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Abstract
Background. Hemodialysis (HD) patients have a high prevalence of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection and mortality, but they may have a weak response to coronavirus 
disease 2019 (COVID-19) vaccines.

Objectives. This study aimed to evaluate factors predictive of humoral response in HD patients vaccinated 
against SARS-CoV-2 infection.

Materials and methods. This is a 2-center observational study including HD patients who received 
the BNT162b2 mRNA vaccine followed by serological measurements 20 days and 4 weeks after the 1st and 
2nd dose, respectively. Healthy controls were included. Anti-spike antibody was measured using the chemi-
luminescent immunoassay (CLIA) method. The quantile regression analysis was performed to assess factors 
associated with anti-spike antibody titers.

Results. Seventy-two HD patients and 22 healthy controls were included. Mean age of dialysis patients and 
controls was 72.5 ±11.5 years and 45.7 ±17.4 years, respectively. In the HD group, median levels of anti-spike 
antibody were 3 (interquartile range (IQR): 0.5−26) UI/mL and 391 (IQR: 55−1642) UI/mL after the 1st and 
2nd dose, respectively, with response rates of 62.5% and 96.7%. The median level of the anti-spike antibody 
after the 1st dose in previously infected patients was 8571 (IQR: 2586−19147) UI/mL. There was a significant 
correlation between anti-spike antibody levels after the 2nd dose and age and anti-hepatitis B surface (HBs) 
antibody and serum albumin levels (Spearman’s rho: r = −0.289, p < 0.001; r = 0.357, p = 0.027; r = 0.317; 
p = 0.026, respectively). The regression analysis showed a significant association of previous infection and 
anti-Hbs antibody level with anti-spike antibody level after the 1st dose of vaccine (p < 0.001). After a 5-month 
follow-up, 2 vaccinated patients contracted COVID-19.

Conclusions. This study showed a response rate of 96.7% to 2 doses of BNT162b2 mRNA vaccine in HD 
patients and 100% to a single dose in previously infected patients. The level of anti-spike antibody can be 
predicted by age, anti-Hbs antibodies, serum albumin, and previous infection. Despite the immunization 
of patients, preventive measures should be maintained in all dialysis units.
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Background

Globally, vulnerable populations were severely afflicted 
by the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) pandemic. Hemodialysis (HD) patients 
emerged as one of the high-risk groups for coronavirus 
disease 2019 (COVID-19). Once infected, their mortal-
ity rate reached 20–25% in several national and global 
reports.1–3 This led nephrology societies across the globe 
to call for effective preventive measures in these patients 
as well as  to put them on priority lists for vaccination 
against COVID-19.4–7

Despite the urgent need to vaccinate HD patients, this 
comorbid population is known to have low immunity and 
poor response to vaccines. Since decades, the best prac-
tice in HD patients has required administering vaccines 
against hepatitis B and pneumococcal infection. However, 
several studies revealed the  weak immunization rates, 
the decline in the antibodies with time and consequently, 
a lack of chronic protection against the aforementioned 
diseases.8,9 In relation to COVID-19 vaccines, several recent 
studies showed a diminished humoral response intensity 
to 2 doses of the COVID-19 BNT162b2 (Pfizer-BioNTech) 
mRNA vaccine compared to healthy controls.10–13 Despite 
the low levels of antibody titers, the rate of seropositivity 
seemed to vary between different reports.14 Moreover, previ-
ously infected patients were found to mount their antibodies 
very early after the 1st dose.10,15,16 Therefore, some patients 
might need 3 doses and others 1 dose only. On another note, 
the results have been contradictory regarding the correla-
tion between the humoral response to COVID-19 vaccine 
and previous response to hepatitis B vaccine.12,17

Objectives

This study aims to elucidate the factors affecting the hu-
moral response of HD patients after the COVID-19 mRNA 
vaccine.

Materials and methods

Study setting

The vaccination campaign against COVID-19 started 
in Lebanon on February 14, 2021, with a prioritization 
of healthcare workers and elderly above 75 years of age. 
Hemodialysis patients received the BNT162b2 mRNA vac-
cine progressively, based on their age category (category 
1A: ≥75 years, category 1B: 55–74 years; patients aged 
16–54 years were vaccinated as the last category among 
HD patients). It took 5 months to cover the vaccination 
of all HD patients in the country.

