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Abstract
Background  The impact of Coronavirus disease (COVID-19) pandemic and its influence on personal hygiene behaviors and 
peritonitis rate in peritoneal-dialysis patients is unknown.
Methods  A multi-center retrospective study was conducted. We reviewed all the cases of peritoneal-dialysis (PD) patients 
from four major PD centers in Wuhan before and after COVID-19. There were 567 patients enrolled in total. Information 
was collected on personal hygiene behaviors, basic clinical characteristics, lab results, peritonitis details. We used Chi-
square analysis to compare the personal hygiene behaviors, and used Chi-square goodness-of-fit analysis to compare the 
peritonitis rates before and after COVID-19. Multivariate logistic regression analysis was used to analyze the risk factors 
for peritonitis rate.
Results  There were no significant differences on peritonitis rates in six-month period before and after COVID-19 (p = 0.0756, 
Fig. 2 and Table 3). But Gram-positive infections decreased dramatically (p = 0.0041, Table 4). Personal hygiene behaviors 
such as length of time for washing hands when performing PD treatment, the frequency of washing hands before PD treatment 
and six general behaviors had significant differences (P < 0.05 Table 2). The multivariate logistic regression analysis showed 
never washing hands before PD treatment and serum albumin level were the risk factors of peritonitis during COVID-19 
(OR 14.408, 95%CI 3.930 –52.821, P = 0.0002; OR 4.681, 95% CI 1.755 –12.485, P = 0.002, Table 5).
Conclusions  The COVID-19 pandemic had a significant positive influence on personal hygiene behaviors. Peritonitis rate 
did not significantly decrease but Gram-positive infections dramatically decreased. Never hand washing before PD treatment 
and serum albumin were the risk factors for peritonitis. We should emphasize hand washing before PD treatment in training 
and re-training program.
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Introduction

During the Coronavirus disease (COVID-19) pandemic, 
the management of peritoneal-dialysis (PD) patients and 
PD dialysis treatment for acute kidney injury are commonly 
discussed [1–3]. But the change in peritonitis rate and the 
change in personal hygiene behaviors are seldom discussed.

As is known, peritonitis is a common and serious compli-
cation of PD and can lead to PD failure and even death. Both 
patients related factors and therapy related factors are crucial 
to reduce the peritonitis rate. However, when it comes to 
real life, few patients do exactly as they were trained [4, 5].

The COVID-19 pandemic brought a dramatic change 
towards people’s personal life. China built extremely strict 
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rules for the whole country, especially in Wuhan at the very 
beginning. The city was locked down, no public traffic, no 
restaurants were open. All the people stayed at home. Eve-
ryone wear masks and people were more vigilant and aware 
of hand hygiene.

Since the COVID-19 pandemic changed environmental 
and personal behaviors, we are curious about the role of 
that change for PD patients. And also, we are interested in 
which specific personal behavior influenced peritonitis rate 
the most. Till now, little is known about that. Our study 
will be the first to investigate the changes before and after 
COVID-19 pandemic on personal hygiene behaviors and the 
rate of peritonitis in peritoneal-dialysis patients. It is also 
the first study about the risk factors of peritonitis during 
COVID-19 pandemic.

Materials and methods

Study design and participants

We reviewed all the clinical and personal information of 
prevalent PD patients in the 4 major PD centers in Wuhan 
before and after COVID-19 pandemic including those with 
and without peritonitis (Fig. 1).

Since the breakout of COVID-19 pandemic was in 
December 2019.We defined the time after COVID-19 as 
the period between January 1st, 2020 and June 30th, 2020. 
Accordingly, we defined the time before COVID-19 as the 
same period last year, to exclude the seasonal climate influ-
ence which was between Jan 1st 2019 to June 30th 2019 [6].

The inclusion criteria of the study were: (a) rou-
tine follow-up defined as at least once every six months, 
(b) > 18  years of age, (c) consent to participate in the 
research. (d) visiting the centers in both periods including 
before and after COVID-19.

The exclusion criteria of the study were: (a) patients who 
had psychological-cognitive impairment and psychiatric 
problems were excluded (defined as any neurological or 
psychiatric disorders that lead to the inability to perform PD 
by him/herself or inability to respond to questionnaire); (b) 
combined HD and PD therapy were excluded; (c) patients 
who had PD treatment for AKI were excluded.

