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Abstract

Background Patients with chronic kidney disease on haemodialysis (HD) were given priority COVID-19 vaccination
due to increased disease risk. The immune response to COVID-19 vaccination in patients on HD was diminished com-
pared to healthy individuals in 2-dose studies. This study aimed to evaluate seroconversion rate, neutralizing antibody
(nAB) levels and longitudinal antibody dynamics to 3-dose heterologous vaccination against COVID-19 in a cohort

of HD patients compared to healthy controls and assess patient factors associated with antibody levels.

Methods This study was a case—control longitudinal evaluation of nAB dynamics in 74 HD patients compared

to 37 healthy controls in a low/middle income setting. Corresponding samples were obtained from the two cohorts
at time-points (TP) 1-1-month post 2nd dose of AZD1222 vaccine, TP2- 4 months post 2nd dose, TP4- 2 weeks

post 3rd dose with BNT162b2 vaccine, TP5-5 months post 3rd dose and TP6-12 months post 3rd dose. Additional data
is available at TPO- pre 2nd dose and TP3- 6 months post 2nd dose in HC and HD cohorts respectively. Anti-SARS-
CoV-2 nAB were detected using Genscript cPassTM pseudoviral neutralization kit. Demographic and clinical details
were obtained using an interviewer administered questionnaire.

Results Cohorts were gender matched while mean age of the HD cohort was 54.1yrs (vs HCs mean age, 42.6yrs,
p <0.05). Percentage seroconverted and mean/median antibody level (MAB) in the HD cohort vs HCs at each
sampling point were, TP1-83.7% vs 100% (p < 0.05), MAB-450 IU/ml vs 1940 IU/ml (p < 0.0001); TP2-71.4% vs 100%,
(p<0.001), MAB- 235 IU/ml vs 453 IU/ml, (p < 0.05); TP4-95.2% vs 100% (p > 0.05), MAB-1029 IU/ml vs 1538 IU/ml
(p<0.0001); TP5-100% vs 100%, MAB-1542 IU/ml vs 17411U/ml (p> 0.05); TP6-100% vs 100%, MAB-1961 IU/ml vs
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pared to patients > 60 years.

detectable at 1 year follow-up.

follow-up

2911 IU/ml (p>0.05). At TP2, patients aged < 60 years (p < 0.001) were associated with maintaining seropositivity com-

Conclusion Two dose vaccination of haemodialysis patients provided poor nAB levels which improved markedly fol-
lowing 3rd dose vaccination, the effect of which was long- lasting with high nAB levels in both patients and controls

Keywords Haemodialysis, COVID-19, Mixed-vaccination, Seroconversion, Neutralizing antibody levels, Longitudinal

Background

Patients on dialysis had a 16—32% increased risk of fatal-
ity from COVID-19 compared to the general popula-
tion in 2020-2021 [1-8] with in-centre dialysis carrying
additional risk with compared to home dialysis [1, 8—10].
Correction for comorbidities and demographic factors
still showed a four-fold increase in mortality among dial-
ysis patients, highlighting their vulnerability [11, 12], jus-
tifying their priority vaccination status.

The muted vaccine responses in haemodialysis (HD)
patients to vaccines [13-15] necessitating additional
primary series dosing, hinted that standard two-dose
COVID-19 vaccination may not be sufficient in these
patients. Confirming this, multiple studies demonstrated
that HD patients developed poor two-dose immunity
compared to the healthy controls [16—22]. Meta-analysis
of 38 studies on two-dose immunogenicity in HD patients
showed 85.1% seroconversion compared to 97.4% in
healthy controls [17]. Vaccine platform also affected sero-
conversion with high rates (>96%) observed for mRNA
vaccines but significantly lower rates (67%) for the Ad26.
COV2.S vaccine [23] and inactivated vaccine (80%) [24].
HD patients had rapid antibody decay and by 6 months,
20% had no detectable antibodies [25, 26]. Factors con-
tributing to improved longevity of response included
serum albumin level, anti-HBs antibody level >10 IU/ml
and specific races [26].

In October 2021, the Strategic Advisory Group of
Experts (SAGE) of the World Health Organization
(WHO) issued interim guidelines that all immune com-
promised patients (including long-term dialysis) receive
a three-dose primary series where possible [27]. Recent
studies confirm the improved response to third dose
of mRNA vaccine in achieving sustained seroconver-
sion and antibody levels in HD patients [16, 20, 28—-31].
Limited evidence exists on the efficacy of heterologous/
mixed vaccine combinations in HD patients on maintain-
ing long term immunity.

While Sri Lanka, a lower middle income South Asian
country, with a population of 21 million, endemic for
chronic kidney disease of unknown aetiology (CKDu)
with a national haemodialysis population of over 3500
patients [32], followed similar guidelines, practicalities of

vaccine availability resulted in the use of a heterologous
combination of two vaccines in HD patients. The same
combination was administered to health care workers
(HCWs) at the same times, providing an ideal control
group. The objective of this study was to evaluate sero-
conversion rate, neutralizing antibody (nAB) level and
longitudinal antibody dynamics to three-dose mixed vac-
cination against COVID-19 in a cohort of HD patients
compared to healthy controls and assess patient factors
associated with antibody levels, up to one year after third
dose, as nAB levels correlate with protection from infec-
tion which is a priority in these individuals. We analyzed
breakthrough SARS CoV-2 infection as Sri Lanka went
through waves of the virus variants, as well as factors
associated with seroconversion and high nAB levels, and
comparing vaccine associated adverse events (VAAE)
in these two groups. We hypothesized that HD patients
would show lower seroconversion rates and lower / short
lasting antibody responses compared to HCs in this
setting.

