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Introduction: To assess the impact of the COVID-19 pandemic impact on hemodialysis (HD) centers, The

Dialysis Outcomes and Practice Patterns Study and ISN collaborated on a web-survey of centers.

Methods: A combined approach of random sampling and open invitation was used between March 2020

and March 2021. Responses were obtained from 412 centers in 78 countries and all 10 ISN regions.

Results: In 8 regions, rates of SARS-CoV-2 infection were <20% in most centers, but in North East Asia (NE

Asia) and Newly Independent States and Russia (NIS & Russia), rates were $20% and $30%, respectively.

Mortality was $10% in most centers in 8 regions, although lower in North America and Caribbean (N

America & Caribbean) and NE Asia. Diagnostic testing was not available in 33%, 37%, and 61% of centers

in Latin America, Africa, and East and Central Europe, respectively. Surgical masks were widely available,

but severe shortages of particulate-air filter masks were reported in Latin America (18%) and Africa (30%).

Rates of infection in staff ranged from 0% in 90% of centers in NE Asia to $50% in 63% of centers in the

Middle East and 68% of centers in NIS & Russia. In most centers, <10% of staff died, but in Africa and

South Asia (S Asia), 2% and 6% of centers reported $50% mortality, respectively.

Conclusion: There has been wide global variation in SARS-CoV-2 infection rates among HD patients and

staff, personal protective equipment (PPE) availability, and testing, and the ways in which services have

been redesigned in response to the pandemic.

Kidney Int Rep (2022) 7, 397–409; https://doi.org/10.1016/j.ekir.2021.12.011

KEYWORDS: advocacy; chronic dialysis; nephrology

ª 2021 International Society of Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
HD
centers are especially vulnerable during the
COVID-19 pandemic because patients regu-

larly come into close contact with each other (in transit
spondence: Fergus J. Caskey, Population Health Sciences,

l Medical School, University of Bristol, Bristol, UK. E-mail:

.caskey@bristol.ac.uk

nd FJC contributed equally as senior authors.

ved 17 November 2021; accepted 6 December 2021;

hed online 13 December 2021

International Reports (2022) 7, 397–409
to and from the center, while waiting to start dialysis,
and while being dialyzed) and staff.1 Dialysis patients
are at particularly high risk of developing COVID-19
and subsequently dying.2 The incidence of SARS-
CoV-2 infection has been reported to vary from 1.0%
to 19.9% of the dialysis population, with case fatality
reported to range from 0% to 30.5%.3–15

Several organizations have developed guidelines on
how to mitigate the spread of SARS-CoV-2 in dialysis
397
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Figure 1. Timeline of survey deployment. China was surveyed in
April 2020/May 2020, randomly selected centers were surveyed in
November 2020 to March 2021, and the survey was advertised via
social media in March 2021. DOPPS, Dialysis Outcomes and Practice
Patterns Study.
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centers.16–20 Globally, HD centers have had to rapidly
adopt new infection prevention and control and coro-
navirus testing policies and adapt established dialysis
practices to safeguard patients and staff while still
supporting continuation of dialysis services, depend-
ing on local resources.21 The ISN has advocated for
equitable access to kidney care and has highlighted
challenges that some regions are facing.16

We leveraged the ISN’s network of national
nephrology societies and registries to understand the
impact of the pandemic on HD centers across the
world. We adopted a novel strategy to lessen survey
response bias, cultivated over the past 25 years by the
Dialysis Outcomes and Practice Pattern Study
(DOPPS),22 to randomly sample centers to provide an
understanding of the impact of the COVID-19 pandemic
on HD centers and services from frontline providers.
The experience of peritoneal dialysis centers and
comparisons between low- and middle-income coun-
tries and high-income countries are explored in com-
panion manuscripts.

METHODS

Survey Development and Validation

An initial survey to assess the impact of COVID-19 on
dialysis services was developed by DOPPS investigators
and administered in May 2020 to June 2020 to sites
participating in DOPPS phase 7 (HD centers in Gulf
Cooperation Council, USA, China, and 7 European coun-
tries) andPDOPPS(peritonealdialysis centers inThailand
and SouthKorea). InMay 2020, DOPPS and ISN agreed to
collaborate in revising and extending the survey to
countries not participating in DOPPS. The survey was
reviewed by clinicians working in low- and middle-
income countries, and questions relevant to these set-
tings were added (additional questions) or adapted
(additional response options). Pilot testing was then
performed by purposively sampled nephrology col-
leagues working in a range of settings, with an average
survey completion time of 30 minutes for the main
questions. After professional translation into French,
Russian, and Spanish, the survey was deployed in Sur-
veyMonkey (www.surveymonkey.com).Theformatwas
specifically designed to be user-friendly and completed
on a desktop computer, tablet, or smartphone. Comple-
tion was voluntary, and no compensation was provided.

