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Data regarding COVID-19 infections in National Health Security Office region 4, which were presented in Kidney Week 2022, were included in this 
study.

Background: We aimed to investigate the incidence, fatality, and associated factors in patients with hemodialysis (HD), peritoneal di-
alysis (PD), and kidney transplantation (KT) hospitalized for coronavirus disease 2019 (COVID-19) infection and reimbursed from the 
National Health Security Office (NHSO). 
Methods: The retrospective cohort analysis was conducted from an electronic-claimed database, and COVID-19 vaccination status 
was evaluated in patients with HD, PD, and KT from January 2020 to December 2021. There were 85,305 patients reimbursed for 
HD, PD, and KT by the NHSO. The rates of COVID-19 infection, COVID-19 vaccination, comorbidities, fatalities, and the cost of treat-
ment were evaluated. 
Results: COVID-19 infection was observed in 1,799 of 36,982 HD cases (4.9%), 1,531 of 45,453 PD cases (3.4%), and 95 of 2,870 
KT cases (3.3%). Patients receiving COVID-19 vaccinations were most common in the KT group, followed by those with HD and PD 
(76.93% vs. 70.65% vs. 51.34%, respectively). KT patients had a lower fatality rate compared to those with PD and HD (8.42% vs. 
18.41% vs. 21.40%, respectively). Advanced age, diabetes, cardiovascular diseases, and COVID-19 vaccination status were associat-
ed with fatality. The adjusted odds ratios of fatality after receiving one or two doses of vaccines were 0.7 (95% confidence interval [CI], 
0.6–0.9) and 0.3 (95% CI, 0.2–0.4), respectively. The cost of treatment was highest in patients with HD, followed by PD and KT. 
Conclusion: The incidence of COVID-19 infection was higher in patients with HD than in those with PD or KT. COVID-19 vaccination 
following the national health policy should be encouraged for these patients to prevent fatality. 
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Introduction 

Coronavirus disease 2019 (COVID-19) infection is caused 

by severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) and was first recognized in December 2019 in 

Wuhan, China [1]. Patients with end-stage kidney disease 

(ESKD) have high mortality rates following COVID-19 

infection; mortality rates in previous cohort studies were 

https://doi.org/10.23876/j.krcp.22.240
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20% to 30% [2–6]. The risk factors related to death from 

COVID-19 infections are increasing age, comorbid con-

ditions, and frailty [7–11]. Patients with maintenance di-

alysis are susceptible to COVID-19 infection as they have 

difficulty preventing COVID-19 transmission [12]. Patients 

with hemodialysis (HD) have frequent visits to dialysis 

units to get treatment and have limited abilities to perform 

physical distancing measures in closed spaces [9,10,13]. 

The rates of COVID-19 infection in patients with peritoneal 

dialysis (PD) are lower than in those with HD [14–16]. PD 

is a home-based dialysis modality, so the risks of exposure 

to highly transmissible infections are less than those for 

HD [16,17]. Patients with kidney transplantation (KT) have 

risks of critical illness from COVID-19 infection due to their 

use of immunosuppressive medication [18,19]. 

In Thailand, the first case of COVID-19 infection was 

confirmed in mid-January 2020 [20]. The first wave of the 

COVID-19 pandemic from a domestic infection occurred 

in March 2020 [21]. The Thai government responded rapid-

ly to mitigate the COVID-19 pandemic by using legislative, 

social, and health measures, in addition to full-scale lock-

down measures [21]. The second wave of the pandemic 

was triggered in December 2020 by illegal migrants, which 

led to widespread infections. The national health strategies 

used public health measures to reduce COVID-19 trans-

mission rather than locking down the entire country [22]. 

Public and private health resources were used to identify 

index cases and tracers, test all high-risk contacts, and 

isolate cases of COVID-19 infection. Early hospitalization 

and treatment would be provided to infected patients with 

severe comorbidities [21,23]. 

The kidney replacement therapy (KRT) of Thai patients 

with ESKD is funded by the national health budget through 

one of the three healthcare schemes (the civil servant 

medical health scheme, social security health scheme, 

and universal health coverage scheme [UHC]). The ma-

jority of people are reimbursed by the National Health 

Security Office (NHSO) under the UHC. The modalities of 

KRT in these patients include HD, PD, and KT. PD is the 

only home dialysis modality, while HD is performed for 

in-hospital dialysis or outpatient dialysis clinics. Protocols 

to prevent COVID-19 infection in dialysis units were im-

plemented during the outbreak [24,25]. Patients with HD, 

PD, or KT were encouraged to receive COVID-19 vaccina-

tions. COVID-19 infections were diagnosed by the positive 

reverse transcriptase-polymerase chain reaction (RT-PCR) 

