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Abstract

Background: Coronavirus Disease-19 (COVID-19) has high mortality in kidney trans-

plant recipients (KTR), and vaccination against severe acute respiratory syndrome-

coronavirus-2 (SARS-CoV-2) is vital for this population. Although the humoral

response to messenger RNA vaccines was shown to be impaired in KTR, there is a lack

of data regarding the antibody response to inactivated vaccines. We investigated the

antibody response to two consequent doses of the inactivated SARS-CoV-2 vaccine

(CoronaVac; Sinovac Biotech, China).

Methods: A total of 118 patients from two centers were included. The levels of anti-

SARS-CoV-2 immunoglobulin-G antibodies against the nucleocapsid and spike anti-

gens were determined with enzyme immunoassay (DIA.PRO; Milano, Italy) before the

vaccine andonemonthafter the seconddoseof the vaccine. Thirty-threepatientswere

excluded due to antibody positivity in the serum samples obtained before vaccination.

Results: Eighty-five patients, 47 of whom were female, with a mean age of 46 ± 12,

were included in the statistical analysis. Themaintenance immunosuppressive therapy

comprised tacrolimus (88.2%), mycophenolate (63.6%), and low-dose steroids (95.3%)

in the majority of the patients. After a median of 31 days following the second dose

of the vaccine, only 16 (18.8%) patients developed an antibody response. The median

(IQR) antibody level was 52.5 IU/ml (21.5–96). Age (48 vs. 38, p = .005) and serum

creatinine levels (1.14 vs. 0.91, p = .04) were higher in non-responders and were also

found to be independently associated with the antibody response (odds ratio (OR):

0.93, p= 0.012 and 0.15, p= 0.045, respectively) in multivariate analysis.

Conclusion: In this study, we found the antibody response to the inactivated vaccine

to be considerably low (18.8%) in KTR. Increased age and impaired renal functionwere

associated with worse antibody response. Based on the knowledge that mRNA vac-

cines yield better humoral responses, this special population might be considered for

additional doses of mRNA vaccination.
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1 INTRODUCTION

Chronic kidney disease patients, dialysis patients, and kidney trans-

plant recipients (KTR) have a high risk of getting infected and devel-

oping severe coronavirus disease-19 (COVID-19).1,2 Mortality in these

patients particularly in KTR,3–6 is higher than it is in the normal popula-

tion. Therefore, preventive measures and vaccination against COVID-

19 are pivotal for this immunocompromised population.7 Although

impaired vaccine response is a matter of concern, most of the trans-

plant centers have continued to perform kidney transplantation activ-

ities under the presumed protection of vaccination rather than leaving

the patients on dialysis.8,9

ABBREVIATIONS

COVID-19 coronavirus disease-19

IQR interquartile range

KTR kidney transplant recipients

SARS-CoV-2 severe acute respiratory syndrome-coronavirus-2

Regarding the responses to inactivated vaccines, the results of

a phase 3 trial in Turkey showed that CoronaVac (Sinovac Biotech,

China) vaccine prevented the reverse-transcriptase polymerase chain

reaction-confirmed symptomatic cases of COVID-19 disease 2 weeks

after the second dose, with a rate of 83.5% in 11 303 healthy

volunteers.10 Additionally, when 1413 participants were further ana-

lyzed for immunogenicity in Turkey’s phase 3 trial, 89.7% of the vac-

cine group were found to be seropositive for IgG and IgM antibodies

against SARS-CoV-2 spike protein.10 On the other hand, inactivated

SARS-CoV-2 vaccine effectiveness was reported to be 65.9% in 10.2

million people in Chile.11 In Turkey, however, because immunosuppres-

sive patients were excluded in the phase 3 trial, there are no data

regarding the responses to the inactivated vaccine in this group. Even

so, vaccine responses to SARS-CoV-2 mRNA vaccines are well known

to be impaired in transplantation settings.12–14

In Turkey, mRNA vaccines were not available for the public vacci-

nation program until mid-2021, so nearly all of the transplant patients

were vaccinated with an inactivated vaccine. Although there is evi-

dence that responses to inactivated SARS-CoV-2 vaccine were poor

in the patients who were on an immunosuppressant therapy due to

immune-mediated diseases,15 it is not clear whether the humoral

response would be sufficient in KTR. In this study, we investigated the

antibody response and possible risk factors affecting this response to

two doses of the CoronaVac vaccine.