The study included all chronic HD patients who received 
the vaccine and were tested for anti-spike antibody after 

vaccination. Nephrologists who participated in the previ-
ous national study on COVID-19 prevalence in HD were 
contacted to include their patients.3 Only 5 nephrologists 
from 2 units performed serological testing in their patients 
following vaccination. The HD patients of these 2 units, 
Saint-George Ajaltoun and Bhannes hospitals, Lebanon, 
were finally included. These 2 units provided dialysis treat-
ment for 123 patients before their first COVID-19 cases. 
Among these patients, 33 contracted COVID-19, 12 died 
from this disease and 9 from other causes. Not all infected 
patients received the vaccine. Until the end of July 2021, 
82 patients received 2 doses of vaccine and 72 patients had 
the anti-spike antibody level measured.

Healthcare workers, some family members of patients 
and staff who were vaccinated and serologically tested 
were included as healthy controls.

Study design and participants

This is a retrospective study that collected data of HD 
patients who were administered the 1st dose of COVID-19 
vaccine between February 15, 2021 and July 31, 2021. 
All HD patients in Lebanon who were tested for anti-spike 
protein antibody 20 days after their 1st dose and 4 weeks 
after their 2nd dose of vaccine were included.

The  study got the approval of  the ethics committee 
of Hotel-Dieu de France-affiliated to Saint-Joseph Uni-
versity, Beirut, Lebanon (approval No. CEHDF 1829) and 
was conducted in agreement with the Declaration of Hel-
sinki of 1975.

Data collection

The outcome variable recorded for each patient was 
the level of anti-spike antibody after the 1st and 2nd dose 
of  COVID-19 vaccine. Other variables collected were: 
age, sex, current smoking status, dialysis vintage, fre-
quency of dialysis, number of weeks between the 2 doses 
of vaccine, comorbidities such as diabetes, hypertension, 
coronary artery disease (CAD), heart failure, cancer, and 
whether on immunosuppressive therapy or not. We also 
collected the hepatitis B vaccination status parameters 
for each patient: if fully vaccinated (yes/no), if immunized 
(yes/no) (defined as anti-hepatitis B surface (HBs) antibody 
levels above 10 UI/mL) and the last measured level of anti-
Hbs antibody. Symptoms or side effects after vaccination 
were retrieved from medical charts: fever, myalgia, painful 
arm, headache, and other symptoms. Laboratory param-
eters included serum albumin level before vaccination and 
platelet count 1 month after the 2nd dose.

Anti-spike antibody measurement

The  humoral response was evaluated using Elecsys 
Anti-SARS-CoV-2 S on the cobas e 411 analyzer (Roche Di-
agnostics, Basel, Switzerland). Elecsys Anti-SARS-CoV-2 S 
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is  an  electrochemiluminescence immunoassay (CLIA) 
intended for detection of antibodies against the receptor 
binding domain (RBD) of the spike (S) protein in human 
serum and plasma. The anti-SARS-CoV-2 S detected are 
mainly immunoglobulin G (IgG), in addition to immuno-
globulin A (IgA) and immunoglobulin M (IgM). The Elec-
sys Anti-SARS-CoV-2 S assay uses a recombinant protein 
portraying the RBD of the spike antigen in a double-an-
tigen sandwich assay format. Biotinylated SARS-CoV-2 
S-RBD-specific recombinant antigen and SARS-CoV-2 
S-RBD-specific recombinant antigen labeled with a ru-
thenium complex are first incubated to form a sandwich 
complex. During the 2nd incubation, the complex becomes 
bound to the solid phase via interaction of biotin and strep-
tavidin, after addition of streptavidin-coated microparticles. 
The reaction mixture is aspirated into the measuring cell 
where the microparticles are magnetically captured onto 
the surface of the electrode. Then, application of a voltage 
to the electrode induces chemiluminescent emission which 
is measured with a photomultiplier. The results are deter-
mined via a calibration curve which is generated by a 2-point 
calibration and a master curve provided via the reagent bar-
code or e-barcode. The total duration of the assay is 18 min. 
When titers were above 250 UI/mL, dilution was performed 
up to 1/100. A cutoff of 0.8 UI/mL was used for interpreta-
tion. The sensitivity of the test is considered to be 89%, 98% 
and 100% after 14–20 days, 21–27 days and beyond 28 days, 
respectively. The specificity is almost 100%.

Statistical analyses

Continuous variables were presented as mean ± stan-
dard deviation (SD) if normally distributed, and as median 
and interquartile range (IQR) if data were skewed; categor-
ical variables were presented as numbers and percentages.

