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Abstract

Background Coronavirus disease (COVID-19) continues to be prevalent in 2023, and infection control measures
against it remain important in medical practice. In 2020, we conducted a questionnaire survey mainly on the imple-
mentation of infection prevention measures for patients on hemodialysis under COVID-19 pandemic in Japan. Since
then, vaccination for COVID-19 has been initiated and the outbreak of new variants had occurred. Infection preven-
tion measures at dialysis facilities have possibly changed; therefore, we conducted a follow-up survey.

Methods Between October 11 and November 14, 2022, we distributed a questionnaire survey to 4,198 dialysis facili-
ties in Japan. The survey investigated (i) the characteristics of the facilities, (i) infection prevention measures in routine
dialysis practice, (i) experience in treating COVID-19-positive/suspected dialysis patients, (iv) feasibility of various
isolation measures, (v) nosocomial transmission, (vi) COVID-19 vaccination status, and (vii) impact on medical prac-
tice and economic aspects. We then compared the answers from the previous survey conducted in 2020 with those
of the current survey.

Results Responses were obtained from 1956 facilities (response rate: 46.6%). Overall, 83.5% of the facilities have
examined and treated patients with COVID-19. While the compliance rate improved since the previous survey, it
remained low for some factors such as linen exchange. More than 60% of the facilities reported that they were coping
with a lack of manpower and space for isolation. Most patients at the surveyed facilities were vaccinated for COVID-19;
only 2.8% were unvaccinated. Compared with unvaccinated patients, vaccinated patients had a lower infection rate
(vaccinated 9.2% vs. unvaccinated 41.2%; crude risk ratio [RR] 0.22; 95% confidence interval [Cl] 0.22-0.23; p<0.001)
and mortality rates (vaccinated 0.3% vs. unvaccinated 6.6%; crude RR 0.05; 95% Cl 0.04-0.06; p < 0.001).

Conclusion The implementation rates of most of the infection prevention measures improved compared to those
in the previous survey. However, labor shortages, lack of space, and problems coordinating with other medical
facilities remain a challenge. COVID-19 vaccination was significantly associated with reduced infection and mortality
in Japanese patients on hemodialysis, which should be confirmed by further studies with confounding adjustment.
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Background

As of January 2023, more than three years have passed
since the outbreak of the coronavirus disease (COVID-
19), caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), in China at the end of
2019. However, the disease remains a pandemic and
continues to have a significant impact on the care of
patients on dialysis [1-3]. Patients on hemodialysis
are in the clinic three times a week, and contact a large
number of people, leading to a higher risk for infection
and death than the general population [4-10]. Thus,
coping with and preventing the spread of COVID-
19 during dialysis treatment is clinically and socially
important.

Previously, we conducted a nationwide question-
naire survey on COVID-19 prevention and treatment
systems in hemodialysis and nephrology facilities
between October 20 and November 16, 2020 (between
the second and third waves in Japan) and reported on
the infection prevention measures and medical prac-
tice of 2227 out of 4198 Japanese dialysis facilities
(response rate: 53%) [11, 12]. In the survey, we reported
the low compliance rate of some components related
to infection prevention measures, feasibilities regard-
ing isolation protocols, and number of nosocomial
transmissions.

After the previous survey, vaccination, a new meas-
ure against COVID-19 infection, was adopted [13,
14]. Simultaneously, there was a marked increase in
the number of COVID-19 cases worldwide due to the
emergence of various variants, especially the highly
infectious Omicron variant during the sixth wave in
Japan [15, 16], and it also affected patients under hemo-
dialysis [17]. Considering that these changes occurred
after the previous survey, it seems likely that infection
prevention measures and medical care at dialysis facili-
ties have changed. However, no nationwide surveys on
infection prevention measures among dialysis facilities
have been reported since our last survey.