2 METHODS

In Turkey, the vaccination campaign started on January 14, 2021, with

healthcareworkers and continuedwithelderly people andpatients suf-

fering from chronic diseases. Until April 12, 2021, inactivated SARS-

CoV-2 CoronaVac vaccine of the Sinovac company (Beijing, China) was

the only available vaccine in Turkey. According to the regulations of the

Ministry of Health, two doses of CoronaVac—applied 4 weeks apart—

was the scheme of the vaccination program.

This two-center cross-sectional prospective observational study

was conducted at the transplantation units of Ankara University

School ofMedicine and IstanbulUniversity Istanbul School ofMedicine

between January 22, 2021, and June 21, 2021.

This study was approved by the Ankara University School of

Medicine Ethics Committee for Clinical Studies (Approval Number:

I3—207-21). Written informed consents had been obtained from all

patients before the blood samples were collected.

Before vaccination, blood samples were drawn during regular con-

trol visits before the vaccination program was initiated for transplant

recipients. After vaccination, blood samples were obtained from the

same patients one month following their second vaccine shots. All

blood sampleswere centrifugatedat roomtemperature (23◦C), and the

sera sampleswere kept at –80◦Cuntil the testswere studied. Antibody

levels against spike and nucleocapsid proteins were simultaneously

detected by using the COVID-19 IgG antibody enzyme immunoassay

kit (DIA.PRO, Milano, Italy). The test was performed according to the

manufacturer’s instructions and a cut of the value of >10 IU/ml was

accepted as positive. Positive results were categorized as equivocal

(10–12 IU/ml), low positive (12–50 IU/ml), medium positive (50–250

IU/ml), high positive (250–1000 IU/ml), and very high positive (≥1000

IU/ml) according to themanual. After vaccination, serum samples of six

patients which yielded equivocal results in the initial testing were re-

tested in duplicate wells after re-centrifugation of the serum samples

and all of them gave negative results in the second study.

2.1 Statistical analysis

Clinical and laboratory data are expressed as percentages, means

(±SD), or medians [interquartile range (IQR)], as appropriate. Con-

tinuous variables in the characteristics of the two groups were com-

pared by t-test or Mann–Whitney U test and categorical variables

with Pearson’s chi-square or Fischer exact tests. Logistic regression

analyses were performed to study associations between positive anti-

body results (dependent variable) and predictor variables. Multivari-

ate logistic regression analysis incorporated age, gender, mycopheno-

late treatment, and serum creatinine level as possible independent risk

factors due to their p-values being <0.1 in univariate analysis or their

clinical relevance of humoral vaccine response in previous studies. The

final model was reached by the backward stepwise regression (Back-

ward LR) method incorporating constant. The quality of adjustment of

themodelwas testedwith theHosmer-Lemeshowstatistic.Odds ratios

(ORs) were expressedwith 95% confidence intervals (CIs). A threshold

valueofp< .05was considered statistically significant. The calculations

were carried out with IBM SPSS 23 (IBM SPSS v.23, Armonk, NY, USA).

3 RESULTS

A total of 373 patients’ samples were collected before vaccination.

However, due to an increase in COVID-19 case numbers and the par-

tial lock-down periods during our study, most of the patients could not
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F IGURE 1 Flowchart of the patients in the study

come to the hospital to give their post-vaccination blood samples. We

also excluded the patients who had their second vaccine dose less than

30 days prior. Therefore, 118 adult patients whose post-vaccination

serum samples were available were included in the study (78 from

Ankara University and 40 from Istanbul University). Of these 118

patients, 33patients,whohadpositiveCOVID-19antibody response in

their initial samples taken before vaccination, and thus were excluded

from the study. Of these 33 patients, nine were diagnosed with PCR-

confirmed COVID-19. Two patients had pneumonia and required hos-

pitalization; however, seven of them had mild disease. The rest of the

patients did not report any symptoms related toCOVID-19 or any con-

tactwith individuals diagnosedwithCOVID-19. Regarding the serolog-

ical results of those 33 patients that were excluded, 28 of the patients’

COVID-19 IgG antibody results remained positive after two doses of

inactivated vaccine. We did not observe any significant increase in

antibody titer after two doses of the vaccine (median COVID-19 IgG

(IU/ml), IQR: 43 (17.2–69.9) vs. 43.4 (20.2–100), p= .43).

In the end, statistical analysis was performed with 85 patients (Fig-

ure 1).

In total, out of 85 patients whose mean age was 46 ± 12 only 16

(18.8%) patients developed an antibody response to the inactivated

SARS-CoV-2 vaccine 4weeks following the second dose of the vaccine.

There were 47 (55.3%) female patients and gender rates were not

different among the patients who had a positive antibody response.

