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Significance Statement	Comment by CJASN: Please delete
The risk factors for COVID-19 positivity and subsequent outcomes in individual dialysis patient are well described. However, the role of mitigation strategies, physical dialysis unit attributes and the impact of community infection on disease incidence have not been adequately investigated. 
This study examined data on over 5500 in-centre haemodialysis  patients in London, with detailed local community case rates, dialysis unit characteristics and different mitigation strategies used, to identify factors associated with COVID-19 disease burden.  Positive associations of outcomes were observed with underlying community disease rates, dialysis unit size and layout (including fewer individual rooms), and a negative association with patient mask wearing. This demonstrates for the first time that modifiable factors are associated with reduced dialysis unit COVID-19 transmission.
Abstract
Background
Patients receiving in-centre haemodialysis treatment face unique challenges during the COVID-19 pandemic, specifically the need to attend for treatment that prevents self-isolation. Dialysis unit attributes and isolation strategies that might reduce dialysis centre COVID-19 infection rates have not been previously examined.
Methods
We explored the role of variables including community disease burden, dialysis unit attributes (size, layout) and infection control strategies, on rates of COVID-19 among patients receiving in centre haemodialysis in London, UK, between March 2nd 2020 and May 31st 2020. The two outcomes were defined as (i) a positive test for infection or admission with suspected COVID19 and (ii) admission to the hospital with suspected infection. Associations were examined using a discrete-time multi-level time-to-event analysis.
Results	Comment by CJASN: The wording of the Results in the abstract could be made clearer and perhaps can be addressed in copy-editing. Instead of referring to a 'negative association' I think it is clearer to say that a more dialysis unit side rooms and the introduction of masking were inversely associated with admission for COVID. 
Data on 5,755 patients, dialysing in 51 units were analysed. 990 (17.2%) tested positive and 465 (8.2%) were admitted with suspected COVID-19 between 2nd March and 31st May 2020. Outcomes were associated with age, diabetes, local community COVID-19 rates and dialysis unit size. Negative associations were found with number of available side rooms(for the test positive outcome) and introduction of mask policies for asymptomatic patients(for admission outcome). No association was seen with sex, ethnicity, or deprivation indices nor with any of the different isolation strategies. 	Comment by CJASN: Please convert all proportions into whole numbers.
Conclusions
Rates of COVID-19 in the in centre-haemodialysis population relate to individual factors, underlying community transmission, unit size and layout. 

Introduction
Patients with kidney failure and those receiving kidney replacement therapy are among the highest risk groups for SARS-CoV-2 related disease and death (1). Alongside kidney dysfunction, this group of patients exhibit a large burden of risk factors for COVID-19, including over-representation of black and minority ethnic groups and socio-economic disadvantage, as well as high rates of diabetes and cardiovascular disease. Furthermore, those receiving in-centre haemodialysis cannot shield or self-isolate. National data confirm patients with kidney failure have been disproportionately impacted by COVID-19, with 822 of the 36,437 COVID-19 associated deaths reported in England as of 15 July 2020 having occurred in patients with established kidney disease (2, 3). The majority of these have been in patients receiving dialysis treatments and at least 623 occurred in in centre haemodialysis patients (2), representing 1.7% of all English COVID-19 deaths in the United Kingdom, despite them making up less than 0.1% of the population. However, rates of infection in London haemodialysis units varied widely, from just a few cases to 30% of patients. 	Comment by CJASN: Please use American English spellings all throughout the manuscript. Please check the entire manuscript for other such spellings for consistency.
In London, dialysis is organised geographically, with seven tertiary NHS kidney centres providing local care to patients, based on their home address. Each centre provides long-term dialysis in units co-located within the main hospital, at another hospital or in standalone community locations (satellite units) and each unit vary in size (from 6 to 66 stations). 
In line with published guidelines, during the first phase of the pandemic all dialysis units attempted to identify, isolate, and where possible, test patients arriving for treatment with symptoms consistent with COVID-19 (4). Nurses caring for the patients wore personal protective equipment as per NHS guidelines (5) only when delivering direct care for patients with known or suspected disease. In addition, kidney centres across London introduced masking policies at different times and used varied patient segregation strategies (for isolation and cohorting of patients with known or suspected disease) to reduce spread of disease. We set out to identify risk factors associated with the burden of disease during the first phase of the COVID-19 pandemic.