The  t  independent sample test was used to  compare 
continuous variables that were normally distributed. 
The Mann–Whitney test was used to compare skewed data. 
A quantile regression analysis using the median (50th) was 
performed to assess factors associated with anti-spike anti-
body levels after the 1st vaccine dose, including all variables 
that had a p-value less than 0.2 in the univariate analysis. 
Spearman’s rho correlation was used to estimate the associa-
tion between anti-spike antibody levels after the 2nd dose and 
serum albumin anti-Hbs antibody levels and other continu-
ous variables. The statistical analysis was performed with 
IBM SPSS for Windows v. 26 (IBM Corp., Armonk, USA). 
A p-value ≤0.05 was considered statistically significant.

Results

Characteristics of HD patients

A total of 72 HD patients were included. Table 1 sum-
marizes their characteristics. The mean age of patients 

was 72.5 ±11.5 years and 34.7% of them were females. 
Among the 60 infection-naïve patients, 2 patients did 
not get their 2nd dose of vaccine, 1 died and 1 was admit-
ted to the hospital for hip fracture. Among the 12 pre-
viously infected patients, only 4 received the 2nd dose 
of vaccine.

The  interval between the  1st dose and 2nd dose was 
3 weeks in the eldest patients (those who were administered 
the vaccine in priority) and it was prolonged to 4–5 weeks 
in younger patients (based on the decision of the Ministry 
of Public Health). A total of 34 patients were 75 years old 
or older, and they completed their vaccination by the end 
of March 2021.

Two out of the 72 HD patients contracted COVID-19 
during the follow-up period that ranged between 1 and 
5 months. One of them, a 88-year-old male, who had nega-
tive anti-spike antibody titers after 2 doses of vaccine, was 
diagnosed with COVID-19 4 months after he completed 
his vaccination. He needed admission to the hospital for 
cough, dyspnea and oxygen therapy, and recovered after 
5 days. Another patient, a 71-year-old female who had anti-
spike antibody titers of 237 UI/mL after the 2nd dose, was 
diagnosed with COVID-19 two months after her 2nd dose. 
She had mild symptoms and did not require admission.

Characteristics of healthy controls

A total of 22 healthy controls were included with a mean 
age of 45.7 ±17.4 years (22–80 years) and 68.2% of them 
were females. Among these controls, 31.8% had a previ-
ous SARS-CoV-2 infection. All controls received the 2nd 
dose of vaccine 3 weeks after the 1st dose. The median 
level of  anti-spike antibody following the 1st dose was 
150 (IQR: 109.5−571) UI/mL. The median level of anti-
spike antibody 1 month after the 2nd dose was 2000 (IQR: 
1157−2000) UI/mL (maximum detection in controls was 
3500 UI/mL). There was a significant difference in anti-
spike antibody levels after the 1st dose of vaccine between 
previously infected and infection-naïve controls (N = 21, 
Z = −3.457, p < 0.001, Mann–Whitney test). There was 
no significant difference in the anti-spike antibody levels 
after the 2nd dose of vaccine between previously infected 
and infection-naïve controls (N = 17, Z = −1.213, p = 0.225, 
Mann–Whitney test).

Comparison between HD patients 
and healthy controls

The anti-spike antibody levels measured 20 days after 
the 1st vaccine dose and 4 weeks after the 2nd dose were both 
significantly higher in healthy controls compared to HD 
patients (Mann–Whitney test, p < 0.001 and p = 0.001, re-
spectively). Figure 1 shows the high level of anti-spike anti-
body in previously infected patients compared to the levels 
after the 1st dose in healthy controls and infection-naïve 
HD patients.
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Factors associated with anti-spike 
antibody levels in HD patients

Sex, diabetes or CAD did not significantly affect the anti-
spike antibody levels after the 1st and 2nd dose of vaccine. 
Heart failure patients presented a significantly weaker 
response with lower anti-spike antibody titers; previous 
infection caused a higher response of antibodies (Table 2). 
There was a positive correlation of anti-spike antibody 
levels after the 1st dose and after the 2nd dose of vaccine 
with age and anti-Hbs antibody and serum albumin lev-
els (Table 3). The median of anti-spike antibodies after 
the 2nd dose of vaccine was 93.5 (IQR: 20.25–838.5) UI/mL 
in patients with an interval of 3 weeks between the 1st and Fig. 1. Anti-spike antibody levels among different groups of patients