The patients who had a positive antibody response were younger than

the non-responders (Table 1). Therewas no difference regarding donor

type, human leukocyte antigenmismatch, the time elapsed after trans-

plantation, renal replacement therapy history, or renal replacement

therapy duration between the two groups (Table 1). Immunosuppres-

sive therapy regimens including induction or maintenance therapy and

F IGURE 2 Median COVID-19 IgG levels after vaccination

history of rejection or antirejection therapy were not different among

the groups (Table 1).

Serum creatinine level, which was obtained when the post-

vaccination blood samples were collected, was lower in the anti-

body responder group than in the non-responder group (median,

IQR: 0.91 mg/dl (0.62–1.27) vs. 1.14 mg/dl (0.92–1.36), p = .04).

Unsurprisingly, the estimated glomerular filtration rate was higher

in the antibody-positive group (93.3 ml/min/1.73m2 (55–116) vs.

67.4 ml/min/1.73m2 (53–81), p = .04). Proteinuria levels were not dif-

ferent between the two groups.

Additionally, despite the missing data, the vaccination profile

regarding influenza, pneumococcus, and Bacillus Calmette-Guerin was

similar between the two groups, and the majority of the patients had

had a Bacillus Calmette-Guerin vaccine (64.7%) (Table 1).

FourpatientswerediagnosedwithCOVID-19 in amedianof98days

following the two doses of the SARS-CoV-2 vaccine. Two patients had

pneumonia requiring hospitalization, and one of themdied in the inten-

sive care unit. The other two had mild COVID-19 infection and were

treated at home.Only one of themwas tested positive for SARS-CoV-2

antibody after the two doses of the vaccine and had a favorable course

of COVID-19withmild infection.

The median anti-SARS-CoV-2 IgG level was 52.5 IU/ml (IQR: 21.5–

96) onemonth after the second dose of the vaccine (Figure 2). None of

the patients gave a high antibody response (Table 1).

The most common adverse events related to the vaccination were

arthralgia, myalgia, and fatigue (7%) in the entire patient population.

There was no allergic reaction or anaphylaxis.

To assess possible factors that might have affected the antibody

response, we conducted a multivariate logistic regression analysis

incorporating age, gender, mycophenolate treatment, and serum cre-

atinine level as candidate independent risk factors depending on their

univariate analysis results and their clinical relevance to an antibody

response. In the last multivariate model, we found that higher age (OR:

0.93 (0.88–0.98), p= .012) and higher creatinine level (OR: 0.15 (0.02–

0.95), p = .045) were inversely associated with the antibody response

to the vaccine even if the differences regarding these parameters were

small between the two groups (Table 2).
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TABLE 1 Baseline characteristics and comparisons of the patients regarding antibody response

All patients

n= 85

Antibody (–)

n= 69

Antibody (+)

n= 16 (18.8%) p-value

Gender, F/M (n, %) 47/38, 55.3/44.7 25/34, 50.7/49.3 12/4, 75/25 .07

Age, year (mean±SD) 46.4± 12.5 48±11 38± 12 .005

Primary kidney disease .48

Diabetic nephropathy 9, 10.5% 9, 13% –

Hereditary kidney diseases 7, 8.2% 4, 5.7% 3, 18.7%

Hypertension 4, 4.7% 4, 5.7% –

Chronic glomerulonephritis 28, 32.9% 24, 34.7% 4, 25%

Chronic TIN 19, 22.3% 15, 21.7% 4, 25%

Unknown 18, 21.1% 13, 18.8% 5, 31.2%

Donor type (n,%) .23

Deceased 22, 25.9% 16, 23.2% 10, 62.5%

Living 63, 74.1% 53, 76.8% 6, %37.5

HLAmismatch (median, IQR) 3 (2–4) 3 (2–4) 3 (1–4) .65

Time after transplantation, month (mean± SD) 82± 68 86± 72 69± 42 .71

Preemptive transplantation (n, %) 22, 25.9% 20, 28.9% 2, 12.5% .16

RRT history .39

HD 44, 51.8% 35, 50.7% 9, 56.3%

PD 9, 10.6% 5, 7.2% 4, 25%

TX 1, 1.2% 1, 1.4% –

Multiple 8, 9.4% 7, 10.1% 1, 6.3%

Second transplantation (n, %) 9, %10.6 8, 11.6% 1, 6.3% .52

RRT duration, month (mean± SD) 44.8± 7 39± 7 65± 20 .11

Induction therapy (n, %) .29

No 25, 29.4% 22, 31.9% 3, 18.8%

ATG 28, 32.9% 21, 30.4% 7, 43.7%

Basiliksimab 19, 22.3% 15, 21.7% 4, 25%

History of ATG (n, %) 30, 35.3% 23, 33.3% 7, 43.8% .8

Maintenance immunosuppression (n, %)

