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Background: Infections are the second leading cause of death among patients undergoing hemodialysis. However, preventive measures against infectious diseases are limited and have not been made mandatory for patients.

Objective: To investigate the incidence of infectious diseases before and during the coronavirus disease (COVID-19) pandemic.

Design: A historical comparative study of a prospective cohort.

Setting(s): February 1, 2015 to January 31, 2020 was defined as the period before the mitigative confrontation of the COVID-19 pandemic in China. The period from February 1 to June 29, 2020 was defined as the period of mitigative confrontation of the COVID-19 pandemic in China.

Participants: A cohort of patients undergoing hemodialysis whose infectious disease episodes were documented prospectively in the hemodialysis unit of the Third Affiliated Hospital of Guangzhou Medical University since February 1, 2015.

Methods: Mandatory mask-wearing and reinforced hand-hygiene education were implemented to prevent COVID-19 from January 23, 2020 in China. The incidence of infectious episodes, including catheter-related infection, digestive tract infection, upper respiratory tract infection (UTRI), pneumonia, and infection at other sites, were documented and compared in the periods before and during the pandemic.

Results: The historical control group consisted of 157 patients, with 79 patients in the COVID-19 prevention group. The mask-wearing rate of patients increased from 1.5 to 100%. Hand sanitizer consumption increased significantly during the COVID-19 pandemic. The compliance rates of hand hygiene increased from 66, 75.5, to 55% in physicians, nurses, and other employees before the pandemic to 90.5, 92.5, and 76.5%, respectively. The incidences of UTRI and pneumonia decreased during the pandemic (p < 0.001). Notably, catheter-related and digestive tract infections also decreased during the pandemic (p = 0.003 and 0.034, respectively). A matched-pair study was conducted to further analyze the 79 individual changes in the incidences of infectious disease before and during the pandemic. As a result, the incidences of UTRI, pneumonia, catheter-related infections, digestive tract infections, and infections at other sites all decreased during the pandemic.

Conclusions: The present study indicated an association between mandatory mask-wearing and reinforced hand hygiene education and decreased respiratory, catheter-related, and digestive tract infection episodes in the hemodialysis unit.
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INTRODUCTION

Infections are serious complications in patients undergoing hemodialysis. They have been identified as the second leading cause of death and hospitalization for infection in the hemodialysis population (1, 2). A series of measures have been undertaken to reduce the incidence of infections, mainly targeting catheter-related and blood-borne infections (1, 3). However, preventive measures for infections, especially respiratory infections, digestive tract infections, and infections at other sites, were insufficient. Approximately 20% of infections in end-stage renal disease (ESRD) patients are attributable to pneumonia. And evidence suggests that episodes of pneumonia are associated with the particularly high morbidity and mortality in this population. The 30 and 180-day case-fatality rates for pneumonia episodes were 10.7 and 24.8%, respectively (4). The preventive methods against infections were mainly recommendations of hand hygiene, wearing masks when presenting respiratory symptoms, and vaccination, which were based on evidence from the general population rather than from patients undergoing hemodialysis (5, 6). More effective measures are needed to minimize the risk of infection.

The coronavirus disease (COVID-19) has spread globally, and mitigation measures were initiated on January 23, 2020 in China (7, 8). The influence of COVID-19 and its mitigation measures on patients undergoing hemodialysis has been a hot topic since then (5, 9–11). During the pandemic, the COVID-19 mitigation measures were effective for preventing the transmission of the viruses causing infectious respiratory diseases (12–14), which was an unprecedented opportunity to develop cost-effective methods to prevent infections among patients undergoing hemodialysis.

Since February 1, 2015, infectious disease episodes of patients undergoing hemodialysis were documented prospectively in the hemodialysis unit of the Third Affiliated Hospital of Guangzhou Medical University, Guangzhou, China (2). In the present study, we investigated the incidences of infectious diseases before and during the COVID-19 pandemic and evaluated the efficacy of the mitigative measures.