Table 1. Characteristics of hemodialysis (HD) patients and the statistical difference between the compared groups

Variable HD patients
(total = 72)

HD patients who 
were infection-naïve

(n = 60)

HD patients 
previously infected

(n = 12)
p-value

Age [years], mean ±SD 72.5 ±11.5 73.1 ±11.4 69.9 ±11.7 0.391*

Sex, n (% of females) 25 (34.7) 22 (36.7) 3 (25) 0.524

Dialysis vintage, median (IQR) 28 (14–60) 28 (14.5–60) 38.5 (9.7–74.2) 0.976**

Smoking status, n (%) 10 (13.9) 8 (13.3) 2 (16.7) 0.669***

Diabetes, n (%) 34 (47.2) 30 (50) 4 (33.3) 0.354***

Hypertension, n (%) 66 (91.7) 54 (90) 12 (100) 0.253$

CAD, n (%) 23 (31.9) 21 (35) 2 (16.7) 0.315***

Heart failure, n (%) 9 (12.5) 8 (13.3) 1 (8.3) 0.999***

History of cancer, n (%) 6 (8.3) 6 (10) 0 (0) 0.581***

Serum albumin level [mg/dL], mean ±SD 37.4 ±5 36.9 ±4.6 40.1 ±6.3 0.120*

Vaccinated against hepatitis B, n (%) 65 (90.3) 53 (88.3) 12 (100) 0.213$

Anti-Hbs antibody level >10 UI/mL, n (%) 36 (50) 27 (45) 9 (75) 0.058$

Anti-Hbs antibody level
mean ±SD
median (IQR)

175.6 ±321.7
10.8 (0–109)

106.9 ±222.6
5.15 (0–50)

484.7 ±498.9
204 (17.25–818)

<0.001*
0.004**

Interval between the 2 doses of vaccine [weeks], mean ±SD 3.8 ±0.9 3.8 ±0.9 3.9 ±0.7 0.097*

Platelet count after the 2nd vaccine dose, median (IQR)
181000 

(156500–227500)
177000 

(154500–207500)
208500 

(166000–251000)
0.086**

Anti-spike antibody level after the 1st dose [UI/mL], median (IQR) 3 (0.5–26) 1.8 (0.5–7.9) 8571 (2585–19147) <0.001**

Anti-spike antibody level after the 2nd dose [UI/mL], median (IQR) 391 (55–1642) 371 (50–1157) 8750 (1936–26250) 0.003**

Anti-spike antibody level titer positive after the 1st dose, n (%) 45 (62.5) 33 (55) 12 (100) 0.003$

Anti-spike antibody level titer positive after the 2nd dose (%) 96.7 (total = 60) 96.5 (total = 58) 100 (total = 4) 0.474***

Adverse events after vaccination

Myalgia, n (%) 16 (22.2) 11 (18.3) 5 (41.7) 0.091***

Fever, n (%) 9 (12.5) 5 (8.3) 4 (33.3) 0.030***

Sore arm, n (%) 27 (37.5) 24 (40) 3 (25) 0.248***

Headache, n (%) 7 (9.7) 5 (8.3) 2 (16.7) 0.309***

Other – fatigue, n (%) 12 (16.7) 11 (18.4) 1 (8.3)
0.006$

Other – chills, n (%) 4 (5.6) 1 (1.7) 3 (25)

*independent t-test was used to compare means of continuous variables with normal distribution; **Mann–Whitney U test was used to compare medians 
of skewed continuous variables; $χ2 test and ***Fisher’s exact test were used to compare categorical data. SD – standard deviation; IQR – interquartile range; 
CAD – coronary artery disease; HBs – hepatitis B surface.

anti-spike antibody after first and second dose of vaccine

hemodilysis patients
infections-naïve

hemodialysis patients
with previous infections

controls
infections-naïve

anti-spike antibody 
after first dose, median
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2nd  dose. It  was of  979 (IQR: 308.5–1962.5)  UI/mL 
in patients who received the 2nd dose 4 to 6 weeks after 
the 1st dose of vaccine.

The quantile regression analysis was used to analyze 
the association of different factors with the anti-spike an-
tibody levels after the 1st dose of vaccine (Table 4). Previous 
infection and ani-Hbs levels were significantly associated 
with higher anti-spike antibody titers after the 1st dose, and 
remained significant after adjustment to age, sex, diabetes, 
CAD, heart failure, and serum albumin level.

