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Abstract 

Purpose: 

The immunogenicity of SARS-CoV-2 vaccines is poor in kidney transplant recipients 

(KTRs). The factors related to poor immunogenicity to vaccination in KTRs are not 

well defined. 

Methods: 

An observational study was conducted in KTRs and healthy individuals who had 

received two doses of SARS-CoV-2 inactivated vaccine. IgG antibodies against the 

receptor-binding domain found in the S1 subunit of the spike protein, and against 

nucleocapsid protein were measured using enzyme-linked immunosorbent assay. 

Receptor-binding domain (RBD)-angiotensin-converting enzyme 2 interaction-

blocking antibodies were measured using commercial kits. T cell responses against the 

spike and nucleocapsid proteins were detected using enzyme-linked immunosorbent 
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spot assay. 

Results: 

No severe adverse effects were observed in KTRs after first or second dose of SARS-

CoV-2 inactivated vaccine. IgG antibodies against the receptor- binding domain, and 

nucleocapsid protein were not effectively induced in a majority of KTRs after second 

dose of inactivated vaccine. Specific T cell immunity response was detectable in 32%-

40% KTRs after second doses of inactivated vaccine. KTRs who developed specific T 

cell immunity were more likely to be female, and have lower levels of total bilirubin, 

unconjugated bilirubin, and blood tacrolimus concentration. Multivariate logistic 

regression analysis found that blood unconjugated bilirubin was significantly 

negatively associated with SARS-CoV-2 specific T cell immunity response in k KTRs. 

Conclusions: 

Specific T cell immunity response could be induced in 32%-40% KTRs after two doses 

of inactivated vaccine. Blood unconjugated bilirubin was negatively associated with 

specific cellular immunity response in KTRs following vaccination. 

Key words:  

Kidney transplant recipients, COVID-19, Humoral immunity, Cellular immunity, 

Inactivated vaccine. 
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1. Introduction 

Numerous studies have shown that solid organ transplant recipients (SOTRs) requiring 

lifelong maintenance immunosuppression have a higher risk of SARS-CoV-2 infection 

and severe COVID-19.(1) Given that vaccination is considered as one of the best 

strategies for curbing the COVID-19 pandemic, several nephrology societies have 

called for kidney transplant recipients (KTRs) to be prioritized for the administration 

of SARS-CoV-2 vaccine.(2) The safety and efficacy of various SARS-CoV-2 vaccines 

in KTRs need to be urgently ascertained since these patients have been excluded from 

most clinical trials of SARS-CoV-2 vaccines.(3) A few clinical trials of mRNA vaccines 

have demonstrated that humoral and cellular immunity response was significantly 

lower in KTRs than in healthy participants due to the KTRs receiving life-long 

immunosuppression regimens.(4, 5) Further studies have demonstrated that three doses 

of mRNA vaccines could further enhance the antibody titers in SOTRs compared with 

two doses.(6) Recent data has demonstrated that inactivated vaccines could induce 

specific cellular immunity response but not humoral immunity response in some 

KTRs.(7) However, the risk factors associated with the poor response to COVID-19 

vaccination in KTRs are not well-defined.(8)  

2. Methods 

2.1 Subjects 

The study was conducted in accordance with the Declaration of Helsinki and was 

approved by the Ethics Committee of the Second Affiliated Hospital of Guangzhou 

Medical University (Approval No. 2021-hs-43). The clinical trial protocol was 

registered with the Chinese Clinical Trial Registry (No. ChiCTR2100049037, 



Registry’s URL: https://www.chictr.org.cn/listbycreater.aspx). This observational study 

was conducted at the second affiliated hospital of Guangzhou medical university from 

June 20, 2021, to August 20, 2021. A total of 163 subjects were enrolled at transplant 

center after providing written informed consent. Of the 163 participants, 95 had 

received two doses of SARS-CoV-2 inactivated vaccine whereas 68 participants were 

unvaccinated. Of the 96 fully vaccinated participants, 43 were kidney transplant 

recipients (KTRs) whereas 52 were healthy. In the unvaccinated group, 38 were KTRs 

whereas 30 were healthy. None of the participants in the unvaccinated group had a 

history suggestive of symptomatic COVID infection. In the case of KTRs, the following 

data was extracted from the records: patient’s clinical data including age, sex, medical 

history, medication history, kidney transplant time, body mass index, hematologic 

parameters (white blood cell counts, lymphocyte counts, platelet counts and 

hemoglobin), hepatic function (alanine aminotransferase, aspartate aminotransferase, 

and total bilirubin) and kidney function tests (serum creatinine, urine protein, and urine 

red cells). In the case of vaccinated individuals, the SARS-CoV-2 vaccine brand 

administered and adverse effects (AEs), if any, were noted.  