Baseline data from the participants were collected, 
these include patient demographics (age, sex, education), 
cause of end-stage renal disease (ESRD), body mass index 
(BMI), comorbidities (Diabetes mellitus, hypertension, car-
diovascular disease, cerebrovascular disease), PD modality 
(continuous ambulatory PD [CAPD], day time ambulatory 
PD [DAPD] and automated PD [APD]), dialysis efficacy 
and peritoneal membrane transport quality and laboratory 
results.

In June 2020, we did a thorough investigation on all 
patients about the personal hygiene behaviors before and 
after COVID-19. All patients were given an anonymous 
Questionnaire Form (electronic or paper) on personal 
hygiene behavior self-efficacy scale. The questions were 
mainly about hand washing and mask-wearing behaviors 
before and after COVID-19. There were in total 11 personal 
hygiene behaviors including: the frequency of washing 
hands before PD treatment, the frequency of washing hands 
just before connecting transfer set, the frequency of wash-
ing hands before disconnecting the transfer set, the length 
of time for washing hands, the frequency of hand washing 
when not performing PD treatment, the habit of washing 
hand after defecation, the condition of mask-wearing in the 
environment where PD is applied, the frequency of chang-
ing a new mask, the frequency of going out, of dining out, 
of cleaning the living environment(see supplements). The 
standard hand-washing protocol adopted was the Center for 
Disease Control (CDC) protocol [7–9]. And all the patients 
were trained according to the protocol when PD treatment 
started [7, 8].

All episodes of peritonitis in PD patients in our unit 
before and after COVID-19 were also reviewed. The diag-
nosis of peritonitis was based on at least two of the fol-
lowing: (1) clinical features consistent with peritonitis, i.e. 
abdominal pain and/or cloudy dialysis effluent; (2) dialysis 
effluent white cell count > 100/μL or > 0.1 × 109/L (after a 
dwell time of at least 2 h), with > 50% polymorphonuclear; 
and (3) positive dialysis effluent culture [8]. The time of 
onset, the suspected etiology and microbiology result for 
peritonitis were examined. PD fluid sample was collected 
when peritonitis was clinically suspected. Sampling was 
done by dialysis nurses and every step was performed under 
the guidance of ISPD.

The peritonitis rate should be reported as the number 
of episodes per patient-year as recommended [10]. To find 
out what was the trend of peritonitis rate after COVID-19 
pandemic, we compared the peritonitis rate before and after 
COVID-19 breakout by drawing a curve depicting the peri-
tonitis rate of each month in the periods before and after 
COVID-19. Each month’s peritonitis rate was calculated 
using the conventional cohort-specific peritonitis rate meth-
ods based yearly basis. For example, peritonitis rate of Janu-
ary 2019 was calculated as the peritonitis rate between Janu-
ary 2018 and January 2019. To calculate the peritonitis rate 
of each month, we further retrieved the number of peritonitis 
episodes from January 2018 to June 2020.

Statistic analysis

Quantitative variables were expressed as mean (standard 
deviation), or median (inter quartile range) depending on 
whether they fitted the normal distribution. For qualitative 
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variables, statistical description was expressed as frequency 
(percentage). Chi-Square analysis was used to compare the 
personal hygiene behaviors before and after COVID-19. Chi-
square goodness-of-fit analysis was used to compare perito-
nitis rate between the time before and after COVID-19. Chi-
Square analysis and Fisher’s exact test were used to compare 
the suspicious etiology and microbiology before and after 
COVID-19. Multivariate logistic regression analysis was 
used to analyze the risk factors contributed to peritonitis 

rate. The potential covariates were chosen by professional 
judgment. Variables with a p value < 0.10 in the univariate 
analysis were included in the multivariate logistic regression 
analysis. The comparative risk of an incidence rate exposed 
with covariate was then stated as an odds ratio (OR) [95% 
confidence interval (CI)]. Statistical software was Statistical 
software was SAS 9.4, and all hypothesis tests were two-
sided tests with a significance level of 0.05.

Fig. 1   Patient disposition



414	 International Urology and Nephrology (2022) 54:411–419

1 3

Results

General characteristics

In total, 567 PD patients in 4 peritoneal-dialysis cent-
ers in Wuhan were enrolled in the study. The basic char-
acteristics of all those patients were analyzed and sum-
marized in Table  1.The mean age of the patients was 
57.42 ± 13.25 years old, the mean BMI was 22.47 ± 3.93 kg/
m2, 49.6% were male, 40.48% had high-school education or 
above. The most common primary disease was primary glo-
merulonephritis(42.11%). The most common co-morbidity 
was hypertension(31.1%).The most common PD pattern was 
CAPD(93.9%).The mean total KT/V was 1.86 ± 0.5 mL/
min. The median D/P creatinine was 0.63 (IQR 0.55–0.71) 
(Table 1).