Discussion

Our study revealed a positive humoral response rate 
of 96.7% after 2 doses of Pfizer-BioNTech vaccine in HD 
patients. This is in line with other reports from Europe 
confirming a good percentage of seropositivity of HD pa-
tients after full vaccination. The reported rates in the liter-
ature were 82% in a prospective study from Germany,18 88% 
in a trial from Switzerland,19 90% in the Romanov study 
from France,10 and 97.7% in a prospective multicenter 

Table 2. Assessment of anti-spike antibody levels after the 1st and 2nd dose of vaccine among different groups of categorical variables and the statistical 
difference between categories

Variable
Anti-spike antibody level 20 days after the 1st dose Anti-spike antibody level 28 days after the 2nd dose

N (71) median (IQR) p-value* Z N (61) median (IQR) p-value* Z

Sex
Male
Female 

46
25

2.85 (0.5–26)
3 (0.7–25.3)

0.652 −0.452
40
21

357.5 (32.05–1049)
948.5 (71.91–1932)

0.120 −1.556

Previous infection
Yes
No 

12
59

8571 (3057–17765)
1.8 (0.5–7.9)

<0.001 −5.426
4

57
8750 (2124–22,500)

371 (52–1119)
0.001 −2.928

Smoking
Yes
No 

10
61

4.8 (0.4–35)
3 (0.6–25.32)

0.856 −0.182
9

52
1590 (59–2352)

374 (56.4–1157.5)
0.296 −1.047

Dialysis frequency
2/week
3/week 

6
65

1.6 (0.8–7)
3.2 (0.53–35)

0.579 −0.579
7

54
101 (26–338)

526 (60.8–1739)
0.141 −1.494

Diabetes
Yes
No 

34
37

1.8 (0.4–14)
7.1 (0.8–39)

0.127 −1.526
29
32

279 (32–1119)
743 (86.5–1642)

0.233 −1.191

Hypertension
Yes
No 

65
6

5.9 (0.6–35)
0.5 (0–1.1)

0.049 −1.954
55
6

391 (60.8–1739)
295 (19–1032)

0.348 −0.969

CAD
Yes
No 

23
48

0.6 (0.4–23)
6.5 (0.9–38)

0.058 −1.899
22
39

102 (24–979)
704 (101–1739)

0.084 −1.727

Heart failure
Yes
No 

9
62

0.6 (0.37–0.9)
6.6 (0.6–35)

0.029 −2.187
8

53
28 (14–519)

494 (101–1739)
0.018 −2.372

History of cancer
Yes
No 

6
64

9 (0.6–12)
2.75 (0.5–30.2)

0.767 −0.315
5

56
86 (26–1348)

401 (59.9–1642)
0.674 −0.447

*Comparison based on Mann–Whitney test. CAD – coronary artery disease; IQR – interquartile range.

Table 3. Correlation of anti-spike antibody levels after the 1st and 2nd dose of vaccine with different continuous variables

Variable

Anti-spike antibody level 20 days 
after the 1st dose 

Anti-spike antibody level 28 days 
after the 2nd dose 

correlation 
coefficient p-value n correlation 

coefficient p-value n

Age −0.289 0.015 71 −0.464 <0.001 61

Anti-Hbs antibody level 0.357 0.002 71 0.283 0.027 61

Serum albumin level before vaccination 0.317 0.007 71 0.285 0.026 61

Dialysis vintage 0.124 0.303 71 0.208 0.108 61

Platelet count after 2nd dose 0.243 0.046 68 0.207 0.110 61

Number of weeks between 2 doses of vaccine 0.158 0.212 64 0.340 0.007 61

Spearman’s rho correlation was used to assess the association between anti-spike antibody levels and different continuous variables; HBs – hepatitis B surface.
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study from Spain.11 Our findings also highlighted the fact 
that the 1st dose is not enough to induce an acceptable 
seroconversion rate or titer in infection-naïve patients. 
Although 62.5% of patients in our sample developed posi-
tive anti-spike antibody levels after the 1st dose, the median 
of these antibodies was as low as 3 UI/mL (IQR: 0.5–26). 
This is aligned with the findings of Billany et al. from 
UK,16 where antibodies were detectable in 79.8% of pa-
tients with a median level of 2.4 (IQR: 8). Lower response 
rates to the 1st dose of 18%, 21% and 35% were reported 
by Speer et al.,18 Longlune et al.13 and Torreggiani et al.,20 
respectively. They had to administer a 3rd dose of vac-
cine to patients who did not respond to the routine regi-
men.13 In most of the studies, HD patients had a better 
response than kidney transplant (TX) patients but worse 
than healthy controls.12,15,17–19,21,22 This was also the case 
in our sample where healthy controls showed significant 
higher titers of antibodies.