Methods
Study Population
All prevalent London-based in-centre haemodialysis patients on 2 March 2020 were included in the analysis. Patients receiving short-term haemodialysis therapy for acute kidney injury were excluded. Patients were assigned to the unit where they dialysed on 2 March 2nd, except where that unit became a test positive isolation unit in which case they were assigned to the first unit they dialysed in after transfer to an unaffected unit. Cumulative incidence of COVID-19 test positivity and hospital admission rates were collected from 02 March to 31 May 2020. Approximately 23% of our whole population has already formed the basis of a previous report (9)
Data Sources and definitions
Pseudo-anonymised demographic and clinical data along with COVID-19 test results and hospital admission dates were collected from electronic records. Dialysis unit characteristics and other unit and centre data were collected by structured questionnaire (Supplementary Material). Community COVID-19 cases and deprivation indices, based on a 37 variable score, reflecting aspects of deprivation, assessed by Middle Layer Super Output Area, a geographic hierarchy used to describe small area statistics,  were captured from publicly available datasets (3, 6). For these variables, we linked the postcode for each patient to the median deprivation index for all output areas within that postcode, and the weekly total of all reported COVID-19 cases averaged across all of the output areas within that postcode. 	Comment by CJASN: Please note that supplementary material is not systematically proof-read during the editing process. Accurate and legible supplementary materials are the responsibility of the authors, and will not undergo further revision or formatting prior to publication.
Outcomes 
All estimates of infection were subject to limitations during the study period. Testing for SARS-CoV-2 was undertaken using nasopharyngeal swabs followed by RT-PCR performed independently in each of the seven different centres. Availability of swabs was limited during the early phase of the pandemic, so no testing took place in asymptomatic patients and was done variably in those with mild symptoms.  Rates of admission with clinically suspected COVID-19 are less likely to be affected by test availability, though rates will vary according to local practice.  We therefore examined the rates of two outcomes over the 13 week13-week follow-up period: (i)The first of either, a positive SARS-CoV-2 test or admission with suspected COVID-19, and (ii) Admission with suspected COVID-19. 	Comment by CJASN: Please define mild symptoms.

