Persistence of antibody response to SARS-CoV-2 in a cohort of haemodialysis patients
with COVID-19

Suzanne Forbes?

Maria Davari!

Sahana Gnanasampanthan?!
Noam Roth!

Gregor Young!

Ravindra Rajakariar?
Andrea Cove-Smith?
Muhammed Magdi Yagoob?
Teresa Cutino-Moguel?
Viyaasan Mahalingasivam?

Kieran McCafferty?!

1 — Department of Renal Medicine and Transplantation, Royal London Hospital, Barts Health NHS
Trust, Whitechapel E1 1FR, London, UK

2 — Department of Virology, Barts Health NHS Trust, Whitechapel E1 1FR, London, UK

Correspondence to: Suzanne Forbes; E-mail: suzanne.forbes2@nhs.net

© The Author(s) 2021. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.


mailto:suzanne.forbes2@nhs.net

ABSTRACT

Background. Haemodialysis patients are extremely vulnerable to COVID-19. Their immune response
after infection is unclear. We have found high seroconversion rates in this population with 95%
developing antibodies. It is unclear if and how long these antibodies persist. Here we investigate this
with serial antibody testing.

Methods. We identified haemodialysis patients who had confirmed SARS-CoV-2 between March-
May 2020 and measured monthly antibodies (1gG/IgM) in those who survived. We used a semi-
guantitative cut-off index (COl) to create a qualitative result and plotted optical density (OD)
over time. We used linear regression to examine the slope, as well as noting peak OD and
time to peak OD. We correlated these against baseline demographics, markers of illness
severity, and comorbidities.

Results. 122 patients were analysed. All remained antibody positive during follow-up; for a minimum
of 148 days. 71% had a positive gradient indicating increasing antibody positivity over time. We
found that age (p=0.01), duration of PCR positivity (p=0.06) and presence of symptoms (p=0.05)
were associated with a longer time to peak OD. Immunosuppression did not alter peak OD but did
lead to a non-significant increase in time to peak OD and more patients had a subsequent fall in Ab
levels (p=0.02). Diabetic patients were more likely to have a positive slope (OR 2.26).

Conclusions. These results indicate that haemodialysis patients have a robust and sustained
antibody response after confirmed COVID-19 infection with no suggestion that immunosuppression
weakens this response. Although unclear what protection these antibodies confer, this encouraging
that haemodialysis patients should respond to vaccination.
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KEY LEARNING POINTS
What is already known about this subject?

- Haemodialysis patients are extremely vulnerable to the effects of COVID-19 both in terms of
their risk of infection given their inability to shield, as well as their risk of mortality with
infection

- Current understanding is that antibody seroconversion rates in haemodialysis patients who
have confirmed infection is high, in the region of 95%

- Thereis no available longer-term data about how long these antibodies persist or if the
levels wane over time

What this study adds?

- This study is, to the best of our knowledge, the first that tracks antibody levels serially over
time in haemodialysis patients

- Our data describes the trend of antibody positivity over time, the peak antibody levels and
the time to reach peak antibody levels; it reassuringly shows that haemodialysis patients
have a robust and sustained antibody response

- We comprehensively analyse variables that could be associated with each of these outcome
measures, including baseline patient demographics, comorbidities, medication use,
additional immunosuppression and original COVID-19 disease severity



What impact this may have on practice or policy?

- Inthe era of vaccination, this data provides important baseline data to help us understand
immune responses to COVID-19 infection in the vulnerable haemodialysis population

- This data also helps us begin to risk stratify our haemodialysis patients in terms of their
immune response to exposure to SARS-CoV-2

- Inturn this may help predict or understand response to vaccination which is the clear hope
for the future in such a vulnerable group

INTRODUCTION

Just 1 year after the declaration of SARS-COVID-19 as a global health emergency, remarkable
technological and medical advances have allowed us to go from identifying the causative
agent of COVID-19 as SARS-CoV-2 to the development to diagnostic tests including serological
and molecular tests. Antibody (Ab) tests that can detect IgG, IgM and IgA responses to spike
or nucleoproteins of SARS-CoV-2 have been developed and allowed us to identify previous
exposure or infection. In some populations these antibody tests have also become a surrogate
marker of presumed immunity against reinfection. Despite limitations, commercial assays
have shed some light on the response of individuals to infection, particularly in certain groups
of patients.