test. The “PD First” policy was adopted as the main dialysis 

modality in patients with ESKD under the UHC in 2008. It 

was changed to a shared decision-making policy in Feb-

ruary 2022. We are interested in studying the outcomes of 

the COVID-19 pandemic across different KRT modalities 

during the period of the PD First policy. The results may 

be different from previous studies. In addition, it could 

provide information to healthcare providers to assist in the 

prevention of COVID-19 outbreaks, which may occur from 

crowded patients with HD when the policy is changed in 

the future. This study aims to investigate the incidence 

rates, fatality, and factors associated with death among pa-

tients with PD, HD, and KT who were hospitalized due to 

COVID-19 infection. We also analyzed and compared the 

cost of treatment during hospitalization for these patients. 

Methods 

This study was approved in the exempt category by the 

Institutional Review Committee for Research in Human 

Subjects, Faculty of Medicine, Srinakharinwirot University 

(No. SWUEC-M-067/2565X). As the study subjects were 

de-identified, the need for written consent from the pa-

tients was waived. 

Study population 

The data of patients receiving KRT who were admitted due 

to COVID-19 from January 2020 to December 2021 were 

retrospectively reviewed. All patients with KRT who had 

COVID-19 infections were hospitalized because they were 

considered high-risk patients. The cost of hospitalization 

was claimed by the NHSO. The sources of databases for 

analysis were the files of inpatients (electronic-claimed 

data), files of patients with a history of COVID-19 vaccina-

tion, and files of KRT reimbursement that were retrieved by 

the NHSO. The NHSO granted only one of our investigators 

(TI) access to the database with this patient information. 

The personal data of each patient was redacted before data 

sharing. All analyses were performed on the cloud using 

the Rstudio server provided by the NHSO, where SQL was 

used to query data from the NHSO data storage server. No 

data were transferred to any of the researchers’ personal 

computers or notebooks. We selected patients at least 18 



Changsirikulchai, et al. COVID-19 incidence and outcomes in KRT

651www.krcp-ksn.org

years of age receiving either HD, PD, or KT. The Interna-

tional Statistical Classification of Diseases and Related 

Health Problems, 10th Revision (ICD-10) codes U071, 

U072, U099, and U109 were used to identify patients with 

COVID-19 infections who tested COVID-19-positive by RT-

PCR and were admitted to hospitals. They were de-identi-

fied by the NHSO data controller before analysis. 

Data collection and variables 

The following demographic and clinical characteristics of 

the patients were collected: age at hospital admission due 

to COVID-19 infection, sex, comorbidities, complications, 

history of COVID-19 vaccination, and KRT modalities. The 

type of KRT in each patient was determined from the mo-

dality of long-term chronic dialysis and KT at the first date of 

hospital admission due to COVID-19. Comorbidities were 

defined according to the ICD-10 codes for diabetes, car-

diovascular disease, cerebrovascular disease, malignancy, 

hypertension, airway disease, liver disease, human immu-

nodeficiency virus disease, and psychiatric problems. The 

complications from COVID-19 infection were classified as 

sepsis, pneumonia, respiratory failure, volume overload, 

and heart failure. The type and number of COVID-19 vac-

cinations prior to or after COVID-19 infection were evalu-

ated. In addition, the time intervals between the date of the 

last vaccination and the date of admission were assessed. 

Outcomes and definitions 

The primary outcome was fatality rates during admission 

and associated factors. The secondary outcomes were the 

length of hospitalization and the cost of treatment. The 

length of hospitalization was calculated from the first date 

of admission to the date of discharge or death. The cost of 

treatment due to COVID-19 infection was calculated from 

the total charges from hospitals, which included the cost of 

personal protective equipment during hospitalization. The 

cost of dialysis or immunosuppressive drugs prescribed 

to KT patients was calculated from the file of the KRT re-

imbursement. The incidence rates and primary and sec-

ondary outcomes of COVID-19 infection were compared 

among PD, HD, and KT patients. Age, sex, comorbidities, 

the number of vaccinations, and types of COVID-19 vac-

cines were assessed as being associated with fatalities. 

These factors were analyzed separately in HD, PD, and all 

modalities of KRT. 

Statistical analysis 

Descriptive analysis is presented as numbers with per-

centages for categorical variables and median with inter-

quartile range (IQR) for continuous variables. The case 

fatality rate was calculated from the number of in-hospital 

deaths divided by the total number of patients admitted 

after COVID-19 diagnosis and presented as percentages. 