METHODS


Patient Enrollment

Since February 1, 2015, all patients with ESRD undergoing hemodialysis in the hemodialysis unit of the Third Affiliated Hospital of Guangzhou Medical University were included in a cohort study to document their episodes of infectious diseases with their written consent. Patients with ESRD who were undergoing regular hemodialysis before February 1, 2015 and patients with ESRD initiated on regular hemodialysis between February 1, 2015 and January 31, 2020 were included in the study. The following patients were excluded: patients who underwent hemodialysis for <1 month in the hemodialysis unit, were lost to follow-up within 1 month, tested positive for human immunodeficiency virus, had malignances, were pregnant, or received systemic corticosteroids or immunosuppressive agents. The study was approved by the Clinical Ethics Review Board of the Third Affiliated Hospital of Guangzhou Medical University. Written informed consents were obtained from all the patients at the initiation of hemodialysis.



Patient Regulation Before and During Mitigative Confrontation to the COVID-19 Pandemic

The period from February 1, 2015 to January 31, 2020 was defined as the period before the mitigative confrontation of the COVID-19 pandemic and that from February 1 to June 29, 2020 was defined as the period of mitigative confrontation of the COVID-19 pandemic in China. Before the mitigative confrontation to the COVID-19 pandemic, the patients and/or caregivers were educated on the prevention of catheter-related infections, such as guidance on bathing with a catheter and the signs of infection. Hand hygiene was suggested for patients with hand sanitizers provided during hemodialysis. Mask-wearing was suggested when patients presented with symptoms of respiratory infections. During the mitigative confrontation of the COVID-19 pandemic, mandatory mask-wearing was enacted for all patients and caregivers. Hand hygiene was strongly suggested and promoted by healthcare workers (HCWs).



HCWs Regulations Before and During Mitigative Confrontations of the COVID-19 Pandemic

Before the mitigative confrontation of the COVID-19 pandemic, infectious disease prevention strategies were mainly aimed at catheter-related infections. Hand hygiene was routinely recommended. Mask-wearing was mandatory for all HCWs. Hand-hygiene compliance rates of physicians, nurses, and other employees were documented by spot checks every season. Nosocomial infection education and examinations; random inspections of the seven-step handwashing method; germ cultures of washed hands, air, dialysis water, item surfaces of hemodialysis units, and disinfectants; and bacterial endotoxin tests of the dialysis solution and water were conducted every month.

During the mitigative confrontation of the COVID-19 pandemic, the use of disposable surgical caps and masks became mandatory. Nosocomial infection education and examinations were conducted weekly. The frequency of item surface cleaning of the hemodialysis unit increased from one to two times per day before the pandemic to four times per day. Fever and respiratory symptoms among HCWs, patients, and caregivers were routinely monitored. Patients with respiratory infections or fever who were not diagnosed with COVID-19 could continue hemodialysis in the hemodialysis unit.



Patient Follow-up and Data Collection

Age, sex, causes of ESRD, body mass index (BMI), complications (hypertension, diabetes, cardiovascular disease, cerebrovascular disease, and obstructive nephropathy), hemoglobin, parathyroid hormone, serum calcium, serum phosphorus, and creatinine levels, systolic and diastolic pressures, and, erythropoietin dosage at the time of enrollment were collected. The events related to infectious diseases, such as catheter-related infections, digestive tract infections, upper respiratory tract infections (URTI), pneumonia, and infections at other sites, were prospectively documented during follow-ups. Pathogen data were not included because of a significant amount of missing data. Surveillance videos of patients at the front door of the hemodialysis unit were included to assess the mask-wearing rates before and during the COVID-19 pandemic. For the historical control group under the conventional prevention strategy for infection, the follow-up duration was calculated from February 1, 2015, or the day of hemodialysis initiation to the day of death or that of the last follow-up (ended on January 31, 2020). For the group under the COVID-19 prevention strategy, the follow-up duration was calculated from February 1, 2020 to the day of death or to the day of the last follow-up (ended on June 29, 2020).