Since the outset, it has been increasingly clear that patients with end-stage kidney disease are
particularly susceptible to the effects of the virus, with published morbidity and mortality far
in excess of that reported in generalised population data (1). The renal community has
learned that haemodialysis patients present a unique challenge. Balancing their need for
ongoing thrice weekly life-sustaining haemodialysis in a health care facility against their
vulnerable status and advice to shield has been a daunting task. In addition, haemodialysis
patients are considered to be immunodeficient and so the longer-term effect in those who
have survived the virus is even less clear than in those without underlying health problems
(2). More guidance is now available about measures to put in place to protect haemodialysis
patients, but the hope for the future depends on the efficacy of vaccination (3).

Information is beginning to emerge around the varied immune response to SARS-CoV-2 in
patients with normal renal function and there is a suggestion that IgG titres are durable but
with modest declines at 6 to 8 months (4). One study, analysing 1gG in dialysis patients up to
3 months showed a linear decline in levels over that time (5) but there is otherwise limited
data.

We have previously published on the outcomes of COVID in our population of over 1200
haemodialysis patients in East London. Barts Health NHS Trust provides haemodialysis to 1253
haemodialysis patients, including a large cohort in the Royal London Hospital, and then 4
separate satellite units. The population represents a diversity of ethnicity, dialysis vintage and
cause of end-stage disease.

We reported morbidity and mortality rates in line with other published data. We found Ab
seroconversion rates of known SARS-CoV-2 positive patients in the region of 95%. We also



found a significant number of previously asymptomatic or swab negative patients had
developed antibodies (11.5%) (6).

We have since undertaken regular monthly serum Ab testing on all haemodialysis patients in
our cohort, as well as ongoing weekly nasopharyngeal swabbing for SARS-CoV-2 to identify
new infectious cases. We here report the results of this regular longitudinal Ab screening in
patients who have previously been tested as SARS-CoV-2 positive.

MATERIALS AND METHODS

This project was approved by the Barts Health NHS Trust Hospital COVID-19 Research and
Development committee (Number 11265).

We report data on all haemodialysis patients from 5 dialysis units across London who had
survived COVID-19, and who subsequently developed an Ab response.

From March to May, SARS-CoV-2 RNA qualitative detection was performed by RT-PCR testing
using the Cobas® SARS-CoV-2 Test (Roche) or by transcription mediated amplification (TMA)
using the Aptima® SIARS-CoV-2 Assay (Panther® System) when patients developed symptoms
of COVID-19 infection or when they were screened as having a fever on the dialysis units.
From June to September all patients were tested fortnightly regardless of the presence or
absence of symptoms. From September to December all patients were tested weekly.

Since the end of May 2020, the anti-SARS-CoV-2 nucleoprotein (NP) IgG and IgM response
was measured in serial samples collected from patients using the Roche Elecsys® Anti-SARS-
CoV-2 assay. The Roche Elecsys Anti-SARS-CoV-2 combined IgM-IgG assay is a modified
double sandwich electrochemiluminescence immunoassay (ECLIA) commonly used in the UK,
which detects anti-SARS-CoV-2 IgM and IgG targeted against the SARS-CoV-2 virus
nucleocapsid (N).

A semi-quantitative cut-off index (COl) is produced which is used to create a qualitative result.
The cut off index (COI) from each sample was recorded as positive if COl > 1.0 and negative is
COI <1.0. The optical density values (OD) were plotted over time and a linear regression
analysis was performed for each patient using the gradient of this line to determine if the Ab
titres were rising or falling over the course of the follow up. In addition, investigated the peak
0D, defined as the highest OD during follow up, and the time take to get to peak OD, defined
as the time in days between initial RNA positivity and the date of the peak OD, as outcome
variables. As the assay used does not distinguish between 1gG and IgM the results obtained
are the sum of both.

We then analysed the cohort for explanations of the variability of Ab responses over time.
We report Ab results from May through until October 2020.