The comorbidity conditions, complications during hos-

pitalization, and cost of treatment were compared among 

PD, HD, and KT by chi-square test for categorical variables 

and t test or Wilcoxon rank-sum test for continuous vari-

ables. The factors associated with death in hospitalization 

were determined by using logistic regression models and 

presented as odd ratios (ORs) and 95% confidence inter-

vals (95% CIs) with adjustments including variables that 

were significant in the univariate analysis. The variables 

for the final multivariate model were selected using the 

backward stepwise method based on Akaike Information 

Criteria [26]. The missing data were verified and managed 

by the NHSO since they were used to reimburse the cost 

of treatment. The final data set for analysis had no miss-

ing data. All statistical analyses were performed using the 

R program version 3.6.2 (R Core Team). A p-value of less 

than 0.05 was considered statistically significant. 

Results 

Patient characteristics and incidence of COVID-19 infection 

Fig. 1 shows the percentages of COVID-19 infections and 

vaccinations in KRT patients classified into PD, HD, and 

KT groups. There were 85,305 patients receiving KRT from 

January 2020 to December 2021. The number of patients 

with PD was 45,453 (53.3%), that of HD was 36,982 (43.3%), 

and that of KT was 2,870 (3.4%). A total of 3,425 patients 

(4.0%) with either PD, HD, or KT were admitted due to 

COVID-19 infection. All cases had only a single COVID-19 

infection during the period of the study. The number of 

HD, PD, and KT patients infected with COVID-19 was 1,799 

(4.9%), 1,531 (3.4%), and 95 (3.3%), respectively. The per-

centage of hospital admissions due to COVID-19 infection 
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Figure 1. Percentage of patients with different types of kidney replacement therapy receiving COVID-19 vaccination and becom-
ing infected with COVID-19.
p < 0.001 compared between HD and PD.
COVID 19, coronavirus disease 2019; HD, hemodialysis; KT, kidney transplantation; PD, peritoneal dialysis.

in patients with PD was significantly less than in those with 

HD. The total number of KRT patients receiving COVID-19 

vaccinations was 51,671 (60.6%). The number of patients 

with KT and vaccinations was 2,208 out of 2,870 cases 

(76.9%), that of HD was 26,126 out of 36,982 cases (70.7%), 

and that of PD was 23,337 out of 45,453 cases (51.3%). The 

percentage of vaccinated patients was highest in the KT 

group, followed by the HD and PD groups. There were 1,997 

out of 51,671 KRT patients (3.9%) who received vaccina-

tions and became infected with COVID-19. The number of 

COVID-19 infections in vaccinated patients with PD was 

744 out of 23,337 cases (3.2%), that of HD was 1,173 out 

of 26,126 cases (4.5%), and that of KT was 80 out of 2,208 

cases (3.6%). The percentage of vaccinated patients with 

PD who became infected with COVID-19 was significantly 

lower than that of those with HD or KT. 

Table 1 shows the characteristics of patients infected 

with COVID-19. The median age at the admission of these 

patients was 58 years (IQR, 48–67 years), which was lowest 

in patients with KT, followed by those with PD and HD. 

Patients with KT tended to have less severe comorbidity 

conditions than those with HD or PD. The complications 

during hospitalization were not different among PD, HD, 

and KT patients. Table 2 shows the fatality rates, length 

of admission, and cost of treatment in patients with 

COVID-19 infection during hospitalization. The median 

length of hospitalization across all modalities of KRT was 

13 days (IQR, 7–17 days). The median cost of treatment in 

a hospital, not including the cost of dialysis (calculated in 

US dollars [USD]; 1 USD is equal to 35 baht), in patients 

with HD was 1,458.03 USD (IQR, 274.28–3,831.94 USD). 

This was higher than in those with PD or KT. The median 

costs of treatment in patients with PD and KT were 1,272.63 

USD (IQR, 298.71– 3,058.71 USD) and 761.20 USD (IQR, 

285.71–4,431.34 USD), respectively. The case fatality rate in 

patients with HD was higher than in those with PD (21.4% 

vs. 18.41%), while it was lowest in patients with KT (8.4%). 

The median length of admission in patients who died 

during treatment was 11 days (IQR, 6–19 days). The medi-

an cost of treatment in patients who died during treatment 

was 2,528.57 USD (IQR, 1,046.40–5,194.29 USD), and this 

cost was the highest in those with KT. 

