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Abstract

Background

Immunocompromised patients have lower seroconversion rate in response to
COVID-19 vaccination. The aim of this study is to evaluate the humoral immune
response with short-term clinical outcomes in solid organ transplant recipients vac-
cinated with SARS-CoV-2 vaccine (BBIBP-CorV; Sinopharm).
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Methods

This prospective cohort was conducted from March to December 2021 in Abu Ali
Sina hospital, Iran. All transplant recipients, older than 18 years were recruited. The
patients received two doses of Sinopharm vaccine 4 weeks apart. Immunogenicity
was evaluated through assessment of antibodies against the receptor-binding domain
(RBD) of SARS-CoV-2 after the first and second dose of vaccine. The patients were
followed up for 6 months after vaccination.
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Results

Out of 921 transplant patients, 115 (12.5%) and 239 (26%) had acceptable anti
S-RBD immunoglobulin G (IgG) levels after the first and second dose, respectively.
Eighty patients (8.68%) got infected with COVID-19 which led to 45 (4.9%) of
patients being hospitalized. None of the patients died during follow-up period.
Twenty-four (10.9%) liver transplant recipients developed liver enzyme elevation,
and increased serum creatinine was observed in 86 (13.5%) kidney transplant
patients. Two patients experienced biopsy-proven rejection without any graft loss.

Conclusion
Our study revealed that humoral response rate of solid organ transplant recipients to
Sinopharm vaccine was low.

Keywords Liver transplant - Kidney transplant - COVID-19 - Vaccination -
Humoral response - Sinopharm

1 Introduction

To date, coronavirus disease 2019 (COVID-19) is still considered as a serious global
health problem. By September 5, 2022, more than 604 million infected patients with
COVID-19 and 6,493,867 deaths have been identified based on World Health
Organization (WHO) statistics [1]. Some studies have reported the mortality rate of
COVID-19 in solid organ transplant (SOT) recipients to be approximately 20% [2,
3]. The most effective approach for COVID-19 prevention and reduction of its bur-
den on health systems is rapid and widespread vaccination. Currently, several differ-
ent vaccine platforms against severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2; the cause of COVID-19 disease) are available worldwide, some of
which are authorized for emergency use. Since SOT recipients have been excluded
from vaccine trials, there is insufficient information regarding safety and efficacy of
vaccination in this population [4]. SOT recipients receive immunosuppressive ther-
apy and are at risk for lower immunogenicity than the non-transplant population [5].
Most of studies in this context have focused on messenger ribonucleic acid (mRNA)-
based vaccines, which mainly indicate low immune responses of SOT recipients
against these types of vaccines [5, 6]. However, only eight studies thus far have
evaluated the immunogenicity of inactivated anti-SARS-CoV-2 vaccines in SOT
patients, and these have had mixed results [7—14].

Sinopharm COVID-19 vaccine or BBIBP-CorV is an inactivated vaccine pro-
duced by Beijing Bio-Institute of Biological Products (BBIBP) and authorized for
emergency use by the WHO. Its efficacy against symptomatic COVID-19 and hos-
pitalization rate has been reported to be 79%. According to the Strategic Advisory
Group of Experts on Immunization, the Sinopharm vaccine should be administered
over a two-dose schedule, given 3—4 weeks apart [15]. The trials have proved the
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efficacy of this vaccine. The most reported adverse reactions were injection site pain
and fever which were mild and safe limiting, with no serious adverse reactions [16,
17]. So far, only one large-scale study has been published on the use of this vaccine
in transplant recipients [8].

Here, we present an evaluation of the humoral response, clinical outcomes, and
adverse effects of this vaccine in a large population of SOT recipients.

2 Material and Methods

2.1 Study Design and Participants

This prospective observational cohort study was conducted from March to December
2021 on SOT patients whose date of surgery exceeded 6 months. The patients
received two doses of COVID-19 vaccine BIBP developed by China National
Biotec Group (CNBG), Sinopharm, 4 weeks apart in Shiraz Transplant Center, Abu
Ali Sina Hospital, Shiraz, Iran, as the largest SOT center in Asia. The study was
approved by the regional board of Shiraz University of Medical Sciences, Iran (#IR.
SUMS.REC.1400.447).

The inclusion criteria were as follows: age over 18 years; having been trans-
planted more than 6 months prior to recruitment; and eligibility to receive COVID-19
vaccination according to relevant guidelines [18]. Exclusion criteria were patients
with a laboratory-confirmed diagnosis of SARS-CoV-2 infection either by poly-
merase chain reaction (PCR) or serology; acute transplant rejection at the time of
vaccination; inability to complete study-related procedures; and pregnancy or
lactation.