Statistical analysis

Data were analysed using GraphPad Prism v9 (San Diego, CA) and SPSS v 27 Armonk NY). The
study variables were described using sample mean with SD or median and interquartile range
if nonparametric (Shapiro-Wilk Test).

Comparison of variables was performed using chi square for categorical variables and Mann-
Whitney for nonparametric variables (with the exception of ethnicity when Kruskal-Wallis was
used). Correlation between variables was assessed using spearman rank correlation.

We investigated any factors found to be associated with a positive Ab gradient slope further
in a multivariable analysis using logistic regression. Factors were adjusted for age, sex and
hospital admission as forced variables determined a priori for the regression model.

RESULTS

122 patients were included in analysis. These were all patients who had a confirmed SARS-
CoV-2 test during the first wave, and who had tested Ab positive on serum taken in May.

Their baseline characteristics are shown in Table 1. Median age was 63 and there was a male
preponderance. Ethnicity reflects the ethnicity seen in our entire cohort. Nearly half of the
patients were diabetic with diabetes the most common cause of ESRF, and cardiovascular
disease coded in a third. Median dialysis vintage was 29 months and 13% had been previous
transplanted.

Presenting symptoms are shown in Table 2. Approximately one third required admission and
the rest were managed in isolation dialysis facilities as an outpatient. We also gathered data
on a variety of relevant laboratory parameters at the time of swab positivity, including CRP,
troponin, d-dimer and white cell count as markers of disease severity (7).

The Ab response for the cohort took over 4 months to reach its peak. The median peak OD
was 95. Given the cut off for classification as Ab positivity is >1, this suggests a robust
response. Furthermore, during follow up, all patients remained Ab positive (all patients OD
remained >1). In addition, for the majority of patients (71%) antibodies rose over time, with
a positive slope of Ab response seen in the overall cohort (Figure 1)

The median results of these is shown in Table 2. We then performed linear regression of the
OD results overtime to establish if the levels were rising or falling over time, and the trend of
the slope, see Figure 1.

Across the whole cohort, the overall trend was for continued increase in Ab positivity as
measured by OD, up to a maximum of 184 follow-up.

We then analysed the cohort phenotype to look for any explanations of the variability of Ab
response over time (see Table 3)

None of the Ab outcome variables (peak OD, time to peak OD or gradient of antibody
response) were correlated significantly with the following variables - BMI, dialysis vintage,
white cell count, neutrophil count, lymphocyte counts, platelet count, CK, D dimer, CRP on
admission, peak CRP or length of hospital stay. Age was positively correlated with the time to
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reach peak OD (p=0.01) and troponin was positively correlated with a more positive slope
(p=0.02). In addition, how long patients remained antigen positive made no different to their
slope of Ab response or absolute peak OD (p=0.86) but those patients who were antigen
positive for longer also took longer to reach their peak OD (p=0.006) (Table 3). To examine
the effect of more prolonged antigen positively leading to a slower rise to peak OD we
hypothesised that those with longer antigen positivity may start with a lower antibody
response. To investigate this we correlated the duration of antigen positivity with the initial
antibody OD. However we did not find a relationship between these two variables (r=0.04,
p=0.62).

The presence of diabetes had no significant effect on the peak OD or time to peak OD (Table
4), but patients with DM were more likely than those without DM to have a positive slope (OR
2.26 (95% ClI 1.00-5.10)) (Figure 2A). We investigated this further in our multivariable analysis
(Table 5) and found this association was slightly weakened after adjusting for age (OR 2.18
(95% C1 0.97-4.87)), but that there was no evidence of further confounding by sex or hospital
admission.

Whether or not patients were symptomatic had no effect on peak OD but symptomatic
patients took longer to reach peak OD than non-symptomatic patients. This was seen
regardless of whether or not they were admitted; the peak OD or the slope were not
associated with admission but the time taken to reach peak OD was longer in patients
admitted (p=0.05).

Neither gender nor ACE/ARB use made any difference to any of the variables, however
patients on immunosuppression were more likely to have a positive slope and a higher slope
gradient (p=0.02) than those not on immunosuppression, with similar peak OD and time to
peak OD (Figure 2B). We were unable to investigate this further in multivariable analysis due
to sparsity of data.

