranged between 1 and

10 weeks, and diarrhea was concurrent with rotavirus antigenemia
in Cases 3, 6, 7, and 8. The level of viral antigen in the transplant
recipients (0.19 + 0.20) was significantly lower than that observed
in serum samples collected from immunocompetent patients on
either day 1 (0.49 + 0.18, P = 0.0011) or day 3 (0.63 = 0.09,

P = 0.0005). A patient who received a graft from a human
leukocyte antigen (HLA)-mismatched donor was at significant risk
for rotavirus antigenemia (P = 0.024; odds ratio = 9.44) in
comparison to patients who received grafts from HLA-matched
donors. Although the duration of antigenemia was clearly longer
in HSCT patients than in immunocompetent rotavirus
gastroenteritis patients, the levels of viral antigen were not as
high. Therefore, mismatched HLA may be a risk factor for
rotavirus antigenemia after HSCT.
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Rotavirus is the major cause of gastroenteritis in
young children worldwide. Severe dehydration
caused by rotavirusinduced diarrhea and vomiting
can be fatal in developing countries. In addition, the
gastroenteritis induced by rotavirus infection causes
a large economic burden in. developed countries.
Rotaviral infection is generally benign and self-
limited in immunocompetent children. In contrast,
it has been reported that rotavirus can cause
severe diarrhea resulting in fatal outcomes for
immunocompromised transplant recipients (1-5).
Thus, the pathogenesis of rotaviral infection may
differ between immunocompetent and immunocom-
promised individuals.

Initially, rotavirus replication was thought to be
limited to the gastrointestinal tract in patients with
rotavirus gastroenteritis. However, recently, rotavirus
antigen and RNA were detected in the sera of rotavi-
rus-infected children (6-9). In addition, rotavirus anti-
gen was detected not only in the serum but also in
several organs, including the stomach, intestine,
liver, lung, spleen, kidney, pancreas, thymus, and
bladder in rotavirus-infected animals (10). These
findings suggest that rotavirus spreads beyond the
intestine in children with rotavirus gastroenteritis,
resulting in systemic viral infection. Recently, we
found that rotavirus antigenemia was frequently
observed during the acute phase of rotavirus
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gastroenteritis (11). Rotavirus antigen peaked on day
2 of the illness, with the amount of viral antigen
gradually decreasing to nearly undetectable levels by
day 6. We also found that cytokines were involved in
controlling antigenemia levels. The results of this
study, together with those from previous studies
(7, 8, 12, 13), suggested that host immune responses
have important roles in regulating viral replication.
Therefore, the kinetics of rotavirus antigenemia in
transplant recipients may be different from those in
immunocompetent rotavirus gastroenteritis patients.
In this study, we sought to elucidate the kinetics
of rotavirus antigenemia in hematopoietic stem
cell transplant (HSCT) recipients. We measured
rotavirus antigen levels in serum samples serially
collected from pediatric HSCT recipients and
analyzed the associations between antigenemia and
clinical features.

Patients and methods
Patient characteristics

Between September 2004 and February 2007, 62
patients received allogeneic HSCT (17 with allogeneic
bone marrow transplant [BMT] from human leuko-
cyte antigen [HLA]-matched siblings, 9 with alloge-
neic BMT from HLA-mismatched siblings, 22 with
allogeneic BMT from unrelated donors, 2 with periph-
eral blood stem cell transplants, and 12 with umbilical
cord blood transplants) at the Division of Hematol-
ogy-Oncology at the Children’s Medical Center, the
Japanese Red Cross Nagoya First Hospital, or the
Department of Pediatrics at the Nagoya University
Graduate School of Medicine. The patients’ guardians
provided written consent for their participation in this
study. This study was approved by the review boards
of the 3 institutes. Patient characteristics are summa-
rized in Table 1 and include age, gender, underlying
diseases, type of graft, HLA matching, having
received total body irradiation (TBI) or anti-thymo-
cyte globulin (ATG) in conditioning regimen, and
occurrence of acute graft-versus-host disease
(GVHD).