Differences of personal hygiene behaviors 
before and after COVID‑19

There were in total 11 personal hygiene behaviors stud-
ied, with the results showing 8 of them showing signifi-
cant differences. According to our analysis, the length of 
time for washing hands, the frequency of washing hands 
before PD treatment and when not performing PD treat-
ment, the condition of mask-wearing in the environment 
where PD is applied, the frequency of changing a new 
mask, the frequency of going out, of dining out, of clean-
ing the living environment had significant differences before 
and after COVID-19 (P < 0.05 Table 2). And the percent-
age of patients who had better personal hygiene behaviors 
increased dramatically which showed the positive influence 
of COVID-19 breakout on patients’ personal hygiene behav-
iors (P < 0.05 Table 2). The frequency of washing hands 
when connecting and disconnecting the transfer set, and the 
habit of washing hand after defecation did not have signifi-
cant differences before and after COVID-19 (p > 0.05).

Difference of peritonitis rates and gram 
positive infection in six‑month period 
before and after COVID‑19

After comparing the peritonitis rate in six-month period 
before and after COVID-19, there were no significant differ-
ence (P = 0.0756). But the curve showed a decreasing trend 
in peritonitis rate after COVID-19 (Fig. 2 and Table 3). The 
suspecting etiology and microbiologic results of the perito-
nitis episodes before and after COVID-19 were summarized 
in Table 4 showing that the most common bacteria were 
Gram positive and the most common etiology was improper 
hand hygiene (Table 4). The gram-positive infection rate 
significantly decreased from 76.6 to 45.71% after COVID-19 
breakout (p = 0.0041, Table 4).

Risk factors for peritonitis

48 clinical factors, determined at the time of diagno-
sis, were analyzed for their possible role as indicators 
of risk factors for peritonitis. The 48 clinical factors 
include: the hand hygiene habits, such as the frequency 
of washing hands before PD treatment before and after 
COVID-19 (never, occasionally, frequently, always);the 
frequency of washing hands just before the connect-
ing transfer set(never, occasionally, frequently, always) 
etc.; and the basic characteristics such as gender, age, 
BMI, total time of PD etc.; and lab results such as PET, 
Total KT/V, albumin etc. (see supplements). Risk fac-
tors for peritonitis after a univariate analysis are listed 
in Table 5. When adjusted in the regression model, only 
never washing hands before PD treatment and albumin 

Table 1   Baseline general characteristics

Characteristics

Age (years), mean (SD) 57.42 (13.25)
Gender male, n (%)
 Male 281 (49.56)
 Female 286 (50.44)

BMI (kg/m2), mean (SD) 22.47 (3.93)
Level of education, n (%)
 Primary school or less 176 (31.04)
 Secondary school 162 (28.57)
 High school and above 229 (40.39)

Total KT/Vmean (SD) 1.86 (0.5)
D/P creatinine (median, IQR) 0.63 (0.55–0.71)
Modality of PD, n (%)
 CAPD 532 (93.83)
 DAPD 17 (3.00)
 APD 3 (0.53)
 Others 15 (2.65)

Primary disease of ESRD, n (%)
 Diabetes 74 (13.05)
 Hypertension 169 (29.81)
 Glomerulonephritis 238 (41.96)
 Lupus 12 (2.11)
 Polycystic kidney 9 (1.59)
 Other 65 (11.46)

Comorbidity of ESRD, n (%)
 Diabetes mellitus 43 (7.58)
 Hypertension 176 (31.04)
 Cardiovascular disease 127 (22.40)
 Cerebrovascular disease 24 (4.23)
 HBV 3 (0.53)
 Tumor 3 (0.53)
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Table 2   Comparison of 
personal hygiene behaviors 
before and after COVID-19

Personal hygiene behavior Before 
COVID-19 N 
(%)

After COVID-19 N (%) Chi-Square P value

The frequency of washing hands before PD treatment
 Never 9 (1.59) 6 (1.06) 30.58  < 0.0001
 Occasionally 89 (15.70) 55 (9.70)
 Frequently 226 (39.86) 163 (28.75)
 Always 243 (42.86) 343 (60.49)