Recently, a follow-up survey was conducted between
October 11 and November 14, 2022 (between the sev-
enth and eighth waves in Japan) at dialysis facilities
belonging to the Japanese Association of Dialysis Phy-
sicians (JADP) and the Japanese Society for Dialysis
Therapy (JSDT). Our study goal was to identify current
issues in infection prevention by re-examining items
on infection prevention measures in the previous sur-
vey and to determine the feasibility of various isolation

protocols. Additionally, we explored vaccination status
of Japanese hemodialysis patients and the impact of
COVID-19 on medical and economic aspects at each
facility.

Methods

Surveyed facilities

This survey was conducted in cooperation with the
COVID-19 task force committee established by JADP,
JSDT, and the Japanese Society of Nephrology, and sev-
eral authors of this report are members of the committee
[6, 11]. As in the previous survey, the current survey was
conducted among dialysis facilities in Japan (n=4198)
belonging to the JADP and/or JSDT, which are the pre-
eminent societies representing dialysis therapy in Japan
[11].

Development of the questionnaire

The questionnaire used in this study is shown in Addi-
tional file 2 and Additional file 3 (Japanese version and
English translation). The questionnaire consists of seven
parts as follows: (i) the characteristics of the facilities
(four questions, no. 1, no. 2, no. 4, and no. 5); (ii) infec-
tion prevention measures in routine dialysis practice (11
questions, nos. 6-16); (iii) experience in treating COVID-
19 positive/suspected dialysis patients (four questions,
nos. 17-20); (iv) feasibility of various isolation measures
(seven questions, nos. 21-27); (v) nosocomial transmis-
sion in dialysis units (three questions, nos. 28-30); (vi)
COVID-19 vaccination status (13 questions, nos. 31-43);
and (vii) impact on medical care and economic aspects
(four questions, no. 3 and nos. 44-46). Questions (i)—(v)
were similar to those in the previous survey. The ques-
tions on infection prevention measures were prepared
using the infection prevention checklist of the JADP
“Guidelines for standard dialysis operations and infection
prevention in dialysis facilities” (5th edition) [18]. Mean-
while, questions (i) no. 2, (ii) no. 15 and no. 16, (iii) no.
19 and no. 20, (vi), and (vii) are new items for this sur-
vey, not mentioned in the guideline. They are included
because the recommendation and implementation of
these items started during the Omicron strain’s pandemic
(the sixth wave) in Japan [19].

In addition, we made minor changes, as follows. Ques-
tion (i) no. 5 previously asked each facility about the
number of patients undergoing dialysis per day; in the
current survey, the question was revised to ask for the
number of patients undergoing dialysis per week. In
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question (ii) no. 13, “Linens are changed for each patient”
was changed to “Linens are changed for each patient, or
non-permeable bed mats are used, and the dialysis envi-
ronment is disinfected between each patient”.

We used the criteria proposed by the Japanese Ministry
of Health, Labour and Welfare for the duration of treat-
ment of patients with COVID-19 and for the termina-
tion of isolation: “Day 0 is the day of onset of COVID-19
(the day on which symptoms associated with infection
appeared), 10 days have passed since Day 1, and 72 h have
passed after symptoms abated” [20]. Additionally, since
the definition of nosocomial transmission of COVID-19
has not been established [21], we defined it as horizon-
tal transmission of COVID-19 among staff members and
patients at a facility.

Data collection

The questionnaires were mailed to the eligible facilities,
and e-mails requesting responses were sent from the two
related academic societies (JADP and JSDT). One person
from each facility (physician, nurse, medical technician,
medical office worker, etc.) was asked to respond to the
questionnaire as the representative of the facility. This
questionnaire could be answered either anonymously
or non-anonymously. Non-anonymous responses were
checked for duplicates; if duplicates were found, only the
most recent response was considered valid. The response
period was between October 11 and November 14, 2022
(between the seventh and eighth waves in Japan). The
questionnaire could be answered either by sending a fax
or by filling out an online form.