Statistical Analysis

The historical control group consisted of patients with ESRD who were undergoing regular hemodialysis before February 1, 2015 and those for whom regular hemodialysis was initiated between February 1, 2015 and January 31, 2020. The episodes of infection in the historical control group were documented from February 1, 2015 to January 31, 2020. The COVID-19 prevention group consisted of 79 patients receiving regular hemodialysis before February 1, 2020. The episodes of infection in the COVID-19 prevention group were documented from February 1, 2020 to June 29, 2020. In the present study, all hemodialysis patients in the COVID-19 group were evaluated against their paired historical controls. A matched-pair study was conducted to further analyze the 79 individual changes in the incidences of infectious diseases before and during the COVID-19 pandemic.

The Kolmogorov–Smirnov test was used to evaluate the normality of the distribution. Data were reported as median and range for non-normally distributed data. Statistical differences in clinical characteristics between the two groups were compared using the t-test or the Mann–Whitney test for continuous variables, Pearson's chi-squared test, or continuity correction for categorical data. Correlations between different parameters were analyzed using Spearman's rank correlation test. Excel 2016 spreadsheet software (Microsoft) was used for data input and collection, and R software (version 3.6.0; R Project for Statistical Computing) and SPSS version 22.0 (IBM) statistical software were used for descriptive and statistical analyses. Statistical significance was defined as a 2-sided P-value < 0.05.




RESULTS


Patient Characteristics

The historical control group consisted of 157 patients with a median of 39.5 months (range 1–60.8 months) of follow-up, and the COVID-19 prevention group consisted of 79 patients followed-up for 5 months. All 79 patients in the COVID-19 group had corresponding historical controls. Forty-nine (31.2%) patients in the historical control group died before the pandemic. No patient died or was lost to follow-up in the COVID-19 prevention group (Table 1, Figure 1).


Table 1. Hemodialysis patient characteristics before and during mitigative confrontation of the COVID-19 pandemic.
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FIGURE 1. Patient flow diagram.


The patients undergoing hemodialysis in the historical control group and those in the COVID-19 prevention group had similar characteristics. The causes of ESRD were diabetes (38.2 and 41.8%) and chronic nephritic syndrome (36.3 and 35.4%, respectively). The complications were hypertension (96.2 and 97.5%), diabetes (36.3 and 40.5%), cardiovascular disease (18.5 and 19.0%), and cerebrovascular disease (24.2 and 17.7%, respectively). The COVID-19 prevention group presented a slightly lower age and higher serum creatine levels (Table 1).



Adherence to Infection Prevention Regulation in Patients Undergoing Hemodialysis, Caregivers, and HCWs

According to the surveillance videos, the mask-wearing rate of patients increased from 1.5 to 100%. Hand-sanitizer consumption increased significantly during the COVID-19 pandemic, which indicated an increased hand-hygiene rate of patients and HCWs. All the HCWs passed the nosocomial infection-related examinations. The results germ cultures of washed hands, air, dialysis water, item surfaces of hemodialysis units, and disinfectants were all qualified, as well as the bacterial endotoxin test results of dialysis solution and water. The compliance rates of hand hygiene increased from 66% (range 39–93%) in physicians, 75.5% (range 67–86%) in nurses, and 55% (range 34–71%) in other employees before the pandemic to 90.5% (range 87–94%), 92.5% (range 89–96%), and 76.5% (range 72–81%), respectively (Table 2).


Table 2. Adherence to infection prevention regulation of patients, caregivers, and HCWs in hemodialysis unit before and during mitigative confrontation of the COVID-19 pandemic.

[image: Table 2]



Comparisons of Infectious Diseases Episodes in the Patients Undergoing Hemodialysis Before and During the COVID-19 Pandemic

None of the patients were diagnosed with COVID-19. The mean incidence of URTI and pneumonia decreased from 0.1057 and 0.0538 to 0.0356 and 0.0204 per month per patient, respectively, during the COVID-19 pandemic (p < 0.001). Notably, catheter-related and digestive tract infections also decreased by more than 50% during the pandemic (p = 0.003 and 0.034, respectively). However, the decreases in infections at other sites, mainly urinary tract infections, were not significant (Figure 2 and Table 3).