Sampling of Countries and Invitation of

Countries and Individual Dialysis Centers

The adapted survey was subsequently disseminated
through2additional stages,detailed in theSupplementary
Methods (Supplementary Appendix S2). In stage 1, indi-
vidual centers were selected from a list of centers in that
country,providedbyISNmember-societies. Forcountries
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with>40 centers nationwide, 20 centers stratified by re-
gion and dialysis patient population, were randomly
selected. In stage 2, an open invitation of the survey was
advertised via social media. This second stage was added
after we noted that responses from many important
countries and centers within countries were not received
despite extensive efforts to engage with country and re-
gion societies and email reminders.

Ethics Approval

The ethical and independent review services approved
this study (IRB000007807). The confidentiality state-
ment is included in Supplementary Appendix S1.

Data Analysis

For the primary analysis, responses obtained through
the representative (stage 1) and the open invitation
samples (stage 2) were combined and presented strati-
fied by ISN region (Africa, Eastern and Central Europe
[E&C Europe], Western Europe [W Europe], Middle
East, NIS & Russia, NE Asia, S Asia, South East Asia
and Oceania [SE Asia & Oceania], N America & Carib-
bean, and Latin America). A timeline of the different
survey stages is summarized in Figure 1. Quantitative
differences between the responses received by the 2
approaches were explored in secondary analyses.

Descriptive statistics (counts and proportions, median
[interquartile range]) were calculated, as appropriate.
Complete case analyses were performed; nonmissing
counts of responses are detailed in the first row of tables
and adjacent to the respective region in figures. All an-
alyses were performed using SAS software, version 9.4
(SAS Institute Inc., Cary, NJ). The CONSORT checklist is
provided in Supplementary Appendix S4.

RESULTS

Country Outreach and Responses Received

Lists of dialysis centers were received for sampling
from 47 countries (Figure 2), with relatively good
Kidney International Reports (2022) 7, 397–409
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DOPPS survey
China

1 country
42 responses

Stage 2
At least 1 response

78 countries

78 countries

412 total
responses

152 responses

Stage 1
At least 1 response

43 countries
222 responses

represented

ISN-DOPPS
open invita�on

ISN-DOPPS
random sampling

(113 countries)

Excluded
34 non-responses
10 declined to par�cipate
5 no HD unit list

Figure 2. Flowchart of country outreach and participation. Of the 113 invited countries for which ISN held contact information, 64 were
interested. Of these, only 47 provided lists or directly invited units themselves (n ¼ 13). Only 43 of 47 countries responded to the survey. DOPPS,
Dialysis Outcomes and Practice Patterns Study.
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representation of several ISN regions: E&C Europe
(65% of countries of this region), S Asia (56%), Latin
America (48%), and W Europe (50%). Combining these
responses with those from the open invitation and the
China-DOPPS survey yielded 412 responses: represen-
tative sample 222, open invitation 152, and China-
DOPPS 42. The highest number of responses was
from Africa (n ¼ 76, 18 countries).

The characteristics of responding centers are pre-
sented by ISN region in Table 1. Most centers (79%)
were located in an urban area, except in N America &
Caribbean, where only 29% were in an urban area,
with 32% in a suburban area and 39% in a rural area.
Pediatric services were represented in 30% of
responding centers (28% combined with adult services
and 2% pediatric only), with this rising to 66% in
Africa (63% combined with adult services and 3%
pediatric only). Characteristics of the survey re-
spondents are presented in Supplementary Table S1.
Burden and Fatality Among In-Center HD

Patients

In 8 of the 10 ISN regions, rates of confirmed or sus-
pected SARS-CoV-2 infection were reported to
be <20% in the majority of centers; this included NE
Asia, where the vast majority of centers reported no
infections. The regions with higher rates were the
Middle East, where the majority reported rates $20%,
and NIS & Russia, where the majority reported
rates $30% (Figure 3). In terms of severity of SARS-
CoV-2 infection, the most commonly reported rate of
hospitalizations was $50% in all regions (Figure 4).
Kidney International Reports (2022) 7, 397–409
Patient mortality was reported to be $10% in
>60% of centers in 8 of the 10 ISN regions, the ex-
ceptions being North America and NE Asia, where
mortality was reported to be lower. In Latin America
and Africa, 25% and 26% of HD centers reported
mortality rates over 50%, respectively (Figure 5).

SARS-CoV-2 Diagnostic and Antibody Testing of

Symptomatic Dialysis Patients

Reporting on the situation in the early months of the
pandemic (April 2020 and May 2020), diagnostic testing
(e.g., polymerase chain reaction) was only reported to be
widely available in SE Asia & Oceania (69% of responding
centers) (Table 2). Later, at the time of the survey
(November 2020–March 2021), testing had improved but
was still not available in a significant percentage of centers
in some regions: Latin America (33%), Africa (37%), and
E&C Europe (61%). Access to antibody testing was even
more limited (Supplementary Table S2).

