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Aim: The risk of developing infectious diarrhea among elderly residents at Japanese geriatric
intermediate care facilities is unclear. We investigated the incidence rate and risk factors of
norovirus-related diarrhea at such facilities.

Methods: This prospective cohort study followed 1727 residents from November 2018 to
April 2020 at 10 geriatric intermediate care facilities in Osaka, Japan regarding the occurrence
of diarrhea. Resident data were collected from their medical records using structured forms at
two to three of the following three time points: at recruitment, if they developed diarrhea, and
when they left the facility. Residents who developed diarrhea were tested using rapid diagnos-
tic tests for norovirus. Cox proportional hazard model was employed to hazard ratios (HRs)
with 95% confidence intervals (CIs) to estimate the risk factors for norovirus-related diarrhea.

Results: During the study period, 74 residents developed diarrhea, 13 of whom were
norovirus positive. The incidence rate of norovirus-related diarrhea was 10.11 per 1000
person-years (95% CI: 4.61–15.61). In terms of risk factors, people with care-needs level
3 were at a higher risk for developing norovirus-related diarrhea (adjusted HR [aHR] = 7.35,
95% CI: 1.45–37.30). Residents with hypertension (aHR = 3.41, 95% CI: 1.05–11.04) or
stroke (aHR = 8.84, 95% CI: 2.46–31.83), and those who walked with canes (aHR = 16.68,
95% CI: 1.35–206.52) also had a significantly higher risk for norovirus-related diarrhea.

Conclusions: Throughout the study period, the incidence of development of diarrhea was
low. Care-needs level 3, stroke, hypertension and use of a cane were identified as risk factors
for norovirus-related diarrhea in Japanese geriatric intermediate care facilities. Geriatr
Gerontol Int 2023; 23: 179–187.
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Introduction

Japan has a super-aging society, where the number of persons
≥65 years has been increasing, with this age group accounting for
29% of the population in 2020.1,2 Accordingly, those who need
residential care services have also been increasing. To address this
situation, long-term care insurance has been launched in Japan
since 2000.3

Geriatric intermediate care facilities, which provide facility-
based care services, have special features, including residents
receiving medical care from a full-time doctor, in addition to nurs-
ing care and rehabilitation for their return to home. At these facili-
ties, however, two to four residents usually live in the same room,
which increases their risk of contracting infectious diseases and
might lead to cluster outbreaks.4–6 Norovirus is the leading cause
of outbreaks of acute viral gastroenteritis,7 with the attack rate of
norovirus outbreaks of between 3% and 45% at long-term care
facilities.8 Moreover, facility residents often have many underlying
diseases and poor physical functions,9 and once infected, they are
likely to develop serious conditions, including dehydration, pul-
monary aspiration of vomitus and even death.10,11 A previous
review showed a case fatality rate among the institutionalized
elderly of 0.3%–1.6%.8 Another study reported that when hospi-
talized for norovirus gastroenteritis, the norovirus-related mortal-
ity among patients living in long-term care facilities was about
three-fold higher than in patients living at home.12 However, the
incidence of norovirus-related diarrhea among institutionalized
elderly residents in Japan is limited, because national surveillance
on infectious diarrheas is based on reports from pediatric sentinel
sites, and because subjects who develop diarrhea are not always
tested for pathogens.12,13 Thus, it is hard to estimate the actual
morbidity and mortality of norovirus-related diarrhea among insti-
tutionalized elderly residents.

This study aimed to estimate the incidence and risk factors for
norovirus-related diarrhea among residents at Japanese geriatric
intermediate care facilities. In this study, we actively performed rapid
diagnostic tests for norovirus in all subjects with diarrhea, to diag-
nose norovirus-related diarrhea accurately. In addition, we also
tested diarrhea subjects for Clostridioides difficile (C. difficile), since C.
difficile is also a potential pathogen in these facility residents.