Total number of patients at year 2020–2021 
(85,305 cases, 100%)

3.4
43.3

53.3

76.9
70.7

51.3

3.3
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3.4

3.2

%

10.0- 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0

4.5
3.6

Total number of patients with vaccination 
(51,671 cases, 60.6%, p < 0.001)

Number of patients admitted from Covid-19 infection 
(3,425 cases, 4.0%, p < 0.001)

Number of cases with COVID-19 infection and 
receiving vaccination (1,997 cases, 3.9%, p < 0.001)

■ KT  ■ HD  ■ PD
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Table 1. Characteristics of comorbidities, complications, fatality rates, length of admission, and cost of treatment in patients with 
COVID-19 infection requiring hospitalization
Characteristic PD group HD group KT group Total
No. of patients 1,531 1,799 95 3,425
Age at admission for COVID-19 infection (yr)a 57 (47–66) 60 (50–69) 46 (33–58) 58 (48–67)
Comorbidity
  Diabetesb 988 (64.5) 1,159 (64.4) 24 (25.3) 2,276 (63.3)
  Cardiovascular diseasesb 600 (39.2) 824 (45.8) 17 (17.9) 1,497 (41.6)
  Cerebrovascular diseases 229 (15.0) 260 (14.5) 10 (10.5) 517 (14.4)
  Malignancyb 48 (3.1) 86 (4.8) 1 (1.1) 152 (4.2)
  Hypertensionb 1,494 (97.6) 1,716 (95.4) 72 (75.8) 3,432 (95.4)
  Airway diseasesb 162 (10.6) 186 (10.3) 1 (1.1) 366 (10.2)
  Liver diseases 227 (14.8) 329 (18.3) 14 (14.7) 599 (16.7)
  HIV infection 9 (0.6) 3 (0.2) 0 (0) 12 (0.4)
  Psychiatric problem 84 (5.5) 128 (7.1) 3 (3.2) 219 (6.1)
Complications during hospitalization
  Sepsis 243 (15.9) 253 (14.1) 11 (11.6) 528 (14.7)
  Pneumonia 1,062 (69.4) 1,299 (72.2) 60 (63.2) 2,530 (70.3)
  Respiratory failure 42 (2.7) 55 (3.1) 5 (5.3) 106 (2.9)
  Volume overload 112 (7.3) 113 (6.3) 1 (1.1) 235 (6.5)
  Heart failure 45 (2.9) 67 (3.7) 2 (2.1) 131 (3.6)

Data are expressed as number only, median (interquartile range), or number (%).
COVID 19, coronavirus disease 2019; HD, hemodialysis; HIV, human immunodeficiency virus; KT, kidney transplantation; PD, peritoneal dialysis.
ap < 0.05 compared between PD and HD. bp < 0.05 compared among PD, HD, and KT.

Table 2. The fatality rates, length of admission, and cost of treatment in patients with COVID-19 infection requiring hospitalization

Outcome PD group 
(n = 1,531)

HD group 
(n = 1,799)

KT group 
(n = 95)

Total 
(n = 3,425)

Length of admission (day) 12 (8–17) 13 (8–18) 12 (6–16) 13 (7–17)
Cost of treatment in all casesa,b (USD) 1,272.63 

(298.71–3,058.71)
1,458.03 

(274.28–3,831.94)
761.20

(285.71–4,431.34)
1,314.57 

(273.40–3,397.00)
No. of patients that died from COVID-19a,b 282 (18.4) 385 (21.4) 8 (8.4) 675 (19.7)
Days to death during hospitalization (day) 11 (6–21) 11 (5–18) 14 (8–23) 11 (6–19)
Cost of treatment in cases resulting in death 

(USD)
2,605.60 

(1,245.59–5,179.00)
2,381.66 

(906.57–5,064.04)
5,292.09 

(887.29–7,488.05)
2,528.57 

(1,046.40–5,194.29)

Data are expressed as median (interquartile range) or number (%).
COVID 19, coronavirus disease 2019; HD, hemodialysis; KT, kidney transplantation; PD, peritoneal dialysis; USD, US dollars (1 USD equals 35 baht).
ap < 0.05 compared between PD and HD. bp < 0.05 compared among PD, HD, and KT.

Characteristics of COVID-19 vaccination in patients with 
COVID-19 infection 

Table 3 shows the characteristics of COVID-19 vaccination 

in patients with PD, HD, and KT who developed COVID-19 

infections. Most of them did not receive COVID-19 vac-

cinations or received a single dose of vaccination before 

COVID-19 infection. The number of patients with PD, HD, 

and KT who did not receive vaccination prior to contact-

ing COVID-19 was 1,966 (57.40%). The percentage of un-

vaccinated patients who were admitted due to COVID-19 

infection was highest in the PD group (66.5%), followed by 

the KT (51.6%) and HD groups (50.0%). The number of pa-

tients with PD, HD, and KT who received at least one vacci-

nation dose before COVID-19 infection was 1,459 (42.6%). 