Infection Prevention and Control

Surgical masks were mostly worn for direct contact
with all patients, with particulate-air filter respirators
being used sparingly (Table 3). Surgical masks were not
available at all in 1% of centers, and there was a severe
shortage in 5% and a moderate shortage in 22%
(Table 4). Access to particulate-air filter masks was
even more limited, with a severe shortage reported in
30% of African and 18% of Latin American centers. In
all regions, many centers reported extending the shelf-
life of masks beyond that recommended by the
manufacturer: Africa 38%, E&C Europe 34%, Latin
America 41%, Middle East 50%, NIS & Russia 10%, N
399



Table 1. Characteristics of kidney units that responded, by ISN region

Characteristics All

ISN region

Africaa E&C Europeb
W

Europec Middle Eastd NIS & Russiae S Asiaf
Oceania

& SE Asiag NE Asiah
N America

& Caribbeani Latin Americaj

n facilities 412 76 45 59 11 20 25 54 60 28 34

n countries 78 18 13 12 4 4 5 5 2 3 12

World bank classification, %k

Low income 8 33 0 0 0 0 0 0 0 0 0

Lower-middle income 26 39 8 0 17 50 100 20 0 0 25

Upper-middle income 27 22 33 0 33 50 0 40 50 0 50

High income 40 6 59 100 50 0 0 40 50 100 25

Healthcare sector, %

Public healthcare 46 49 58 62 91 65 52 41 3 54 41

Private healthcare 27 27 16 16 0 25 20 41 31 32 47

Academic/university hospital 27 24 27 22 9 10 28 19 66 14 12

Location, %

Rural area 10 8 4 20 0 0 0 15 0 39 0

Urban area 79 72 87 68 91 100 88 81 92 29 97

Suburban area 12 20 9 12 9 0 12 4 8 32 3

Services offered, %

Adults only 70 34 82 98 73 100 64 56 63 100 71

Children only 2 3 2 0 0 0 0 6 0 0 3

Both 28 63 16 2 27 0 36 39 37 0 27

Modalities available, %

HD only 49 79 53 22 36 50 56 48 18 64 47

PD only 1 0 4 0 9 0 0 0 0 0 6

HD and PD 50 21 42 78 55 50 44 52 82 36 47

DOPPS, Dialysis Outcomes and Practice Patterns Study; E&C Europe, Eastern and Central Europe; HD, hemodialysis; N America & Caribbean, North America and Caribbean; NE Asia,
North East Asia; NIS & Russia, Newly Independent States and Russia; PD, peritoneal dialysis; REF, reference; S Asia, South Asia; SE Asia & Oceania, South East Asia and Oceania; W
Europe, Western Europe.
aAlgeria, Cameroon, Democratic Republic of Congo, Republic of the Congo, Cote d’Ivoire, Ghana, Guinea, Kenya, Malawi, Mali, Mauritania, Mauritius, Namibia, Nigeria, Somalia, South
Africa, Sudan, Tunisia.
bAlbania, Croatia, Cyprus, Czech Republic, Estonia, Lithuania, Moldova, Montenegro, North Macedonia, Romania, Serbia, Slovenia, Turkey.
cAustria, Belgium, France, Germany, Greece, Israel, Italy, Norway, Portugal, Sweden, Switzerland, UK.
dIran, Kuwait, Oman, Syria.
eBelarus, Georgia, Russia, Ukraine.
fBangladesh, India, Nepal, Pakistan, Sri Lanka.
gAustralia, Indonesia, Malaysia, New Zealand, Philippines.
hSouth Korea, China (results for China included a prior survey wave of China between May and June 2020 as part of the DOPPS Study. Although other countries were also surveyed, only
China is displayed here because there were no responses from China in the ISN-DOPPS survey wave, and the number of positive cases, availability of PPE and testing are thought to be
consistent across the pandemic [REF]).
iCanada, The Bahamas, USA.
jArgentina, Bolivia, Brazil, Chile, Colombia, El Salvador, Guatemala, Mexico, Paraguay, Peru, Uruguay, Venezuela.
kIncome classification is based on the World Bank (worldbank.org). China-DOPPS was not asked whether pediatric/adult services were offered.
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America & Caribbean 31%, NE Asia 11%, SE Asia &
Oceania 40%, S Asia 54%, W Europe 22%.

Adoption of the recommended 2 m (6 ft) distance
between HD machines was variable between regions:
Africa 21%, E&C Europe 27%, Latin America 21%,
Middle East 30%, NIS & Russia 15%, N America &
Caribbean 65%, NE Asia 6% (this was not asked of
China-DOPPS HD centers), SE Asia & Oceania 16%, S
Asia 5%, W Europe 40%. A few centers across all re-
gions were not able to achieve at least 1 m distance
between machines (12% overall), a particular difficulty
in 18% of African and S Asian, 20% of NIS & Russian,
and 33% of NE Asian centers.

Isolation of patients who were suspected of having or
tested positive for SARS-CoV-2 on separate dialysis shifts
was implemented in 65% of N American & Caribbean
centers, despite specific Centers for Disease Control and
Prevention guidelines,17 and was implemented more
400
widely elsewhere: 70% to 79% (Latin America, NIS &
Russia, NE Asia, W Europe) and 80% to 89% (E&C
Europe, Middle East, SE Asia & Oceania, S Asia).

Access to HD and Missed Visits

Transportation to/from the dialysis center was reported
to be challenging in many or most centers across all
regions: Africa (65%), E&C Europe (73%), Latin
America (79%), Middle East (70%), NIS & Russia
(45%), N America & Caribbean (77%), NE Asia (55%),
SE Asia (70%), S Asia (82%), and W Europe (74%).