Methods

Ethical considerations

This study was approved by the ethical review commit-
tee of the Faculty of Medicine, University of Peradeniya
(protocols EC/2021/13 and EC/2021/14). Informed writ-
ten consent was obtained from all participants prior to
interview and sample collection.

Study population

This longitudinal case—control study was conducted from
May 2021 at the beginning of national COVID-19 vac-
cination programme to December 2022, 1 year follow-
ing the administration of the third dose. Initially, 74 HD
patients who attend the Nephrology units of National
Hospital Kandy and Teaching Hospital Peradeniya, both
large tertiary care centers in the Central Province of Sri
Lanka, were recruited to the study. As the control cohort,
37 healthy healthcare workers were recruited. Inclusion
criteria for patients were patients > 18 years, on HD who
received two- dose vaccination, and health care work-
ers about to complete two dose vaccination. Individuals
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who refused vaccination or with other causes of immu-
nosuppression, including medication, malignancy, were
excluded.

The two groups of HD (case) and HC (control) were
given two doses of Oxford Astrazeneca -AZD1222
(ChAdOx1) three months apart, and subsequently a 3rd
dose of BNT162b2 was given 6 months later (Fig. 1A
and B). Serum sample collection was done at seven time
points as shown in Fig. 1: Pre second dose (TP0), 2 weeks
post second dose (TP1), 4 months post second dose
(TP2), 6 months post second dose (TP3), 2 weeks post
third dose (TP4) and 5 months post third dose (TP5) and
one year post third dose (TP6). All timepoints (TP) could
not be sampled in both groups due to logistic difficulties
encountered. A summary of patient and control num-
bers included at each time point are shown in Additional
file 1.

An interviewer administered questionnaire was used
to collect demographic data including age and gender,
history of COVID-19 including symptoms, or labora-
tory confirmed infection at each time point, and VAAE
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related to each dose. In HD patients, duration on dialysis
and comorbidities were documented.

Blood samples were obtained at prescribed time-
points. Separated serum samples were stored at -80 °C
until testing with GenscriptC Pass’ SARS-CoV-2 neu-
tralization Antibody Detection kit (GenScript USA/
Nanjing GenScript Diagnostics Technology Co., Ltd.,
Version RUO for US.1.0) according to manufacturer’s
instructions [33]. Seroconversion was defined as nAB
above 30% inhibition (manufacturer recommended).
Results are expressed as % seroconverted (% individu-
als with nAB levels above cut-off), mean/ median anti-
body level (MAB) as % inhibition (the midpoint of %
inhibition of the positive samples). nAB level in IU/
ml (log scaled) was calculated as per WHO guidelines
[34] and conversion algorithm for this assay [35] with
calculation of geometric mean and SD factor. Sam-
ples with >97.59% inhibition (33/381; 18-HD, 15-HC)
required further dilution for accurate conversion to
IU/ml. Due to financial constraints, only 4/35 samples
were diluted and retested. As true values of all 33 sam-
ples could not be obtained, these are plotted as>3028
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Fig. 1 Timeline of vaccination and sampling timepoints. The timeline shows the timing of vaccination and sampling time points (TP) of the healthy

controls (HCs) (A) and haemodialysis (HD) patients (B)
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IU/ml in Figures and were taken as 3028 IU/ml (equiva-
lent of 97.59% inhibition) for calculations.

Statistical analysis

Statistical analysis was carried out using GraphPad Prism
(8.4.2. 679, 2020). Percentage neutralization was com-
pared using Mann Whitney U (MWU) test and associa-
tion between categorical variables was evaluated using
the chi-square test. Multiple groups were compared with
the Kruskal Wallis test and Dunns Post-hoc test for mul-
tiple comparisons [36].

Results

We recruited 74 HD patients (HDs) and 37 HCs. Over
18-month follow-up, sample numbers were limited due
to test kit limitations as well as logistic restrictions dur-
ing the ensuing economic crisis limiting participation. At
final sampling, 14 HDs and 16 HCs remained. The num-
ber of samples collected and loss of participants at each
TP are shown in Additional file 1. At initial sampling, all
participants were asymptomatic, had no history of labo-
ratory confirmed COVID-19, or symptoms suggestive of
COVID-19 since the start of the pandemic. During follow
up, four HCs had laboratory confirmed COVID-19 while
none of the HDs tested positive at any time.

Demographic characteristics

The gender distribution in both cohorts was similar with
males comprising 69% (51/74) of the HDs and 48.6%
(19/37) in the HCs. (Fishers exact test, p>0.05). Age
ranged from 24-80 years (mean 54.1 (95%CI:51.3-56.9)
in HDs and 26-59 years (mean 42.6 (95%CI:39.4—45.7))
in HCs (unpaired t test, p <0.0001).

