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Noroviruses (NoVs) are a leading cause of viral gastroenteritis
in humans. In the present study, the association between NoV
susceptibility and the ABO histo– blood group was studied
during 2 outbreaks of acute gastroenteritis in military units in
Israel caused by genogroup II (GII) NoVs. The findings dem-
onstrate that, unlike for genogroup I of NoV, there is no asso-
ciation between the ABO histo– blood group and clinical in-
fection with GII NoVs. This is the largest study to test the
association between NoVs, proven clinical infection with GII,
and the ABO histo– blood group.

Noroviruses (NoVs) are a group of single-stranded, positive-

sense RNA viruses that belong to the Caliciviridae family. Two

genogroups, genogroup I (GI) and genogroup II (GII), infect

humans [1], and each one of them can be further divided into at

least 15 different genotypes [2]. NoVs are the most commonly

identified cause of infectious intestinal morbidity in western Eu-

rope communities [3, 4]. These viruses account for an estimated

23 million cases of gastroenteritis in the United States each year [5].

Blood groups are genetically determined, and each is charac-

terized by the presence of specific complex carbohydrates. Spe-

cific ABO blood types are thought to be linked with increased or

decreased susceptibility to particular diseases [6]. Evidence has

accumulated that this association might exist with NoV gastro-

enteritis as well. Volunteers with an O phenotype had a higher

susceptibility to experimental infection with GI NoVs, whereas

those who had a B phenotype were apparently protected from

infection and clinical morbidity [7]. Recent studies have shown

that recombinant virus-like particles (VLPs) can bind to subsets

of histo– blood group carbohydrates [8, 9]. VLPs from different

NoV genotypes exhibited different histo– blood group antigen

(HBGA)–attachment patterns [10]; therefore, it was suggested

that different NoV strains might recognize different HBGAs on

intestinal epithelial cells as receptors for infection [11]. Recently,

Rockx et al. [12] showed that individuals with HBGA type B may

be protected against infection with GI but not GII NoVs. This

study, however, was based on serological evidence of infection

and not on clinical disease.

In the present study, the association between susceptibility to

clinical infection with NoV and ABO histo– blood group was

studied during outbreaks of NoV acute gastroenteritis in mili-

tary units in Israel.

Methods. The study population consisted of sick soldiers

and healthy contacts from 2 polymerase chain reaction (PCR)–

diagnosed outbreaks of gastroenteritis that took place in Israeli

military training compounds during February 2003 and January

2005. Serum samples, stool samples (obtained by use of self-

applied rectal swabs), and questionnaires were obtained during

the outbreak investigation from case patients and healthy con-

tacts according to the outbreak-investigation procedures of the

Israeli Defense Force Medical Corps. Every soldier was briefed

on the purpose of sample collection, had the opportunity to ask

questions about the procedures of the investigation and to re-

ceive the relevant answers, gave consent orally, and could refuse

to participate without prejudice or loss of benefits to which he

was otherwise entitled. The whole procedure was approved by

the Committee for Research on Human Subjects of the Israeli

Defense Force Medical Corps.

All soldiers were males and were 18 –22 years old. The dura-

tion of each outbreak was very short, with most of the cases

emerging during a period of 2–3 days. During the outbreak in-

vestigation and active case finding, patients were asked to com-

plete a questionnaire in which they described the clinical symp-

toms and reported the date of morbidity onset. Subjects who

suffered from either emesis, nausea, or stomachache were con-

sidered to be case patients with NoV-suspected illness. To diag-

nose the cause of the outbreaks, samples were collected from

both case patients and healthy contacts during both outbreaks.

Healthy contacts were defined as subjects not suffering from any

gastrointestinal (GI) symptom, including diarrhea, who served

in the same company as the case patients and were in the com-
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pound for at least the 3 days preceding the outbreak; stool sam-

ples were collected from 176 case patients during the 2 out-

breaks. Paired serum samples were obtained from subjects

during the outbreak (acute sample) and �2 weeks later (conva-

lescent sample) and were stored at �20°C until analysis by indi-

rect IgG ELISA, for which the results have been described else-

where [13]. Serum samples were collected from 46 case patients

and additional 45 healthy subjects during the first outbreak and

from 92 case patients and 121 healthy subjects during the second

outbreak.