Ethnicity had no effect on the outcome variables (Table 6).
DISCUSSION

To our knowledge our data is the first to examine Ab response serially over time in
haemodialysis patients. We have previously published that 95% of haemodialysis patients
mount an Ab response following COVID-19 (6). Here we extend this observation to show that
all patients who mount an Ab response to initial infection remain Ab positive for a minimum
of 145 days. Furthermore we demonstrate that in the majority of patients there is no
significant decline (negative slope) over time.

The only factors that correlated with having a positive slope were underlying diabetes and
current immunosuppression.

When the gradient of the slope was considered, those admitted with a higher serum troponin
T, those who had a longer length of stay and use of immunosuppression was associated with
a more positive gradient. When the peak OD value was considered, none of the measured



variables was significantly associated with a higher peak OD. Older patients, those with a
more prolonged antigen positivity and those symptomatic on presentation took longer to
reach their peak OD.

It is not clear why this cohort of vulnerable and relatively immunocompromised patients have
developed such robust and sustained antibody responses, when seroconversion is
traditionally thought of as more difficult to achieve, for example in hepatitis B vaccination (8).
One possibility would be that they have a more severe disease but our data showed no clear
relationship between admission or length of hospital stay on Ab outcomes.

Another possibility would be that they do not as efficiently clear the virus thus leading to an
ongoing antigen stimulation of Ab. Our data suggests that the longer patients were antigen
positive, the longer it took them to reach their peak OD, however there was no correlation
with either the slope of Ab response nor the peak OD nor their initial Ab response. It is also
worth considering that this population, despite being considered highly vulnerable, were
unable to fully shield owing to regular visits to the dialysis units. It is possibly that ongoing
exposure to the virus in the community and within the cohort, from asymptomatic or mildly
symptomatic cases, could have acted as a continued booster to these antibody positive
patients.

Also of interest is that those on additional immunosuppression, including steroids, were not
found to have any difference in their peak OD, suggesting an equal response to initial viral
infection. Immunosuppression did, however, lead to a non-significant (p=0.07) increase in the
median time to get to peak OD by 28 days. In line with this finding that immunosuppression
leads to a slower rise in antibody levels; the slope of the Ab rise was lower in those on
immunosuppression and indeed more patients on immunosuppressives had a fall in Ab levels
during the study (p=0.02). A potential explanation for this could be that immunosuppression
leads to a delayed immune response.

This study has several limitations. We acknowledge that discussing Ab levels in terms of OD is
not the gold-standard by which to do so. We also note that this is a combined I1gG and IgM
test, unable to discern which is the dominant Ab detected. It would have been useful to have
been able to evaluate for levels of neutralising antibodies. Furthermore future works is
required to measure T cell response which would help better understand the immune
response seen. We currently do not know if these measured antibodies will confer ongoing
protection in the face of re-exposure to SARS-CoV-19 virus and its new strains. Indeed we
have recently published a concerning report of a patient in this cohort becoming critically
unwell following a second episode of COVID-19, despite having positive antibodies with a last
measured od of 95, who was subsequently found to have been exposed to the B.1.1.7, variant
of SARS-CoV-2 (9). That this is the only such case of reinfection, however, in our large cohort
is in itself reassuring, especially given high community prevalence in East London. This is
obviously based on a relatively short period of follow-up and so it will be interesting to see if
any protection persists and how we might usefully measure this to enable us to predict
reinfection. Equally interesting will be to understand rates of re-infection with other
mutations and any protective benefit conferred by these initial antibodies.



It is encouraging though to report that the vast majority of haemodialysis patients mount a
robust Ab response and that this response does not wane over time. It is also encouraging
that, although we reported this one case of reinfection, this seems to be an isolated case. No
other previously positive patients from the first wave have been found to be either
symptomatic or asymptomatic carriers, as assessed by weekly whole cohort swabbing, in this
second wave, despite overall numbers in the dialysis cohort being currently higher than
during the first wave. Further studies looking in more detail at immune response to both
primary viral infection as well as vaccination will be essential to better understanding how to
protect of our most vulnerable patients.
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Baseline demographics