Data analysis
Continuous values were expressed as mean + standard
deviation or median (interquartile range), while binary
values were expressed as proportion (%). Data obtained
in the previous survey and in this survey were compared
in the main analysis regarding the implementation status
of infection prevention measures. In the previous sur-
vey, we examined the implementation status of infection
prevention measures before the outbreak of COVID-19
and in 2020 (after the outbreak) [11], which would be
partly re-shown in the result section of the current paper.
The current study used chi-squared test to compare the
results between the 2020 and 2022 surveys. If the same
or similar question was asked in the previous survey, sen-
sitivity analysis using McNemar’s test was conducted on
facilities that responded to both previous and current
surveys. The sub-group analyses using chi-squared test
were also conducted by clinics and hospitals, separately.
The number of COVID-19 vaccine recipients was
calculated by subtracting the number of unvaccinated
patients ([vi] no. 38) from the number of dialysis patients
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treated per week ([i] no. 5) in the facilities that responded
to the questionnaire. Each institution was requested to
provide the number of infections and deaths in vacci-
nated and unvaccinated groups. We then investigated
the COVID-19 infection and death rates in both groups
(data on individual cases was not collected). Additionally,
the chi-squared test was used to compare the COVID-19
infection and death rates between vaccinated and unvac-
cinated individuals.

A small number of unreasonable or inconsistent
answers (e.g., the number of dialysis patients receiving
vaccines were larger than the total number of dialysis
patients in a facility) were excluded from each question.
All statistical analyses were performed using JMP Pro
16.2.0 (SAS Institute Inc., Cary, North Carolina, USA)
software.

Results

Characteristics of the facilities

Responses were obtained from 2046 out of 4198 facilities,
of which 264 facilities responded anonymously. Exclud-
ing 90 responses that were either duplicates or exclusions
(not a member facility of either JADP or JSDT), responses
from 1956 facilities (response rate: 46.6%) were included
in the analysis. Overall, 1060 facilities (54.2%) responded
to both current and previous surveys. The response rate
(40-58%) was not very different by region: Hokkaido,
39.4%; Tohoku, 47.6%; Kanto (other than Tokyo), 51.7%;
Tokyo, 58.2%; Chubu, 45.6%; Kinki, 39.7%; Chugoku,
46.7%; Shikoku, 45.9%; Kyushu, 41.7%; and Okinawa,
43.1%.

Of the responding facilities, 51.7% were clinics (<20
inpatient beds), 47.6% were hospitals (>20 inpatient
beds), and the remaining 0.6% were neither. This ratio
was approximately similar to JSDT’s 2021 data [22].

Infection prevention measures in routine hemodialysis
practice
Survey results on bed spacing at each facility are sum-
marized in Fig. 1. A comparison between the 2020 and
2022 surveys showed an increase from 31.4 to 39.5% in
facilities with a bed spacing of > 1 m and a corresponding
decrease from 58.1 to 49.0% in facilities with spacing of
70-99 cm (p<0.001). However, the proportion of facili-
ties with beds spaced <70 c¢cm apart did not significantly
change before the outbreak, in 2020, and in 2022. Simi-
lar findings were also obtained in the sensitivity analysis
restricted to institutions contributing to both surveys
(Additional file 1: Table S1). In the sub-group analy-
ses, both hospitals and clinics showed similar changes
between 2020 and 2022 (Additional file 1: Table S2).

The results on the implementation of infection preven-
tion measures are listed in Table 1 (note that in Table 1,
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Fig. 1 Differences in bed spacing during periods of outbreak at each dialysis facility. Each facility is placed into one of the three bed-spacing
categories, and the ratio of each is shown at three time points: before the pandemic occurred, in 2020 (previous survey), and in 2022 (current
survey). The results in 2020 and 2022 were compared by chi-squared test. *p <0.05

Table 1 Implementation status of infection prevention measures at each dialysis facility before the outbreak of COVID-19, in 2020
(previous survey), and in 2022 (current survey)