2.2 Sample processing  

Among the vaccinated participants, 10 mL blood was collected from 40 KTRs and 48 

healthy participants (HPs) between 21±4 days after the second dose of vaccine. Of 

whom, 17KTRs and 23HPs also participated in blood collection between 40±9 days 

after second dose. Besides, blood was collected from another 3KTRs and 4HPs between 

40±9 days after second dose. In the unvaccinated group, 10 mL blood was drawn for 

determining the baseline value of SARS-CoV-specific humoral and cellular immunity. 

The plasma was separated by centrifugation (3000 rpm for 15 min) and an equal amount 

of Roswell Park Memorial Institute (RPMI) 1640 culture medium (Gibco, USA) was 

added to the supernatant. This was then processed for anti-SARS-CoV-2 antibody 

detection. Peripheral blood mononuclear cells (PBMCs) were isolated from whole 

blood samples by LymphoprepTM density gradient medium (Alere Tech, USA) for T 

cell immunity response analysis.  
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2.3 Anti-SARS-CoV-2 antibody detection 

IgG antibodies against receptor-binding domain (RBD), S1 domain of spike protein, 

(S1) and nucleocapsid proteins (NP) were detected using enzyme-linked 

immunosorbent assay (ELISA)(9). Briefly, RBD, S1 or NP was coated into the ELISA 

plate well. 100 μL of diluted plasma (1:200) was then added into the well of the ELISA 

plate and incubated at 37°C for one hour. Then, 100 μL of diluted anti-human IgG 

antibody (1:8000, Southern Biotech, USA) was added into the well of the ELISA plate 

and incubated at 37°C for one hour. Afterwards, 50 μL of 3, 3′, 5,5′-

tetramethylbenzidine (TMB) solution (Neobioscience, China) was added and this 

mixture was further incubated at room temperature for 5-10 min. Finally, 50 μL of 1 M 

sulfuric acid (H2SO4) solution was added to terminate the chromogenic reaction. The 

absorbance at 450 nm was obtained using a microplate absorbance reader (Tecan 

Sunrise, Switzerland). 

2.4 Surrogate SARS-CoV-2 neutralization test 

Anti-SARS-CoV-2 neutralizing antibody ELISA Kit (Vazyme Biotech, China) was 

used to qualitatively detect RBD-angiotensin-converting enzyme2 (ACE2) interaction 

blocking antibodies. Briefly, 80 μL of horseradish peroxidase (HRP)-conjugated RBD 

solution was added into a 96-well dilution plate with 8 μL plasma and 72 μL sample 

dilution buffer, and incubated at 37°C for 30 min. After that, 100 μL of this 

plasma/HRP-conjugated RBD mixture was then transferred to a microplate coated with 

ACE2 and incubated at 37°C for 20 min. Then 100 μL TMB substrate solution was 

added after washing with diluted washing buffer, and incubated at room temperature 

for 15 min. The reaction was stopped with 50 μL of stop solution. Finally, the 

absorbance at 450 nm was obtained using a microplate absorbance reader (Tecan 

Sunrise, Switzerland). 

2.5 Detection of anti-SARS-CoV-2 T-cell frequencies 

SARS-CoV-2 spike, or NP-specific T lymphocytes were detected using interferon- 

(IFN) enzyme-linked immunospot (EliSpot) assay. Fresh PBMCs were re-suspended 
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in RPMI 1640 culture medium (Gibco, USA) supplemented with 10% fetal bovine 

serum (Gibco, USA), 0.55 mM 2-hydroxyethylmercaptan (Gibco, USA), 2 mM L-

glutamine (Gibco, USA), 1 mM pyruvate (Gibco, USA), 1% penicillin-streptomycin 

(Gibco, USA) and 10 mM N’-a-hydroxythylpiperazine-N’-ethanesulfanic acid (HEPES) 

(Gibco, USA). The concentration of PBMCs was determined using a hand-held 

automated cell counter (Millipore, USA). Then 2×105 PBMCs were added into each 

well of an anti-IFN pre-coated EliSpot plate (Dakewe Biotech, China), and co-cultured 

with overlapping peptide pools of SARS-CoV-2 spike or NP for 24 h with dimethyl 

sulfoxide (Sigma, USA) as a negative control (NC). For positive control, 2×104 PBMCs 

stimulated with staphylococcal enterotoxin B (1 µg/mL, Merck, Germany) were 

adopted. Diluted biotinylated antibody working solution (100 μL) was added to the 

plate well and incubated at 37°C for 1 h. After that, 100 μL streptavidin-horseradish 

peroxidase working solution was added and incubated at 37°C for 1 h. Afterwards, 100 

μL 3-amino-9-ethylcarbazole (AEC) solution was added and incubated at room 

temperature for 30 min. Finally, the spots were counted using the ImmunoSpot® S6 

UV Analyzer (Cellular Technology Limited, USA). The means of duplicate wells were 

calculated and expressed as the number of spots per well. 