Analysis
As infections occurred at different time points across London for the primary analysis, we defined the time at risk as the time (in weeks) from first positive test at each dialysis unit. We then used a complementary log-log multi-level discrete-time survival model (7) to estimate hazard ratios associated with individual- and community-level factors, along with dialysis-unit physical attributes and policies. Patients were nested within dialysis units which were in turn nested within kidney centres to account for clustering of outcomes.
Models were developed sequentially based on pre-specified candidate factors known or suspected to be associated with outcomes. At each stage a complete case analysis was performed. We initially examined associations between individual-level demographic and clinical factors (age, sex, ethnicity, diabetes, deprivation index) and outcomes. All clinical and demographic variables were retained in subsequent models. We then added estimates of time-dependent community transmission (lagged by 0, 1, 2 and 3 weeks), followed by physical attributes of the dialysis units. Variables that either improved fit (as judged by the -2 log likelihood) or where the 95% confidence intervals (95% CI) for the hazard ratio (HR) did not include unity were retained (although for time lagged variables only the time-lag with the largest effect size was retained).  Where two or more correlated explanatory variables were  associated with outcome when examined individually (e.g. prevalent patients and number of stations), the variable(s) with least missing data or which led to the greatest improvement in model fit was retained. 
The above then formed the basis to examine individual associations between the various isolation and de-isolation strategies, as well as patient and staff masking policies as time-dependent variables (the latter three variables again lagged by 0, 1, 2 and 3 weeks).  For the analysis of isolation strategies responses were grouped with a view to providing the most useful comparisons as outlined in Supplementary Table 1. 
Finally, we presented the coefficients for all the retained potentially explanatory variables (i.e. not including contemporaneous staff masking) that were associated with the outcome from the unit-attributes and masking analyses in a multi-variable model.  
To understand the relative contribution of each group of variables that were associated with outcome (individual risk factors, community disease, unit attributes and masking) we examined area under the receiver operated curve (AUROC) with each model. 
Sensitivity Analyses
We conducted identical models using calendar week follow-up time rather than weeks from the first  test positive case to explore whether the alignment of outbreaks for the analysis had introduced substantial bias. Alpha was set at 0.05. As this was an exploratory study no adjustments for multiple testing were made. All analyses were performed in Stata v.16. 
Results	Comment by CJASN: 1) In the discussion on page 54 of the pdf file, the authors refer to an ~ 0.3% absolute reduction in probability of admission with mask wearing. The primary data is not presented and is referred to as 'data not shown'. Data should be presented. 
Patient population, centre policies and outcomes.
After exclusions (Supplementary Figure 1), we analysed data on 5755 patients in 51 individual dialysis units from seven kidney centres. 1339(23%) of these were previously reported on (9).  Mean age was 63.4 years, 2,229 (38.6%) were female and 2,401 (41.7%) had a diagnosis of diabetes (Table 1). There was a broad range of ethnicities represented, with 1,261 (21.9%) Asian (predominantly South Asian), 1, 684 (29.3%) Black, and 2,003 (34.8%) White. Units dialysed between 8 and 338 patients (Table 2; Supplementary Figure 2).  Isolation strategies by centre are illustrated in Figure 1 (with further detail in Supplementary Table 2). Introduction of mask wearing policies occurred over the first seven weeks. Over the course of the 13 week follow-up, the outcome of test positivity or hospital admission occurred in 990 patients (17.2%; Figure 2) and almost half of these, 465 (8.2%), met the admission outcome. However, these figures encompassed substantial between-unit variation, with first cases occurring between week 1 and week 6, and, between 0% and 44% of patients reaching the outcome of test positivity or admission (Figure 3).  Across all centres, following the first swab positive case, the Hazard Ratio (HR) peaked in the third week for the outcome of test positivity or admission and the fourth week for admission alone (Supplementary Figure 3). When examining both outcomes by calendar date, estimates were less precise, but the peak for both outcomes occurred in the fifth week of follow-up.  	Comment by CJASN: Please present age as whole numbers and add a SD.	Comment by CJASN: Please convert all descriptive data in percentages > 1 into whole numbers, here and elsewhere	Comment by CJASN: Please present estimates and 95% CI
Clinical and demographic variables and estimates of disease in patients’ local communities.
As expected, in the clinical and demographic model, for both time to test positivity or admission and admission alone, age (HR:1.01, 95% CI:1.00 to 1.01, and, HR:1.02, 95%CI: 1.01 to 1.03 per year respectively), and presence of diabetes (HR:1.20, 95% CI:1.05 to 1.38, and, HR: 1.22, 95% CI:1.00 to 1.49 respectively) were associated with outcomes (Table 3). There was also a strong association with estimates of disease in patients’ local community, most strongly in the concurrent week (HR: 1.17, 95% CI: 1.13 to 1.21, and, HR: 1.14, 95% CI: 1.08 to 1.19, per case per middle layer super output area in patients’ home postcode, respectively; Table 3). 
Dialysis unit characteristics
After adjustment for individual-level variables and community cases, a number of dialysis unit characteristics were associated with the risk of the outcomes, specifically unit size and layout (Table 3). These included number of dialysis stations (HR: 1.04, 95% CI: 1.00 to 1.28, and, HR: 1.02, 95% CI: 1.01 to 1.03 per station, for test positivity or admission, and admission alone, respectively) and dialysis unit area per station (HR: 0.92, 95% CI: 0.87 to 0.98, and, HR: 0.89, 95% CI: 0.83 to 0.96, per m2, for test positivity or admission, and admission alone, respectively) as well as distance between dialysis stations and number of side(isolation) rooms per station for test positivity outcome, but not admission alone outcome. This was also the case for both outcomes when examining the association with number of prevalent patients.  Many of these characteristics were strongly correlated (Supplementary Figure 4), e.g. smaller units with fewer stations, typically had relatively more side rooms, therefore only the number of prevalent patients and number of side rooms per station were retained for the modelling of infection control strategies, masking and staff illness. 

Isolation strategies and mask policy 
When examining the various units’ isolation strategies (after adjustment for clinical and demographic factors,  community cases and physical unit characteristics) we found no evidence for a difference in either outcome with any of: (i) treating all known positive patients on a separate site; (ii) the different isolation approaches applied to newly suspected cases attending the dialysis unit; or (iii) de-isolation policies, either for those who had tested positive (by time, or requirement for a negative swab) or symptomatic patients who had tested negative (Table 3).  We observed a reduction in admissions (but not test positive or admission outcome) following institution of patient masking two weeks previously (HR: 0.64, 95% CI:0.44 to 0.93).  No similar effect was seen for staff masking in our primary analyses, rather there was a positive association with both outcomes with institution of staff masking in the concurrent week (HR: 1.47, 95% CI:1.12 to 1.92, HR: 1.71, 95% CI:1.10 to 2.65 for test positivity or admission, and admission alone, respectively).  