HD patients had a mean HD duration of 29.7 months
(SD+18.55) (range 4 months to>6 years). Dialysis vin-
tage and comorbidity distribution are shown in Table 1.
Hypertension (81%) and diabetes (40.5%) were the most
common comorbidities in this group.

Longitudinal antibody dynamics following two doses

of Oxford Astrazeneca -AZD1222 (ChAdOx1)

Sampling was done at 2—4 weeks (TP1), 4 months (TP2)
and 6 months (TP3) post 2nd dose. While a pre 2nd dose
(TPO — immediate pre-2nd dose) sample was collected
in HCs, TP3 samples in HCs and TPO in HD patients
were not collected for logistic reasons. Figure 2A shows
antibody dynamics in HCs following 2-dose AZD1222.
At TPO, a 80% (28/35) seroconversion rate with moder-
ate MAB level of 45.21% inhibition (IQR:36.8%-63.8%)
equivalent to geo.mean 76.17 IU/ml (SD factor-2.7)
was seen. Significant improvement in all metrics were
seen by TP1, with 100% (37/37) seroconversion (chi sq,
p<0.001) whilst MAB level increased significantly to 97%
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Table 1 HD (vs HC) cohort characteristics

Characteristic Value/ Frequency

Age

Mean age 54.1 years (95%Cl:51.3-56.9) vs

HC: 42.6 years (95%Cl:39.4-45.7)

Age range 24-80 years vs HC: 26-59 years
Sex

Male 69% (51/74) vs HC 48.6% (19/37)
Duration on dialysis (DD)

Mean DD 29.7 months (SD+18.55)

Range DD 4—81 months

< =12 months 27% (20/74)

13-24 months 23% (17/74)

25-36 months 19% (14/74)

> 36 months 31% (23/74)

Comorbidities

40.5% (30/74)
81% (60/74)
17.6% (13/74)

Diabetes mellitus
Hypertension
Ischemic heart disease

Dyslipidemias 24.3% (18/74)
Stroke 0
Glomerulonephritis 0

inhibition (IQR:96.5%-97.2%) (MWU, p <0.0001), equiva-
lent to 1940 IU/ml (SD factor-2) (MWU, p<0.0001). At
TP2, seropositivity remained at 100%(35/35) though
MAB significantly decreased to 84.61% neutralization
(IQR:72.1%-95.1%) (MWU, p<0.0001), equivalent to
452.9 IU/ml (SD factor-3.3) (MWU, p <0.0001).

Antibody dynamics in the HD cohort (Fig. 2B1) at TP1
(2-4 weeks post 2™ dose) 83.7% (62/74) seroconversion,
with MAB level of 85.7% inhibition (IQR:65.1%-96.2%)/
correlating 450.2 IU/ml (SD factor-4.2) was seen. By TP2,
seropositivity dropped significantly to 71.4% (40/56) (chi
sq, »<0.05) with MAB dropping significantly to 70.35%
inhibition (IQR:48.3%-91.9%) (MWU, p<0.05), equiva-
lent to 235.3 IU/ml (SD factor-4) (MWU, p<0.05). At
TP3, seropositivity reduced to 66.7% (14/21) while MAB
level showed a slight increase to 90.81% (IQR:75.7%-
93.2%), equivalent to 543.4 IU/ml (SD factor-2.2). The
increase was not statistically different compared to
TP2. A subgroup analysis on HD patients (#=39) who
were age and gender matched to HCWs at TP1 and TP2
(Fig. 2B2) showed similar results.

Effect of heterologous third dose with BNT162b2 in HCs
and HD patients

Two weeks following administration of the BNT162b2
vaccine as the 3rd dose (TP4), HCs maintained a 100%
(28/28) seroconversion, while the MAB increased sig-
nificantly to 95.51% inhibition (MWU, p<0.0001)
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Fig. 2 Longitudinal antibody dynamics following two doses of AZD1222. Neutralizing antibodies level as percentage inhibition and 1U/ml
developed against SARS CoV-2 following vaccination with 2 doses of Oxford Astrazeneca -AZD1222 (ChAdOx1) were plotted at each time
point. A) shows the antibody dynamics of the HC cohort at the time points of pre second dose (TP0), 2 weeks following second dose (TP1)
and 4 months following second dose (TP2). TP3 samples could not be collected in HCs for logistic reasons. B1) shows the antibody dynamics
of the total HD patient cohort which was gender-matched HD cohort at the time points of TP1, TP2 and TP3 (6 months following 2nd dose)