Methods

Study design and participants

This prospective cohort study was conducted at 10 geriatric inter-
mediate care facilities that belong to the Osaka Association of
Geriatric Health Service Facilities. All residents at the participating
facilities during November 1, 2018 and April 30, 2020 were
enrolled, except for those who received “short stay” residential
services for less than 1 month, or who were ostomate. These facil-
ities cater to residents aged ≥65 years, or those aged 40–64 years
with specified diseases, including dementia and cerebrovascular
disorders, under the long-term care insurance law in Japan.4

Data collection

At the time of enrollment (i.e., November 1, 2018 for already insti-
tutionalized residents, or the date of admission for newly admitted
residents), we asked the staff to complete a structured form about
the following characteristics of the study subjects based on their
medical records: sex, age, underlying diseases (i.e. dementia, hyper-
tension, stroke, heart disease, diabetes, malignancy, kidney disease,

thyroid disease, chronic lung disease and liver disease), care-needs
level, activities of daily living (ADL) grade, level of cognitive dys-
function, number of roommates, history of hospitalization in the
previous year, tube feeding, pad usage, independence in walking
(“independent,” “using a cane,” “using a walking frame” and
“impossible”), and prescription drugs (i.e., anticancer drugs, ste-
roids, non-steroidal anti-inflammatory drugs (NSAIDs), proton
pump inhibitors (PPIs), laxatives and probiotics).

Care-needs level, ADL grade and level of cognitive dysfunction
are variables that indicate the level of assistance that residents
require. These variables are determined based on Japanese local
government criteria using a national standardized procedure when
patients seek long-term care.3 Care-needs level, which allows for
admission to geriatric intermediate care facilities, consists of five
levels.3 People with care-needs level 1 are the least dependent, and
people with care-needs level 5 are bedridden, cannot communi-
cate fully, and cannot eat by themselves. ADL grade was evaluated
using the “Independence Criteria of the Daily Life of the Impaired
Elderly.”14 These criteria have five ranks as follows: independent,
almost independent (rank J), requires assistance when outside
(rank A), wheelchair mobility (rank B), and bedridden (rank
C).14,15 Level of cognitive dysfunction was evaluated using the
criteria for “Rating of dementia.”15 These criteria consist of six
ranks: independent, presence of some cognitive disorder but
almost independent (rank I), independent with supervision (rank
II), requires some nursing care (rank III), requires nursing care all
day (rank IV) and requires medical care (rank M).5,15

Follow-up survey and outcome definitions

All residents were followed up through their medical records from
enrollment until April 30, 2020, developing diarrhea, or leaving
the facility, whichever came first.

Diarrhea was defined as two or more unformed or watery
stools in 24 h. Residents who regularly took laxatives or supposi-
tories were regarded as developing diarrhea if they had a greater
frequency of defecation than usual. All residents with diarrhea
received rapid diagnostic tests for norovirus (Immunocatch
Norovirus Plus [Immunocatch]; Eiken Chemical, Tokyo, Japan)
and C. difficile (GE-test immunochromato-CD GDH/TOX mini
[GE-test]; Nissui, Tokyo, Japan). The sensitivity and specificity of
these kits are 100% and 93% (Immunocatch),16 and 98.1% and
98.2% (GE-test),17 respectively, when compared with immuno-
chromatography. Patients with positive results on these tests were
regarded as having norovirus-related diarrhea or C. difficile-related
diarrhea, respectively. In general, the guideline defines diarrhea as
more than two unformed stools in 24 h.18 However, since many
residents suffer from constipation, we were concerned to overlook
the diarrhea occurrence when using the definition of this guide-
line. We therefore applied the broader criteria to grasp the diar-
rhea occurrence as much as possible and to employ the diagnostic
tests of norovirus and C. difficile thoroughly for all diarrhea cases.
Such active testing also enabled distinguishing between a laxative-
effective condition and diseased diarrhea in patients on laxatives.

If residents left the facility during the study period, the facility
staff provided information on the date of discharge and the reason
for leaving (return home, transfer to other type of geriatric care
facility, hospitalization, or death) using a structured questionnaire.

Statistical analysis

The incidence rate of diarrhea was calculated per 10 000 person-
days as the number of residents with diarrhea divided by the total
follow-up period of all participants. For residents with repeated
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admissions to and discharges from the facility during the study
period, person-days at risk were counted only for the period for
which they were institutionalized. When presenting the results,
the incidence rate using 10 000 person-days was converted to
1000 person-years. The incidence rate of norovirus-related diar-
rhea was calculated by the same procedure as that for diarrhea.