The final multi-variable model (Table 4) demonstrated age, diabetes, number of patients in the unit, and estimates of community transmission for the current week as positively associated with both outcomes. Number of side rooms (for the test positive outcome only) and introduction of patient masking two weeks previously (for admission only) were inversely associated with outcomes. Sensitivity analyses using calendar week rather than time from first case demonstrated broadly consistent findings, although a number of coefficients differed and confidence intervals were generally wider for time-dependent effects (Supplementary Table 2).  The AUROC curve analysis (Supplementary Table 3) suggested that community transmission explained a substantial proportion of the variation in the model for the test-positive or admission outcome, whereas individual factors were more important for the admission outcome.  The same analysis suggests although unit attributes and patient masking showed associations with outcomes neither of these represent major sources of the variability observed in our population. 
Discussion
We describe the individual and community factors, dialysis unit, masking policies and isolation strategies associated with risk of COVID-19 in London in centre haemodialysis patients during the first phase of the pandemic between March and May 2020. To our knowledge, aside from registry data, which lacks this degree of granularity (8), this report encompasses the largest number of cases of COVID-19 in hospital based dialysis patients and is the first to examine the evolution of the disease in individual dialysis units over time. This analysis provides important insights into the role of endemic disease, unit characteristics, mask policies and isolation strategies on COVID-19 transmission in haemodialysis patients. Our data confirm that dialysis patients are at high risk of symptomatic illness and hospital admission from COVID-19, with almost 20% of the prevalent dialysis patients reaching the primary outcome of test positivity or admission. This proportion is similar to that reported from other European and UK centres (9)(10). However, it is substantially higher than those reported in France (8, 11) and China (12) albeit over shorter time frames. Consistent with the published data on non-kidney disease (13) and kidney failure (8) patients, both age and diabetes were strong risk factors for outcomes. Unlike other studies, we didn’t observe associations with ethnicity (14), or measures of deprivation. Although, unlike others, we adjusted for community burden of disease, and these negative findings were apparent even in those models adjusted solely for individual-level characteristics. Therefore, it is possible the COVID-19 disease risk associated with dialysis treatment overwhelms the effect of these social/demographic factors.
The importance of local community COVID-19 disease as reflected in the time-dependent rates of disease near patients’ homes is highlighted in this study. The AUROC curve analysis suggests that community disease burden explains a substantial proportion of the variability in test positivity in this cohort although only those in the general population with disease severity requiring hospitalisation were being tested for COVID-19 during this period, making it difficult to draw specific conclusions about the level of community transmission that associates with a particular risk to dialysis patients. These findings suggest that disease in dialysis units is not occurring as isolated “outbreaks” within treatment centres, but rather, is dependent on introductions from contacts, in patients’ homes, and local communities. Consistent with this is the observation that larger units suffered a higher burden of disease, with more potential direct and indirect contacts between patients and others in the community. 
Nonetheless, a number of (inter-related) dialysis unit characteristics were also associated with the outcomes, suggesting that within-unit spread is also a factor. The number of side rooms per dialysis station was strongly associated with both outcomes in all models and suggests the capacity to isolate patients with suspected or confirmed disease is protective against onward transmission.  Similarly, measures of distancing between patients, estimated by total dialysis area or between station distance were both inversely associated with outcomes (although not independent of other unit factors).  Consistent with the importance of asymptomatic transmission, the introduction of a mask policy for all patients was associated with reduced risk of admission. Examination of the predicted margins (data not shown) suggest that each week delay in introducing a policy of mask wearing was associated with a ~0.3% absolute reduction in probability of admission. So although overall a small effect (as the variation in introduction of mask policy was a few weeks between centres) this association was observed after a 2-week lag, consistent with the reported time from infection to hospitalisation. The lack of a similar association with the test-positivity outcome may reflect lack of power or an alternative biological explanation. Taken together these findings suggest that transmission from those without clinically suspected disease is an important factor in determining COVID-19 burden in dialysis units (15). 
Importantly, none of the varying isolation strategies employed by the different kidney centres were associated with outcomes.  These policies were instituted in addition to universal precautions mandated for the care of symptomatic patients across all centres, so the power to detect what may be small additional protective effects, is likely to be low. These data suggest community levels of COVID-19, along with a small contribution of unit-factors and masking, determine how the infection burden evolves. The relevance of these data for planning for future waves of disease may be modified by (i) unrestricted/asymptomatic testing that is now available, (ii) the use of surgical facemasks by asymptomatic patients and those treating them, and (iii) the potential impact of vaccination or acquired immunity in the population.

This work has a number of limitations including the observational design, which restricts the conclusions that can be drawn about causality. Data were collected retrospectively and many of the dialysis unit-level and kidney centre-level factors were based on questionnaires which could have been interpreted differently between centres, despite the validation checks performed.  We used a discrete-time survival approach and therefore cannot account for the impact of recovery or re-infection on disease transmission, but given the short time frame, and presumably initially fully susceptible population, this is unlikely to impact on our conclusions.  Although we used two different outcome measures with broadly similar results, we will have missed large numbers of asymptomatic cases with the test-positive outcome, as serological studies confirm that large numbers of patients in London dialysis units seroconverted who were either never tested, or tested negative during the early phase of the pandemic (16). 