The percentage of patients who received a COVID-19 

vaccination before infection was highest in those with HD 

(50.0%), followed by those with KT and PD (48.4% and 
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33.5%, respectively). There were 538 patients (15.7%) who 

had COVID-19 infections and received COVID-19 vacci-

nations after they were discharged from the hospital. The 

total number of patients with PD, HD, and KT receiving 

vaccination before or after COVID-19 infection was 1,997 

(58.3%). Most patients received live, attenuated, or viral 

vector vaccines. The median interval between the date of 

the last vaccination and the date of admission was 30 days 

(IQR, 15–58 days), which was the longest in patients with 

PD, followed by those with HD and KT. 

Characteristics of patients with fatal COVID-19 infections 
and associated factors 

Table 4 shows the characteristics of KRT patients with 

COVID-19 infection who died during admission compared 

with those who survived at hospital discharge. Patients in 

the survival group had a significantly lower age at the time 

of COVID-19 infection; a higher chance of being vacci-

nated against COVID-19, especially with double doses of 

the vaccine; and a longer interval between the last date of 

vaccination and date of admission than those in the death 

group. The case fatality rate in patients who did not receive 

COVID-19 vaccinations was 23.1%; in contrast, it was 15.1% 

for those who received COVID-19 vaccinations. There were 

only 59 patients in the dead and surviving groups who re-

ceived the messenger RNA (mRNA) vaccine. It was a small 

number, and there was not a significant difference between 

those who died and survived. 

The factors associated with death in KRT patients after 

COVID-19 infection are shown in Table 5. Increased age, 

diabetes, and cardiovascular diseases were demonstrated 

as significant factors associated with death. The modes of 

KRT were not factors associated with death after being ad-

justed for age, comorbidities, and the status of COVID-19 

vaccination. Receiving COVID-19 vaccination or the inter-

val between the date of the last vaccination and the date 

of admission for COVID-19 were protective factors against 

death after COVID-19 infection. The factors associated with 

fatality in the subgroup analysis of patients with HD and PD 

have shown similar results (Supplementary Table 1, avail-

able online). The adjusted OR of fatality in HD patients with 

double COVID-19 vaccinations was 0.32 (95% CI, 0.21–0.49). 

The adjusted ORs of fatality in PD patients with COVID-19 

Table 3. Characteristics of COVID-19 vaccination among patients with COVID-19 infection

Variable PD group 
(n = 1,531)

HD group 
(n = 1,799)

KT group 
(n = 95)

Total group 
(n = 3,425)

Hospitalizing COVID-19 infections (%) 44.7 52.5 2.8 100
Cases without vaccination before infectiona 1,018 (66.5) 899 (50.0) 49 (51.6) 1,966 (57.4)
Cases of vaccination before infection 513 (33.5) 900 (50.0) 46 (48.4) 1,459 (42.6)
  Single dose 326 (63.6) 594 (66.0) 31 (67.4) 951 (65.2)
  Two doses 181 (35.3) 298 (33.1) 15 (32.6) 494 (33.9)
  At least three doses 6 (1.2) 8 (0.9) 0 (0) 14 (1.0)
Cases of vaccination after infectiona 231 (15.1) 273 (15.2) 34 (35.8) 538 (15.7)
Cases of vaccination before or after infection 744 (48.6) 1,173 (65.2) 80 (84.2) 1,997 (58.3)
Cases of only lived, attenuated vaccine  

administrationa
131 (8.6) 187 (10.4) 13 (13.7) 331 (9.7)

Cases of only viral vector vaccine administration 289 (18.9) 605 (33.6) 28 (29.5) 922 (26.9)
Cases of only mRNA vaccine administration 29 (1.9) 25 (1.4) 2 (2.1) 56 (1.6)
Cases of mixed-type vaccine administration with 

any mRNA vaccine
1 (0.1) 2 (0.1) 0 (0) 3 (0.1)

Cases of mixed-type vaccine administration  
without any mRNA vaccine

63 (4.1) 81 (4.5) 3 (3.2) 147 (4.3)

Cases of any mRNA vaccine administration 30 (2.0) 27 (1.5) 2 (2.1) 59 (1.7)
Interval between the last vaccination and  

admission date (day)a
34.0 (16.0–61.0) 28.5 (14.0–56.0) 24.0 (15.0–38.3) 30.0 (15.0–58.0)

Data are expressed as percentage only, number (%), or median (interquartile range).
COVID-19, coronavirus disease 2019; HD, hemodialysis; KT, kidney transplantation; mRNA, messenger RNA; PD, peritoneal dialysis.
ap < 0.05.

https://www.krcp-ksn.org/upload/media/j-krcp-22-240-Supplementary-Table-1.pdf
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vaccination (one and double doses) were 0.46 (95% CI, 

0.31–0.66) and 0.24 (95% CI, 0.12–0.42), respectively. 