The following characteristics were selected as possible predic-
tive variables to assess their association with diarrhea: sex, age,
care-needs level, ADL grade, level of cognitive dysfunction,
underlying diseases, prescription drugs, number of roommates,
history of hospitalization in the previous year, tube feeding, pad
usage and independence in walking. According to the Japanese
long-term care insurance system and previous research, age was
divided into three categories: <65 years, 65–84 years and
≥85 years.5,9

The Cox proportional hazard model was used to calculate haz-
ard ratios (HRs) with 95% confidence intervals (CIs) to estimate
the risk factors for diarrhea. Since care-needs levels are deter-
mined based on the patient’s ADL grade and level of cognitive
dysfunction, a strong association is expected between them.5

Therefore, care-needs level was considered as the first priority in
the variable selection. The multivariate model included sex, age
and care-needs level as adjustment variables. In consideration of
diarrhea outbreaks, an analysis focusing on the facility where resi-
dents developed norovirus-positive diarrhea was also conducted.
All analyses used SAS version 9.4 software (SAS Institute, Cary,
NC, USA).

Ethics statement

According to the Japanese Ethical Guidelines for Medical and
Health Research Involving Human Subjects, since the study uti-
lized only their pre-existing data, subjects were notified about con-
duct of this study by displaying a poster, and patient consent for
participation was obtained using an opt out method.19 If their
stool samples were tested, the patients’ verbal consent was
obtained prior to the testing.

This protocol was approved by the Ethics Committee of Osaka
City University Graduate School of Medicine (no. 4162; date of
approval: October 25, 2018), and was performed in accordance
with the Declaration of Helsinki.

Results

Among 1734 residents initially included in the study, seven resi-
dents with missing data of predictive variables were excluded, and
the data of 1727 residents were analyzed. Their baseline character-
istics are shown in Table 1. One-third of the residents were male,
and the median age was 86 years. Dementia was the most com-
mon underlying disease (61%), followed by hypertension (51%)

Table 1 Baseline characteristics of all the geriatric intermediate
care facility residents

Residents
(N = 1727)

Characteristics n (%)

Sex
Male 536 (31)

Age (years)
Median (range) 86 (43–107)
<65 36 (2)
65–84 705 (41)
≥85 986 (57)

Underlying diseases
Dementia 1060 (61)
Hypertension 887 (51)
Stroke 562 (33)
Heart disease 511 (30)
Diabetes 358 (21)
Malignancy 254 (15)
Kidney disease 152 (9)
Thyroid disease 82 (5)
Chronic lung disease 76 (4)
Liver disease 66 (4)

Care-needs level
Level 1 194 (11)
Level 2 328 (19)
Level 3 415 (24)
Level 4 483 (28)
Level 5 307 (18)

Grade of ADL
Independent, Rank J 39 (2)
Rank A 530 (31)
Rank B 964 (56)
Rank C 194 (11)

Level of cognitive dysfunction
Independent, Rank I 238 (14)
Rank II 808 (47)
Rank III 590 (34)
Rank IV, Rank M 91 (5)

Number of roommates
1 186 (11)
2 114 (7)
3 117 (7)
4 1310 (76)

History of hospitalization in the previous
year
Yes 1037 (60)

Tube feeding
Yes 80 (5)

Pad usage (night only or always)
Yes 1454 (84)

Independence in walking
Independent 187 (11)
Using a cane 88 (5)
Using a walking frame 251 (15)
Impossible 1201 (70)

Prescription drugs
Anticancer drugs 6 (0.4)
Steroids 67 (4)
NSAIDs 134 (8)

(Continues)

Table 1 Continued

Residents
(N = 1727)

Characteristics n (%)
PPIs 563 (33)
Laxatives 951 (55)
Probiotics 162 (9)

Abbreviations: ADL, activities of daily living; NSAIDs, non-steroidal
anti-inflammatory drugs; PPIs, proton pump inhibitors.

Risk of norovirus in facility residents
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and stroke (33%). Residents with care-needs level 4 constituted
about 28% of all residents. More than half the residents had a his-
tory of hospitalization in the previous year, and tube feeding was
required by 80 residents (5%). Twenty percent of the residents
needed supportive items when walking, such as a cane or walking
frame. Regarding prescription drugs, 951 residents (55%) took
laxatives, and 563 residents (33%) took PPIs.