2.6 Statistical analysis 

Statistical analyses were performed using IBM SPSS Statistics 22.0 or GraphPad 

prism7.0. The Pearson chi-square was used to test differences in proportions. The t-test 

or Mann–Whitney U-test was utilized to explore the difference in continuous variables 

between two groups. One-way analysis of variance (ANOVA) tests were applied for 

comparing the means of continuous variables in the four groups. Paired data was 

analyzed using paired t-tests. The correlation between anti-SARS-CoV-2 antibody and 

spike or NP-specific T cell frequency was determined using the Pearson correlation 

coefficient. A two-sided p-value˂0.05 was considered statistically significant.  

3. Results 

3.1 Baseline characteristics of the study subjects 



The baseline characteristics of participants included in this study are summarized in 

Table 1. A majority of KTRs in the study were male (unvaccinated KTRs 22/30, 

vaccinated KTRs 35/43). The number of males was significantly higher in KTRs as 

compared with that in HPs (unvaccinated HPs 17/38, vaccinated healthy participants 

28/58, p<0.0001). The mean time after transplantation in vaccinated KTRs was 

68.24±51.41 months, and significantly longer than that in the unvaccinated KTRs 

(27.37±21.17 months, p=0.000). None of the participants had a history suggestive of 

symptomatic COVID-19.  

3.2 Adverse effects 

The vaccine brands received for the first and second doses in participants and the 

adverse effects seen are summarized in Table 2. The vaccine brand used for the second 

dose in KTRs and HPs was significantly different (p=0.001), with 90.4% HPs and 62.8% 

KTRs having received CoronaVac. Adverse reactions to vaccine were mild, transient, 

and self-limiting.  

3.3 Humoral immunity response of KTR after vaccination 

Antibody response to SARS-CoV-2 was assessed in all individuals 14-28 days and 29-

56 days after the second dose of inactivated vaccine. Anti-S1 antibody IgG was 

effectively induced in most HPs after two doses of inactivated vaccine (Figure1A), with 

77.1% (37/48) being positive between 21±4 days after the second dose, and 51.9% 

(14/27) being positive in 40±9 days after the second dose (Table3). The blood anti-S1 

antibody IgG level in KTRs was significantly lower than in HPs (p˂0.0001) (Figure1A), 

with 7.5% (3/40) of KTRs having anti-S1 antibody IgG positivity in21±4 days after the 

second dose, and 5.0% (1/20) in 40±9 days after the second dose (Table3). Accordingly, 

seroconversion for anti-RBD IgG antibody was observed in most of the HPs but only 

in two KTRs after the second dose of inactivated vaccine (Figure2B and Table3). RBD-

ACE2 interaction-blocking assay was performed to further determine the virus 

neutralizing capacity of HPs and KTRs after the second dose of inactivated vaccine. 

The results suggest that 93.8% (45/48) HPs developed virus-neutralizing antibody after 

two doses of inactivated vaccine, however, only 5% (2/40) KTRs developed virus-



neutralizing antibody after two doses of inactivated vaccine (Figure1C and Table3). 

Similarly anti-NP-antibody IgG was increased in most of the HPs after two doses of 

inactivated vaccine (Figure1D and Table3). However, almost all the KTRs had a 

blunted seroconversion of anti-NP-antibody IgG after two doses of inactivated vaccine 

(Figure1D and Table3). Statistical analysis was carried out to study the effect of gender 

and vaccine brand as factors for seroconversion between KTRs and HPS. The results 

show that the anti-spike IgG antibody positivity rate (PR) in females was significantly 

higher than that in males (Supplemental Table1). Anti-NP IgG PR in HPs receiving the 

second dose of the vaccine brand Sinopharm BIBP was higher than those who had 

received CoronaVac as the second dose. (Supplemental Table2). In summary, there was 

good antibody response in immunocompetent individuals after two doses of inactivated 

vaccine, but this was not the case with KTRs. 

3.4 T cells immunity response of KTR after vaccination 

To determine whether the cellular immunity could be induced in KTRs, the ELISPOT 

was performed to evaluate the cellular immunity against the two major structural 

proteins of SARS-CoV-2, spike, and NP. As shown in Figure2, T cells reactive to spike 

or NP were significantly increased in HPs after the second dose of inactivated vaccine 

compared with unvaccinated HPs. Paired analysis demonstrated spike-specific T cell 

frequency in HPs increased furtherly in 40±9 days after the second dose of inactivated 

vaccine compared with that seen in 21±4 days after the second dose, but this was not 

observed with NP-specific T cells (Figure2B and D). An increase in spike or NP- 

specific T cell frequency was also observed in KTRs, 21±4 days after the second dose 

of vaccine though this response was lower than that observed in HPs (Figure2A and C). 