Q Questions Implementation rate p value
Before the In 2020 In 2022
outbreak of (Previous (Current
COoVID-19 survey) survey)
N=2227 (%) N=2227 (%) N=1956 (%)
1 Staff members with symptoms of infection such as fever and diarrhea are examined 1559 (70.0) 2092 (93.9) 1831 (93.6) 0.661
by a doctor whether they can work or not before entering the dialysis room
2 Staffs who perform initiating and terminating operation are wearing masks 1937 (87.0) 2186 (98.2) 1952 (99.8) <0.001
3 Staffs who perform initiating and terminating operation are wearing disposable, 1291 (58.0) 1472 (66.1) 1496 (76.5) <0.001
non-permeable gowns or plastic aprons
4 Staffs who perform initiating and terminating operation are wearing goggles or face 1145 (51.4) 1648 (74.0) 1674 (85.6) <0.001
shields
5 Patients are checked for their temperature and symptoms to confirm that they 1199 (53.8) 2095 (94.1) 1864 (95.3) 0.079
do not have a suspected infection, before entering the dialysis room
6 Patients with suspected infection are observed before entering the room, and infec- 1601 (71.9) 2141 (96.1) 1910 (97.6) 0.005
tion measures are modified according to their condition
7 Linens are changed for each patient, or non-permeable bed mats are used 653 (29.3) 765 (34.4) 1004 (51.3) <0.001
and the dialysis environment is disinfected between each patient
8 Items that are frequently touched by patient’s and staff's hands (e.g., doorknobs) are 1165 (52.3) 2007 (90.1) 1757 (89.8) 0.751

wiped or disinfected several times a day

Values in boldface type are significant (p <0.05). Abbreviation: Q.: question number, COVID-19, coronavirus disease. Note: the sentence about non-permeable bed
mats was added to Q. 7 for this survey; hence, facilities using them may have also been added to those changing linen after each patient
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(ii) nos. 7-14 from Additional file 2 and Additional file 3
have been changed to Q. 1-8). Because these items are all
included in the JADP guidelines, the target implementa-
tion rate of 100% is desirable [18]. There were no items
for which the implementation rate was significantly lower
in this survey as compared to the previous survey. Signifi-
cantly more facilities as compared to the previous survey
complied with the following statements: “use of per-
sonal protective equipment (PPE)” (masks: Q. 2; 98.2%
previous, 99.8% current, p<0.001), disposable gowns
or plastic aprons (Q. 3; 66.1% previous, 76.5% current,
p<0.001), goggles or face shields (Q. 4; 74.0% previous,
85.6% current, p<0.001); “Patients with suspected infec-
tion are observed before entering the room, and infection
measures are modified according to their condition” (Q.
6; 96.1% previous, 97.6% current, p=0.005); and “Lin-
ens are changed for each patient, or non-permeable bed
mats are used, and the dialysis environment is disinfected
between each patient” (Q. 7; 34.4% previous, 51.3% cur-
rent, p<0.001). Sensitivity analysis showed significant
differences between the previous and current surveys
on all main questions except for Q. 6 (Additional file 1:
Table S3). In the sub-group analyses, the trends were
similar among hospitals and clinics (Additional file 1:
Table S4). Meanwhile, clinics significantly improved the
implementation rates for Q.3 “Staffs who perform initi-
ating and terminating operation are wearing disposable,
non-permeable gowns or plastic aprons” (50.5% previ-
ous, 64.8% current, p<0.001) and Q.4 “Staffs who per-
form initiating and terminating operation are wearing
goggles or face shields” (65.9% previous, 79.0% current,
p<0.001), although they were still lower than those of
hospitals in 2022 (89.0% and 92.7%, respectively).

As for the new items in this survey, 97.0% and 99.0%
of the facilities responded positively to no. 15 (“Staff
members are instructed to refrain from talking when
unmasked in the dining area”) and no. 16 (“Patients
are actively instructed to wear masks during dialysis”),
respectively. It suggested that most dialysis facilities are
implementing these measures, although these are not
mentioned in the guideline.

Experience in treating COVID-19-positive/suspected
dialysis patients

The number of dialysis facilities with experience
of examining and treating patients with suspected
COVID-19 increased from 58.2% in 2020 to 97.1% in
2022. Furthermore, 83.5% of facilities had experience
in treating COVID-19-positive dialysis patients with
a significant increase from 12.6% in the previous sur-
vey. The number of facilities with experience treating
patients with COVID-19 increased significantly from
a median of 1 (interquartile range: 1-2; whole range,
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1-20 patients) in the previous study to a median of 8
(interquartile: 4—14; whole range, 1-269 patients) in
the current study.