[image: Figure 2]
FIGURE 2. Comparison on infectious episodes before and during the COVID-19 pandemic including (A) URTI, (B) pneumonia, (C) respiration infection, (D) catheter-related infection, (E) digestive tract infection, (F) other sites infection, (G) non-respiration infection, and (H) total infection. URTI, upper respiratory tract infection.



Table 3. Comparison on infectious episodes before and during the COVID-19 pandemic.
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A matched-pair study was conducted to further analyze the 79 individual changes in the incidence of infectious diseases before and during the COVID-19 pandemic. As a result, the median incidences of UTRI, pneumonia, catheter-related infections, digestive tract infections, and infection at other sites decreased during the pandemic significantly. Thus, the total infection incidence decreased during the pandemic, according to the matched-pair study (Figure 3 and Table 4).


[image: Figure 3]
FIGURE 3. Historical paired comparison on infectious episodes before and during the COVID-19 pandemic. URTI, upper respiratory tract infection. *p < 0.05; **p < 0.01; ****p < 0.001.



Table 4. Historical paired comparison on infectious episodes before and during the COVID-19 pandemic.
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Association of Baseline Characteristics and Infection Incidence Before and During the COVID-19 Pandemic

A correlation analysis was conducted to reveal the association between baseline characteristics and the incidence of infectious diseases. Before the pandemic, catheter-related infections were negatively related to the period of hemodialysis due to the fact that catheters were mainly used in the initial stages of hemodialysis. Digestive tract infections were associated with diabetes, higher diastolic pressures, and shorter periods of hemodialysis. URTI was associated with longer periods of hemodialysis. Furthermore, pneumonia was associated with age, cardiovascular diseases, serum phosphorus levels, and a need for higher erythropoietin dosages. Thus, respiratory infections were positively associated with age and the need for higher erythropoietin dosages. The total infection incidence was associated with age, the presence of obstructive kidney disease, and the need for higher erythropoietin dosages (Supplementary Table 1).

During the pandemic, catheter-related infections were related to brain vascular diseases. Digestive tract infections were associated with cardiovascular diseases. UTRI positively correlated with BMI and the length of hemodialysis. And respiratory infections and the total infection incidence positively correlated with serum calcium levels and the periods of hemodialysis. The risk factors for infection differed between the duration of the pandemic and before it (Supplementary Table 2).




DISCUSSION

Preventive measures against infections, especially respiratory and digestive tract infections, are limited in patients undergoing hemodialysis (15). Hand hygiene was the most acknowledged method for prevention against infections (16–18); however, the compliance rates were disappointing among HCWs, and much less among patients undergoing hemodialysis and the general population (19, 20). Thus, hand hygiene is recommended for HCWs in order to prevent the transmission of the virus via their hands (3, 21). Surgical masks were used mainly by HCWs in East Asia (3, 12); however, their efficacy has been controversial. Some studies report that the usage of surgical masks decreased the incidence of influenza-like illnesses in pilgrim crowds (22). However, without hand hygiene, it was not effective in preventing influenza among HCWs during the period of the epidemic (23). The effects of vaccines against influenza and pneumovax were also limited (3, 24). For patients undergoing hemodialysis, hand hygiene, wearing masks in the presence of respiratory symptoms, and vaccinations have been recommended (3, 5); however, this was not mandatory before the COVID-19 pandemic. In the present study, these measures were recommended for patients undergoing hemodialysis before the COVID-19 pandemic. However, the compliance rates were disappointing. During the pandemic, the compliance rates increased critically owing to mandatory policies. Consequently, the incidences of respiratory, catheter-related, and digestive tract infections all decreased during the pandemic. These results indicated that mitigation measures against COVID-19 reduced the incidences of respiratory, catheter-related, and digestive tract infections among patients undergoing hemodialysis.

The supplemented prevention regulations on the behaviors of HCWs in the hemodialysis unit during the pandemic were mainly screening patients suspected to have COVID-19, mandatory mask-wearing, and reinforced hand hygiene (5). Thus, the compliance with hand hygiene increased during the pandemic, especially in nurses and other employees. The increase in hand sanitizer consumption during the pandemic supported these results. Previous studies also support the practice of hand hygiene in HCWs (3, 16, 17). These regulations might minimize the transmission of pathogens through the hands of HCWs.