This difference was statistically significant (Table4). Paired analysis indicated spike-

specific T cell frequency in KTRs further increased marginally in 40±9 days  after the 

second dose of inactivated vaccine as compared with that at 21±4 days after the second 

dose, but this was not observed for NP-specific T cells (Figure2B and D). Both spike 

and NP-specific T cell frequency in KTRs at 21±4 days after the second dose of vaccine 

was comparable with that observed in HPs (Figure2A and C). The positivity rate of 



spike-specific T cell immunity response in KTRs at 40±9 days after the second dose 

was not different from that in HPs (40.0% versus 66.7%, p=0.069) (Table4). However, 

the positivity rate of NP-specific T cell immunity response in KTRs between 40±9 days 

after second dose was significantly lower than that in HPs (35.0% versus 70.4%, 

p=0.016). Furthermore, the spike and NP-specific T cell frequency in HPs was 

significantly related to the anti-SARS-CoV-2 antibody response including anti-

RBD/anti-S1/anti-NP IgG, and neutralizing antibodies (Figure S1A-I). However, this 

correlation was not found in KTRs (Figure S1G-P), indicating a dichotomous humoral 

and cellular immunity response in the KTRs after vaccination. These results indicate 

that SARS-CoV-2-specific cellular immunity could be induced in some KTRs after 

administration of inactivated vaccine. 

3.5 Factors associated with lower SARS-CoV-2 specific T cell immunity response 

in KTRs 

We also explored factors associated with SARS-CoV-2 specific T cell immunity 

response in KTRs, including age, sex, body mass index, hematologic parameters (white 

blood cell counts, lymphocyte counts, platelet counts and hemoglobin), hepatic 

function and kidney function tests, immunosuppression medicine used, induction agent 

used and comorbidities. The results demonstrated that KTRs with SARS-CoV-2 

specific T cells immunity had a higher frequency of females (p= 0.023), and lower total 

bilirubin (p=0.017), indirect bilirubin (p=0.009) and blood tacrolimus concentration 

(p=0.004) compared with KTRs without SARS-CoV-2 specific T cell immunity 

response after two doses of inactivated vaccine (Table5). Multivariate logistic 

regression analysis was performed using independent variables with p < 0.2 in the 

univariate analysis (Table5). This demonstrated that blood unconjugated bilirubin 

levels were significantly negatively associated with SARS-CoV-2 specific T cells 

immunity response in KTRs (OR = 0.723; 95% CI 0.537–0.972, p = 0.032).  

4. Discussion 

Information regarding the safety and efficacy of vaccines in SOTRs is urgently 

needed.(1, 10) Currently, mRNA vaccines and replication-defective viral-vectored 



vaccines are approved for use in immunocompromised patients (11). Our study as well 

as other studies have shown that in KTRs, AEs with inactivated vaccine were mild, and 

comparable with those in healthy individuals, implying that inactivated vaccine is safe 

in immunocompromised patients (7)  

The efficacy of vaccination in immunocompromised patients has been a matter of 

concern. Studies have shown that vaccination of KTRs with mRNA vaccine resulted in 

lower humoral and cellular immunity response after two doses as compared with 

healthy individuals.(4) It has been found that a lower humoral immunity response is 

observed in KTRs after two doses of inactivated vaccine as well, placing them at high 

risk of breakthrough infections.(12, 13) Therefore, it is possible that a third dose of 

SARS-CoV-2 vaccine may be needed in these patients.(6, 14)  

The T cell response to two doses of inactivated COVID vaccines in KTRs has been 

found to be better than the humoral response.(15) In addition, the virus with novel 

mutations of the spike proteins does not easily escape T-cell-mediated immunity 

elicited by the wild type spike protein.(15) The role of T cell immunity response has 

been found to be critical in virus clearance in COVID-19 patients with low levels of 

antibody, such as patients with hematologic cancer.(16) As shown in an earlier study(7), 

our results also show that KTRs had enhanced NP and spike-specific T cell response 

after the second dose of inactivated vaccine. This enhanced NP and spike-specific T 

cell immunity response could potentially provide synergistic antiviral effects and 

prevent severe COVID-19 following SARS-CoV-2 infection.(17, 18) A recent study has 

demonstrated that replication-deficient adenoviral vector vaccines ChAdOx1 could be 

more effective in inducing T cell response as compared with mRNA vaccines.(19) Thus, 

a third dose with an adenoviral vector vaccine might be a better strategy for improving 

T cell immunity response.(6, 14) 

In our study we found that specific T cell immunity response to SARS-CoV-2 

inactivated vaccine in KTRs was negatively associated with blood unconjugated 

bilirubin, which is a test for hepatic function.(20) Apart from indicating liver 

dysfunction, unconjugated bilirubin in physiological ranges can function as an 



immunosuppressant, by impairment of antigen presentation in macrophages and 

inhibition of CD4+ T cell responses, especially Th1 response (IL-2 and IFN-γ). These 

mechanisms may explain the lower protective T cell immunity response to SARS-CoV-

2 in KTRs following vaccination in those with elevated unconjugated bilirubin.(21-23) 

As shown in previous studies, we also found that the T cell immunity response in KTRs 

after two doses of inactivated vaccine was negatively related to the blood tacrolimus 

concentration though this was not statistically significant.(19) It should be noted that the 

majority of our patients were treated with mycophenolate mofetil (MMF), which may 

have contributed to impaired humoral response following vaccination.(24) Whether the 

low humoral immunity is related to the dysregulation of the T cell response by MMF 

needs to be further investigated.  