Conclusions
In this comprehensive study of COVID-19 disease in the dialysis units across London between March and May 2020 we found individual factors and local community case rates along with dialysis unit size and layout associate with the risk of disease.  Masking of asymptomatic patients was associated with a reduction in admissions, supporting the concept that transmission from asymptomatic patients is important, but no differences were seen between the different infection control strategies aimed at managing those with confirmed or clinically suspected disease. This work confirms the large burden of COVID-19 experienced by the dialysis population and highlights the need to prioritise this vulnerable group in strategies aimed at reducing spread, protecting individuals and/or treatment of established disease. 
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Figure legends

Figure 1: Isolation and de-isolation strategies for management of patients with clinically suspected or confirmed COVID-19. NP: nasopharyngeal.

Figure 2.  Epidemic timeline in ICHD patients across London.  Patient cases (first of positive test or admission) by renal centre expressed as actual numbers per day.  Cases in the general population are available weekly by location, and calculated by postcode/10000 population. The whole population average (dashed line) is weighted by the number of patients per postcode.  

Figure  3.  Geographical distribution of cases by dialysis unit by week for the first 8 weeks of the pandemic and at the final follow-up week.  Each ICHD unit is represented by a circle. Circle size: number of patients dialysed; Circle colour: cumulative proportion of patients test positive for COVID-19  or admitted with suspected COVID-19. Underlying green intensity reflects number of cases in each middle layer super output area (not necessarily reflective of patients' home locality as, most, but not all, patients dialyse in their closest unit). Three units are not represented as they fall outside the area of the map. Dates represent the first day of the week represented.  

Table 1. Patient demographics, outcomes and community cases	Comment by CJASN: Please convert all proportions into whole numbers.
	
	
	Centre

	 
	 
	A
	B
	C
	D
	E
	F
	G
	Total

	Patients
	 
	n=742
	n=645
	n=325
	n=1,179
	n=1,339
	n=840
	n=685
	n=5,755

	Sex
	Male
	460
	(62.0%)
	405
	(62.7%)
	208
	(64.0%)
	717
	(64.0%)
	794
	(59.3%)
	535
	(63.6%)
	407
	(59.4%)
	3,526
	(61.2%)

	Ethnicity 
	Asian
	101
	(13.6%)
	50
	(7.7%)
	83
	(25.5%)
	353
	(29.9%)
	582
	(43.5%)
	65
	(7.7%)
	27
	(3.9%)
	1,261
	(21.9%)

	 
	Black
	200
	(26.9%)
	274
	(42.5%)
	109
	(33.5%)
	335
	(28.4%)
	356
	(26.6%)
	119
	(14.2%)
	291
	(42.5%)
	1,684
	(29.3%)

	 
	Caucasian
	252
	(34.0%)
	245
	(38.0%)
	83
	(25.5%)
	287
	(24.3%)
	386
	(28.8%)
	497
	(59.2%)
	253
	(36.9%)
	2,003
	(34.8%)

	 
	Other
	189
	(25.5%)
	76
	(11.8%)
	50
	(15.4%)
	181
	(15.3%)
	15
	(1.1%)
	159
	(18.9%)
	114
	(16.6%)
	784
	(13.6%)

	Age	Comment by CJASN: Please present as whole numbers
	mean (SD)
	63.5
	(14.9)
	62.4
	(15.0)
	64.1
	(15.8)
	60.9
	(14.6)
	64.8
	(14.3)
	66.2
	(15.0)
	62.0
	(15.3)
	63.4
	(14.9)

	Diabetes 
	 
	370
	(49.9%)
	261
	(40.5%)
	129
	(39.7%)
	394
	(33.4%)
	619
	(46.2%)
	351
	(41.8%)
	277
	(40.4%)
	2401
	(41.7%)

	Postcode median deprivation index rank
	mean (SD)
	13280
	(6621)
	12442
	(6254)
	19172
	(6245)
	10519
	(5160)
	13497
	(5639)
	19978
	(7541)
	13055
	(6564)
	14041
	(6873)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Outcomes
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Test positive or admission
	
	168
	(22.6%)
	101
	(15.7%)
	27
	(8.3%)
	208
	(17.6%)
	305
	(22.8%)
	84
	(10.0%)
	97
	(14.2%)
	990
	(17.2%)

	Admission
	
	105
	(14.2%)
	40
	(6.2%)
	18
	(5.5%)
	68
	(5.7%)
	148
	(11.1%)
	50
	(6.0%)
	36
	(5.3%)
	465
	(8.1%)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Community cases 
cases/ middle layer super output area
	mean (SD)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Week 1
	0.0
	(0.0)
	0.0
	(0.0)
	0.0
	(0.0)
	0.0
	(0.1)
	0.0
	(0.1)
	0.0
	(0.0)
	0.0
	(0.0)
	0.0
	(0.0)