B2) shows the antibody dynamics of an age and gender-matched HD subgroup analysis at the time points of TP1, TP2 and TP3. Dot plot shows
the international unit (IU/ml) values (primary y axis) while secondary y axis shows the equivalent % neutralization. Seropositivity is designated
at>30% (28 IU/ml) (open circles) (manufacturers standard). Yellow circles plotted along the level of >3028 IU/ml (> 97.59% inhibition) indicate
the individuals with high antibody levels that required further dilution for precise estimation but could not be tested. Red dashed vertical lines
indicate the time points of vaccine administration. (D1- first dose, D2— second dose). Percentage seroconversion rate (number seroconverted/
total number sampled) and geometric mean of antibody level (IU/ml) at each timepoint are shown in above each timepoint in black and blue

text respectively. MAB levels between timepoints were compared with the Mann Whitney U (MWU) test with statistical significance denoted

by p<0.05-*, p<0.01-**, p<0.001—*** p <0.0001—****

(IQR:95%-95.8%), / 1538 IU/ml (SD factor:1.17) (MWU,
p<0.0001) compared to TP2, as TP3 data was not avail-
able for HCs. At TP5 (5 months post 3rd dose), seroposi-
tivity remained 100% (24/24) with the MAB significantly
increasing to 96.6% inhibition (IQR:95%-97.1%) (MW,
»<0.05) / 1741 IU/ml (SD factor:1.66) (MWU, p <0.05).
At TP6 (12 months post 3rd dose), seropositivity
remained at 100% (16/16), while MAB increased further
to 97.84% inhibition (IQR:97.3-98) (MWU, p <0.0001), /
2911 IU/ml (SD factor-1.06) (MWU, p <0.0001) as shown
in Fig. 3A. In HD patients (Fig. 3B) 3-dose heterologous

primary series showed similar results at lower magni-
tude. At TP4, (2 weeks after 3rd dose), both the sero-
positivity and MAB significantly increased to 95.2%
(20/21) (chi sq, p<0.001) and 93.3% inhibition (SD +0.9)
(MWU, p<0.005) / 1029 IU/ ml (SD factor:1.15), respec-
tively. At TP5, both seropositivity and MAB rose further
to 100% (16/16) (chi sq, p<0.05) and 96.83% inhibi-
tion (IQR: 96.2%-97.1%) (MWU, p<0.001) /1542 IU/ml
(SD factor:3.1) respectively. At TP6, 12 months post
3rd dose, seropositivity remained 100% (14/14) with
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Fig. 3 Longitudinal antibody dynamics following two doses of AZD1222 and a third dose of BNT162b2. Level of neutralizing antibodies
against SARS CoV-2 following vaccination with two doses of Oxford Astrazeneca -AZD1222 (ChAdOx1) and a third dose of Pfizer-BioNTech
(BNT162b2) were plotted at each follow-up time point. Figure 3A shows the antibody dynamics of the HC cohort at the time points of pre second
dose (TP0), 2 weeks post second dose (TP1), 4 months post second dose (TP2), as well as 2 weeks post third dose (TP4), 5 months post third
dose (TP5) and 12 months post third dose (TP6). Figure 3B shows the antibody dynamics of the HD cohort at the time points of TP1, TP2, TP3-6
months post second dose, TP4, TP5 and TP6. Dot plot shows the international unit (IU/ml) values (primary y axis) while secondary y axis shows
the equivalent % neutralization. Seropositivity is designated at>30% (28 IU/ml) (open circles) (manufacturers standard). Yellow circles plotted
along the level of >3028 IU/ml (> 97.59% inhibition) indicate the individuals with high antibody levels that required further dilution for precise
estimation but could not be tested. Red dashed vertical lines indicate the time points of vaccine administration. (D1- first dose, D2- second dose,
D3- third dose) with statistical significance denoted by p <0.05-*, p <0.01- **, p <0.001—***, p <0.0001—****
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MARB significantly increasing (MWU, p <0.05) to 97.75%
(IQR:96%-97.9%)/ > 1961 IU/ml (SD factor:2.32).

The loss to follow-up of many patients is noted here.
Third dose status was traceable in 51/74 HD patients, of
whom 82% (42/51) took the 3rd dose while 18% (9/51)
refused. Of those who received the third dose, 50%
(21/42) were followed up in the study (at least one time-
point), while 50% were lost to follow-up. Travel restric-
tions and crises of fuel due to the economic collapse was
a major challenge at this time. Post study participant
tracing of HD patients lost to follow-up during study
period (29 of 53 traced -Additional file 2) showed that
while 8/29 did not receive the third dose, only one devel-
oped COVID-19 over the subsequent 2 year period.

Comparison between HCs and HD patients—percentage
seroconversion and MAB
A comparison of % seroconverted and MAB level (geo-
metric mean IU/ml and % inhibition) of the HCs and HDs
at each TP are shown in Table 2. HDs had a persistently
lower seroconversion rate and lower nAB level (both as
% inhibition and IU/ml) compared to HCs until TP4- 2
weeks post 3rd dose at which point though seroconver-
sion rates equalize, nAB levels remain significantly lower
in HDs Subsequent testing showed comparable nAB lev-
els as well as 100% seroconversion in both cohorts.
Sufficient HD patients to perform an age and gender-
matched HD subgroup analysis were available at TP1 and
TP2. A summary of these results are shown in Table 3
showing a similar pattern to the whole group comparison.