In summary, this study demonstrates that SARS-CoV-2 specific cellular immunity 

response could be effectively induced in some KTRs after administration of two doses 

of inactivated vaccine. Blood unconjugated bilirubin levels were negatively associated 

with SARS-CoV-2 specific cellular immunity response in KTRs. Further prospective 

studies with an adequate sample size are needed to determine the role of unconjugated 

bilirubin levels in predicting the cellular response to inactivated vaccines in KTRs. 
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Tables  

Table1. Patient’s characteristics 

 HPs without 

vaccination# 

(n=38) 

HPs with 

vaccination* 

(n=52) 

KTRs without 

vaccination# 

(n=30) 

KTRs with 

vaccination* 

(n=43) 

p-value 

Age (Mean yr ±SD) 44.45±10.63 44.00±10.16 44.57±11.37 42.56±9.70 0.815 

Female/Male (%) 21(55.3)/17(44.7) 29(55.8)/23(44.2) 8(26.7)/22(73.3) 8(18.6)/35(81.4) < 0.0001 

Time since kidney transplant 

(months)  

  27.37±21.17 68.24±51.41 0.002 

Type of graft      

Kidney transplant (%)   27(90.0) 40(93.0) 0.483 

Simultaneous pancreas-kidney 

transplant (%) 

  3(10.0) 2(4.7) 

Simultaneous liver-kidney 

transplant (%) 

  0(0.0) 1(2.3) 

Induction agent used       

ATG (%)   18(60.0) 30(69.8) 0.360 

Basiliximab+ ATG (%)   10(33.3) 7(16.3) 

Rituximab+ATG (%)   1(3.3) 3(7.0) 

Basiliximab (%)   1(3.3) 1(2.3) 

Cyclophosphamide (%)   0(0.0) 2(4.7) 

Immunosuppression       

Tacrolimus+MMF   29(96.7) 40(93.0) 0.686 

Tacrolimus+Mizoribine   1(3.3) 1(2.3) 

Tacrolimus+MMF+Rapamycin   0(0.0) 1(2.3)  

cyclosporine A+MMF   0(0.0) 1(2.3)  

KTRs: kidney transplants recipients, HPs: healthy participants, * kidney transplants recipients and healthy participants with 

administration of inactivated vaccine; #kidney transplants recipients and healthy participants without vaccination of SARS-CoV-2 

inactivated vaccine; MMF: mycophenolate mofetil; ATG: anti-thymocyte globulin. 

 

 

 

 

 

 

 

 

 



Table2. The adverse effects of kidney transplants recipients and healthy participants 

after first and second dose of inactivated vaccine. 
 HPs (n=52) KTRs (n=43) p-value 

Inactivated Vaccine brand of the first dose    

Sinopharm BIBP (%) 21 (40.4) 16 (37.2) 0.752 

CoronaVac (%) 31 (59.6) 27 (62.8)  

Inactivated Vaccine brand of the second dose*    

Sinopharm BIBP (%) 5(9.6) 16(37.2) 0.001 

CoronaVac (%) 47(90.4) 27(62.8)  

Time interval between first dose and second dose (day)*  

26.69±9.02 

 

26.56±8.15 

 

0.940 

Adverse effects after first dose    

No abnormalities (%) 32(61.5) 27(62.8) 0.844 

Pain at injection site (%) 11(21.1) 11(25.6) 

Fatigue (%) 7(13.5) 4(9.3) 

Dizzy (%) 1(1.9) 1(2.3) 

Allergy (%) 1(1.9) 0(0.0) 

Adverse effects after second dose*    

No abnormalities (%) 37(71.2) 28(67.4) 0.569 

Pain at injection site (%) 10(19.2) 7(16.3) 

Fatigue (%) 4(7.7) 5(11.6) 

Dizziness (%) 0(0.0) 1(2.3) 

Diarrhea (%) 0(0.0) 1(2.3) 

Runny nose (%) 1(1.9) 0(0.0) 

KTRs: kidney transplants recipients, HPs: healthy participants. 
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Table3. The spike or nucleocapsid protein specific IgG antibody positive rate in kidney 

transplants recipients and healthy participants after second dose of inactivated vaccine. 
 KTRs HCs p-value 

21±4 days after 2nd dose (n=40) (n=48)  

Anti-S1 IgG antibody positive (%) 3(7.5) 37(77.1) < 0.0001 

Anti-RBD IgG antibody positive (%) 2(5.0) 32(66.7) < 0.0001 

Neutralizing antibody positive (%) 2(5.0) 45(93.8) < 0.0001 

Anti-NP IgG antibody positive (%) 1(2.5) 26(54.2) < 0.0001 

40±9days after 2nd dose (n=20) (n=27)  