Of the 18,459 patients diagnosed with COVID-19 at
1713 facilities that provided valid responses, more than
half (n=12,700, 68.8%) completed dialysis treatment
exclusively at the responding facility during their iso-
lation period, while 5165 (28.0%) were transferred to
other facilities to complete treatment. There were also
some patients who, after being diagnosed at their own
facilities, were treated at other hospitals, then returned
to their own facilities during the isolation period and
spent the remainder of their time receiving dialysis
under isolation (n=594; 3.2%). Comparing hospitals
and clinics, hospitals were significantly more likely to
complete dialysis treatment exclusively at their facilities
than clinics (p <0.001) (Additional file 1: Table S5).

Feasibility of various isolation measures

Figure 2 shows comparisons between the previous and
current surveys on the feasibility of various isolation
measures. There were significant increases in the num-
ber of facilities that were able to perform isolated dialy-
sis using private rooms (52.6% previous, 64.0% current,
p<0.001) and those that can separate staff who do and
do not cater to COVID-19 cases (75.4% previous, 80.4%
current, p<0.001). However, the number of facilities
that could separate patients to be in different time slots
(91.1% previous, 82.5% current, p<0.001) decreased.
There was no change in the ratio of facilities that were
able to implement separation of space between the pre-
vious (93.9%) and current (94.4%) surveys. Sensitivity
analysis also showed no significant differences between
the results of the two surveys (Additional file 1:
Table S6). In the sub-group analysis, the trends were
generally similar among hospitals and clinics (Addi-
tional file 1: Table S7).

Despite a decrease in the number of responding facili-
ties, the number of available private rooms increased by
478, from 2036 (2227 facilities) in the previous survey to
2514 (1956 facilities) in this survey. On sensitivity anal-
ysis, of the 1060 facilities, the number of private rooms
increased by 325, from 1009 in the previous survey to
1334 in this survey.

In the previous survey, 73.3% of facilities responded
that they were at capacity and could not accept any
COVID-19-positive  patients,  which  significantly
decreased to 14.9% in this survey. In the question to
select the strongest reason as preventing them from
accepting more patients with COVID-19, 53.9% of the
facilities selected “lack of isolation space’, and 35.7%
selected “lack of manpower” (Fig. 3).
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Fig. 2 Distribution of feasibility of various isolation measures for suspected/diagnosed cases of COVID-19. In addition to showing the distribution
of the feasibilities of four isolation measures in dialysis facilities, a comparison of the ratio of facilities responding with “feasible and/or performed”
ornot feasible” between the previous survey (in 2020) and the current survey (in 2022) was conducted by chi-squared test. The black bar is the
percentage of facilities where preventive measures cannot be implemented. *p <0.05. Abbreviations: COVID-19, coronavirus disease
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Fig. 3 The strongest reason for preventing each facility from accepting any more patients with COVID-19. This figure shows the number
and percentage of responding facilities that reported the strongest reason as preventing them from accepting any more patients with COVID-19
(single answer question). Abbreviations: COVID-19, coronavirus disease
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Nosocomial transmission in dialysis rooms

In the current survey, 626 facilities (32.0%) reported
experiencing nosocomial transmission, a marked
increase from the previous survey (4.0%). There were
10,059 COVID-19 infected cases by nosocomial trans-
mission among the 557 facilities that provided informa-
tion on the number of staff members and patients, with
4404 (43.8%) infections among staff members and 5655
(56.2%) among patients. Figure 4 shows the number of
staff members and patients among the total number of
nosocomial transmissions at each facility. There were
significant decreases in the percentage of staff mem-
bers among COVID-19-infected persons by nosocomial
transmission (51.9% previous, 43.8% current, p<0.001).
Additionally, the average number of nosocomial trans-
missions significantly increased from 7.8 + 1.2 individuals
in the previous survey to 18.1+ 1.2 individuals in this sur-
vey (p<0.001).