Age in years median (IQR) 63 (53-72)
Male sex n (%) 64 (52)
BMI median (IQR) 28 (23-33)
Dialysis vintage in months median (IQR) 29 (12-66)
Ethnicity n (%)

Asian 41 (34)
Black 35(29)
White 33 (27)
Other/Mixed 13 (11)
Aetiology of ESRD n (%)

Diabetes 54 (44)
Polycystic Kidney disease 7 (6)
Hypertension 8(7)
Glomerulonephritis 14 (11)
Obstructive uropathy/reflux/chronic pyelonephrit|/10 (8)
Other/unknown 19 (15)
Comorbidities n (%)

Cardiovascular disease 37 (30)
Diabetes 54 (44)
Respiratory disease 16 (13)
Previous renal transplantation 16 (13)
dialysis access (AVF/AVG) 79 (64)
Medication use n (%)

ACE/ARB 31 (25)
Statin 67 (55)
Vitamin D 121 (99)
Prednisolone 15 (13)
Other immunosuppressive medications 13 (11)

Table 1. Baseline demographics, comorbidities and medication use of the cohort
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COVID outcomes n (%)

Admitted to Hospital

Admitted to ITU

Length of hospital stay in days medican (IQR)
Symptoms at presentation n (%)

Fever >38°C

Cough

Shortness of breath

Diarrhoea

Headache

Myalgia

Confusion

Anorexia

Fatigue

Anosmia

Chest pain

Asymptomatic

Symptom duration in days median (IQR)
Biochemical investigations median (IQR)
White cell count (10°/L)

Neutrophils count (10°/L)

Lymphocyte count (10°/L)

Platelet count (10°/L)

CRP on admission (mg/l)

Peak CRP (mg/l)

Troponin T(ng/ml)

Creatinekinase (U/L)

Alanine aminotransferase (U/L)

D-dimer (mg/l)

Antibody outcome results median (IQR)
Peak OD

Timeto peak OD (days)

Slope of antibody responce over time

Time from diagnosis to last antibody result (days)

Patients with rising antibody response over time n (%)

39(32)
9(7)
10 (6-23)

58 (48)
39(32)
25 (20)
10 (8)
2(2)
9(7)
5(4)
5(4)
16 (13)
2(2)
5(4)
38 (31)
3(1-7)

5.4 (4.1-8.3)
3.9(2.5-6.6)
0.8(0.5-1.1)
184 (139-243)
63 (15-125)
91 (30-207)
78 (52-205)
72 (48-124)
17 (12-24)

1.6 (0.7-3.3)

95 (68-116)

122 (91-145)
159 (145-166)
0.16 (-0.05-0.36)
87 (71%)

Table 2. Clinical outcomes, symptoms biochemical parameters and Ab outcome variables

for the study cohort
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Characteristic Peak OD Time to peak OD (days) | Slope of Ab response
BMI 0.16 (0.1) 0.12(0.13) 0.14 (0.13)
Age 0.08 (0.33) 0.23(0.01) 0.25 (0.05)
Time on dialysis (months) -0.01(0.7) -0.01 (0.94) 0.05 (0.48)
White cell count (10°/L) 0.07 (0.49) 0.1(0.96) 0.02 (0.64)
Neutrophils count (10°/L) 0.01(0.82) 0.11(0.94) 0.04 (0.88)
Lymphocyte count (10°/L) 0.2 (0.09) 0.05(0.53) 0.01 (0.35)
Platelet count (10°/L) 0.18(0.1) 0.13(0.23) 0.09 (0.74)
CRP on admission (mg/l) 0.0(0.99) 0.07 (0.80) 0(0.28)
Peak CRP (mg/l) 0.01(0.7) 0.09 (0.54) -0.14 (0.1)
Troponin 0.34(0.5) 0.2 (0.89) 0.46 (0.02)
Creatinekinase (U/L) -0.06 (0.1) 0.14 (0.21) 0.25(0.82)
D-dimer (mg/l) 0.36 (0.08) 0.23(0.84) 0.14 (0.28)
Length of hospital stay (Days) 0.02 (0.91) 0.04 (0.84) -0.46 (0.01)
Duration of antigen positivity (days) 0.02(0.8) 0.25 (0.006) -0.06 (0.55)