Patient management
Details of the conditioning regimen and GVHD pro-
phylaxis have been previously described (14, 15). In

brief, patients with hematologic malignancies were
conditioned with high-dose chemotherapy consisting

50 Transplant Infectious Disease 2012:14: 49-56

of melphalan (180 mg/m? plus busulfan (16 mg/kg)
or TBI (12 Gy). Patients with severe aplastic anemia
were conditioned with 200 mg/kg cyclophosphamide
and 10 mg/kg rabbit ATG for transplantation from a
matched sibling donor. For patients transplanted with
an unrelated bone marrow donor, TBI (5-10 Gy) was
added (16). GVHD prophylaxis consisted of cyclo-
sporine or tacrolimus with shortterm methotrexate.
All patients received trimethoprim-sulfamethoxazole
orally or inhaled pentamidine as prophylaxis against
Puneumocystis jirovecii. The standard doses of oral
amphotericin B and acyclovir were administered as
prophylaxis for fungal and herpes simplex virus
infections. Intravenous vy-globulin preparations were
administered weekly during the first 3 months as pro-
phylaxis for cytomegalovirus (CMV) infection. In addi-
tion, ganciclovir was given as preemptive therapy
against CMV infection following a positive result from
a CMV antigenemia assay. Acute and chronic GVHD
was diagnosed and graded according to established
criteria.

Experimental design

Serum samples were collected from 62 recipients at
the time of HSCT, weekly for 3 or 4 months post
transplant. Ultimately, 633 serum samples were ana-
Iyzed in this study. In addition to these samples, 15
serum samples were collected from rotavirus gastro-
enteritis patients on days 1, 3, and 5 of illness and
used as controls. Clinical data were collected retro-
spectively and assessed to determine associations
with rotavirus antigenemia.

Rotavirus antigen detection

Rotavirus antigen was measured using a previously
described enzymelinked immunosorbent assay
(ELISA) for the detection of VP6 antigen of the
virus (11). Diluted serum (1:16, 50 pl) was used to
detect rotavirus antigen. Ninety-six-well plates
(Nalgen Nunc, Rochester, New York, USA) coated
with a monoclonal antibody against the VP6 antigen
of rotavirus (YO-156) (17) were used for the ELISA
(18). The plates were incubated with 50 puL of
diluted serum at 4°C overnight. Then, 50 uL of anti-
human rotavirus hyperimmune rabbit serum (diluted
1:5000 with phosphate buffered saline [PBS] contain-
ing 0.05% Tween-20 [PBST] and 2.5% skim milk)
was added to each well. Peroxidase-conjugated
donkey anti-rabbit immunoglobulin G (IgG) (diluted
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Patient characteristics and risk factors for rotavirus antigenemia after hematopoietic stem cell transplantation
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Table 1

1:5000, Jackson ImmunoResearch Laboratory Inc,
West Grove, Pennsylvania, USA) was used as a sec-
ondary antibody. Finally, the amount of rotavirus
VP6 antigen bound to specific monoclonal antibody
was assessed by adding substrate. The optical den-
sity (OD) was read using spectrophotometry at
492 nm, and an appropriate cut-off value was estab-
lished based on data from 20 serum samples col-
lected from control subjects. As the mean OD of
the control samples was 0.084 + 0.014, we defined
0.13 (mean + 3 standard deviations [SD]) as the
baseline value in this study.

Measurement of rotavirus-specific IgG

Serum anti-rotavirus IgG antibody titer was determined
using sandwich ELISA. Briefly, 96-well plates were
coated with rabbit anti-rotavirus serum diluted 1:10,000
in 10 mM PBS overnight at 4°C. After the plates were
washed twice with 10 mM PBS containing 0.05% PBST,
then 1% bovine serum albumin in PBST was added, and
the plates were incubated for 4 h at 4°C. The plates
were washed twice with PBST. SA-1l-infected culture
fluid was then added to the plates and incubated for 1 h
at 37°C. Serum samples diluted with 2.5% skim milk in

Transplant Infectious Disease 2012:14: 49-56 51
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PBST were allowed to react for 1 h at 37°C. After wash-
ing 4 times with PBST, donkey anti-human IgG (H+L)
conjugated to horseradish peroxidase (Jackson Immu-
noResearch Laboratory Inc.) diluted 1:1000 in 2.5%
skim milk in PBST was added. The plates were incu-
bated for 1 h at 37°C, then washed 4 times with PBST,
and o-phenylenediamine-2HCl substrate was added.
The OD was read by spectrophotometry at 492 nm. As
the mean OD of the control samples was 0.047 + 0.026,
we defined 0.124 (mean + 3 SD) as the baseline value
in this study.