Discussion 

We report the incidence of COVID-19 infection, case fatali-

ty rates, and associated factors in patients with HD, PD, and 

KT during 2 years of the COVID-19 pandemic in Thailand. 

We found that the overall incidence of COVID-19 infection 

in patients with KRT (HD, PD, and KT) was 4% compared 

to the rate of 3.4% for the general population nationwide 

[22,27]. This incidence was probably underestimated due 

to the fact that some patients died at home. This happened 

despite the national policy response to the COVID-19 pan-

demic during the period of study, including contact tracing 

by surveillance and rapid response team engagement from 

village health volunteers to identify, isolate, and quarantine 

cases and admit all cases with positive RT-PCR results. The 

in-hospital case fatality rate in these patients was 19.7% 

versus 1% for nationwide patients [22]. The incidence and 

fatality rates of COVID-19 infections varied among coun-

tries and the times of outbreak [4,9,10,15,16,20,28,29]. 

There are reasons to explain these variations. The inci-

dence and mortality of COVID-19 may be impacted by the 

enrollment of patients at different times during outbreaks, 

as this could be influenced by the severity of virulence and 

transmission diversity of the disease. The preparedness 

of national health policies, the adherence of people to 

preventive measures, and the availability of healthcare fa-

cilities, e.g., intensive care units or mechanical ventilation, 

could also affect outcomes [9,10,20,28,29]. 

In Thailand, the number of COVID-19 diagnoses was 

much higher in the second wave compared to the first 

wave. There were only 3,042 cumulative cases of COVID-19 

infection with 57 deaths (1.5% case fatality rate) country-

wide, and only eight patients with KRT had COVID-19 in-

fections in the first wave [21]. In contrast, the total number 

of cases of COVID-19 infection in the second wave was 

more than two million cases by the end of December 2021, 

which led to increasing numbers of KRT patients infected 

with COVID-19 [22]. We suspect that the main cause of the 

increasing incidence of COVID-19 infection in the second 

wave was the highly contagious COVID-19 clades due to 

differences in the processes of lockdown between the first 

and second waves of the COVID-19 outbreaks [30]. The 

nationwide lockdown included curfews between 10.00 PM 

to 04.00 AM, canceling national holidays, and suspend-

ing international flights for tourists, which led to a huge 

negative impact on the economy during the first wave. 

Therefore, the policy was changed to lockdown specific 

areas with COVID-19 outbreaks, find active cases, speed 

up COVID-19 vaccinations for the elderly and patients with 

Table 4. Characteristics of patients with fatal and non-fatal hospitalizing COVID-19 infections
Characteristic Dead group (n = 675) Surviving group (n = 2,750) Total (n = 3,425)
Agea (yr) 63 (55–71) 57 (47–66) 58 (48–67)
Vaccination statusa

  No. of patients with COVID-19 vaccination 221 (32.7) 1,238 (45.0) 1,459 (42.6)
  No. of patients without COVID-19 vaccination 454 (67.3) 1,512 (55.0) 1,966 (57.4)
Doses of vaccinationa

  No. of patients with a single dose 178 (80.5) 773 (62.4) 951 (65.2)
  No. of patients with two doses 42 (19.0) 452 (36.5) 494 (33.9)
  No. of patients with at least three doses 1 (0.5) 13 (1.1) 14 (1.0)
Any mRNA vaccine 5 (2.3) 54 (4.4) 59 (4.0)
Interval between the last vaccination and admission date (day)a

  Single dose 24.0 (13.2–43.8) 29.0 (15.0–53.0) 27.0 (15.0–52.0)
  Two doses 17.0 (7.0–48.0) 40.0 (19.0–70.2) 39.5 (17.2–69.0)
  At least three doses NA NA NA
  All doses of vaccination 24.0 (12.0–45.0) 32.0 (16.0–59.8) 30.0 (15.0–58.0)

Data are expressed as median (interquartile range) or number (%).
COVID 19, coronavirus disease 2019; mRNA, messenger RNA; NA, not available.
ap < 0.05 compared between dead and surviving groups.
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chronic disease, and practice early admission for treatment 

in patients with a high risk of mortality in the second wave 

of the COVID-19 pandemic. Patients with KRT who were 

infected with COVID-19 and confirmed by RT-PCR would 

be admitted to hospitals and receive treatment early as 

they were considered vulnerable people with high risks of 

mortality. 