Compared with before the pandemic, N America &
Caribbean (4%) and W Europe (4%) reported very few
missed HD sessions, whereas Africa (52%), E&C Europe
(12%), Latin America (68%), Middle East (50%), NIS &
Russia (25%), NE Asia (14%), SE Asia & Oceania
(48%), and S Asia (76%) reported more sessions missed
during the pandemic.
Kidney International Reports (2022) 7, 397–409
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Figure 3. Proportion of confirmed or suspected (combined) SARS-CoV-2 infections among HD patients, by ISN region. Reported as the per-
centage of center dialysis population. The number of responses per region are shown next to the respective region (N respondents). The
number inside the horizontal bar is the % of units in each category. E&C Europe, Eastern and Central Europe; HD, hemodialysis; N America &
Caribbean, North America and Caribbean; NE Asia, North East Asia; NIS & Russia, Newly Independent States and Russia; S Asia, South Asia; SE
Asia & Oceania, South East Asia and Oceania; W Europe, Western Europe.
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Changes to Center Practice

Globally, few centers reported having to decrease HD
session length either because of logistic (limited slots,
staff, or supplies; 6%), infection control (to limit
exposure; 5%) or for both reasons (8%). Likewise, most
respondents reported having made no changes to the
number of HD sessions per week.

Although home dialysis was reported to be widely
available in N America & Caribbean and W Europe, it was
rarely available in many surveyed centers: Africa (62%),
E&C Europe (46%), Latin America (46%), NIS & Russia
(60%), N Asia (19%), SE Asia & Oceania (46%), and S Asia
(76%). Centers were divided as to whether they were more
likely to recommend initiating home dialysis for new
Figure 4. Proportion of HD patients hospitalized with SARS-CoV-2 infection
number of responses per region are shown next to the respective region (N
in each category. E&C Europe, Eastern and Central Europe; HD, hemodialy
North East Asia; NIS & Russia, Newly Independent States and Russia; S A
Europe, Western Europe.
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patients requiring kidney replacement therapy during the
pandemic. Despite transplantation being available in all
centers surveyed in Middle East, N America & Caribbean,
and NE Asia, only 20%, 15%, and 18% of respective
respondents said that they were more likely to recommend
a kidney transplant to dialysis patients because of the
COVID-19 pandemic. Transplantation was reported to be
rarely available in Africa (40%), Latin America (29%), and
SE Asia & Oceania (28%).

Impact on Staff

The most commonly reported rate of confirmed or
suspected SARS-CoV-2 infection among HD staff
was $50% in NIS & Russia, Middle East, Latin
, by ISN region. Reported as the % of center dialysis population. The
respondents). The number inside the horizontal bar is the % of units

sis; N America & Caribbean, North America and Caribbean; NE Asia,
sia, South Asia; SE Asia & Oceania, South East Asia and Oceania; W

401



Figure 5. Proportion of HD patients who died of SARS-CoV-2 infection, by ISN region. Reported as the % of center dialysis population. The
number of responses per region are shown next to the respective region (N respondents). The number inside the horizontal bar is the % of units
that selected each category. E&C Europe, Eastern and Central Europe; HD, hemodialysis; N America & Caribbean, North America and
Caribbean; NE Asia, North East Asia; NIS & Russia, Newly Independent States and Russia; S Asia, South Asia; SE Asia & Oceania, South East
Asia and Oceania; W Europe, Western Europe.
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America, and EC Europe, whereas in N America &
Caribbean, W Europe, S Asia, and Africa, it was 0%
(Figure 6). Hospitalization of staff was most commonly
reported as <10% in all regions, except in SE Asia &
Oceania and NE Asia, where $50% of infected staff
were hospitalized (Supplementary Figure S1). Consid-
ering mortality, $50% of staff with suspected or
confirmed SARS-CoV-2 were reported to have died in
6% of HD centers in SE Asia & Oceania and 2% of HD
centers in Africa, whereas in other regions, no centers
reported mortality rates $10%.

Globally, 29% of respondents reported redeployment
of dialysis center staff to other clinical areas during the
pandemic: centers located in N America & Caribbean
(12%), SE Asia & Oceania (18%), S Asia (23%), and E&C
Europe (27%) redeployed dialysis staff relatively less
commonly, whereas centers in Africa (32%), NIS &
Russia (35%), W Europe (39%), Latin America (41%),
and Middle East (50%) were often required to reorganize
their staff. Furthermore, a severe shortage of personnel
was reported in S Asia (18%), whereas other regions
reported a severe shortage in 5% to 10% of centers.

Overall, mental health and wellbeing services were
only made available to staff in 48% of HD centers, with
this varying considerably by region: S Asia (25%), NIS
& Russia (30%), E&C Europe (38%), Africa (40%),
Middle East (40%), SE Asia & Oceania (41%), W
Europe (47%), Latin America (63%), NE Asia (66%),
and N America & Caribbean (84%). Where these ser-
vices were available, there was no cost to staff for their
use, except in 6% of African centers, 10% of N
American & Caribbean centers, and 4% of W European
centers. With the exception for Latin America and S
402
Asia, most regions reported that staff were not always
aware of these services.