Factors associated with seropositivity and neutralizing
antibody level in HD patients

At 2-4 weeks post 2" dose, seroconversion and nAB
levels were not associated with patient factors. However
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Table 3 Comparison of seroconversion and MAB in age and
gender-matched cohorts

Measure TP1 TP2
2-4 w post 4 M post
2nd dose 2nd dose
HD % Seroconverted 82% 79.3%
*MAB geo.mean 461.8 1U/ml 152.21U/ml
(%inhibition) (86%) (61.40%)
HC % Seroconverted 100% 100%
“MAB geo.mean 1940 1U/mll 4529 1U/ml
(%inhibition) (97%) (84.61%)
Pvalue bChisq P<0.001 P<0.001
‘MWwu P<0.001 P<0.01
(MWU) (P<0.001) (P<0.01)

2 MAB- mean/ median antibody level of the seropositives at each timepoint.
Represented as geometric mean (geo.mean) in International Units (IU/ml) and as
mean percentage inhibition (% inhibition)

b Chi sq test was performed to compare the % seroconverted at each timepoint

€ Mann Whitney U (MWU) test was performed to compare the MAB levels of
seropositives in both International units (IU/ml) and % inhibition. Comparison of
% inhibition at each timepoint is shown within brackets. Significance at p < 0.05

at TP2-4 months post 2nd dose, HD patients aged <60
years of age were significantly more likely to remain sero-
positive than those > 60 years of age (chi sq df, p<0.001,
OR: 7.58, CI:1.92-26.5)(Fig. 4A). with comparatively
good antibody levels [47.5% (19/40) vs 15%(06/40), chi sq
df, p<0.005] (Fig. 4B). Other factors analyzed, includ-
ing dialysis vintage (>2yrs vs<2yrs; p=0,08), gender
(p=0.17), and presence of comorbidities including dia-
betes mellitus (p=0.06) and dyslipidaemia (p0.32) were
not associated with seroconversion status or nAB levels.

Comparison of vaccine associated adverse events
(AZD1222 and BNT162b2): HD vs HC)

VAAE after the 1st dose of AZD1222 were reported by
88.89% of HCs and 62.16% of HD patients (Fig. 5). HD

Table 2 Comparison of seroconversion and MAB in gender-matched cohorts

Measure TP1 TP2 TP4 TP5 TP6
2-4 wks post 2nd dose 4 mo post 2 wks post 5 mo post 12 mo post
2nd dose 3rd dose 3rd dose 3rd dose

HD % Seroconverted 83.7% 71.4% 95.2% 100% 100%

“MAB geo.mean 450.2 1U/ml 2354 1U/ml 1029 1U/ml 1542 1U/ml 1961 1U/ml

(%inhibition) (85.70%) (70.35%) (93.30%) (96.83%) (97.75%)
HC % Seroconverted 100% 100% 100% 100% 100%

“MAB geo.mean 1940 1U/ml 4529 1U/ml 1538 1U/ml 1741 1U/ml 2911 1U/ml

(%inhibition) (97%) (84.61%) (95.51%) (96.6%) (97.84%)
Pvalue bChisq P=0.008 P<0.001 P=0.412

‘MWU P<0.0001 P<0.05 P<0.0001 P>0.05 P>0.05

(MWU) (P<0.0001) (P<0.05) (P<0.0001) (P>0.05) (P>0.05)

# MAB- mean/ median antibody level of the seropositives at each timepoint. Represented as geometric mean (geo.mean) in International Units (IU/ml) and as mean

percentage inhibition (% inhibition)

b Chi sq test was performed to compare the % seroconverted at each timepoint

€ Mann Whitney U (MWU) test was performed to compare the MAB levels of seropositives in both International units (IU/ml) and % inhibition. Comparison of %

inhibition at each timepoint is shown within brackets. Significance at p <0.05
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Fig. 4 Factors associated with seropositivity and antibody level. Figure 4A shows the percentage of seropositive and seronegative individuals

in each age group; <60 years and > 60 years. Four months following the second dose of AZD1222 (TP2), HD patients aged <60 years were
significantly more likely to be seropositive than those > 60 years of age (chi sq df2, p<0.001, OR: 7.58, Cl:1.92-26.5). Figure B shows the percentage
of seropositive and seronegative individuals in each % inhibition category; < 30%, 30%-85%,>85% and in each age category; <60 years and > 60
years. HD patients aged < 60 years were more likely to maintain high antibody levels compared to older patients (chi sq df2, p <0.005). Comparison
between groups, Chi square for trend with Fisher’s exact test *p <0.05, **p < 0.01, ***p <0.001

patients were significantly less likely to develop fever (chi sq
df, p<0.001), chills (»<0.001), rigors (»<0.001), headache
(p<0.001), fatigue (p<0.001), myalgia (»<0.001), malaise
(p<0.001), arthralgia (p<0.05), nausea (p<0.05). Following
the 2nd dose of AZD1222 fewer individuals in both cohorts
developed adverse effects (HC 55.88%, HD 37.33%). How-
ever, the HD patients were still less prone to pain at injec-
tion site (p<0.001), myalgia (p<0.001) and headache
(p<0.05). No VAAE in either group were noted after third
dose administration of BNT162b2. Table 4 shows the sum-
mary of p values of each of the symptoms compared.