Table 3. Correlation of continuous variables on Ab outcome responses. All data show results

of Spearman rank with statistical significance in brackets
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Diabetes

Peak OD
Timeto peak OD
Gradient
Positive slope
Symptoms on presentation
Peak OD
Timeto peak OD
Gradient
Positive slope
Admission

Peak OD
Timeto peak OD
Gradient
Positive slope
Gender

Peak OD
Timeto peak od
slope

Positive slope
ACEi ARB use
Peak OD
Timeto peak od
Gradient
Positive slope
Immunosupression use
Peak OD
Timeto peak od
Gradient
Positive slope

Yes

97 (67-116)

126 (98-145)
0.19(0.03-0.36)
79%

Yes

93 (65-114)

131 (94-150)
0.15 (-0.04-0.36)
73%

Yes

99 (72-116)

133 (96-161)
0.14 (0-0.388
74%

Male

89 (51-118)

124 (92-146)
0.15 (0.00-0.36)
76%

Yes

97 (55-120)

110 (70-135)
0.18(-0.04-0.32)
71%

Yes

86 (68-116)

96 (67-131)
-0.11 (-0.25-0.26)
47%

No

93(60-116)

107 (80-146)
0.09(-0.12-0.38)
61%

No

99 (77-131)

104 (73-131)
0.21(-0.09-0.38)
68%

No

94 (57-119)

118 (87-141)
0.16 (-0.05-0.36)
71%

Female

97 (84-115)

120 (86-140)
0.18(-.127-0.37)
67%

No

94 (71-115)

124 (93-148)
0.16 (-0.07-0.39)
71%

No

97 (68-119)

124 (93-146)
0.17 (0-0.37)
75%

p
0.62

0.2
0.24
0.04
p
0.11
0.007
0.69
0.56
p
0.9
0.05
0.81
0.82

0.14
0.45
0.57
0.27
p

0.85
0.08
0.72
0.84
p

0.48
0.07
0.02
0.02

Table 4. Effect of categorical variables (diabetes symptoms, admission, gender, ACEi/ARB

use or immunosuppression use) on outcome measures of antibody response
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Diabetes Odds ratio (95% confidenceinterval) p-value
Unadjusted 2.26(1.00-5.10) 0.04
Adjusted for age 2.18(0.97-4.87) 0.06
Adjusted for sex 2.25(1.01-5.01) 0.05
Adjusted for admission 2.27 (1.01-5.08) 0.05
Adjusted for age, sex, and admission 2.19(0.97-4.95) 0.06

Table 5. Multivariable analysis investigating the association between diabetes and positive
antibody slope after adjusting sequentially for age, sex and hospital admission. P-values
were obtained using likelihood ratio tests
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Ethnicity White Black Asian Other

Peak OD 95 (80-113) 97 (76-129) 84 (42-112) 106 (81-120) 0.1
Timeto peak od |129 (93-150) 117 (87-152) 114 (86-141) 121 (82-138) 0.1
Gradient 0.26 (0.06-0.43) |0.04 (-.0.24-0.31){0.18 (-0.11-0.25)(0.03 (-0.11-0.25)| 0.7
Positiveslope |81% 66% 76% 54% 0.2

Table 6. Effect of Ethnicity on outcome measures of antibody response
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Figure 1: Optical density results of Ab responses for the cohort over time. Data displayed as
median with IQR as error bars.

16



Optical density

Optical density

150+

100+

50+

- Diabetic cohort
=== Non diabetic cohort

Zathd

150+

100+

o
i

I I I I I 1 1 I
20-39 40-59 60-79 80-99 100-119 120-139 140-159 160-184

Time in days from SARS-CoV-2 RNA detection

-- No immunosuppression
-~ |mmunosuppression

L]
7

I 1 1 1 ] 1 1 1
20-39 40-59 60-79 80-99 100-119 120-139 140-159 160-184

Time in days from SARS-CoV-2 RNA detection

17



Figure 2: Optical density results of Ab responses for (A) diabetes vs non-diabetes, and (B)
immunosuppression vs no immunosuppression. Data displayed as median with IQR as error
bars.
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