The frequency of washing hands just before connecting transfer set
 Never 20 (3.53) 15 (2.65) 0.001 0.9700
 Occasionally 78 (13.76) 46 (8.11)
 Frequently 168 (29.63) 246 (43.39)
 Always 301 (53.09) 260 (45.86)

The frequency of washing hands before disconnecting transfer set
 Never 43 (7.58) 39 (6.88) 2.61 0.1064
 Occasionally 90 (15.87) 98 (17.28)
 Frequently 206 (36.33) 251 (44.27)
 Always 228 (40.21) 179 (31.57)

The length of time for washing hands in accordance with the hygienic hand-washing technique of at least 
15 s

 Never 53 (9.35) 17 (3.00) 12.36 0.0004
 Occasionally 144 (25.40) 136 (23.99)
 Frequently 139 (24.51) 149 (26.28)
 Always 231 (40.74) 265 (46.74)

The frequency of hand washing when not performing the procedure
 Never 12 (2.12) 6 (1.06) 5.55 0.0185
 Occasionally 206 (36.33) 143 (25.22)
 Frequently 219 (38.62) 303 (53.44)
 Always 130 (22.93) 115 (20.28)

The habit of washing hand after defecation
 Yes 20 (3.53) 17 (3.00) 0.25 0.6161
 No 547 (96.47) 550 (97.00)

The condition of mask-wearing in the environment where PD is applied
 Never 155 (27.34) 104 (18.34) 44.49  < 0.0001
 Occasionally 256 (45.15) 194 (34.22)
 Frequently 91 (16.05) 142 (25.04)
 Always 65 (11.46) 127 (22.40)

The frequency of changing a new mask
 Occasionally 278 (49.03) 93 (16.40) 202.91  < 0.0001
 Sometimes 201 (35.45) 163 (28.75)
 Frequently 57 (10.05) 201 (35.45)
 Always 31 (5.47) 110 (19.40)

The frequency of going out
 Never 89 (15.70) 185 (32.63) 68.62  < 0.0001
 Occasionally 246 (43.39) 277 (48.85)
 Frequently 186 (32.80) 74 (13.05)
 Always 46 (8.11) 31 (5.47)

The frequency of dining out
 Never 199 (35.10) 419 (73.90) Fisher ‘s exact  < 0.0001
 Occasionally 303 (53.44) 121 (21.34)
 Frequently 61 (10.76) 24 (4.23)
 Always 4 (0.71) 3 (0.53)
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remained an independent predictor risk factor of peri-
tonitis before and after COVID-19 (OR14.408, 95% 
CI: 3.930 –52.821, P = 0.0002; OR 4.681, 95% CI: 
1.755 –12.485, P = 0.0020,Table 5).

Discussion

In the present study, we revealed changes to peritonitis-
related issues after the COVID-19 breakout: personal 
hygiene behaviors significantly improved, and peritonitis 

rate did not have significant statistic difference in six-
month period after COVID-19 breakout. However, the rate 
of Gram-positive infection significantly decreased. The risk 
factors that contributed to peritonitis during the COVID-19 
pandemic were: never washing hands before PD treatment 
and serum albumin level. This is the first and largest multi-
center retrospective study to investigate the change of peri-
tonitis-related issues before and after COVID-19. Therefore, 
our study presents new data for the literature.

Hand hygiene is considered to be the most cost-effective 
and efficacious method for preventing contamination-related 
PD infection. Noncompliance with hand hygiene is very 
common and is highly associated with higher peritonitis 
rate [11–13]. An Italian study found that, after a mean of 

Table 2   (continued) Personal hygiene behavior Before 
COVID-19 N 
(%)

After COVID-19 N (%) Chi-Square P value

The frequency of cleaning the living environment
 Never 17 (3.00) 8 (1.41) 44.77  < 0.0001
 Occasionally 101 (17.81) 56 (9.88)
 Frequently 334 (58.91) 291 (51.32)
 Always 115 (20.28) 212 (37.39)

Fig. 2   Peritonitis rate in January to June 2020, which is during the 
time after COVID-19 pandemic compare to last year

Table 3   Peritonitis in January to June 2020, which is during the time 
after COVID-19 pandemic compare to last year

*Peritonitis rate: episode per patient-year

Year Month Patient-years Case number Peritonitis rate

2019 Jan 574 157 0.2735
Feb 577 155 0.2686
Mar 581 145 0.2500
Apr 583 141 0.2410
May 586 141 0.2406
Jun 589 143 0.2428

2020 Jan 611 144 0.2357
Feb 614 135 0.2199
Mar 616 130 0.2110
Apr 618 131 0.2120
May 621 131 0.2110
Jun 623 125 0.2006

Table 4   Suspicious etiology and microbiologic causes of the peritoni-
tis episodes before and after COVID-19