Statistical analyses

Statistical analyses were performed using JMP7 (SAS
Institute, Cary, North Carolina, USA). A Mann-Whit-
ney U-test was used to compare the levels of rotavirus
antigenemia between sera collected from transplant
recipients and immunocompetent rotavirus gastro-
enteritis patients (days 1, 3, and 5). The antigen
levels in 16-fold and 4-fold diluted serum samples
were compared using a Wilcoxon’s signed-ranks test.
The anti-rotavirus IgG antibody levels with and with-
out rotavirus antigenemia were compared using a
Student’s #test. ‘

To elucidate risk factors for rotavirus antigenemia
in transplant recipients, pre-transplant variables and
transplant variables were compared between recipi-
ents with and without antigenemia. Pre-transplant vari-
ables included age, gender, and underlying diseases.
Transplant variables included TBI, ATG, HLA match-
ing, type of graft source, and acute GVHD. The ages
of the recipients with and without rotavirus antigen-
emia were compared using a Student’s #test. Odds
ratios (and 95% confidence intervals) were based on
2 x 2 contingency tables and were calculated to
assess the association between rotavirus antigenemia
and demographics. The significance of measurement
was determined by chi-square and Fisher’s exact
tests.

Results

Rotavirus antigen was detected in 43 (6.8%) of 633
serum samples (8 of 62 patients). The kinetics and
season of rotavirus antigenemia are shown in
Figure 1. Rotavirus antigenemia lasted between 1 and
10 weeks. Rotavirus antigenemia started within
4 weeks of the transplant in all 8 recipients. Although
the endemic seasons for rotavirus gastroenteritis are
generally in the winter and spring in Japan, rotavirus

52 Transplant Infectious Disease 2012:14: 49-56

antigenemia was observed in non-endemic periods in
Cases 1, 2, 3, 4, and 7. Figure 1 also shows a tempo-
ral relationship between rotavirus antigenemia and
diarrhea. Diarrhea was concurrent with rotavirus anti-
genemia in Cases 3, 6, 7, and 8. Meanwhile, rotavirus
antigenemia persisted after the cessation of diarrhea
in Cases 6 and 7. Moreover, diarrhea was not
observed during rotavirus antigenemia in Cases 1, 2,
and 5.

To determine whether the amount of serum rotavi-
rus antigen was higher in HSCT recipients than in
immunocompetent rotavirus gastroenteritis patients,
the antigen levels were compared between the 2
groups (Fig. 2). As expected, rotavirus antigen
peaked on day 3 after illness onset in the serum
samples collected from immunocompetent rotavirus
gastroenteritis patients. The levels of rotavirus anti-
genemia in the transplant recipients (0.22 + 0.19) and
day 5 serum samples collected from immunocompe-
tent rotavirus gastroenteritis patients (0.19 + 0.20)
were similar (P = 0.9060). The level of viral antigen in
the transplant recipients was significantly lower than
that observed in either day 1 (0.49 + 0.18, P = 0.0011)
or day 3 (0.63 = 0.09, P = 0.0005) of serum samples
collected from immunocompetent rotavirus gastro-
enteritis patients. Although a remarkable peak in
rotavirus antigen levels was observed in immunocom-
petent rotavirus gastroenteritis patients (11), no such
peak was seen in the Kinetics of rotavirus antigenemia
in HSCT recipients (data not shown).

As rotavirus antigenemia levels were low in HSCT
recipients, antigen level was measured using less dilute
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Fig. 1. Associations between rotavirus antigenemia (black boxes)
and diarrhea (shaded bars) are shown. White boxes indicate anti-
genemia-negative serum samples. -
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Fig. 2. Comparison of rotavirus antigen levels between immuno-
competent rotavirus gastroenteritis patients and hematopoietic stem
cell transplant (HSCT) recipients. *Days after onset of the illness.
OD, optical density.

sera (1:4) to determine whether these positive samples
contained low levels of rotavirus antigen. Forty-three
antigen-positive serum samples and 40 randomly
selected antigen-negative samples were used in this
experiment (Fig. 3). The lower dilutions of antigen-
positive serum samples (1:4) demonstrated signifi-
cantly higher rotavirus antigen levels than the 1:16
diluted sera (P < 0.0001). However, no statistical differ-
ence was observed between 1:4 and 1:16 dilutions of
antigen-negative samples (P = 0.2733). In addition, the
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immune response against rotavirus was also examined
to confirm rotavirus infection; only one recipient with
rotavirus antigenemia demonstrated a marked increase
in rotavirus IgG antibody titers (Fig. 4).