Discussion

We demonstrate seroconversion and SARS-CoV-2 nAB
levels in patients on maintenance HD over an 18-month
period following heterologous 3-dose vaccination
(AZD1222—AZD1222—BNT162b2) compared to a
health control group. To the best of our knowledge this is
the first study to demonstrate nAB response to this vac-
cine regime in an HD cohort, along with 1-year follow-up
data. Our results show significantly lower seroconversion
with lower nAB levels in those who had seroconverted
in the HD cohort compared to the healthy controls after
two doses of AZD1222. After a third dose of heterolo-
gous mRNA vaccine BNT162b2, seroconversion and
nAB levels increase significantly in both groups and at
1 year followup, both groups show similar levels of nAB
while maintaining 100% seroconversion.

A recent study of UK registry data showed the improve-
ment in all patient outcomes (hospitalization/ death etc.)
for patients with kidney disease given this 3-dose combi-
nation (compared to 2-dose), clinically corroborating our
evidence [37]. Similar studies on HD patients that were
older than the control group, had patient groups with
mean age ranging from 52-86 years [38—42], showing
our HD cohort (mean age 54.1 years) to be comparatively
young, though of similar age and gender distribution to
other CKD patient groups studied in Sri Lanka [43].

Seroconversion rates vary between study popula-
tions depending on the vaccine used. Rates of 73%-
92%, 2—4 weeks following 2 doses of Pfizer-BioNTech
(BNT162b2) in HD patients (lower than healthy con-
trols) have been shown in multiple studies [21, 38,
44-47]. The post 2nd dose seroconversion rate of HD
patients, in our study (83.7% with MAB 450 IU/ml)
was comparable with other work on similarly vacci-
nated HD cohorts (seroconversion 71.4% (MAB:345.1
BAU/ml) to 94.16% (MAB:1342 BAU/ml) [22, 48-51].
At four months post 2nd dose, the seroconversion
rate in HD patients had dropped to 71.4% with MAB
level of 235.4 IU/ml, similar to findings from Thai-
land where 2-dose AZD1222 in HD patients showed
reducing seroconversion(92.06% to 82.26%) and MAB
(anti-spike IgG, from 435.96 BAU/mL to 260.74 BAU/
mL) in HD patients in 3 months post 2nd dose [51]. At
6 months post 2nd dose, though seropositivity in HDs



Karunathilake et al. BMC Nephrology (2024) 25:176

A. 1! dose

Redness and swelling
at site

Pain at injection site
Nausea

Arthralgia

Malaise

Myalgia

Fatigue

Headache

Rigors

Chills

Fever

No adverse
events

Redness and swelling

Page 9 of 14

B. 2" dose

= Control

at site w= HD

]:***

Pain at injection site
Nausea
Arthralgia
Malaise
Myalgia I***
Fatigue
Headache
Rigors

Chills

Fever

No adverse
events

Tor

Toes
L) L

I T T
0 20 40 60 80

Frequency %

1 I T T T T 1
100 0 20 40 60 80 100

Frequency %

Fig. 5 Adverse events following 2 doses of (ChAdOx1) Oxford Astrazeneca— AZD1222. The percentage of individuals in the healthy control
(HC—Dblue) and haemodialysis (HD—red) cohorts who experienced adverse events following first and second doses of Oxford Astrazeneca
-AZD1222 (ChAdOx1) are displayed as bar charts. Figure 5A shows the adverse events following the first dose. Figure 5B shows the adverse events
following the second dose. Comparison between proportions Z test. *p <0.05, **p <0.01, ***p < 0.001

Table 4 Comparison of vaccine (ChAdOx1) Oxford Astrazeneca
-AZD1222) related adverse events: HD VS HC

Adverse event

P value- 1*t dose

Pvalue- 2" dose

No adverse events <.007*** 0.007**
Fever <.007%** NS

Chills <.007%%* NS
Rigors .041* NS
Headache 0.001** 0.016*
Fatigue <.007*** NS
Myalgia <.007*** <.007***
Malaise <.007%** NS
Arthralgia 0.002** NS
Nausea 0.018* NS

Pain at injection site NS <.007***
Redness and swelling at site NS NS

*p < 0,05, **p < 0.01, **p < 0.001

dropped further to 66.7%, MAB level of patients who
remained seropositive had not changed significantly
as those with low antibody levels had become seron-
egative while those with moderate to high antibody
appeared able to maintain levels. This is in contrast to
other studies where the decay of nAB levels following
2 doses has been shown consistently in both healthy

individuals [52, 53] and HD patients [50, 54—56]. These
studies varied in terms of the patient demographics
(mean age, dialysis vintage, prior infection status etc.)
as well as the type of vaccine received. However, they
consistently showed that 5-45% of HD patients became
seronegative at 5-7 months post 2nd dose while anti-
body levels reduced by approximately 9-11 fold. These
studies were, however, all conducted predominantly
in developed settings (Netherlands [54], Switzerland
[55], USA [57], and France [56]). In contrast, our study
cohort faced the 3rd wave of COVID-19 predominantly
due to the delta variant at the time, which accounted
for the highest number of cases and deaths during the
pandemic. Although no patients became symptomatic,
asymptomatic infection resulting in persisting antibody
levels causing this is possible.