Tacrolimus 75, 88.2% 61, 88.4% 14, 87.5% .57

Cyclosporine 5, 5.9% 4, 5.8% 1, 6.3% .89

MMF-MPA 54, 63.6% 45, 65.2% 9, 56.3% .7

AZA 28, 32.9% 22, 31.9% 6, 37.5% .54

mTOR inhibitors 1, 1.1% 1, 2.9% – –

Steroids 81, 95.3% 67, 97.1% 14, 87.5% .1

History of Rejection (n, %) 12, 14,1% 10, 14.5% 2, 12.5% .83

AMR 4, 33.3% 4, 5.8% –

TCR 4, 33.3% 3, 4.3% 1, 6.3%

Mixt 4, 33.3% 3, 4.3% 1, 6.3%

SerumCreatinine level, mg/dL (median, IQR) 1.11 (0.84–1.33) 1.14 (0.92–1.36) 0.91 (0.62–1.27) .04

eGFR, ml/min/1.73m2 (median, IQR) 70 (53–88) 67.4 (53–81) 93.3 (55–116) .04

Proteinuria, mg/day (median, IQR) 129 (100–254) 131 (100–234) 100 (100–297) .72

(Continues)
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TABLE 1 (Continued)

All patients

n= 85

Antibody (–)

n= 69

Antibody (+)

n= 16 (18.8%) p-value

Other vaccines in last 2 years, (n, %)

Pneumococcal vaccine 28, 32,9% 24, 34.8% 4, 25% 1

Influenza vaccine 35, 41,2% 32, 46.4% 3, 18.8% .15

BCG vaccine 55, 64,7% 47, 68.1% 8, 50% .56

COVID-19 IgG level after vaccination, IU/mL

(median, IQR)

3.27 (0.85–7.27)

(0–99.9)

2.04 (0.58–5.02) 52.5 (21.5–96) –

COVID-19 IgG level after vaccination, IU/ml – –

Negative (<10 IU/ml) 69, 81.2%

Equivocal (10–12 IU/ml) –

Low Positive (12–50 IU/ml) 8, 9.4%

Medium Positive (50–250 IU/ml) 8, 9.4%

High Positive (250–1000 IU/ml) –

Adverse events .35

Arthralgia, myalgia, fatigue 6, 7% 5, 7.2% 1, 6.2%

Headache 2, 2.3% 2, 2.8% –

Inoculation site pain 2, 2.3% 1, 1.4% 1, 6.2%

Fever 1, 1.1% 1, 1.4% –

Hypertension 1, 1.1% 1, 1.4% –

Dizziness 2, 2.3% 2, 2.8% –

Sore throat 1, 1.1% 1, 1.4% –

Chest pain 1, 1.1% 1, 1.4% –

Abbreviations: AMR, antibody-mediated rejection; ATG, anti-thymocyte globulin; AZA, azathioprine; BCG,BacillusCalmette-Guerin; COVID-19, coronavirus

disease 2019.; eGFR; estimated glomerular filtration rate; F, female; HD, hemodialysis; HLA, human leukocyte antigen; IQR, interquartile range; IVIG, intra-

venous immune globulin; M, male; MMF/MPA, mycophenolate mofetil/mycophenolic acid; mTOR, mammalian target of rapamycin; PD, peritoneal dialysis;

RRT, renal replacement therapy; SD, standard deviation; TCR, T-cell mediated rejection; TIN, tubulointerstitial nephritis; TX, transplantation.

TABLE 2 Multivariate logistic regression analysis regarding positive antibody response to SARS-CoV-2

Univariate results Last multivariatemodel

Parameter p-value Odds ratio (95%CI) p-value* Odds ratio (95%CI)

Age, years .008 0.93 (0.88–0.98) .012 0.932 (0.883–0.985)

Gender (Reference: Female) .087 0.343 (0.10–1.16)

MMF/MPA .703 0.8 (0.25–2.51)

Serum creatinine level (mg/dL) .051 0.18 (0.032–1.009) .045 0.155 (0.025–0.956)

Abbreviations: CI, confidence interval; MMF/MPA, mycophenolatemofetil/mycophenolic acid.

*Final step of logistic regression analysis using Backward LRmethod.

4 DISCUSSION

This study indicated that, in the KTR population, humoral response

to inactivated SARS-CoV-2 vaccine was very low (18.8%). Age

and impaired renal function were negatively affecting the antibody

response to vaccination. Additionally, in 33 (27.9%) of the 118patients,

SARS-CoV-2 antibodies were positive in the pre-vaccination serum

samples. Interestingly, of these 33 patients, only nine had been diag-

nosed with PCR-confirmed COVID-19. This shows that a considerable

amount (about 20%) of our KTR patients had asymptomatic and/or

undiagnosed COVID-19 in our study.