*Fisher’s exact test

Before 
COVID-
19 N (%)

After 
COVID-
19 N (%)

P value

Suspicious etiology
 Diet 11 (23.40) 8 (22.86) 0.488
 Improper hand hygiene 14 (29.79) 16 (45.71) 0.7117
 Others 22 (46.81) 11 (31.43) 0.2344

Microbiologic causes
 Gram positive 36 (76.6) 16 (45.71) 0.0041
 Staphylococcus aureus 5 (10.64) 3 (8.57) 0.6894*
 Coagulase negative staphy-

lococci
9 (19.15) 2 (5.71) 0.4679*

 Streptococcus pneumoniae 3 (6.38) 0 (0.00) 0.5439*
 Enterococcus 4 (8.51) 3 (8.57) 0.6619*
 Other gram-positive bacteria 15 (31.91) 8 (22.86) 0.5766
 Gram-negative 7 (14.89) 6 (17.14) 0.7827*
 Escherichia coli 5 (10.64) 2 (5.71) 0.2861*
 Klebsiella pneumoniae 0 (0.00) 0 (0.00) –
 Pseudomonas aeruginosa 1 (2.13) 2 (5.71) 0.5594*
 Other gram-negative bacteria 1 (2.13) 2 (5.71) 0.5594*
 Fungus 0 (0.00) 1 (2.86) 0.4268*
 Mycobacterial species 0 (0.00) 0 (0.00) –
 No Growth 4 (8.51) 12 (34.29) 0.0036
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33 months on PD, 23% did not follow the correct exchange 
procedures aiming at preventing infections: 9% did not use 
a mask, 6% did not wash hands, and 8% did not pay enough 
attention to general hygiene concepts during exchange pro-
cedures. And collectively those 23% patients had higher 
peritonitis rate [12]. The latest International Society for 
Peritoneal Dialysis (ISPD) guidelines suggests hand hygiene 
should be emphasized during patient training [8, 13]. And 
the suggested efficient methods of washing hands by ISPD 
goes along with the CDC recommendations which is 70% 
alcohol-based hand rubs and antimicrobial soap for at least 
15 s [8, 9, 13]. Wearing a mask is optional in ISPD guideline 
[8]. Although the guideline gives us general recommenda-
tions on hand hygiene and mask-wearing, the number of 
studies focusing on hand washing, mask wearing and other 
specific personal hygiene habits to prevent PD-related infec-
tions are limited. The critical elements of a training program 
that determine the peritonitis rate remain undefined [10]. 
Many PD interventions and practices including duration of 
hand washing, type of hand-washing agent used, still require 
formal evaluation by clinical studies [14–16].

Our study showed two protocol-required personal hygiene 
behaviors that improved after COVID-19 breakout (p < 0.05, 
Table 2). The first was the frequency of washing hands 
before PD treatment, which should be done following 6-step 
hand-washing technique. The other was the length of time 
for washing hand which should be at least 15 s. Besides that, 
6 general personal hygiene behaviors also improved among 
PD patients, including hand washing while not perform-
ing PD, mask-wearing during PD treatment, the change of 
masks, frequency of dining out and going out, the frequency 
of cleaning the living environment. The results showed a 
complete thorough change of personal hygiene behaviors 
(In China, dining out and going out is not considered to be 
good personal hygiene behaviors because eating and staying 
at home is considered to be cleaner, safer and healthier). In 

other words, patients were more compliant to protocols and 
were cleaner in general. Since noncompliance with exchange 
protocols, especially noncompliance with hand hygiene, is 
very common and is highly associated with higher rate of 
peritonitis [11–13]. The improved required behaviors also 
meant increased compliance rate after COVID-19 which 
may lead to decrease in peritonitis rate, especially the Gram-
positive infections.