One interesting finding in our study is the statistically 
significant association between hepatitis B vaccine re-
sponse (anti-Hbs antibody levels) and anti-spike antibody 
levels. To the best of our knowledge, 3 previous studies 
tried to find out if there was any relation between these 
2 variables. Only a French cohort of 78 patients showed 
a positive correlation between hepatitis B and humoral 
responses to COVID-19 vaccines, which concurs with our 
results. In a cohort from Switzerland that studied 1198 HD 
patients, no such correlation was found.19 Their patients 
had longer dialysis vintage than our patients, but were 
younger. In another study of 81 patients from Switzer-
land, no association was demonstrated.17 Their vaccination 
schedule consisted of 3 doses of Engerix B 40 µg, which 
is slightly different from our patients’ 4 doses. The lack 
of consistency across studies regarding this association 

needs further evaluation by comparing statistical meth-
ods used and enrolling more patients from other units 
worldwide.

In our sample, high serum albumin level was associ-
ated with a better response to the COVID-19 vaccine. 
This parameter is known to predict mortality in HD 
patients.23 It has also been demonstrated recently to be 
associated with COVID-19 vaccine response in HD.12 
Other factors that were highlighted to predict the hu-
moral response to COVID-19 vaccine in other cohorts 
are age, dialysis vintage and better dialysis quality.10–12,19 
We showed an inverse correlation between age and anti-
spike antibody levels among our patients. However, this 
was not consistent in the literature. Speer et al. detected 
lower anti-spike antibody levels at older age in healthy 
controls but not in HD patients.18 Stumpf et al. dem-
onstrated age-related differences in  TX patients but 
not in dialysis ones.19 On the other hand, Jahn et al., 
Yanay et al. and Attias et al. found significant lower an-
tibody levels in HD patients over 60, 70 and 75 years, 
respectively.21,22,24

Our results shed light on the distinctive characteristics 
of patients previously infected with SARS-CoV-2 and their 
positive response to vaccination. In fact, these patients had 
higher serum albumin levels, were younger and had signifi-
cantly higher anti-Hbs antibody titers than infection-naïve 
patients in our sample. This is most probably due to the nat-
ural selection following COVID-19. Those who survived 
the disease were the ones with more robust immunity pa-
rameters. In addition, the strong response of these previously 
infected patients after a single dose of vaccine and the high 
incidence of fever following 1 dose suggests that they do not 
need a 2nd injection. In fact, this 2nd dose can be spared for 
patients who are non-respondents and would need a 3rd dose. 

Table 4. Multivariate quantile regression analysis of factors associated with anti-spike antibody levels 4 weeks after the 1st dose of vaccine

Variable Coefficient SE df 95% CI p-value

Intercept 9692.68 17.1818 53 [9658.22; 9727.15] <0.001

Age [years] 0.006 0.1027 53 [−0.200; 0.212] 0.951

Serum albumin level 0.257 0.2625 53 [−0.270; 0.783] 0.333

Anti-Hbs antibody level 0.051 0.0039 53 [0.043; 0.059] <0.001

Sex
Male
Female (Ref )

−1.076 2.1362 53 [−5.361; 3.209] 0.616

Previous infection
(Ref = yes)

−9700.65 3.37 53 [−9707.42; −9693.89] <0.001

Diabetes
(Ref = yes)

−3.479 2.1297 53 [−7.750; 0.793] 0.108

Hypertension
(Ref = yes)

−0.617 3.6469 53 [−7.931; 6.698] 0.866

CAD
(Ref = yes)

0.044 2.4562 53 [−4.882; 4.971] 0.986

Heart failure
(Ref = yes)

1.244 3.2067 53 [−5.188; 7.676] 0.700

The median (50th) was used for quantile regression analysis. SE – standard error; 95% CI – 95% confidence interval; df – degrees of freedom; CAD – coronary 
artery disease; HBs – hepatitis B surface.
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The pronounced peak of response after 1 dose in patients 
with a history of COVID-19 has also been demonstrated 
in several reports from the general population.25