Table 1 summarizes the results of statistical analyses
identifying risk factors for rotavirus antigenemia in
HSCT recipients. No statistical difference was seen
between the ages of recipients with (7.4 + 5.6 years)
and without (8.3 + 5.1 years) rotavirus antigenemia
(P = 0.652). Moreover, neither gender (P = 0.312) nor
underlying disease (P = 0.368) correlated with occur-
rence of rotavirus antigenemia. Of the 4 transplant-
related variables, neither having received TBI
(P = 0.955), having received ATG (P = 0.080), compli-
cations from acute GVHD (P = 0.705), nor type of graft
source (related vs. unrelated; P = 0.827, related vs.
cord blood; P = 0.760, related vs. peripheral blood
stem cell transplant; P = 0.206) were associated with
occurrence of rotavirus antigenemia. However, a
patient who received a graft from an HLA-mismatched
donor was at significant risk for rotavirus antigenemia
(P = 0.024; odds ratio = 9.44) in comparison to patients
who received a graft from an HLA-matched donor.

Discussion

Although it has been reported that rotavirus can
cause severe clinical manifestations in immuno-
compromised transplant recipients (1-4), few studies
have been conducted to elucidate the full spectrum of

B
ti i i = 4
OD value antigenemia negative (n= 40)
1.0
0.5
0
16 fold 4 fold (dilution)
0.096 0.094
0.073-0.111 0.072-0.122
v
P=0.2733

Fig. 3. Comparison of rotavirus antigen levels between 16fold and 4-fold diluted serum samples to determine rotavirus antigenemia. OD,
optical density. (A) Antigenemia positive (n = 43). (B) Antigenemia negative (n = 40).
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Fig. 4. Kinetics of anti-rotavirus immunoglobulin G (IgG) antibody
titers in rotavirus antigenemia-positive patients (» = 8). IgG anti-
body titers were determined using enzymelinked immunosorbent
assay. OD, optical density.

rotavirus infection in transplant recipients (4, 19-21).
In this study, rotavirus antigen was detected in 43/
633 (6.8%) serum samples, and rotavirus antigenemia
was observed in 8/62 (12.9%) transplant recipients. To
the best of our knowledge, this is the first study that
demonstrates rotavirus antigenemia in transplant
recipients. Stelzmueller et al. (4) demonstrated that
rotavirus infection was observed in 1.5% of solid organ
transplant (SOT) recipients, and the highest fre-
quency of rotavirus infections was observed in
pediatric liver transplant recipients (52%) based on
conventional rotavirus antigen detection analysis of
stool samples. In addition, previous reports have iden-
tified rotavirus infection in 10-12% of pediatric BMT
recipients (1, 20). Thus, although the clinical speci-
mens used to detect rotavirus antigen were different,
the frequency of antigenemia in our pediatric HSCT
recipients was similar to previous studies (1, 20).

Both rotavirus-specific neutralizing antibodies and
CD8" cytotoxic T cells have been shown to play
important roles in terminating rotavirus infection (22—
25). In addition to adaptive immunity, it has been
suggested that the innate immune response is also
important for protecting the host from rotaviral infec-
tion (13, 26). Thus, it is likely that rotaviral infection
would be more severe in transplant recipients with
severe immunosuppression than in immunocompetent
children. Persistent rotavirus excretion in the stool
has been documented in children with a congenital
T-cell deficiency (27) and BMT recipients (5). We pre-
viously reported that the duration of rotavirus antigen-
emia in immunocompetent rotavirus gastroenteritis
patients was short (11). Our present study suggests

54 Transplant Infectious Disease 2012:14: 49-56

that rotavirus antigenemia persists for a longer period
in transplant recipients, and this corresponds to rota-
virus excretion in the stool (5).

To confirm specificity of the low levels of antigen-
emia in transplant recipients, antigen levels were mea-
sured in less diluted serum samples (Fig. 3). As less
dilute (1:4) sera demonstrated statistically higher lev-
els of antigen than that of a higher dilution (1:16), we
considered that serum demonstrating low level of anti-
gen really contained low levels of rotavirus antigen.
Ray et al. (8) and Blutt et al. (9) reported that serum
rotavirus antigen levels were negatively associated
with rotavirus antibody levels in children with rotavi-
rus antigenemia. Moreover, serum rotavirus antigen
levels were significantly lower in patients who had a
subsequent infection than in those with primary infec-
tion (7). The ages of the patients in this study ranged
between 8 months and 23 years old. Thus, most of
the recipients in this study could have previously had
a primary rotavirus infection, which may have caused
their lower levels of rotavirus antigen. Further
detailed immunologic analysis of rotavirus infection is
needed to clarify the pathogenesis of the characteris-
tic kinetics of rotavirus antigenemia (low levels and
long duration) observed in HSCT recipients.