We further analyzed the peritonitis conditions in our 
study. Like other facilities in the world, Gram-positive organ-
isms were the leading cause of PD-related peritonitis [10, 
17–19]. When comparing the peritonitis rate before and after 
COVID-19 breakout, there was a decreasing trend in year 
2020 compared with year 2019. But there was not statisti-
cal significance (p = 0.0756, Fig. 2 and Table 3). But when 
we further studied the microbiology distribution, the Gram-
positive infection rate significantly decreased from 76.6% 
to 45.71% after COVID-19 breakout (Table 4). The results 
show that better personal hygiene behaviors, influenced by 
COVID-19 breakout, can decrease the Gram-positive infec-
tion. But although personal hygiene behaviors changed dra-
matically, to result in significant decrease peritonitis rate, 
more methods and effort or longer time should be needed.

When we evaluated the risk factors for peritonitis, 
we found that never washing hands before PD treatment 
increased the risk of peritonitis by 14.4-fold (p = 0.0002, 
Table 5) during COVID-19 pandemic. As we discussed 
above, hand hygiene was an important prevention practices 
against peritonitis. Among the 11 personal hygiene behaviors 
we included in the logistic multivariate analysis, this was 
the only one turning out to be a risk factor for peritonitis 
during COVID-19. Although the percentage of people who 
never wash hand before treatment decreased from 1.59 to 
1.06% (Table 2), never washing hand before treatment still 
remained the risk factor during COVID-19 pandemic. From 
that result, we can conclude that, by further emphasizing the 

Table 5   Logistic regression analysis of risk factors for peritonitis

Univariate analysis OR (95% 
CI)

Wald ChiSq P value Multivariate analysis OR 
(95% CI)

Wald ChiSq P value

Never wash hands before PD 
treatment

10.770 (3.433–33.786) 13.4284 0.0002 14.408 (3.930–52.821) 13.5180 0.0002

Never wash hands just before 
connecting the transfer set

5.848 (2.313–14.784) 9.6063 0.0019

Time of washing hands in 
accordance with the hygienic 
hand-washing technique 
never reach 15 s

3.179 (1.400–7.218) 6.3859 0.0115

Never wash hand when not 
performing the procedure

5.245 (1.284–21.417) 4.0747 0.0435

Seldom clean the living envi-
ronment

8.092 (2.932–22.333) 17.7372  < 0.0001

Abnormal Albumin 4.217 (1.677–10.605) 9.3577 0.0022 4.681 (1.755–12.485) 9.5074 0.0020
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hand hygiene habit of washing hands before PD treatment 
after COVID-19 pandemic can decrease the rate of peritonitis 
dramatically. And that conclusion can influence on PD treat-
ment training and re-training program as well. Serum albu-
min level was found to be another risk factor for peritonitis 
during COVID-19 in our multivariate model: it increased the 
peritonitis risk 4.68-fold (p = 0.002, Table 5) during COVID-
19 pandemic. It is understandable because the abnormality of 
serum albumin levels, most of the time hypoalbuminemia, is 
a marker of malnutrition, protein loss, and altered inflamma-
tory response and other studies in the literature and guide-
lines also have the same finding [8, 14, 20].

Our study has several potential limitations: first, the 
change of personal hygiene behaviors was based on ques-
tionnaire which was relatively objective. And because the 
questionnaire was taken in June 2020, it may have recall bias 
about the data before COVID-19 pandemic. But the ques-
tionnaire was done through several ways and advanced nurse 
specialists helped with all the questionnaire by explaining 
every question we listed. And also, we gave patients enough 
time to fill out the questionnaire to reduce the recall bias as 
much as possible; Second, it is a retrospective observational 
study instead of a prospective interventional study. It cannot 
give a high evidence support of causative conclusion. Better 
solid evidence could be made if a prospective interventional 
study could be designed and conducted; Third, the observa-
tion length for the change is relatively short, longer observa-
tion could give more solid conclusions. We intend to extend 
our observation to a year or more to see the changes after 
COVID-19 breakout especially the trend of peritonitis rate 
in longer time.

In conclusion, the COVID-19 pandemic breakout led to 
an improvement of personal hygiene behaviors. Peritonitis 
rates did not differ significantly after COVID-19 but Gram-
positive infection dramatically decreased. Never washing 
hands before PD treatment and serum albumin were the 
risk factors for peritonitis during COVID-19 pandemic. Our 
results showed that COVID-19 pandemic improved personal 
hygiene behaviors, can decrease the Gram-positive infec-
tion rate which provide a bright side of the current stressful 
situation. However, more effort should be done to improve 
the peritonitis rate especially by encouraging hand washing 
before PD treatment. Till the time of writing this paper, the 
COVID-19 pandemic lasted just more than a year. Further 
studies with longer observation periods are needed to study 
the influence of COVID-19 on peritonitis rate.
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