	
	Week 2
	0.3
	(0.5)
	0.3
	(0.4)
	0.6
	(0.5)
	0.1
	(0.2)
	0.4
	(0.5)
	0.2
	(0.2)
	0.4
	(0.5)
	0.3
	(0.4)

	
	Week 3
	1.7
	(1.1)
	2.1
	(1.1)
	2.4
	(1.3)
	1.2
	(0.7)
	2.4
	(1.2)
	1.2
	(1.1)
	2.0
	(1.4)
	1.8
	(1.3)

	
	Week 4
	4.6
	(1.9)
	4.8
	(2.0)
	5.2
	(1.4)
	4.0
	(1.4)
	5.5
	(2.2)
	3.3
	(2.2)
	4.7
	(2.3)
	4.6
	(2.1)

	
	Week 5
	5.6
	(2.2)
	7.5
	(1.5)
	6.5
	(2.0)
	6.5
	(1.2)
	6.6
	(2.7)
	5.3
	(2.9)
	6.5
	(2.5)
	6.3
	(2.4)

	
	Week 6
	4.3
	(1.6)
	6.0
	(1.5)
	5.0
	(1.4)
	5.6
	(1.5)
	5.2
	(1.8)
	5.0
	(2.0)
	5.1
	(1.8)
	5.2
	(1.8)

	
	Week 7
	2.9
	(1.1)
	3.8
	(1.0)
	3.6
	(1.7)
	2.9
	(1.2)
	4.5
	(1.6)
	5.0
	(1.7)
	3.1
	(1.1)
	3.8
	(1.6)

	
	Week 8
	2.5
	(1.7)
	2.5
	(0.8)
	2.0
	(1.3)
	2.0
	(1.0)
	3.3
	(1.4)
	3.8
	(1.6)
	2.1
	(1.0)
	2.7
	(1.5)

	
	Week 9
	1.4
	(0.9)
	2.2
	(0.9)
	2.0
	(1.1)
	1.7
	(1.1)
	2.6
	(1.3)
	3.1
	(1.4)
	1.8
	(1.2)
	2.2
	(1.3)

	
	Week 10
	0.6
	(0.7)
	1.0
	(0.5)
	0.6
	(0.6)
	1.1
	(0.9)
	1.2
	(0.9)
	1.3
	(0.9)
	0.8
	(0.7)
	1.0
	(0.9)

	
	Week 11
	0.3
	(0.5)
	0.8
	(0.4)
	0.6
	(0.6)
	0.2
	(0.4)
	0.8
	(1.0)
	1.0
	(0.9)
	0.6
	(0.6)
	0.6
	(0.8)

	
	Week 12
	0.2
	(0.3)
	0.7
	(0.8)
	0.3
	(0.3)
	0.2
	(0.2)
	0.4
	(0.4)
	0.7
	(0.8)
	0.4
	(0.9)
	0.4
	(0.6)

	
	Week 13
	0.1
	(0.2)
	0.2
	(0.7)
	0.1
	(0.2)
	0.1
	(0.2)
	0.2
	(0.2)
	0.3
	(0.4)
	0.4
	(1.0)
	0.2
	(0.5)


N, %, unless otherwise stated. SD: standard deviation


Table 2. Unit level characteristics	Comment by CJASN: For all median levels please present IQR instead of range.
	
	
	Centre
	
	
	

	
	
	A
	B
	C
	D
	E
	F
	G
	
	Total
	

	
	n=5
	n=7
	n=5
	n=11
	n=8
	n=8
	n=7
	n=51

	Unit characteristics
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Prevalent patients
	median (range)
	189
	(57 to 248)
	80
	(8 to 122)
	82
	(24 to 140)
	123
	(20 to 227)
	144
	(98 to 338)
	130
	(29 to 175)
	103
	(66 to 164)
	100
	(8 to 338)

	Stations
	median (range)
	30
	(12 to 47)
	17
	(10 to 20)
	18
	(6 to 24)
	20
	(10 to 32)
	28
	(19 to 66)
	24
	(15 to 27)
	20
	(20 to 29)
	20
	(6 to 66)

	Side rooms#
	n/20 stations, median (range)
	1.7
	(1.3 to 2.8)
	3.3
	(0.0 to 7.1)
	2.7
	(0.0 to 6.7)
	0.0
	(0.0 to 1.3)
	0.0
	(0.0 to 1.7)
	3.3
	(2.7 to 5.8)
	3.0
	(2.1 to 6.0)
	2.2
	(0.0 to 7.1)