Though the comparative efficacy of vaccines (BTN162B2
vs mRNA-1237 vs AZD1222) in HD patients is variable
[55, 58—60] the increased efficacy seen after a 3rd dose for
all disease outcomes is now clear [37]. It is also clear that a
third dose is essential as nAB levels both for ancestral strain
virus as well variants dropped rapidly by 6 months [50, 55].

Seropositivity and MAB level in both groups increased
rapidly 2 weeks after the third dose (TP4) and showed
further increase over the following one year with 100%
seroconversion and comparably high MAB levels in
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both groups. Although there are fewer data available
regarding the immune response to 3 dose-mixed vac-
cination in HD patients, several countries have stud-
ied the immune response to 3 doses of mRNA vaccines
(BNT162b2 and/ or mRNA-1237) where seroconversion
rates ranged between 95-98.5% [16, 29-31, 56, 57, 61]
with increased antibody titres (SARS CoV-2 anti-spike
IgG) that ranged between 9910 AU/ml and 26037AU/ml
within 1-3 months of receiving the third booster dose.
HD patients were shown to maintain seropositivity at
98.3% four months after the third dose, though MAB lev-
els reduced [16]. Importantly, low to moderate levels of
Omicron neutralization were seen in patients only after
either 3rd dose vaccination or post COVID-19 infec-
tion [50, 57]. Further, while patients who had COVID-
19 (after 2 previous doses) developed nAB levels similar
to those who had 3rd dose vaccination (2200 -2500 IU/
ml), those who had infection, had a 3.2 fold higher level
of Omicron nAB compared to post vaccination indi-
viduals [57]. Studies also described HD patients who did
not develop any anti-S IgG response after a third dose
[29]. Non-response was associated with older age and
immunosuppressive therapy whereas 40-70% of the 2nd
dose non- or low-responders, had an effective antibody
response after a 3rd dose [62, 63] Possibly, all HD patients
in our cohort remained asymptomatic due to 3-dose vac-
cination generating some level of omicron neutralization,
as the results show all 2-dose non-responders, respond-
ing to the 3rd dose.

Collectively, these findings highlight how vital the
third boost to immunity is in HD patients, either by
vaccine or by infection, as consistently high serocon-
version rates, as well as durable antibody levels were
produced. This is important in two respects. First,
high antibody levels correlate with some neutraliza-
tion of new variants, providing at least partial protec-
tion from an evolving virus. Data modeling by Cromer
et al., showed that nAB to wild type SARS-CoV-2 was
highly predictive of neutralization of variants of con-
cern [64]. The current real world data on HD patient
antibody dynamics corroborates this. The second is the
duration of protection provided by a third dose. Avail-
able literature from Spain that followed up HD patients
for 4 months post 3rd dose showing high (97%) sero-
conversion rates as well as more persistent antibody
levels, with slower decay rates compared to post dose-2
[16]. Our work, though on a smaller scale shows similar
results with high (100%) seroconversion and sustained
antibody levels at 5 months post 3rd dose (1542 IU/
ml). To our knowledge, we present the first data set
that shows nAB levels at one year after 3rd dose in HD
patients. We show consistently high levels of antibodies
in almost all patients. The patients of this study were
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from a low-middle income setting, during a financial
crisis and the follow-up period included the height of
the delta variant dominant 3rd wave and omicron BA.5
dominant 4th wave. Community and healthcare asso-
ciated exposure levels were likely high. Our results are
consistent with what is known about post 3rd dose anti-
body responses, which are that they wane at a slower
rate than those after the 2nd dose [53], even in HD
patients [16]. It is also noted here that the BNT162b2
mRNA vaccine provided effective third dose immunity
in a previously adenoviral vector vaccinated group of
HD patients. This is also important with respect to the
variable availability of vaccine platforms.

Our results are also interesting in light of recent evi-
dence [65] that demonstrated nAB against wild type
virus and delta variant after 2nd and 3rd dose had a decay
half-life of approximately 60 days while the durability of
nAB against three omicron subvariants (BA.1.1, BA.5,
BA.2.12) was substantially better with decay half-lives of
about 6 months. This study also showed that a 3rd dose
of the original COVID-19 vaccine would broaden anti-
body responses against SARS-CoV, four other sarbecovi-
ruses, and multiple SARS-CoV-2 strains. In conjunction
with the strong evidence that natural infection provides
a broader, more durable antibody repertoire against vari-
ants of concern, our results showing HD patients, who
lived through delta and omicron waves, with substantial
and durable antibody levels at one year post vaccination,
provides hope that these vulnerable individuals will be
at least partially protected from variants or even emerg-
ing sarbecoviruses to come. Further to this, there is evi-
dence that a 4th dose of vaccine (triple BNT162b2 and
fourth full-dose mRNA-1273) increased both the T cell
responses as well as the omicron-specific antibody levels
in both HD and healthy individuals [66].