Figure 1 indicates the distribution of residents who developed
diarrhea by week. During the study period, 74 residents developed
diarrhea (4.3%). The incidence rate of developing diarrhea was
59.03 per 1000 person-years (95% CI: 45.58–72.48). Among these
patients, 13 residents were positive for norovirus, all of which
occurred only in December 2019 at a single facility. Other diar-
rhea cases were reported sporadically, and only one resident tested
positive for C. difficile, although a retest was negative. Therefore,
further analyses focused on norovirus-related diarrhea as the
study outcome. The incidence rate of developing norovirus-
related diarrhea was 10.11 (95% CI: 4.61–15.61) per 1000 person-
years.

Table 2 shows the relationship between background character-
istics and the risk of developing norovirus-related diarrhea. Sex
and age did not have a significant relationship with the occurrence
of norovirus-related diarrhea. Compared with residents with care-
needs level 1 or 2, those with care-needs level 3 had a significantly
increased risk of developing norovirus-related diarrhea
(aHR = 7.35, 95% CI: 1.45–37.30).

The risk of norovirus-related diarrhea according to underlying
diseases and prescription drugs is summarized in Table 3. Resi-
dents with hypertension or stroke had a significantly greater risk
of norovirus-related diarrhea (aHR of hypertension = 3.41, 95%
CI: 1.05–11.04, aHR of stroke = 8.84, 95% CI: 2.46–31.83).
Underlying diseases, such as malignancy, kidney disease and liver
disease did not show any relationship with norovirus-related diar-
rhea. Regarding prescription drugs, nine residents with norovirus-

related diarrhea took laxatives (69%), although there was no rela-
tionship with norovirus-related diarrhea.

Table 4 shows the association between the risk of developing
norovirus-related diarrhea and selected variables related to daily
life. After adjustment for sex, age and care-needs level, residents
who used pads had a significantly lower risk of developing
norovirus-related diarrhea (aHR: 0.14, 95% CI: 0.05–0.45),
although the association was not significant in the analysis of only
subjects at the facility where residents developed norovirus-related
diarrhea. In contrast, residents who walked using a cane had a
more than 10-fold risk for norovirus-related diarrhea, with statisti-
cal significance (aHR: 16.68, 95% CI: 1.35–206.52).

Discussion

The present cohort study at Japanese geriatric intermediate care
facilities demonstrated that the incidence rate of norovirus-related
diarrhea is 10.11 per 1000 person-years, and that four characteris-
tics of residents are possible risk factors for norovirus-related diar-
rhea: care-needs level 3, stroke, hypertension and use of a cane
for walking.

The incidence rate of norovirus-related diarrhea in the present
study subjects was much lower than that previously reported in a
prospective cohort study at care homes in England, which found
an incidence rate of 225.2 per 1000 person-years.20 Although the
incidences vary according to the study season, location and popu-
lation, the difference between studies can partly be explained by
the following three reasons. First, epidemics of infectious gastro-
enteritis in the community were low during the study seasons,21

which would have affected our results. At the end of the study
period in 2020, in particular, due to the emergence of the global
COVID-19 pandemic, protective measures for infectious diseases
at the facilities might have been more stringent. The second

Figure 1 Distribution of
residents who developed
diarrhea by week and facility
during the study period. During
the study period (surrounded by
the broken line), 13 residents
were positive for norovirus. No
residents were positive for
norovirus at periods other than
that indicated by the
broken line.
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reason might have been derived from a notable feature of Japanese
geriatric intermediate care facilities; since these facilities are man-
aged by full-time doctors and nurses, they might take more strict
preventive measures against infectious diseases, including
norovirus-related diarrhea. In fact, a previous study indicated that
Japanese geriatric intermediate care facilities pay more careful
attention to dealing with healthcare facility-related infections than
Japanese intensive care homes.22 These characteristics may also
explain why there was no relationship between the number of
roommates and the occurrence of diarrhea. Third, we conducted
tests for norovirus in all patients with diarrhea, which might have
led to early detection of the index case in the facility and earlier
disease control.

Residents with care-needs level 3 were found to have a higher
risk for norovirus-related diarrhea. Typically, patients with care-
needs level 3 can walk with supportive items and can communi-
cate with others.4 Compared with those with care-needs level 4 or
5, they are likely to have a wider range of activities and come in
contact with more people, leading to more opportunities for expo-
sure to pathogens through contact, including norovirus.