Stool samples were cultured for the detection of Salmonella,

Shigella, and Campylobacter species. Direct PCR analysis for

genes encoding the heat-labile and heat-stable toxins was used

for detection of enterotoxigenic Escherichia coli (ETEC) [13].

Samples were analyzed by microscopy for parasites and proto-

zoa.

For molecular analysis, RNA was extracted from stool samples

by use of the RNeasy Mini Kit (Qiagen). A reverse-transcriptase

PCR (RT-PCR) assay for the detection of NoV RNA was con-

ducted as described elsewhere [13]. Purified RT-PCR products

of representative samples from each of the outbreaks were se-

quenced using an Applied Biosystems PRISM 3100 genetic ana-

lyzer. Multiple sequence alignment was generated with the

Clustal-X program (version 1.83). A neighbor-joining tree was

also generated with Clustal-X, using the method of Saitou and

Nei [14]. One-thousand-bootstrap replicate analyses were per-

formed on this phylogenetic tree.

For determination of ABO histo– blood group type, serum

samples were obtained from subjects during the outbreak and

were stored at �20°C until analysis of ABO back typing by use of

A1A2BO Referencell reagents (Immucor-Gamma), as described

elsewhere [15].

Statistical significance for the association between morbidity

and ABO histo– blood groups as well as between the frequency of

clinical signs and ABO histo– blood groups was performed by

the use of a logistic regression model containing the outbreak

variable (outbreak 1 or outbreak 2) and the blood group. In each

analysis, each histo– blood group was compared to the O blood

group. Adjusted odds ratio with 95% confidence intervals are

thus presented for each of the blood groups: A, B, and AB com-

pared with O. Data were recorded into a Microsoft Access data-

base and analyzed by use of SPSS (version 12.0) statistical soft-

ware.

Results. A total of 106 and 152 cases were identified in the

first and second outbreaks, respectively. The attack rate in both

outbreaks was estimated to be �20%. The most frequent clinical

signs reported by the soldiers from whom samples were collected

were nausea and/or emesis (75%), followed by diarrhea (69%)

and stomachache (65%). Only 17% of case patients sampled had

fever (temperature �37.8°C).

One hundred and seventy-six swabs cultured from both of the

outbreaks were negative for Salmonella, Shigella, and Campy-

lobacter species. PCR results for ETEC were negative as well. No

parasites were observed in stool smears. A total of 42 samples

were obtained for RT-PCR NoV detection from subjects in-

volved in the outbreaks. Seven (33%) of 21 and 6 (28%) of 21 of

stool specimens were positive for NoV by PCR in the 2 out-

breaks, respectively.

Several representative samples of the PCR amplification prod-

ucts from each of the outbreaks were sequenced. All of the se-

quences were identified as NoVs and shared high similarity with

reference strains. A comparative phylogenetic analysis of the B

region of the gene encoding RdRp revealed that all of the local

strains belonged to GII and clustered together with consensus

sequences representing GII.4 variants prevalent during the years

1996, 2002, 2003, 2004, and 2006 (figure 1).

The distribution of ABO histo– blood groups in the study

population was as follows: A, 36.5%; AB, 11.8%; B, 20%; and O,

31.6%. This distribution was very similar to that previously

found in the general Jewish population in Israel— 40%, 6%,

16%, and 38%, respectively [15]. We demonstrated no statisti-

cally significant association between histo– blood group antigen

and the risk for clinical morbidity. Among the clinical cases,

subjects having B histo– blood group had a higher risk for fever,

which was close to being statistically significant (P � .078) (table 1).