Differences Between Responses From

Representative Sample and Open Invitation

There were 209 surveys returned as part stage 1
(random sample) and 203 as part of stage 2 (open
invitation). A comparison of center characteristics be-
tween the 2 approaches is displayed in Supplementary
Table S3. The surveyed centers were very similar
overall, for example in terms of facility type, avail-
ability of testing, and use of and shortages of PPE
(Supplementary Tables S2, S4, and S5).

DISCUSSION

We report the results of an international, comprehen-
sive, and first of its kind web-survey on the impact of
the COVID-19 pandemic on in-center HD centers—a
collaboration between the DOPPS and the ISN. Using a
combination of sampling approaches, and guaranteeing
anonymized reporting, responses were received from a
wide range of countries demonstrating a wide global
variation in the rates of SARS-CoV-2 infection among
staff and patients, the availability of PPE and testing,
and the ways in which HD services were redesigned as
a response to the pandemic.23 We provide evidence of
deficiencies in resource allocation, infrastructure, and
compromised HD care that we hope can be used to
leverage governments and policymakers to advocate
improvements in HD services in future COVID-19
waves, pandemics, and crises.

In most regions, centers reported a high number of
SARS-CoV-2 infections and associated deaths, with 2
Kidney International Reports (2022) 7, 397–409



Table 2. Proportion of SARS-CoV-2 diagnostic and antibody testing availability, by ISN region

Testing availability All

ISN region

Africa E&C Europe W Europe Middle East
NIS &
Russia S Asia Oceania & SE Asia NE Asia

N America &
Caribbean Latin America

n facilities 384 74 41 57 10 20 23 51 52 26 30

Availability of PCR testing

In April 2020/May 2020, %

Not available 13 24 7 5 10 5 9 16 4 16 27

Limited 26 28 32 13 30 16 44 42 2 20 53

Moderate 33 30 27 57 40 47 39 26 25 40 13

Widespread 27 18 34 25 20 32 9 16 69 24 7

Now, %

Not available 5 11 2 0 11 0 4 4 0 12 7

Limited 8 21 5 0 11 0 0 4 0 4 20

Moderate 21 30 32 4 0 11 17 26 11 8 40

Widespread 66 37 61 96 78 90 78 66 89 77 33

Anticipated in 3-6 months, %

Not available 7 12 5 2 0 0 5 4 0 16 13

Limited 9 20 5 0 20 0 0 6 0 8 20

Moderate 19 29 27 6 10 11 18 20 11 4 37

Widespread 66 39 63 92 70 89 77 69 89 72 30

Availability of antibody testing

In April 2020/May 2020, %

Not available 58 77 56 48 44 47 83 40 45 71 60

Limited 33 18 37 45 44 32 17 50 28 25 37

Universal testing 10 5 7 7 11 21 0 10 28 4 3

Now, %

Not available 31 54 34 9 40 16 35 20 61 23 27

Limited 42 37 54 41 40 53 44 32 11 50 57

Universal testing 27 10 12 50 20 32 22 48 28 2 17

Anticipated in 3-6 months, %

Not available 26 46 27 6 11 15 33 17 44 17 33

Limited 41 34 59 42 56 50 33 30 22 50 43

Universal testing 33 20 15 52 33 35 33 53 33 33 23

DOPPS, Dialysis Outcomes and Practice Patterns Study; E&C Europe, Eastern and Central Europe; N America & Caribbean, North America and Caribbean; NE Asia, North East Asia; NIS
& Russia, Newly Independent States and Russia; PCR, polymerase chain reaction; S Asia, South Asia; SE Asia & Oceania, South East Asia and Oceania; W Europe, Western Europe.
Limited availability was defined as the test being challenging to obtain even for symptomatic persons; moderate availability, tests were readily obtained for symptomatic persons but
broadly restricted otherwise; and widespread, readily obtained for persons with mild symptoms and contacts. “Now” for China-DOPPS was May 2020/June 2020 and November 2020 to
March 2021 for the remaining responses. The number of responses is shown in the first row, that is, some respondents did not fully answer this question.
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notable exceptions—in NE Asia (representing S Korea
and China only) most centers reported having no cases
and no fatalities among their HD patients, consistent
with data published elsewhere.15 In NIS & Russia, in
contrast, most centers reported suspected or confirmed
SARS-CoV-2 infection rates over 30%. The incidence of
SARS-CoV-2 infection in high-income countries (USA,
UK, Italy, France, Spain, Canada, and China) has
previously been estimated to be between 1% and
30%.6–8,10,13–15 Centers in India, Iran, South Africa, and
Turkey have reported SARS-CoV-2 infection rates be-
tween 7% and 47% among their dialysis patients, with
fatality rates of 2% to 38%.3–5,11,12,23 Whereas infection
rates in low- and middle-income countries were gener-
ally higher than in high-income countries, differences
may reflect the community infection burden at that time
rather than within center transmission,6,8,24,25 although
outbreaks within centers have been reported globally.6,7