Anti-S1 IgG antibody positive (%) 1(5.0) 14(51.9) 0.001 

Anti-RBD IgG antibody positive (%) 1(5.0) 12(44.4) 0.003 

Neutralizing antibody positive (%) 2(10.0) 24(88.9) < 0.0001 

Anti-NP IgG antibody positive (%) 0(0.0) 11(40.7) 0.001 

KTRs: kidney transplants recipients, HPs: healthy participants, S1: The S1 domain of the spike protein. RBD: receptor binding 

domain, NP: nucleocapsid protein 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table4. The spike or nucleocapsid protein specific T cell positive rate in kidney 

transplants recipients and healthy participants after second dose of inactivated vaccine. 
 KTRs HPs p-value 

21±4 days after 2nd dose (n=40) (n=48)  

Spike specific T cell positive (%) 11(25.6) 26(54.2) 0.012 

NP specific T cell positive (%) 14(33.3) 28(58.3) 0.029 

Spike and NP specific T cell positive (%) 13(32.5) 31(64.6) 0.003 

40±9days after 2nd dose (n=20) (n=27)  

Spike specific T cell positive (%) 8(40.0) 18(66.7) 0.069 

NP specific T cell positive (%) 7(35.0) 19(70.4) 0.016 

Spike and NP specific T cell positive (%) 8(40.0) 20(41.7) 0.019 

KTRs: kidney transplants recipients, HPs: healthy participants, S1: The S1 domain of the spike protein. RBD: receptor binding 

domain, NP: nucleocapsid protein 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table5. Comparative analysis of baseline characteristics of kidney transplant recipients 
with and without SARS-CoV-2 specific T cell immunity response after two doses of 
inactivated vaccine. 

 KTRs without SARS-CoV-2 

specific T cells immunity(n=26) 

KTRs with SARS-CoV-2 

specific T cells immunity(n=17) 

p-value 

Female sex 2(7.7) 6(35.3) 0.023 

Age(year) 44.5(15) 45.5(20) 0.517 

Body mass index 23.2(3.9) 21.6(4.45) 0.243 

White blood cell (×109) 6.51(2.8) 7.91(3.91) 0.501 

Lymphocyte(×109) 1.58(0.99) 1.98(0.91) 0.115 

Platelet (×109) 198(76) 195(97) 0.224 

Hemoglobin (g/L) 145(21) 139(32) 0.196 

Creatinine (umol/L) 115.3(26) 101.8(42) 0.168 

Alanine aminotransferase (U/L) 20.4(9) 16.25(15) 0.412 

Aspartate aminotransferase (U/L) 20.3(4.95) 20.1(4.75) 0.827 

Total bilirubin (umol/L) 15.0(9.60) 9.6(4.00) 0.017 

Ungonjugated bilirubin(umol/L) 11.9 (8.5) 7.8(3.68) 0.009 

Conjugated bilirubin(umol/L) 3.0(2.40) 2.20(1.33) 0.224 

Urine protein positive 5(19.2) 1(5.9) 0.217 

Urine red cells positive 8(30.8) 5(29.4) 0.925 

Blood tacrolimus concentration (ng/mL) 6.25(1.75) 5.25(1.02) 0.004 

Interval between vaccination and 

transplant(months) 

46.5(40) 70.5(70) 0.117 

Immunosuppression     

Tacrolimus +MMF+ Prednisone 24(92.4) 16(94.1) 0.414 

CsA+MMF+ Prednisone 1(3.8) 0(0)  

Tacrolimus+ Mizoribine+ Prednisone 0(0) 1(5.9)  

Tacrolimus+MMF+Rapa+ Prednisone 1(3.8) 0(0)  

Induction agent used     

ATG 16(61.5) 14(82.4) 0.193 

Basiliximab+ATG 6(23) 1(5.9)  

Rituximab+ATG 3(11.5) 0(0)  

Basiliximab 0(0) 1(5.9)  

CTX 1(3.8) 1(5.9)  

Type of graft    

Kidney transplant (%) 24(92.3) 16(94.1) 0.242 

Simultaneous pancreas-kidney transplant (%) 2(7.7) 0(0)  

Simultaneous liver-kidney transplant (%) 0(0) 1(5.9)  

Comorbidity    

 Coronary disease 

 

2(7.7) 0(0) 0.242 

Urinary infection  1(3.8) 1(5.9) 0.757 

Diabetes  3(11.5) 2(11.8) 0.982 

Results are expressed as median (interquartile range) and n (%). Continuous data were compared using the Mann–Whitney U-test, and 

categorical variables with the chi-square. KTRs: kidney transplant recipients; MMF: mycophenolate mofetil; ATG: anti-thymocyte 

http://www.baidu.com/link?url=V0qTK0M-JpHX0lKzffGRcMxv71EJzPSUKZkEUNKQMTnnZ5UiW194BuyXxgviH1hriCVnUx9L_vxVuhP0B9LAHNKJh4BvpLjClcRf3QpevOZwvUhDRVMu_8BOqE0fjVM3
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globulin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplemental table1. Comparison of humoral and cellular immunity response between 

female and male in healthy participants 21±4 days after second dose of inactivated 

vaccine.  