Seven of 8 recipients with rotavirus antigenemia
failed to demonstrate an antibody response against
rotavirus. There are 2 possible explanations for such
a low immune response rate. One is low immunoge-
nicity of the low levels of antigenemia, and another is
severe immunosuppression in transplant recipients.
Although it is not clear whether positive antigenemia
indicates active rotaviral infection, a serological assay
is insufficient for monitoring rotavirus antigenemia in
HSCT recipients.

It has been suggested that rotavirus can cause
severe diarrhea (1, 3-5) and toxic megacolon (28), and
may be confused with enteric GVHD (29), which
results in significant morbidity in transplant recipients.
As shown in Figure 1, persistent diarrhea and rotavirus
antigenemia were concurrent in Cases 3, 6, 7, and 8.
Meanwhile, rotavirus antigenemia persisted for a few
weeks after the resolution of diarrhea in Cases 3, 6,
and 7. Diarrhea was not observed in the 2 cases with
persistent rotavirus antigenemia. Although it would be
difficult to prove an association between rotavirus anti-
genemia and persistent diarrhea, because no complete
examinations were carried out to exclude all other
pathogens that would cause diarrhea, the current
findings suggest that rotavirus antigenemia may be
involved in the persistent diarrhea in HSCT recipients
in some recipients. It was difficult to determine how
many patients without rotavirus antigenemia had
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diarrhea during the observation period following trans-
plantation, because this study was a retrospective study
using stored serum samples. Therefore, future prospec-
tive study is needed to elucidate the precise association
between rotavirus antigenemia and diarrhea.

Moreover, asymptomatic rotavirus antigenemia was
demonstrated in these patients. Asymptomatic rotavi-
rus excretion in stool has also been reported in HSCT
recipients, which could potentially make them index
cases for nosocomial rotavirus infections (19). Thus,
it is important to elucidate the ability of virus to be
transmitted from asymptomatic rotavirus antigenemia
patients. A prospective study that concurrently moni-
tors rotavirus antigenemia and viral excretion in the
stool is currently underway.

Notably, the timing after transplantation and occur-
rence of rotavirus antigenemia in non-endemic sea-
sons in HSCT recipients were quite different from
expected. According to a previous study based on
detecting rotavirus antigen in stool, the median dura-
tion of rotavirus infection is 20 days after SOT (4). In
our study, rotavirus antigenemia started within
4 weeks after transplant in all 6 cases except for
Cases 7 and 8. Six of the 8 recipients were cared for
in laminar airflow rooms at the beginning of rotavirus
antigenemia. Although medical personnel may have
caused nosocomial transmission, the likelihood of this
possibility is very low, because standard precautions
were thoroughly followed. Kang et al. (20) detected
rotavirus antigen in the stool of an HSCT recipient at
the time of pretransplant screening. From a clinical
standpoint, a large-scale molecular epidemiological
study is needed to elucidate the route of viral trans-
mission in HSCT recipients. In addition to the timing
of rotavirus antigenemia, the seasons in which the
rotavirus antigenemia occurred are another remark-
able finding in this study. Although the endemic sea-
sons in Japan for rotavirus infection are the winter
and spring, rotavirus antigenemia was observed in the
summer and fall in several cases (Fig. 1). Recently, a
similar finding was demonstrated in SOT recipients
(4). One possible mechanism for rotavirus antigen-
emia outside of its endemic season is the persistence
of rotavirus infections in immunocompromised
patients. Further human or animal studies are neces-
sary to determine whether rotavirus can persistently
infect a host.

We believe that this is the first report to demonstrate
HLA mismatches as a significant risk factor for rota-
virus antigenemia after HSCT, which is similar to
Epstein—Barr virus (EBV) infection (30). ATG adminis-
tration, which is another well-known risk factor for
EBYV infection after HSCT (30), tended to be a risk for

Sugata et al: Rotavirus antigenemia after transplantation

rotavirus antigenemia, though it did not reach the level
of statistical significance. Several characteristic factors
have been suggested to pose significant risks for each
viral infection in HSCT recipients. The present study
suggests that the risk factors for rotavirus antigenemia
are similar to those for EBV infection after HSCT. If the
clinical significance of rotavirus antigenemia in HSCT
recipients is confirmed, predictions about patients at
high risk for rotavirus antigenemia would be important
for improving their prognosis. Further clinical analysis
of rotavirus antigenemia should be continued to deter-
mine the significance of rotavirus antigenemia on the
morbidity or mortality of HSCT recipients.
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Properties of the VP7 Gene of Human Rotaviruses in Mie Prefecture, Japan.
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(Department of Virology and Parasitology, Fujita Health University, School of Medicine)
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