Center layout, including available side rooms for
Kidney International Reports (2022) 7, 397–409
isolation, and patient factors have also been associated
with the risk of infection.24 Diagnostic testing was not
widely available in most centers surveyed, especially in
Africa (37% widely available) and Latin America (33%),
and this would have made screening and isolation pol-
icies difficult to implement to reduce spread. Further-
more, because testing was not always available, the
burden was likely to be underestimated, especially early
in the pandemic when targeted testing was performed.26

The ISN and other national kidney organizations
have issued guidelines on how to safely continue in-
center HD services through the COVID-19
pandemic.16–19,27,28 These have mostly been consis-
tent and practical.29 Paramount to being able to follow
recommendations is the availability of adequate re-
sources and, in particular, PPE. A significant number
of centers reported PPE shortages not only because of
an increased demand but also because of national and
international disruptions in supply chains.30
403



Table 3. Proportion of use of different types of PPE worn by HD staff, by ISN region

Types of PPE All

ISN region

Africa
E&C

Europe
W

Europe
Middle
East

NIS &
Russia

S
Asia

Oceania & SE
Asia

NE
Asia

N America &
Caribbean

Latin
America

n facilities 381 70 41 55 10 20 23 51 56 26 29

Particulate-air filter respirators (e.g., N95 masks), %

For direct contact—with all patients 36 32 44 48 11 42 44 35 26 8 52

For direct contact—only for patients with suspected/
confirmed cases

51 52 51 40 67 53 48 47 67 58 33

Not available in this dialysis unit 10 13 5 10 11 5 9 8 6 15 15

Available but not used 4 3 0 2 11 0 0 10 2 19 0

Surgical mask, %

For direct contact—with all patients 89 90 89 79 80 100 96 90 90 96 83

For direct contact—only for patients with suspected/
confirmed cases

6 3 5 11 20 0 0 4 8 4 7

Not available in this dialysis unit 1 2 3 0 0 0 0 0 2 0 7

Available but not used 4 6 3 11 0 0 4 6 0 0 3

Gloves, %

For direct contact—with all patients 84 93 90 67 60 90 91 92 80 81 83

For direct contact—only for patients with suspected/
confirmed cases

15 7 10 27 40 10 9 6 20 19 17

Not available in this dialysis unit 0 0 0 0 0 0 0 0 0 0 0

Available but not used 1 0 0 6 0 0 0 2 0 0 0

Eye protection, %

For direct contact—with all patients 63 45 71 59 44 70 43 84 51 92 79

For direct contact—only for patients with suspected/
confirmed cases

30 32 27 40 56 30 38 14 47 8 14

Not available in this dialysis unit 4 16 0 0 0 0 5 0 0 0 7

Available but not used 3 7 2 2 0 0 14 2 2 0 0

Isolation gown, %

For direct contact—with all patients 47 25 49 28 63 70 30 75 32 77 79

For direct contact—only for patients with suspected/
confirmed cases

46 56 49 67 38 30 61 22 64 19 21

Not available in this dialysis unit 4 13 2 4 0 0 4 0 2 0 0

Available but not used 3 6 0 2 0 0 4 4 2 4 0

Plastic apron,%

For direct contact—with all patients 45 38 50 40 20 33 71 71 43 26 26

For direct contact—only for patients with suspected/
confirmed cases

31 35 33 45 50 33 10 14 57 9 44

Not available in this dialysis unit 16 22 10 0 10 27 19 6 0 52 30

Available but not used 8 6 8 15 20 7 0 8 0 13 0

DOPPS, Dialysis Outcomes and Practice Patterns Study; E&C Europe, Eastern and Central Europe; HD, hemodialysis; N America & Caribbean, North America and Caribbean; NE Asia,
North East Asia; NIS & Russia, Newly Independent States and Russia; PPE, personal protective equipment; S Asia, South Asia; SE Asia & Oceania, South East Asia and Oceania; W
Europe, Western Europe.
Answers reference the entire pandemic period as of the survey completion date: November 2020 to March 2021 for all countries except China-DOPPS (May 2020/June 2020).
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These shortages in respiratory protection were
particularly frequently reported in Africa, where re-
sources are often limited, regardless of pandemic status.31

Respiratory protection is critical to reduce viral trans-
mission during the COVID-19 pandemic, because SARS-
CoV-2 is particularly spread by respiratory droplets and
aerosols.32 Asymptomatic patient and staff masking has
been shown to decrease the risk of hospitalization of
infected dialysis patients.24 Despite shortages and some
evidence that reuse of masks after decontamination was
acceptable,33 staff did not report having to use masks that
were beyond the manufacturer’s suggested expiration
date or to reuse masks after decontamination.