 Female Male p-value 

40±9 days after 2nd dose (n=27) (n=21)  

Anti-S1 IgG antibody positive/negative (%) 23(85.2) 14(66.7) 0.130 

Anti-RBD IgG antibody positive/negative (%) 21(77.8) 11(52.4) 0.064 

RBD-ACE2 blocking antibody positive (%) 27(100) 18(85.7) 0.043 

Anti-NP IgG antibody positive/negative (%) 14(51.9) 12(57.1) 0.715 

Spike specific T cell positive/negative (%) 18(66.7) 8(38.1) 0.049 

NP specific T cell positive/negative (%) 18(66.7) 10(47.6) 0.184 

S1: The S1 domain of the spike protein. RBD:receptor binding domain, ACE2: angiotensin-converting enzyme 2, NP: nucleocapsid 

protein 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplemental table2. Comparison of humoral and cellular immunity response of second 

dose with Coronavac and Sinopharm BIBP in healthy participants 21±4 days after first 

or second dose of inactivated vaccine. 
 

 Coronavac Sinopharm BIBP  p-value 

40±9days after 2nd dose (n=43) (n=5)  

Anti-S1 IgG antibody positive (%) 33(76.7) 4(80.0) 0.870 

Anti-RBD IgG antibody positive (%) 29(67.44) 3(60.0) 0.738 

RBD-ACE2 blocking antibody positive (%) 41(95.3) 4(80.0) 0.180 

Anti-NP IgG antibody positive (%) 21(48.8) 5(100.0) 0.030 

Spike specific T cell positive (%) 22(51.1) 4(80.0) 0.221 

NP specific T cell positive (%) 24(55.8) 4 (80.0) 0.299 

S1: The S1 domain of the spike protein. RBD:receptor binding domain, ACE2: angiotensin-converting enzyme 2, NP: nucleocapsid 

protein 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure legends 

 

Figure1. Anti-SARS-CoV-2 antibodies in kidney transplant recipients (KTR) and healthy participants (HPs) at 21±4 

days (KTRs1 and HPs1) and 40±9 days (KTRs2 and HPs2) after the second dose of SARS-CoV-2 inactivated vaccine 

compared with KTRs or HPs without vaccination (KTRs0 and HPs0). (A) The optical density of anti-S1 IgG 

antibody in KTRs and HPs without vaccination and in 21±4 days and 40±9 days after the second dose of SARS-

CoV-2 inactivated vaccine. (B) The optical density of anti-receptor binding domain (RBD) IgG antibody in KTRs 

and HPs without vaccination and in 21±4 days and 40±9 days after the second dose of SARS-CoV-2 inactivated 

vaccine. (C) The RBD-Angiotensin I Converting Enzyme 2 (ACE2) interaction blocking antibody in KTRs and HPs 

without vaccination and in 21±4 days and 40±9 days after the second dose of SARS-CoV-2 inactivated vaccine. (D) 

The optical density of anti-receptor binding domain (RBD) IgG antibody in KTRs and HPs without vaccination and 

in 21±4 days and 40±9 days after the second dose of SARS-CoV-2 inactivated vaccine. The horizontal dotted line 

indicates the cut-off value for positivity. The cut-off value was calculated using mean + 3 standard deviation (SD) 

optical density of plasma samples from HPs and KTRs without vaccination.  

 

Figure2. T cell responses to pooled peptides from SARS-CoV-2 spike and nucleocapsid protein (NP) in kidney 

transplant recipients (KTR) and healthy participants (HPs) at 21±4 days (KTRs1 and HPs1) and 40±9 days  (KTRs2 

and HPs2) after the second dose of SARS-CoV-2 inactivated vaccine compared with KTRs or HPs without 

vaccination (KTRs0 and HPs0). (A) T cell responses targeted against SARS-CoV-2 spike in KTRs and HPs without 

vaccination, or at 21±4 days and 40±9 days after the second dose of inactivated vaccine. (B) The kinetic of spike 

specific T cells frequency in paired samples from KTRs and HPs at 21±4 days (KTRs1 and HPs1) and 40±9 days  

after the second dose of inactivated vaccine. (C) T cell responses targeted against SARS-CoV-2 NP in KTRs and 

HPs without vaccination or at 21±4 days and 40±9 days after the second dose of inactivated vaccine. (D) The kinetic 

of NP-specific T cell frequency in paired samples from KTRs and HPs at 21±4 days (KTRs1 and HPs1) and 40±9 

days after the second dose of inactivated vaccine. (E) T cell responses targeted against SARS-CoV-2 spike and NP 

in KTRs and HPs without vaccination or at 21±4 days and 40±9 days after the second dose of inactivated vaccine. 

(F) The kinetic of spike and NP- specific T cell frequency in paired samples from KTRs and HPs at 21±4 days 

(KTRs1 and HPs1) and 40±9 days  after the second dose of inactivated vaccine. The dotted line represents the cut-

off value, which was calculated using mean ± 2 standard deviations (SD) spike or NP-specific T cell frequency of 

HPs and KTRs without vaccination and COVID-19 history. 