Patients with PD, HD, and KT had different incidence 

rates of COVID-19 infection in our study, which are similar 

to previous publications [9,10,28,29]. The proportions of 

KRT modalities in the 3,425 patients with COVID-19 infec-

tion were 52.5% from HD, 44.7% from PD, and 2.8% from 

KT. Patients with HD had a higher chance of COVID-19 

infection than those with PD. The main reasons were that 

they had to travel two to three times per week and re-

mained in clinics for at least 4 hours in each HD session 

to get dialyzed. It was not from a greater opportunity to 

screen for COVID-19 in patients with HD since the national 

health policy was that the test would be done in all index 

cases and cases with high-risk contacts. RT-PCR was the 

only method used to test for COVID-19 during the study 

period. Antigen test kits were not available at that time; 

therefore, there was no policy to test patients with HD 

regularly during the second wave of COVID-19. Our study 

showed that patients with KT had the lowest incidence of 

COVID-19 infection compared to those with dialysis. We 

proposed that this was due to KT patients tending to have 

younger ages and fewer comorbidities than patients with 

HD or PD [8,31]. 

Our study showed the results of short-term fatality and 

risk factors, which were similar to previous reports from 

other countries. Previous studies showed that the fatality 

Table 5. Factors associated with death in KRT patients with COVID-19 infection
Factor Crude OR (95% CI) p-value Adjusted ORb (95% CI) p-value
Age 1.03 (1.03–1.04) <0.001 1.03 (1.02–1.04) <0.001
Malea 1 1
Female 0.96 (0.81–1.13) 0.60 0.85 (0.71–1.02) 0.08
Diabetes 1.63 (1.35–1.96) <0.001 1.26 (1.03–1.53) 0.03
Cardiovascular disease 1.64 (1.38–1.94) <0.001 1.44 (1.20–1.72) <0.001
Cerebrovascular disease 1.33 (1.06–1.67) 0.01 1.16 (0.92–1.47) 0.20
Malignancy 0.97 (0.62–1.48) 0.90 0.90 (0.56–1.39) 0.60
Hypertension 1.45 (0.92–2.38) 0.12 0.96 (0.60–1.62) 0.90
Airway disease 0.91 (0.68–1.20) 0.50 0.76 (0.56–1.02) 0.07
Liver disease 1.01 (0.80–1.26) >0.90 0.99 (0.78–1.25) 0.90
HIV 1.36 (0.30–4.57) 0.60 1.39 (0.28–5.42) 0.70
Psychiatric problem 1.59 (1.16–2.16) 0.003 1.15 (0.83–1.59) 0.40
Mode of KRT
  HDa 1 1
  KT 0.34 (0.15–0.66) 0.004 0.51 (0.22–1.04) 0.09
  PD 0.83 (0.70–0.98) 0.03 0.85 (0.71–1.02) 0.09
No. of vaccination doses
  No vaccinationa 1 1
  Single dose 0.77 (0.63–0.93) 0.007 0.71 (0.58–0.87) <0.001
  Double dose 0.31 (0.22–0.43) <0.001 0.30 (0.21–0.42) <0.001
  At least three doses 0.26 (0.01–1.29) 0.20 0.28 (0.02–1.44) 0.20
Type of vaccine without mRNAa 1 1
With mRNA 2.68 (1.18–7.73) 0.04 1.50 (0.63–4.42) 0.40
Interval between the last vaccination and admission date (day) 0.99 (0.98–0.99) <0.001 0.99 (0.98–0.99) <0.001

CI, confidence interval; COVID 19, coronavirus disease 2019; HD, hemodialysis; HIV, human immunodeficiency virus; KT, kidney transplantation; KRT, kid-
ney replacement therapy; mRNA, messenger RNA; OR, odds ratio; PD, peritoneal dialysis.
aReference to calculate ORs. bAdjusted for age, sex, diabetes, cardiovascular disease, cerebrovascular disease, malignancy, hypertension, airway disease, 
liver disease, HIV, psychiatric problems, mode of KRT, number of vaccination doses, types of vaccine, and interval between the date of the last vaccination 
and the date of hospital admission due to COVID-19 infection.
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rates from COVID-19 infection in patients with dialysis 

were 20% to 30% [8–10,14,16,28,32–34]. Advanced age, 

multiple comorbid conditions, diabetes, frailty, and the 

need for ventilation were risk factors related to death 

[4,8–10,28,32,33]. The overall fatality rate of COVID-19 in-

fection in our patients with KRT was 19.71%. It was highest 

in patients with HD, followed by those with PD and KT. 