Although still being tested in the TWOPLUS-HD trial,
twice weekly dialysis may not be associated with risk in
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some patients if delivered with concomitant potassium-
lowering medication. In a pandemic situation, the risk
benefit balance is likely to shift toward fewer dialysis
sessions to minimize time at risk of infection in a dialysis
center. Reflecting this, many of the COVID-19 guidelines
recommend considering decreasing the number of HD
sessions per week or hours per session. We found that
centers reduced dialysis sessions or time infrequently,
necessitated by either limited dialysis slots, staff, or
consumables, or because of the risk of transmission that
could occur between patients and staff.34 This was
despite recommendations16–18 and twice weekly dialysis
potentially being safe.34,35

E&C Europe, Africa, Middle East, Latin America,
and S Asia reported relatively more patients missing
Kidney International Reports (2022) 7, 397–409



Table 4. Proportion of perceived PPE shortages, by ISN region

Perceived shortages All

ISN region

Africa
E&C

Europe W Europe Middle East NIS & Russia S Asia
Oceania &
SE Asia NE Asia

N America &
Caribbean

Latin
America

n facilities 342 69 41 55 10 20 23 51 18 26 29

Particulate-air filter respirators
(e.g., N95 masks), %

No shortage 39 15 55 35 50 58 30 41 100 32 41

Moderate shortage 38 44 30 38 30 37 52 39 0 56 35

Severe shortage 14 30 8 18 0 0 9 12 0 4 14

Not available
(before or during pandemic)

9 12 8 9 20 5 9 8 0 8 10

Surgical mask, %

No shortage 72 54 76 67 80 90 74 80 89 81 76

Moderate shortage 22 39 17 26 20 11 22 14 11 15 17

Severe shortage 5 4 7 7 0 0 4 6 0 4 3

Not available
(before or during pandemic)

1 3 0 0 0 0 0 0 0 0 3

Gloves, %

No shortage 80 73 85 78 80 90 74 86 94 77 72

Moderate shortage 17 23 12 18 20 11 22 8 6 19 24

Severe shortage 3 3 2 4 0 0 4 6 0 4 3

Not available
(before or during pandemic)

0 1 0 0 0 0 0 0 0 0 0

Eye protection, %

No shortage 63 35 66 71 60 65 35 78 94 89 66

Moderate shortage 25 35 24 24 40 35 44 14 6 12 17

Severe shortage 7 9 7 6 0 0 17 6 0 0 10

Not available
(before or during pandemic)

6 21 2 0 0 0 4 2 0 0 7

Isolation gown, %

No shortage 58 25 66 57 60 80 39 73 100 69 66

Moderate shortage 31 45 20 30 40 20 52 26 0 31 28

Severe shortage 7 12 12 11 0 0 9 2 0 0 7

Not available
(before or during pandemic)

4 19 2 2 0 0 0 0 0 0 0

Plastic apron, %

No shortage 57 42 62 58 60 67 48 76 88 33 50

Moderate shortage 22 20 23 31 20 22 35 16 12 13 25

Severe shortage 5 12 5 6 10 0 4 2 0 4 4

Not available
(before or during pandemic)

16 26 10 6 10 11 13 6 0 50 21

DOPPS, Dialysis Outcomes and Practice Patterns Study; E&C Europe, Eastern and Central Europe; N America & Caribbean, North America and Caribbean; NE Asia, North East Asia; NIS
& Russia, Newly Independent States and Russia; PPE, personal protective equipment; S Asia, South Asia; SE Asia & Oceania, South East Asia and Oceania; W Europe, Western Europe.
Shortage related to any time during the pandemic. No definition of moderate and severe was provided. Answers reference the entire pandemic period as of the survey completion date:
November 2020 to March 2021. This question was not included in the initial DOPPS survey and is therefore unavailable for China-DOPPS. “Moderate” and “severe” were not predefined
in the survey.
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HD sessions because of the pandemic. Missed visits
may have been a challenge for centers because of
cessation of shared transportation services to/from
HD, which was problematic in all regions, disrup-
tions to HD shifts, or fear of being exposed to
SARS-CoV-2.8,11 Shared transportation has been
found to be an independent risk factor for infec-
tion,36 but for many patients, shared and public
transport is the only available means of accessing
dialysis.

As part of social distancing recommendations, few
centers reported increasing the distance between ma-
chines to >2 m (25% across all regions), whereas most
reported achieving 1 to 2 m (62%). This may have been
Kidney International Reports (2022) 7, 397–409
because adopting a 2 m policy would have resulted in a
significant reduction in the number of people who could
be treated in the sameHD center and the consequences of
that being weighed against the risks of SARS-CoV-2
infection. Furthermore, it has been suggested in gen-
eral population studies that even a distance 2 m may not
be enough to prevent SARS-CoV-2 transmission.37

However, in the HD population, there is some evidence
from the UK that every 1-m increase in spacing between
machines decreases the transmission of SARS-CoV-2 and
admission to hospital by 32%.24

For patients with confirmed SAR-CoV-2 infection,
dedicated shifts were used to isolate these patients
from others in 65% (N America & Caribbean) to
405



Figure 6. Proportion of confirmed or suspected (combined) SARS-CoV-2 infection among HD staff, by ISN region. Reported as the % of center
dialysis population. The number of responses per region are shown next to the respective region (N respondents). The number inside the bar is
the % of units in each category. E&C Europe, Eastern and Central Europe; HD, hemodialysis; N America & Caribbean, North America and
Caribbean; NE Asia, North East Asia; NIS & Russia, Newly Independent States and Russia; S Asia, South Asia; SE Asia & Oceania, South East
Asia and Oceania; W Europe, Western Europe.
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95% (E&C Europe, and S Asia) of centers. This may
have been due to space/time/staff limitations in the N
America & Caribbean region or due to a greater ability
to find alternative solutions, such as isolation rooms or
zones within the same dialysis center.7,24,36