	Waiting room‡ 
	m2 per station, median (range)
	1.00
	(0.7 to 1.3)
	1.25
	(0.7 to 3.1)
	1.64
	(0.5 to 4.0)
	0.90
	(0.8 to 1.0)
	1.45
	(0.9 to 2.8)
	1.10
	(0.4 to 2.8)
	-
	
	
	1.30
	(0.4 to 4.0)

	Dialysis area‡
	m2 per station, median (range)
	7.7
	-
	10.3
	(9.0 to 10.8)
	12.9
	(9.2 to 14.6)
	13.6
	(11.9 to 14.9)
	11.2
	(10.2 to 14.4)
	12.1
	(10.3 to 12.3)
	-
	
	
	11.2
	(9.6 to 12.9)

	Station distance†
	mean (SD)
	2.49
	(0.69)
	2.14
	(0.37)
	
	2.39
	(0.58)
	
	2.68
	(0.77)
	
	2.21
	(0.41)
	
	2.07
	(0.45)
	
	-
	
	
	2.39
	(0.59)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Masking 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Week (or range) of introduction of staff masks for all
	4
	
	
	6
	
	
	(1 to 6)
	
	
	3
	
	
	4
	
	
	(1 to 6)
	
	
	(2 to 6)
	
	
	(1 to 6)
	
	

	Week (or range) of introduction of patient masks for all
	5
	
	
	6
	
	
	(2 to 6)
	
	
	3
	
	
	7
	
	
	(1 to 6)
	
	
	(2 to 4)
	
	
	(1 to 7)
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


N, % unless otherwise stated. *data available for 49 units; #data available for 46 units; †data available for 33 units; ‡data available for 31 units    





Table 3 Individual associations with study outcomes

	
	
	Positive test or admission
	Admission

	
	
	HR
	
	95%CI
	
	HR
	
	95%CI
	

	Clinical and demographic factors, mutually adjusted

	Age
	per year
	1.01
	(
	1.00
	to
	1.01
	)
	1.02
	(
	1.01
	to
	1.03
	)

	Male
	
	0.94
	(
	0.82
	to
	1.07
	)
	1.04
	(
	0.85
	to
	1.26
	)

	Ethnicity 
	Asian
	1.12
	(
	0.93
	to
	1.36
	)
	1.05
	(
	0.79
	to
	1.38
	)

	
	Black
	1.11
	(
	0.93
	to
	1.33
	)
	1.16
	(
	0.90
	to
	1.51
	)

	
	Other
	0.90
	(
	0.71
	to
	1.13
	)
	0.75
	(
	0.52
	to
	1.08
	)

	Diabetes
	
	1.20
	(
	1.05
	to
	1.38
	)
	1.22
	(
	1.00
	to
	1.49
	)

	Median IMD rank
	per 100
	1.00
	(
	1.00
	to
	1.00
	)
	1.00
	(
	1.00
	to
	1.00
	)

	Community case burden, adjusted for all clinical and demographic factors

	Community cases, week 0
	cases/output area in home postcode
	1.17
	(
	1.13
	to
	1.21
	)
	1.14
	(
	1.08
	to
	1.19
	)

	Community cases, week -1
	cases/output area in home postcode
	1.11
	(
	1.06
	to
	1.14
	)
	1.11
	(
	1.05
	to
	1.16
	)

	Community cases, week -2
	cases/output area in home postcode
	1.01
	(
	0.97
	to
	1.05
	)
	1.05
	(
	0.99
	to
	1.11
	)

	Community cases, week -3
	cases/output area in home postcode
	0.90
	(
	0.85
	to
	0.94
	)
	0.96
	(
	0.89
	to
	1.02
	)

	Unit attributes, individually adjusted for all clinical and demographic factors and community disease burden

	Prevalent patients
	n
	1.00
	(
	1.00
	to
	1.01
	)
	1.00
	(
	1.00
	to
	1.01
	)

	Stations*
	n
	1.01
	(
	1.00
	to
	1.03
	)
	1.02
	(
	1.01
	to
	1.04
	)

	Dialysis area# 
	m2/station
	0.92
	(
	0.87
	to
	0.98
	)
	0.89
	(
	0.83
	to
	0.96
	)

	Waiting room size†  
	m2/station
	1.02
	(
	0.99
	to
	1.05
	)
	1.01
	(
	0.99
	to
	1.04
	)

	Station distance‡
	m2
	0.68
	(
	0.49
	to
	0.94
	)
	1.03
	(
	0.67
	to
	1.59
	)