Immunosuppressed patients including KTR are known to have poor

vaccine responses compared to a healthy population.16 Seyahi et al.,15

in their study, showed that patients with immune-mediated diseases,

especially the ones who were on immunosuppressive drugs and those

aged ≥60 years, had less antibody response to CoronaVac vaccine
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than the healthy controls did. Bertrand et al.14 showed that both

humoral (anti-spike antibody 88.9% vs. 17.8%) and spike-specific T cell

responses (100% vs. 57.8%) to mRNA BNT162b2 (BioNTech; Pfizer,

Germany) vaccine were higher in maintenance dialysis patients than in

KTR. Longlune et al.17 and Broseta et al.18 reported very high serocon-

version rates (88.7% and 95.4%, respectively) among dialysis patients

who had had at least two doses of mRNA vaccines. On this basis, trans-

plant recipient candidates should be recommended to get vaccinated

before the transplantation. Additionally, these results showed that,

even if the humoral response rates were very low, the T cell response

could still be induced to a certain extent.14 The presence of a cellular

response without a humoral responsemight also provide protection to

the virus as indicated by Litjens et al.19 in cytomegalovirus infection

setting.

It is known that, especially in the early post-transplantation period,

vaccine responses become impaired with an advanced age, with an

impaired kidney function, and with some particular drugs such as

rituximab, belatacept, or mycophenolate mofetil.14,20–22 Regarding

the COVID-19 vaccines, Boyarsky et al.12 reported a 54% antibody

response to two doses of the mRNA vaccine, and they concluded that

poor response was a concern in the patients who were on antimetabo-

lite immunosuppression. In line with these findings, we found that a

worsening graft function and advanced agewere risk factors for a poor

antibody response to the vaccine. Antiproliferative usage was also less

frequent in antibody-positive patients in our study. However, this did

not reach statistical significance,whichwas probably due to the limited

number of cases.

Kamar et al.23 reported that the antibody response rate was 40%

after the second dose, and increased to 68% after the third dose of

the mRNA vaccine in KTR. Forty-four percent of the patients, who had

been seronegative before the third dose, developed antibodies after

the third dose.23 From a different perspective, Chen et al.24 showed

that neutralizing antibody elicited by CoronaVac was lower for cer-

tain variants of the virus in healthy volunteers. As antibody response

rate (18.8%) to CoronaVac was much lower in our patients than those

achievedwithmRNAvaccines, and considering the increasing numbers

of the infected people and the introduction of new variants to the pop-

ulation, it seems crucial that KTRwho received the inactivated vaccine,

be vaccinated with at least one additional dose of SARS-CoV-2 mRNA

vaccine. In Turkey, the option of getting the third dose of the vaccine

hasbeenavailable since June2021andall immunosuppressivepatients

should be recommended to get it.

It remains so far unknownwhat level of antibody titer would be pre-

ventive against SARS-CoV-2, but it was shown that dialysis patients

had lower titers which peaked later than in normal controls,25 and

so did the KTR.26,27 Although these studies were conducted with the

patients who had mRNA vaccines, we found that antibody titers were

very low in our study.

From an immunological point of view, it has been shown in adults

that the previous vaccinations for influenza and/or pneumococcal dis-

ease do not hamper the specific immune response to SARS-CoV-2

BNT162b2 vaccination.28 Here in the present study, we found similar

findings with the inactivated SARS-CoV-2 vaccine.

There were many limitations of our study. The sample size was

small and, unfortunately, we had no control group to compare the anti-

body response to the inactivated vaccine. However, Tanriover et al.10

reported the seropositivity rate as 89.7% in inactivated vaccine recip-

ients of CoronaVac in the phase 3 trial in healthcare workers. There-

fore, we might assume that, in the KTR population, the humoral vac-

cine response to the inactivated vaccine is weaker than in healthy indi-

viduals. There were difficulties in performing multivariate models due

to the small sample size. We did not have the chance to study the neu-

tralizing activity of the antibodies or to determine the cellular vaccine

response.

In conclusion, our study showed that the antibody response rate to

two doses of the inactivated SARS-CoV-2 (CoronaVac) vaccine in KTR

patients was very low (18.8%). Increased age and serum creatinine lev-

els were associated with non-responsiveness to the vaccine. The third

dose of the vaccine, especially that of mRNA vaccines or vaccines with

adjuvants, should be strongly recommended to the transplant recipi-

ents.
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