The nephrology workforce under nonpandemic
conditions is insufficient in many regions and is
essential to maintain HD services.38 Some regions re-
ported more than half of their staff being infected with
SARS-CoV-2. This is much higher than hospital staff
seroprevalence (6.4% of Belgian healthcare workers) or
dialysis staff seroprevalence (16.5% and 6% of dialysis
staff in New York and Wuhan, China, respectively) in
other studies.39–41 Our findings point to the imperative
of assuring that dialysis centers worldwide are
resourced to sufficiently implement recommended
infection prevention and control measures not only to
protect patients but also to protect staff. Many re-
spondents reported staff being redeployed to other
clinical areas. This combination of hits to HD staffing
levels will have made the ongoing delivery of HD
services very challenging, in addition to the enormous
physical and psychological pressures experienced by
staff.42 Staff in many locations will also have had to
deal with the additional burden of providing consults
and acute dialysis services to people with acute kidney
injury associated with SARS-CoV-2 infection and
potentially having had to ration treatment.43 The
COVID-19 pandemic has put unprecedented pressures
on healthcare services and professionals, not least those
providing care to people with kidney disease,38,44 yet
psychological support services were only available in
about half of surveyed centers.
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Strengths

By bringing together the survey design expertise of
DOPPS and the global clinical network of ISN, this
survey has captured the impact of the COVID-19
pandemic on a broad range of centers from almost 50
countries, with care to lessen survey response bias.
These 50 countries represent 2.3/7.8 billion (29%)
people of the world in 2020 (ourworldindata.org),
although we were unable to obtain responses from
populous countries such as India and Indonesia (stage 1
of survey invitation). The targeted invitation ensured
that a range of frontline HD providers was surveyed,
not only overly optimistic or pessimistic respondents
keen to forward a particular agenda. Responses were
anonymous and cannot be traced back to specific
people or centers. Deficiencies in resources were
anticipated to be most acute and politically sensitive in
low-income countries, and it was recognized that the
smaller number of HD centers in these countries could
make identification of respondents easier. For these
reasons, respondents in low-income countries were
assured that their data would only be reported at a
country level. Importantly, there were no differential
missing data patterns for particular survey questions,
and missing responses were overall low.

Limitations

There were a few challenges in the distribution of the
survey. The number of countries that responded to
invitations to share HD center lists and the number of
centers that eventually responded were limited. Over-
whelmed clinical services, survey fatigue, and, in some
cases, death of colleagues from SARS-CoV-2 infection
Kidney International Reports (2022) 7, 397–409
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resulted in nonresponse. Consequently, initial plans to
survey a random, representative sample were adapted,
and the invitation was extended to anyone who wished
to complete the survey via mailing lists and social
media advertising. Facility type, testing, and PPE use
and shortages were not dissimilar between represen-
tative and open invitation responses, overall, however.
Aggregating the results was therefore appropriate.
Although the time window for respondents to complete
the survey for the random sample (stage 1) was longer
than for the open invitation via social media (stage 2),
the number of responses received were approximately
equal. It is not possible to rule out a response bias, but
this could have been in either direction because some
may have been more motivated to complete the survey
via social media because they were in the midst of a
pandemic peak or, on the contrary, have more time to
complete the survey now that infection numbers and
pressures have abated. Last, countries responded at
different points in their local peak and wave, and the
number of SARS-CoV-2 infections may have been
underestimated because of limitations in diagnostic
testing, although diagnostic testing questions were not
limited to only polymerase chain reaction technology.

Future Research

We have identified that some regions may have been
particularly affected. We therefore have developed a
companionmanuscript that explores differences between
high-income countries and low- and middle-income
countries. The experience of peritoneal dialysis centers
will also be explored separately. Data are available, on
request, for non–low-income countries with >5 re-
sponses, to leverage change in practice and policy locally.
The nephrology community has highlighted that there is
variable access to vaccines and divergent vaccine policies
across the world and have vehemently advocated for the
prioritization of at-risk dialysis patients and staff.45 A
survey on the availability and implementation of vaccine
rollout programs is therefore planned.
CONCLUSION

This collaborative, wide-reaching survey using a novel
sampling approach has found that the COVID-19
pandemic has had a significant impact on dialysis ser-
vices and staffing worldwide. Guidance needs to be
consistent, adaptable to availability of resources and
infrastructure, and evidence based. Policymakers and
governments need to ensure that adequate resources are
provided to implement such policies. Equitable provi-
sion of resources to healthcare facilities serving high
risk-patients attending multiple times a week for life-
sustaining treatment—in this case, for HD care—is
Kidney International Reports (2022) 7, 397–409
essential if patients, staff, and services in future COVID-
19 waves and future pandemics are to be protected.
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