Advanced age, diabetes, and cardiovascular diseases were 

risk factors related to fatality. The KRT modalities were not 

related to fatality after adjusting for age, comorbidities, and 

the status of COVID-19 vaccination. COVID-19 vaccination, 

especially two doses of a vaccine, decreased fatality from 

COVID-19 infection in patients with PD, HD, and KT. Pa-

tients with HD tended to be vaccinated against COVID-19 

more than those with PD or KT. This was probably due to 

the fact that they attended HD clinics two to three times per 

week, and they had more chances to access the COVID-19 

vaccination than patients with PD or KT. Previous studies 

demonstrated a diminished antibody response and a rapid 

decline in concentration following COVID-19 vaccination 

in these patients [35– 37]. A current research letter shows 

that patients with maintenance dialysis developed robust 

antibody responses after being vaccinated with a booster 

dose of an mRNA vaccine [38]. We strongly suggest that 

these patients should be prioritized and encouraged to re-

ceive COVID-19 vaccinations with boosters. 

We would like to address the limitations of our study. 

First, we could not calculate the cost of HD and PD from 

the KRT reimbursement files because we found that there 

was no reimbursement for the cost of dialysis in 26.2% 

of PD and 47.2% of HD patients during COVID-19 infec-

tion. Although the cost of dialysis was not included in the 

analysis of expenses for patients with PD, it was still lower 

than for those with HD. The average costs of PD and HD 

reimbursed from the NHSO in patients under UHC were 

472.57 and 514.29 USD/patient/month, respectively. Sec-

ond, we could not identify the locations of HD units or 

whether patients received maintenance HD in-hospital 

or in outpatient dialysis clinics. This may have impacted 

the analysis of the risk of infection, as it is increased in 

crowded dialysis clinics with small areas. Third, we did not 

evaluate body mass index, frailty parameters, the treatment 

protocol for COVID-19 in individual cases, medication us-

age for the treatment of COVID-19 infection, or the use of 

immunosuppressive medications in patients with KT due 

to the lack of this information in the database. These may 

be associated with fatality. Fourth, we reported in-hospital 

fatality rates, which may be lower than the actual death 

rates because we could not follow the status of patients 

after discharge from hospitals. Some patients may have ex-

pired shortly after they were discharged from the hospital. 

Fourth, it is an observational cohort study that could not 

match patients to compare the effects of KRT modalities 

on COVID-19 infection. Fifth, we could not compare the 

risk factors of fatality in KRT patients versus the general 

population due to the inability to access the national da-

tabase of COVID-19 infection, treatment, and vaccination. 

Although this study has several limitations, we believe that 

it has strengths and benefits to share. First, it is a study 

from a middle-income country that provides PD, HD, and 

KT for all under UHC. Second, the databases are from the 

NHSO, which has covered the majority of KRT patients 

under UHC. The median cost of in-hospital charges was 

highest in HD, followed by PD and KT. The cost of treat-

ment during admission for each KRT modality reflects the 

financial burden of COVID-19 infection. PD had beneficial 

treatment options and resulted in a lower risk of COVID-19 

infection during the pandemic than HD because it is the 

main home-based dialysis modality available in devel-

oping countries. This information should be emphasized 

during the shared decision-making process regarding KRT 

modalities. Third, KT should be done early for appropriate 

patients. Fourth, vulnerable patients should not hesitate to 

receive available COVID-19 vaccines while awaiting more 

effective and safer ones. 

In conclusion, the COVID-19 pandemic has had an im-

pact on KRT patients. The results from this study provide 

information on the effects of KRT modalities on COVID-19 

incidence, risk factors for in-hospital fatality, and the cost 

of treatment. COVID-19 vaccinations could reduce fatality 

in patients with KRT, especially those with advanced age 

and comorbid conditions. These findings could be of ben-

efit to the healthcare authorities to prepare measures to 

prevent outbreaks of COVID-19 infection that may occur in 

crowded patients undergoing HD after the policy changes 

from PD First to shared decision-making regarding dialysis 

modalities in the future. Policymakers and healthcare pro-

viders should promote KT and home treatment programs, 

such as PD and telemedicine, to mitigate the crowded 

dialysis centers. Home treatment programs are strategic 
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treatments that can reduce the pressure on hospitals from 

the risk of spreading diseases with high severity and trans-

mission and mitigate the financial burden in case of future 

pandemic infections. 
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