COVID-19 vaccination status

Overall, 83.7% of the facilities answered that they were
able to ascertain their vaccination status and record
it where it can be easily retrieved. Of the 164,095

250

200

150

100

a
o

No. of Infected persons pre facility

0 —

Page 7 of 11

patients undergoing dialysis in 1,620 responding facili-
ties, 159,555 (97.2%) were vaccinated for COVID-19,
while only 4,540 (2.8%) were unvaccinated. When asked
whether they recommended vaccination to patients,
95.0% of facilities responded positively. However,
most facilities (91.0%) cited “Patient does not want to
get vaccinated” as the reason given by unvaccinated
patients.

The results of a comparison of deaths due to COVID-
19 between unvaccinated and vaccinated patients are
summarized in Table 2. Compared with unvaccinated
patients, vaccinated patients had a lower infection rate
(vaccinated 9.2% vs. unvaccinated 41.2%; crude risk
ratio [RR] 0.22; 95% confidence interval [CI] 0.22-0.23;
p<0.001) and mortality rates (vaccinated 0.3% vs.
unvaccinated 6.6%; crude RR 0.05; 95% CI 0.04—0.06;
p<0.001). The mortality rate of infected patients of
COVID-19 in the present study (3.5% for vaccinated
and 16.1% for unvaccinated) was similar to that in
another Japanese study that collected data on individ-
ual patients (2.1% for vaccinated and 14.3% for unvac-
cinated) [17].

m No. of infected patients
No. of infected staffs

Fig. 4 Number of affected patients/staff members in facilities with nosocomial transmission of COVID-19. The number of cases of nosocomial
transmission of COVID-19 in the 557 facilities that responded with details on the number of infections is indicated by color: black (patients)
and white (staff members). Each facility is represented on the horizontal axis, with a total of 557 bar graphs shown. Abbreviations: COVID-19,

coronavirus disease

Table 2 Comparison of COVID-19 infections, COVID-19-related deaths, and deaths among vaccinated and unvaccinated patients

Total number of COVID-19 vaccine Risk ratio (95% Cl) P value
patients N=164,095
Vaccinated Unvaccinated
N=159,555 N=4540
Number of COVID-19 infections, n (%) 16,628 (10.1) 14,758 (9.2) 1,870 (41.2) 0.22 (0.22-0.23) <0.001
Number of COVID-19-related deaths, n (%) 820 (0.5) 519 (0.3) 301 (6.6) 0.05 (0.04-0.06) <0.001
Deaths/Infections, % 49 35 16.1 0.22 (0.19-0.25) <0.001

Values in boldface type are significant (p <0.05). Abbreviation: COVID-19, coronavirus disease, Cl; confidence interval
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Impact on medical practice and economic aspects
Regarding the impact of COVID-19 on medical prac-
tice and economic aspects of each dialysis facility,
when each facility was questioned about the problems
caused by COVID-19 (multiple responses allowed),
the majority responded “Staff members shortage”
(69.0%) and “No space for isolation” (66.0%), while
37.6% answered “Collaborating with other hospitals to
treat complications, etc., is more difficult than before”
Other responses included “Hospital/clinic management
has worsened” (18.2%); “Increased problems between
patients and staff members, and between patients, etc”
(10.4%); and “Lack of PPE” (8.2%). Meanwhile, 8.5% of
facilities responded that “There are no problems”

Regarding the cost of implementing COVID-19 meas-
ures, the cost of facility renovation and large equip-
ment installation was ¥1,000,000 per facility (quartile:
¥320,000-3,000,000). Specific costs included construct-
ing additional private rooms (negative pressure rooms),
installation of ventilation equipment, circulators, poly-
merase chain reaction testing machines, and body tem-
perature sensors. Furthermore, responses showed that
the median monthly maintenance cost for COVID-19
measures was ¥100,000 (quartile: ¥50,000—-250,000) per
facility; this includes the cost of purchasing PPE and
disinfectants as well as additional labor costs. While
supplementary funding for providing COVID-19 medi-
cal examination and treatment can be obtained by an
application to the government (Additional Funds for
Infection Prevention Measures, Additional Funds for
Outpatient Infection Prevention Measures) [23], 44.6%
of facilities did not apply for additional medical fee.