The association between hypertension and norovirus-related
diarrhea might be explained by the immune condition of subjects
with hypertension.23 Patients with hypertension have sympathetic
nerve activation and higher levels of noradrenaline secretion,
which suppresses the activation of T cells and cytokine production
in their spleen,24 which might make patients more susceptible to
developing infectious diseases.

In relation to the association between stroke and the risk of
norovirus-related diarrhea, a similar mechanism as with hyperten-
sive patients might be involved, because the incidence of stroke is
higher among patients with hypertension. In a previous study
focusing on immune function in post-stroke patients, two-thirds
of subjects had a history of hypertension.25 In the present study as
well, 56% of residents with stroke had hypertension. Besides, dys-
function of neutrophils and immunodepression mediated by deac-
tivation of monocytes might predispose post-stroke patients to
infections.25,26 Another possible reason for the causality of these
associations could be that some patients with hypertension or
stroke receive assistance in their ADLs, such as meal assistance.
Although these associations were observed after controlling for
care-needs level, residual confounding due to each type of daily
life assistance might have remained. Besides, as far as we know,
the association between hypertension or stroke and infectious
diarrhea is very limited.27,28 This suggests that it would be prudent
to have reservations about these positive relationships.

In terms of cane usage, a retrospective cohort study in Hong
Kong nursing homes indicated that residents who are dependent
on a wheelchair for mobility have an increased risk of developing
norovirus gastroenteritis.29 The authors suggested that indirectly
touching surfaces contaminated with norovirus via the wheel of
the wheelchair accounted for the higher risk, representing a fomite
transmission pathway.30 In the present study facilities, since the
canes belonged to each resident and were not shared, the associa-
tion between norovirus-related diarrhea and cane usage appeared
to reflect indirect contact via walls touched by residents with
infectious diarrhea.

Our study is noteworthy for the following two reasons. First,
this study was conducted over a period of 1.5 years, which
included two epidemic seasons for infectious gastroenteritis. We
confirmed that the incidence of norovirus-related diarrhea in the
study facilities was in parallel with epidemics in the community in
both seasons. Second, in this prospective and active follow-up
survey, all residents who developed diarrhea were tested for
norovirus using kits with high sensitivity and specificity, so that

the actual incidence rate of norovirus-related diarrhea could be
calculated.

However, our study has certain limitations, which would sug-
gest caution when interpreting the results. First, although we
adjusted for possible confounders, the presence of residual con-
founding could not be denied. Due to the low incidence of
norovirus-related diarrhea, multivariate models included an
extremely limited number of factors as confounders, such as sex,
age and care-needs level. Second, since all residents who devel-
oped norovirus-related diarrhea lived in the same facility, the risk
factors presented in the study might also have been affected by the
characteristics of the residents in this facility. To minimize this
effect, however, we separately evaluated the results of residents at
a facility where those with norovirus-related diarrhea lived. Third,
since this study was conducted at a single prefecture in Japan, the
results cannot be generalized. Therefore, future studies in other
regions or other seasons are required to confirm the validity of the
study results.

In conclusion, the present study provides evidence related to
norovirus-related diarrhea in older people who live at geriatric
intermediate care facilities, who are not reported on in national
surveillance systems and have rarely been focused on in previous
studies. The incidence rate of norovirus-related diarrhea among
residents at Japanese geriatric intermediate care facilities during
the study period was lower than expected. However, people with
care-needs level 3, hypertension, stroke and those who used a
cane for walking had a significantly higher risk for developing
norovirus-related diarrhea. These results highlight the disease
burden of norovirus-related diarrhea in geriatric intermediate care
facilities. To prevent a norovirus outbreak in such facilities, the
staff should continue taking standard precautions on a daily basis,
including hygiene control, particularly during nursing care of resi-
dents with high risk factors, and thoroughly disinfecting the hand-
rails and door handles touched by residents using canes with
alcohol. In addition to these basic precautions, when a resident
develops suspected norovirus-positive diarrhea or vomit, following
the facilities’ precautions, the handrails and door handles should
also be disinfected with sodium hypochlorite as soon as possible,
since disinfection with alcohol is known to be less effective for
norovirus.
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