 

Figure S1. Correlation between T cell immunity response and anti-SARS-CoV-2 antibody level in healthy 

participants (HPs) and kidney transplant recipients (KTRs) 21±4 days after the second dose of inactivated vaccine. 

(A-D) The correlation between spike specific T cells frequency and anti-spike IgG (A), anti-receptor binding domain 

(RBD) IgG (B), RBD-Angiotensin I-converting enzyme 2 (ACE2) interaction blocking antibody (C), anti-

nucleocapsid protein (NP) IgG (D) in HPs after the second dose of inactivated vaccine. (E-H) The correlation 

between NP-specific T cells frequency and anti-spike IgG (E), anti-receptor binding domain (RBD) IgG (F), RBD-

Angiotensin I-converting enzyme 2 (ACE2) interaction-blocking antibody (G), anti-nucleocapsid protein (NP) IgG 

(H) in HPs after the second dose of inactivated vaccine. (I-L) The correlation between spike specific T cells 

frequency and anti-spike IgG (I), anti-receptor binding domain (RBD) IgG (J), RBD-Angiotensin I-converting 

enzyme 2 (ACE2) interaction blocking antibody (K), anti-nucleocapsid protein (NP) IgG (L) in KTRs after the 

second dose of inactivated vaccine. (M-P) The correlation between NP specific T cells frequency and anti-spike IgG 

(M), anti-receptor binding domain (RBD) IgG (N), RBD-Angiotensin I-converting enzyme 2 (ACE2) interaction-

blocking antibody (O), anti-nucleocapsid protein (NP) IgG (P) in KTRs after the second dose of inactivated vaccine. 

 



Figures

Figure 1

Anti-SARS-CoV-2 antibodies in kidney transplant recipients (KTR) and healthy participants (HPs) at 21±4
days (KTRs1 and HPs1) and 40±9 days (KTRs2 and HPs2) after the second dose of SARS-CoV-2
inactivated vaccine compared with KTRs or HPs without vaccination (KTRs0 and HPs0). (A) The optical
density of anti-S1 IgG antibody in KTRs and HPs without vaccination and in 21±4 days and 40±9 days
after the second dose of SARS-CoV-2 inactivated vaccine. (B) The optical density of anti-receptor binding
domain (RBD) IgG antibody in KTRs and HPs without vaccination and in 21±4 days and 40±9 days after
the second dose of SARS-CoV-2 inactivated vaccine. (C) The RBD-Angiotensin I Converting Enzyme 2
(ACE2) interaction blocking antibody in KTRs and HPs without vaccination and in 21±4 days and 40±9
days after the second dose of SARS-CoV-2 inactivated vaccine. (D) The optical density of anti-receptor
binding domain (RBD) IgG antibody in KTRs and HPs without vaccination and in 21±4 days and 40±9
days after the second dose of SARS-CoV-2 inactivated vaccine. The horizontal dotted line indicates the
cut-off value for positivity. The cut-off value was calculated using mean + 3 standard deviation (SD)
optical density of plasma samples from HPs and KTRs without vaccination.

Figure 2

T cell responses to pooled peptides from SARS-CoV-2 spike and nucleocapsid protein (NP) in kidney
transplant recipients (KTR) and healthy participants (HPs) at 21±4 days (KTRs1 and HPs1) and 40±9
days (KTRs2 and HPs2) after the second dose of SARS-CoV-2 inactivated vaccine compared with KTRs
or HPs without vaccination (KTRs0 and HPs0). (A) T cell responses targeted against SARS-CoV-2 spike in
KTRs and HPs without vaccination, or at 21±4 days and 40±9 days after the second dose of inactivated
vaccine. (B) The kinetic of spike speci�c T cells frequency in paired samples from KTRs and HPs at 21±4
days (KTRs1 and HPs1) and 40±9 days after the second dose of inactivated vaccine. (C) T cell responses
targeted against SARS-CoV-2 NP in KTRs and HPs without vaccination or at 21±4 days and 40±9 days
after the second dose of inactivated vaccine. (D) The kinetic of NP-speci�c T cell frequency in paired
samples from KTRs and HPs at 21±4 days (KTRs1 and HPs1) and 40±9 days after the second dose of
inactivated vaccine. (E) T cell responses targeted against SARS-CoV-2 spike and NP in KTRs and HPs
without vaccination or at 21±4 days and 40±9 days after the second dose of inactivated vaccine. (F) The
kinetic of spike and NP- speci�c T cell frequency in paired samples from KTRs and HPs at 21±4 days
(KTRs1 and HPs1) and 40±9 days after the second dose of inactivated vaccine. The dotted line
represents the cut-off value, which was calculated using mean ± 2 standard deviations (SD) spike or NP-
speci�c T cell frequency of HPs and KTRs without vaccination and COVID-19 history.
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