The COVID-19 prevention regulations on the behaviors of patients and caregivers changed their behaviors critically (7, 12). The mask-wearing rate increased from 1.5 to 100.0%, and the compliance with hand hygiene increased, as indicated by the fundamental increase in hand sanitizer consumption during the pandemic. Mask-wearing might decrease facial touching behaviors and prevent environmental surface contamination in patients with respiratory infections. In China, an emergency shutdown was conducted on January 23, 2020, after which the reopening of the society starting gradually from February 10 (7, 25). This might have influenced the incidences of infectious diseases. However, the efficacy of the emergency shutdown in curbing the transmission of COVID-19 is controversial (26). Moreover, the patients undergoing hemodialysis were not as socially active as normal people, which also limited the efficacy of the emergency shutdown on the prevention of infectious diseases.

The prevention efficacy of the mitigation measures against COVID-19 on infectious disease episodes might lie in reducing the contact transmission of infectious pathogens. Catheter-related infections, digestive tract infections, URTIs, and pneumonia all decreased during the COVID-19 pandemic. They shared the same transmission route, that is, contact transmission (3). Thus, the most effective measures should be increased hand hygiene and mask-wearing in symptomatic patients with respiratory infections. Mask-wearing might cause inconvenience to those without respiratory infections; however, studies have indicated that mask-wearing might reduce face-touching behaviors, which might prevent respiratory infections such as influenza and COVID-19 (12, 14, 27). Thus, mandatory mask-wearing regulations might reduce the healthcare costs for patients and caregivers in the hemodialysis unit.

The practices for infection prevention among patients undergoing hemodialysis were mainly based on the evidence from general populations rather than those uniquely for patients undergoing hemodialysis (1, 3, 6). Catheter-related infections were hemodialysis-specific and most studied (17, 28, 29). Previous studies found that catheter-related infections could be reduced from 2.04 per 100 patient-months preintervention to 0.75 per 100 patient-months (p = 0.03) after employing the collaborative interventions and to 0.24 (p < 0.01) per 100 patient-months after augmenting the collaborative interventions with positive deviance (28). In the present study, catheter-related infections decreased from a mean of 0.93 per 100 patients per month to 0.25 per 100 patients per month (p = 0.003). The overall incidence rate of pneumonia for the study period was 5.42 events per 100 patient-months before the COVID-19 pandemic, which was higher than that in previous reports (4). This might be due to lower BMIs and hemoglobin levels in the patients enrolled in this study compared with those in the patients in previous reports (4, 30). During the pandemic, the incidence rate of pneumonia decreased to 2.04 events per 100 patient-months. Guidelines and specific methods cannot cover all the different situations that arise during the care continuum and can paradoxically result in an increased spread of hospital infections (15). It is difficult to directly compare the efficacies of different infection prevention methods. Thus, the current study indicated the association between mandatory mask-wearing and reinforced hand hygiene education and decreased infection episodes in patients undergoing hemodialysis.


Limitation

This study was conducted in a single center. Thus, the results need to be tested in multiple centers and multiple regions with different cultures, COVID-19 incidences, and public health policies (15). The preventive effects of the mitigation of COVID-19 on infectious episodes among patients undergoing hemodialysis need confirmation by clinical trials and other studies worldwide. The compliance rate of mask-wearing regulations might be easily improved in the hemodialysis units in East Asia (12). However, the situation might differ in regions with low mask-wearing compliance. In addition, reinforced hand hygiene education needs more technical and friendly support in order to increase the compliance rate based on local cultures and regulations.

Above all, the present study indicated the association between mandatory mask-wearing and reinforced hand hygiene education and decreased respiratory, catheter-related, and digestive tract infection episodes in the hemodialysis unit.
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84 (53.5)
73 (46.5)
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2312018
2224065
1,046 & 239
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