Finally, the fact that one of the immunized patients was 
diagnosed with COVID-19 two months after the 2nd dose 
emphasizes the  importance of maintaining preventive 
measures in all dialysis units. This was highlighted as well 
by Yanay et al. who reported 4% of their patients infected 
7 days after the 2nd dose.22

Limitations

The major limitation of our study is the small sample 
size. The shortage of serological kits to assess anti-spike 
antibody levels prevented more units from assessing 
the humoral response of their patients. However, despite 
the limited number of patients, this study confirmed once 
more the good response rate of HD patients to 2 doses 
of  vaccine, highlighted the  robust seropositivity after 
1 dose of Pfizer-BioNTech vaccine in previously infected 
patients, and showed the importance of anti-Hbs antibody 
level as a predictor of the response of patients to COVID-19 
vaccine.

Conclusion

In conclusion, this study showed a response rate of 96.7% 
to 2 doses of BNT162b2 mRNA vaccine in HD patients 
and of 100% to the 1st dose in previously infected patients. 
The levels of anti-spike antibody can be predicted by  age, 
anti-Hbs antibody, serum albumin levels, and previous 
infection. Despite the immunization of patients, preven-
tive measures should be maintained in all dialysis units.

ORCID iDs
Mabel Aoun  https://orcid.org/0000-0001-9893-5514

References
1. Hilbrands LB, Duivenvoorden R, Vart P, et al; ERACODA collaborators. 

COVID-19-related mortality in kidney transplant and dialysis patients: 
Results of  the ERACODA collaboration. Nephrol Dial Transplant.  
2020;35(11):1973–1983. doi:10.1093/ndt/gfaa261

2. Jager KJ, Kramer A, Chesnaye NC, et al. Results from the ERA-EDTA 
registry indicate a high mortality due to COVID-19 in dialysis patients 
and kidney transplant recipients across Europe. Kidney Int. 2020;15: 
S0085–2538(20)31081–4. doi:10.1016/j.kint.2020.09.006

3. Aoun M, Khalil R, Mahfoud W, et al. Age and multimorbidities as poor 
prognostic factors for COVID-19 in hemodialysis: A Lebanese national  
study. BMC Nephrol. 2021;22:73. doi:10.1186/s12882-021-02270-9

4. Combe C, Kirsch AH, Alfano G, et al. At least 156 reasons to prioritize 
COVID-19 vaccination in patients receiving in-centre haemodialysis. 
Nephrol Dial Transplant. 2021;36(4):571–574. doi:10.1093/ndt/gfab007

5. Francis A, Baigent C, Ikizler TA, Cockwell P, Jha V. The urgent need 
to vaccinate dialysis patients against severe acute respiratory syn-
drome coronavirus 2: A call to action. Kidney Int. 2021;99(4):791–793. 
doi:10.1016/j.kint.2021.02.003

6. ERA-EDTA Council; ERACODA Working Group. Chronic kidney disease 
is a key risk factor for severe COVID-19: A call to action by the ERA-
EDTA. Nephrol Dial Transplant. 2021;36(1):87–94. doi:10.1093/ndt/
gfaa314

7. Sánchez-Álvarez E, Quiroga B, de Sequera P; en representación de la 
Junta Directiva de Sociedad Española de Nefrología. Position state-
ment of the Spanish Society of Nephrology on the SARS-CoV-2 vac-
cines. Nefrologia. 2021;S0211-6995(20)30211-3. doi:10.1016/j.nefro. 
2020.12.002

8. Yousaf F, Gandham S, Galler M, Spinowitz B, Charytan C. Systematic  
review of the efficacy and safety of intradermal versus intramuscular 
hepatitis B vaccination in end-stage renal disease population unre-
sponsive to primary vaccination series. Ren Fail. 2015;37(7):1080–
1088. PMID:26258528.

9. Mitra S, Stein GE, Bhupalam S, Havlichek DH. Immunogenicity of 
13-valent conjugate pneumococcal vaccine in patients 50 years and 
older with end-stage renal disease and on dialysis. Clin Vaccine Immunol.  
2016;23(11):884–887. doi:10.1128/CVI.00153-16

10. Espi M, Charmetant X, Barba T, et al. The ROMANOV study found 
impaired humoral and cellular immune responses to SARS-Cov-2 mRNA 
vaccine in virus unexposed patients receiving maintenance hemodi-
alysis. Kidney Int. 2021;100(4):928–936. doi:10.1016/j.kint.2021.07.005