At 4 months following the second dose both seroposi-
tivity and MAB of the HD cohort were associated with
patient age<60 years. Multiple studies have demon-
strated that older age [19, 42, 44, 67, 68], lower lympho-
cyte count [19, 44, 67, 69] ow serum albumin levels [19,
69], longer dialysis vintage [69] use of corticosteroids/
immunosuppressive drugs [69, 70] lower vitamin-D lev-
els, diabetes and history of cancer [44] are associated
with poor antibody response while previous SARS CoV-2
infection [40, 68, 69] longer interval between vaccine
doses [68], female gender [40] dialysis adequacy [55]
were found to be associated with stronger antibody
response. These findings are not consistent across studies
[42, 48, 71] as the heterogeneity of findings are possibly
due to the variability in age, type of dialysis, type of vac-
cine, background exposure levels of these cohorts.

In terms of VAAE, HD patients were less likely to
experience most adverse events after 1st and 2nd doses
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compared to HCs. There were no patients or controls
who developed significant adverse effects after the 3rd
dose. These findings are consistent with other studies as
well where HD patients did not develop adverse events
following standard BNT162b2 vaccination [30] while
some developed frequent but manageable side effects fol-
lowing heterologous AZD1222/ BNT162b2 compared to
homologous BNT162b2 [72].

Overall, we report robust neutralizing antibody medi-
ated immunity in HD patients, comparable to that of
healthy individuals in response to a heterologous vaccine
combination (AZD-1222- AZD-1222 — BNT 162b2) at 1
year post 3rd dose follow-up. With none of the patient
cohort developing documented COVID-19, and avail-
able evidence pointing to broadly neutralizing, dura-
ble immunity being generated with repeated exposure
(whether vaccine or infection or combination induced),
our data suggests that HD patients who received 3-doses
of COVID-19 vaccines have higher levels of long term
protection, and broader protection than was perhaps ini-
tially estimated.

Limitations

This study has several limitations. The HD patients and
controls were not age matched. Though matched sub-
group comparisons were done for initial timepoints,
as study dropout rates increased in patients, subse-
quent matched analysis could not be done. However,
even with a significantly older cohort of patients, sero-
conversion rates and antibody levels were similar to
healthy individuals after 3rd dose vaccination indicating
a robust response. All timepoints could not be sampled
from both HD and HC groups throughout follow-up for
logistic reasons which included sampling limitations due
to lack of test kits as well as drop-outs of HD patients
especially during the height of the 3rd wave of the pan-
demic in Sri Lanka. Ideally, we would have continued to
follow-up the HD patients who did not receive the 3rd
dose for longitudinal comparison, but this was not feasi-
ble at that time.

Based on seroconversion statistics, the required sam-
ple size could not be calculated accurately as all HCs in
this study seroconverted. However the sample size is
adequate for comparison of this outcome at TP1/2 if the
probability of seroconversion in HCs is taken as 0.999
with an unequal sample size of 2:1 HD:HC. Sample sizes
at subsequent timepoints for robust comparison are dif-
ficult to ascertain particularly as seroconversion rates
reach 100% in both cohorts. Comparison of MAB (geo.
mean and % inhibition) show greater differences between
groups and based on sample size calculations for mean
comparisons, sample of 17-20 are adequate. However,
as non-parametric tests are used, approximately 23
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per group (15% increase as a rule of thumb) would be
required. This sample number is therefore adequate for
the initial comparisons but remains below optimum for
the latter TP5 and TP6 comparisons. Follow-up of the
larger group and including a completely age and gender
match control group would have been ideal. However,
limitations in testing and logistic realities required cur-
tailing testing. Though sample numbers towards the lat-
ter groups reduced, the consistency of the results across
all samples tested indicates that the findings are unlikely
to be spurious or due to random chance, which are the
main concerns. Further evaluation in larger cohorts
would be needed.

Samples with very high nAB levels required dilution re-
testing which was not feasible. The samples tested gave
results ranging from 97.6—-98.4% showing high consistency
in percentage inhibition value while the converted unit val-
ues ranged from 3061-29633 IU/ml providing a range of
scale of nAB in high responders. Obtaining exact values by
dilution testing would alter only the geometric mean AB
IU/ml results. As comparison of these antibody unit levels
was done with rank tests, there is no effect of the size of
the value. We therefore presume minimal effect on com-
parisons at TP1 and TP2 (where 4—9% of samples required
dilution). (TP 4 and 5 had no samples requiring dilution).
While is it possible that HC had significantly higher nAB
levels (IU/ml) than HDs particularly at TP6, where 19/30
sample required dilution testing (HC-11, HD-8; four dilu-
tion tested samples show HD nAB levels 3064 — 10,604 [U/
ml and HC nAB level — 29,633 IU/ml), the results show-
ing persistent high nAB levels remains robust. As we are
able to show durable response to heterologous vaccination
up to 1 year post third dose, we believe this lack of dilu-
tion testing does not affect this conclusion. As we did not
perform anti-N protein (viral neucleocapsid) Ig testing, we
are unable to differentiate how many of the study cohorts
had COVID-19, which would account for some part of the
antibody response seen.

Conclusion

In conclusion, HD patients respond comparatively poorly
to 2- dose vaccination of AZD-1222 — AZD-1222. A third
dose of BNT162b2 vaccine significantly improves the
seroconversion rate and the MAB of HD patients, com-
parable to the HCs with a durable nAB response lasting
at least 1 year post vaccination.
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