Discussion

We conducted a follow-up survey on the current imple-
mentation status of infection prevention measures in
dialysis facilities across Japan and obtained data that
may be representative of Japan’s dialysis care. Com-
pared to that at two years ago, the number of facilities
that examined and treated COVID-19-positive dialysis
patients and/or experienced nosocomial transmissions
increased as did the number of facilities that imple-
mented thorough infection prevention measures and
added isolation spaces. However, the survey also high-
lighted current challenges in implementing infection
prevention measures, namely a lack of isolation space
and personnel. Furthermore, while most patients on
dialysis had been vaccinated against COVID-19, the
significantly higher COVID-19 infection and mortal-
ity rates among unvaccinated patients underscores the
importance of vaccination.
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Following the outbreak of the highly infectious Omi-
cron strain, the results of this survey showed that the
number of patients with suspected and confirmed
COVID-19 who underwent medical care at each facil-
ity markedly increased since the previous survey. More
than half of the facilities completed dialysis treatment
exclusively at the responding facility during their isola-
tion period, which was more common in hospitals than
in clinics. Possible reasons for this include the fact that
it has been approximately three years since the emer-
gence of COVID-19; hence, facilities may have adapted
their treatment practices. Additionally, they may have
been forced to respond to the COVID-19 outbreak
because they could not find a place to transfer their
patients.

The Omicron strain (dominant in the sixth wave in
Japan), which has become prevalent since the last survey,
was reported to be more infectious with increased cases
of nosocomial transmissions, especially among health-
care workers [24], though it has lower mortality rate than
the Delta strain [8, 25]. In the current survey, the number
of nosocomial transmissions in each facility increased,
but the proportion of transmission of COVID-19 to staff
members significantly decreased. This may suggest that
staff members are implementing infection prevention
measures more effectively than that earlier. However,
nosocomial transmissions still occur, emphasizing the
difficulty of controlling the spread of COVID-19 in medi-
cal facilities. The nosocomial transmission of COVID-
19, in addition to directly impacting affected patients,
decreases the level of medical care available for other
patients by reducing the number of available staff mem-
bers. Therefore, facilities must remain vigilant in prevent-
ing future outbreaks of nosocomial transmission.

In the items of the infection prevention measures and
various isolation measures, we found that compliance
rates and the feasibility of each item improved as sup-
ported by the evidence in the increase in the number of
private rooms, allotment of isolation environments, and
implementation of other measures. These may be due to
the increase in the number of facilities that need to com-
plete treatment in-house because of the increasing num-
ber of patients with COVID-19 as well as the increased
awareness of infection prevention measures, resulting in
their implementation. Despite being recommended by
the JADP guidelines, Q. 7 (“Linens are changed for each
patient”) was only implemented by 34.4% of facilities as
of 2020 [18]. One possible reason for the low implemen-
tation rate is the non-trivial amount of time and effort
it requires to change linens for each patient. Recently,
some facilities have used non-permeable bed mats with
environmental disinfection using sodium hypochlo-
rite. These bed mats have the advantage of being easily
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applicable to all patients without the need to change lin-
ens for each patient; accordingly, an item related to this
was added to this survey. As a result, the implementation
rate increased to 51.3%.