11. Broseta JJ, Rodríguez-Espinosa D, Rodríguez N, et al. Humoral and 
cellular responses to mRNA-1273 and BNT162b2 SARS-CoV-2 vac-
cines administered to hemodialysis patients. Am J Kidney Dis. 2021; 
78(4):571–581. doi:10.1053/j.ajkd.2021.06.002

12. Danthu C, Hantz S, Dahlem A, et al. Humoral response after SARS-
Cov-2 mRNA vaccine in a cohort of hemodialysis patients and kid-
ney transplant recipients. J Am Soc Nephrol. 2021;32(9):2153–2158. 
doi:10.1681/ASN.2021040490

13. Longlune N, Nogier MB, Miedougé M, et al. High immunogenicity 
of a messenger RNA based vaccine against SARS-CoV-2 in chronic  
dialysis patients. Nephrol Dial Transplant. 2021;36(9):1704–1709. 
doi:10.1093/ndt/gfab193

14. Ikizler TA, Coates PT, Rovin BH, Ronco P. Immune response to SARS-
CoV-2 infection and vaccination in patients receiving kidney replace-
ment therapy. Kidney Int. 2021;99(6):1275–1279. doi:10.1016/j.kint. 
2021.04.007

15. Goupil R, Benlarbi M, Beaubien-Souligny W, et al. Short-term anti-
body response after 1 dose of BNT162b2 vaccine in patients receiving 
hemodialysis. CMAJ. 2021;193(22):E793–E800. doi:10.1503/cmaj.210673

16. Billany RE, Selvaskandan H, Adenwalla SF. Seroprevalence of anti-
body to S1 spike protein following vaccination against COVID-19 
in patients on hemodialysis: A call to arms. Kidney Int. 2021;99(6): 
1492–1494. doi:10.1016/j.kint.2021.04.008

17. Simon B, Rubey H, Treipl A, et al. Haemodialysis patients show a high-
ly diminished antibody response after COVID-19 mRNA vaccination 
compared to healthy controls. Nephrol Dial Transplant. 2021;36(9): 
1709–1716. doi:10.1093/ndt/gfab179

18. Speer C, Göth D, Benning L, et al. Early humoral responses of hemo-
dialysis patients after COVID-19 vaccination with BNT162b2. Clin J Am 
Soc Nephrol. 2021;16(7):1073–1082. doi:10.2215/CJN.03700321

19. Stumpf J, Siepmann T, Lindner T, et al. Humoral and cellular immunity 
to SARS-CoV-2 vaccination in renal transplant versus dialysis patients: 
A prospective, multicenter observational study using mRNA-1273 
or BNT162b2 mRNA vaccine. Lancet Reg Health Eur. 2021;9:100178. 
doi:10.1016/j.lanepe.2021.100178

20. Torreggiani M, Blanchi S, Fois A. Neutralizing SARS-CoV-2 antibody 
response in dialysis patients after the first dose of the BNT162b2 
mRNA COVID-19 vaccine: The war is far from being won. Kidney Int. 
2021;99(6):1494–1496. doi:10.1016/j.kint.2021.04.010

21. Jahn M, Korth J, Dorsch O, et al. Humoral response to SARS-CoV-
2-vaccination with BNT162b2 (Pfizer-BioNTech) in patients on hemo-
dialysis. Vaccines (Basel). 2021;9(4):360. doi:10.3390/vaccines9040360

22. Yanay NB, Freiman S, Shapira M. Experience with SARS-CoV-2 BNT162b2 
mRNA vaccine in dialysis patients. Kidney Int. 2021;99(6):1496–1498.  
doi:10.1016/j.kint.2021.04.006

23. Mehrotra R, Duong U, Jiwakanon S, et al. Serum albumin as a predic-
tor of mortality in peritoneal dialysis: Comparisons with hemodialysis.  
Am J Kidney Dis. 2011;58(3):418–428. doi:10.1053/j.ajkd.2011.03.018

24. Attias P, Sakhi H, Rieu P, et al. Antibody response to the BNT162b2 
vaccine in maintenance hemodialysis patients. Kidney Int. 2021;99(6): 
1490–1492. doi:10.1016/j.kint.2021.04.009

25. Fraley E, LeMaster C, Geanes E, et al. Humoral immune responses 
during SARS-CoV-2 mRNA vaccine administration in seropositive 
and seronegative individuals. BMC Med. 2021;19(1):169. doi:10.1186/
s12916-021-02055-9