Figure 1. Phylogenetic analysis of RNA polymerase genes of norovi-
rus (NoV) strains identified in outbreaks occurring in Israel. The neighbor-
joining tree was generated using nucleic acid alignment of 180-bp
fragments of the RNA polymerase sequence. Values represent the fre-
quency of the occurrence of nodes among 1000 bootstrap replicates. Four
strains (boldface) from Israeli outbreaks are indicated by the year of the
outbreak. Sequences BII.4|1996, BII.4|2002, BII.4|2003, BII.4|2004, and
BII.4|2006 are consensus sequences of region B representing GII.4 vari-
ants prevalent during the years 1996, 2002, 2003, 2004, and 2006 (both
a and b), respectively. Reference strains are as follows: Toronto (GII.3;
GenBank accession no. U02030), Florida (GII.6; GenBank accession no.
U75682), and Desert Shield (GI.3; GenBank accession no. U0446). Se-
quences of the study strains are available on request.
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Discussion. This is the largest study to test the association

between NoV clinical infection and the ABO histo– blood group

and the only one to explore it in proven GII outbreaks. The

characterization of the gene encoding RdRp by partial sequenc-

ing facilitated strain identification. Furthermore, phylogenetic

analysis of the B region of the gene encoding RdRp from the

Israeli patients indicated that the local strains belonged to GII.

Comparison with reference strains revealed that all of the local

strains were closely related to the GII.4. Like the study of Rockx

et al. [12], our study supports the hypothesis that individuals

with B-type histo– blood group do not have a lower risk for clin-

ical infection with GII NoV. Interestingly, they tended to have a

higher susceptibility to suffer from morbidity accompanied by

fever. However, although Rockx et al. used serology to demon-

strate GII NoV infection—which may demonstrate clinical,

asymptomatic, sporadic, or epidemic infection—we based our

observations on clinical-infection outbreaks.

Apparent limitations to our study are that PCR diagnosis of

NoV infection was not established in all of the patients but rather

only in a small sample from each of the 2 outbreaks (21 patients

in outbreak 1 and an additional 21 in outbreak 2). Nevertheless,

given the abrupt onset and decline of these 2 outbreaks and the

typical clinical signs, the involvement of another gastrointestinal

pathogen in these outbreaks is not probable.

This study adds to the entire picture of the association be-

tween ABO histo– blood groups and NoV infections; Hutson et

al. [7] and Rockx et al. [12] consistently found an association

between GI infection and the ABO histo– blood groups, which is

supported by the inability of these strains to bind to HBGA type

B [11], whereas Rockx et al. and us demonstrated no such an

association for GII infections, in accordance with the ability of

these viruses to bind to all HBGAs. Our data support the sugges-

tion of Huang et al. [11] that GII viruses that belong to the

Lordsdale cluster are capable of infecting all secretors of HBGA

regardless of their ABO type.
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Table 1. Histo– blood group–associated odds ratios (ORs; each ABO histo– blood group antigen [HBGA] vs. the O HBGA
group) for gastrointestinal morbidity (among all subjects involved in the 2 norovirus outbreaks) and for fever (among only the
clinically ill subjects in these outbreaks).

HBGA type Clinically infected No gastrointestinal signs OR (95% CI) Fever No fever OR (95% CI)

A 45 (32.6) 66 (39.8) 0.58 (0.33–1.01) 9 (39.1) 36 (31.3) 2.14 (0.68–6.74)
AB 13 (9.4) 23 (13.8) 0.48 (0.20–1.14) 0 (0) 13 (11.3) NA
B 28 (20.2) 33 (19.9) 0.72 (0.37–1.38) 8 (34.8) 20 (17.4) 3.08 (0.89–10.67)
O 52 (37.7) 44 (26.5) 1.00 (reference) 6 (26.1) 46 (40.0) 1.00 (reference)

Total 138 (100) 166 (100) . . . 23 (100) 115 (100) . . .

NOTE. Data are no. (%) of subjects, unless otherwise indicated. CI, confidence interval; NA, not available.
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