More than half of the facilities had problems with lack
of sufficient isolation space and personnel as a result of
the COVID-19 outbreak. The ratio of facilities with bed
spacing of < 70 cm remained unchanged from that in the
previous survey. Furthermore, the number of facilities
that reported difficulties in separating patients to differ-
ent time slots significantly increased by approximately
10% from the previous survey. Regarding the lack of
space, Japan has a high population density, and compara-
tively few facilities are built on large sites; consequently,
as the number of COVID-19 cases increased, many facili-
ties struggled to provide private isolation spaces. Since
fewer clinics can implement separation using private
rooms compared to hospitals, separation using space
was implemented instead. To compensate for the lack of
space, it is necessary to implement other measures, such
as temporal isolation, separation of staff members, or
transfer to facilities with adequate isolation space. How-
ever, this presents other challenges, such as increased
costs and the need to coordinate with other facilities,
which may be difficult for a single facility to handle.

As for costs, the current survey revealed that facili-
ties incurred high capital investment costs and that they
continue to incur running costs. Although additional
medical fee is available for providing COVID-19 medical
examination and treatment [23], many facilities do not
apply for these, which may not be sufficient compensa-
tion for the cost burden. Approximately half of the facili-
ties did not apply for the additional medical fee for two
possible reasons: they did not know they could apply,
and they did not meet the application requirements.
To better cope with the COVID-19 outbreak and other
infectious diseases in the future, it is necessary for each
facility to devise an appropriate isolation policy that is
both clinically and economically sustainable. Moreover, a
framework for sharing such measures would likely be a
valuable addition as well.

This study showed that more patients on dialysis in
Japan had received the COVID-19 vaccine compared
to the general population in Japan (overall, 80.9% and
elderly, 92.8%), and vaccination was significantly associ-
ated with a lower risk for infection and mortality [26].
In another survey of the general population in Japan
conducted in December 2022, the overall infection rate
of COVID-19 was 25.9%, with 17.3% among those aged
60-70 years, corresponding to the mean age of dialysis
patients (69.7 years) [22, 27], which was higher compared
to our study. It should be noted, however, that in the
study in the general population, asymptomatic infection
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(N-antibodies positive) was also treated as having a his-
tory of COVID-19 infection. Although some studies
found that patients on dialysis have a reduced response
to vaccines as compared to patients not on dialysis [8,
28, 29], COVID-19 vaccination is still recommended as
it reduces infection and mortality rates in patients on
dialysis [30—33]. These results including ours suggest that
unvaccinated patients should be followed up more care-
fully. However, because this study did not collect data
on patient-specific background factors, we cannot rule
out the possibility of other confounding factors between
vaccinated and unvaccinated patients; further research is
needed to examine causal relationship between vaccina-
tion and outcomes of COVID-19 in dialysis patients.

Regarding the questionnaire respondents, while the
response rate of this study was lower than that in the
previous survey, responses were still obtained from close
to half of the facilities, and the percentage of responding
regions (previous: 48.9-66.2% in all prefectures nation-
wide) as well as the ratio of hospitals to clinics (previ-
ous: 48.7% hospitals, 50.8% clinics) in this survey were
similar to those of the previous survey. It suggested that
the responding population was similar in both surveys.
Furthermore, in this survey, we confirmed real-world
changes over the past two years by conducting a sensi-
tivity analysis using the paired test for the facilities that
responded to both surveys.

We acknowledge several limitations of this study.
Although the response rates did not differ significantly
by region, the survey response rate was modest at 46.6%,
and the representativeness of the facilities participating
in the survey is unknown. It is possible that the facilities
that responded to the questionnaire are generally better
equipped and prepared for COVID-19 infections in addi-
tion to being more proactive about infection prevention
measures than other facilities. Additionally, because it
was a questionnaire survey, it is possible that recall bias
and erroneous answers may have been included in the
results.

Conclusion

The results of this nationwide survey showed that the
awareness of infection prevention measures against
COVID-19 improved at each facility, and it seems that
efforts are being made to create isolation spaces. How-
ever, there were still facilities where sufficient infection
prevention measures could not be implemented because
of a lack of available space and labor shortages. We also
showed that COVID-19 vaccination was significantly
associated with reduced infection and mortality in Japa-
nese patients on dialysis, though potential confound-
ers were unadjusted. The results of this study will help
improve dialysis treatment as well as infection prevention
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measures in the case of future pandemics of COVID-19,
as well as new infectious diseases.
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