	Side rooms¶
	n/20 stations
	0.88
	(
	0.82
	to
	0.94
	)
	0.90
	(
	0.80
	to
	1.01
	)

	Isolation policies, individually adjusted for clinical and demographic factors, community disease burden, unit prevalent patients and side rooms¶
	
	
	
	
	
	
	
	

	Isolation of test positive patients off site
	0.88
	(
	0.68
	to
	1.13
	)
	0.78
	(
	0.53 
	to
	1.16
	)

	Isolation of symptomatic arrivals offsite or in SR
	1.10
	(
	0.76
	to
	1.57
	)
	0.79
	(
	0.42 
	to
	1.49
	)

	Return of test negative patients to usual dialysis
Return of test positive patients after 2 weeks (vs 1)
Return of test positive patients once test negative
	0.89
	(
	0.65
	to
	1.20
	)
	0.89
	(
	0.48 
	to
	1.65
	)

	
	0.87
	(
	0.65
	to
	1.15
	)
	0.64
	(
	0.39 
	to
	1.06
	)

	
	0.96
	(
	0.72
	to
	1.29
	)
	0.77
	(
	0.47
	to
	1.27
	)

	Masking policies, individually adjusted for clinical and demographic factors, community disease burden, unit prevalent patients and side rooms¶
	

	Staff masks, week 0
	
	1.47
	(
	1.12
	to
	1.92
	)
	1.71
	(
	1.10
	to
	2.65
	)

	Staff masks, week -1
	
	1.06
	(
	0.84
	to
	1.34
	)
	1.41
	(
	0.97
	to
	2.04
	)

	Staff masks, week -2
	
	1.04
	(
	0.82
	to
	1.32
	)
	0.99
	(
	0.70
	to
	1.39
	)

	Staff masks, week -3
	
	1.12
	(
	0.86
	to
	1.46
	)
	0.95
	(
	0.65
	to
	1.38
	)

	Patient masks, week 0
	
	1.07
	(
	0.86
	to
	1.32
	)
	1.03
	(
	0.75
	to
	1.41
	)

	Patient masks, week -1
	
	0.92
	(
	0.73
	to
	1.15
	)
	0.84
	(
	0.60
	to
	1.17
	)

	Patient masks, week -2
	
	0.87
	(
	0.66
	to
	1.15
	)
	0.64
	(
	0.44
	to
	0.93
	)

	Patient masks, week -3
	
	0.89
	(
	0.68
	to
	1.16
	)
	0.69
	(
	0.45
	to
	1.04
	)


P<0.05 for coefficients in bold; Data available on n=5316 unless stated; *n=5217; #n=3730; †n=3536; ‡n=4436; ¶n=4928



Table 4. MulitvariableMultivariable coefficients
	
	
	Positive test or admission
	
	Admission

	
	 
	HR
	95%CI
	
	
	HR
	95%CI
	

	Age
	per year
	1.01
	(1.00 to
	1.01)
	
	1.02
	(1.01 to
	1.03)

	Male
	
	0.95
	(0.83 to 
	1.09)
	
	1.03
	(0.84 to
	1.41)

	Ethnicity 
	Asian
	1.06
	(0.88 to
	1.29)
	
	1.00
	(0.75 to
	1.33)

	 
	Black
	1.08
	(0.90 to
	1.30)
	
	1.12
	(0.86 to
	1.45)

	 
	Other
	0.88
	(0.70 to
	1.13)
	
	0.71
	(0.49 to
	1.04)

	Diabetes
	
	1.16
	(1.04 to
	1.41)
	
	1.21
	(0.99 to
	1.48)

	Median deprivation index rank
	per 100
	1.00
	(1.00  to
	1.00)
	
	1.00
	(0.98 to
	1.02)

	Community cases, week 0
	case/output area in home postcode
	1.15
	(1.12 to
	1.19)
	
	1.15
	(1.09 to
	1.22)

	Side rooms
	n/20 stations
	0.88
	(0.83 to
	0.95)
	
	0.88
	(0.77 to
	1.01)

	Prevalent patients
	n
	1.00
	(1.00 to
	1.01)
	
	1.00
	(1.00 to
	1.01)

	Patient masks, week -2
	 
	0.82
	(0.64  to
	1.04)
	
	0.64
	(0.44 to
	0.93)


P<0.05 for coefficients in bold. Mutually adjusted. n=4928
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Figure 1. Epidemic timelines in dialysis patients by centre, and in the general population. Patient cases are expressed as
actual numbers per day. Cases in the general population are available weekly by location, and calculated by postcode per
10000 population. The whole population average (dashed line) is weighted by the number of patients per postcode.
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