2.2 Immunogenicity Assay

Blood samples were obtained from all participants before the first dose, 4 weeks
after the first dose and 4 weeks after the second dose. Samples were tested by
antibody-capture enzyme-linked immunosorbent assay (ELISA) [19] which detects
immunoglobulin G (IgG) and immunoglobulin M (IgM) antibodies against the
receptor-binding domain (RBD) of SARS-CoV-2 using commercial Kkits
(Chemobind®, Iran) and an ELISA reader (Awareness Technologies Stat Fax 2100
Microplate Reader; Westport, CT, USA). The commercial anti-RBD IgM kit used in
this study had 100% specificity (95% CI: 99.0-100) and 91.8% sensitivity (95% CI
94.9-99.9), while both specificity and sensitivity of the anti-RBD IgG kit were
100% (95% CI: 97.4-99.9). The levels of IgG and IgM antibodies were measured
according to the manufacturer’s instructions and ELISA index values above 1.1
were considered as a positive response.



19 Immunogenicity of Inactivated SARS-CoV-2 Vaccine 361
2.3 Patients Follow-Up

The demographic and clinical information of all patients was collected in a prede-
signed form. All patients were monitored daily during the first week after each vac-
cination dose and then monthly up to 6 months after second dose by trained
healthcare providers in Shiraz Transplant Center by telephone or in person. They
were evaluated for any sign of vaccine adverse reactions or contracting COVID-19
and its complications. The patients were visited face to face by the transplant team
and infectious disease specialist if needed.

2.4 Statistical Methods

In this study, continuous data were expressed as the mean + standard deviation (SD)
or median (IQR) and categorical data were given as frequency and percentage. In
order to compare the responder and non-responder groups, student’s t-test was used
for continuous data and categorical data were analyzed using Chi-squared or
Fisher’s exact test. Univariate and multiple logistic regression analyses were per-
formed to assess the potential predictors of non-responsiveness to the vaccination,
using variables which were significant at the level of 0.2 (P < 0.2) in univariate
analyses. Data were analyzed using the SPSS 16 package (SPSS Inc., Chicago,
IL, USA).

3 Results

3.1 Participant Characteristics

Out of 921 transplant recipients who had received two doses of vaccine, 35.9% were
females and 64.1% males (Table 19.1). The mean age of participants was
47.81 + 13.42 (18-80) years. Overall, 665 and 221 patients had received kidney or
liver transplants, respectively. The number of simultaneous pancreas kidney (SPK)
and heart transplant recipients were 28 and 7, respectively. The most common
comorbidities found were hypertension (44.4%), diabetes mellitus (28.2%), and
dyslipidemia (14.8%).

The major underlying causes leading to end-stage renal disease (ESRD) in kid-
ney transplant recipients were hypertension (54.5%), diabetes (24.8%), autosomal-
dominant polycystic kidney disease (ADPKD; 15.2%), and systemic lupus
erythematosus (SLE; 5.5%). The most important indications for liver transplanta-
tion were cryptogenic (23.2%), primary sclerosing cholangitis (PSC; 20.8%), hepa-
titis B (17.4%), Wilson disease (6.8%), and autoimmune hepatitis [20] (16.4%).
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Table 19.1 The solid organ transplant recipient demographic data of those who received first and
second dose of Sinopharm COVID-19 vaccine (N = 921)

Non

Responder responder
Variables N =239 N =682 Total p-value
Age, n (%)
<30 years old 74 (10.9%) |20 (8.4%) 94 (10.3%) |0.44
30-50 years old 298 (44%) 102 (42.9%) | 400 (43.7%)
>50 years old 306 (45.1%) | 116 (48.7%) | 422 (46.1%)
Sex, n (%) 0.86
Male 152 (63.6%) | 438 (64.2%) | 590 (64.1%)
Female 87 (36.4%) |244 (35.8%) |331(35.9%)
Comorbid disease, n (%)
Diabetes mellitus 69(28.9%) 191(28%) 260 (28.2%) |0.79
Hypertension 117 (49%) 292 (42.8%) | 409 (44.4%) |0.13
Dyslipidemia 43 (18%) 93 (13.6%) 136 (14.8%) |0.19
Type of transplantation, n (%) 0.42
Liver 48 (20.1%) 173 (25.4%) | 221 (24.0%)
Kidney 182 (76.2%) | 483 (70.8%) | 665 (72.2%)
Simultaneous pancreas-kidney 7 (2.9%) 21 (3.1%) 28 (3%)
Heart 2 (0.8%) 5(0.7%) 7(0.8%)
Type of donor, n (%) 0.09
Living 50 (21.4%) |93 (14.5%) 143 (16.3%)
Deceased donor 184 (78.6%) | 549 (85.5%) | 733 (83.7%)
Time passed from transplantation, n (%) 0.07
6 months—1 year 8 (3.4%) 50 (7.4%) 58 (6.4%)
1-3 years 48 (20.3%) 144 (21.4%) | 192 (21.1%)
More than 3 years 180 (76.3%) | 479 (71.2%) | 659 (72.5%)
Immunosuppressive medications, n (%)
Anti-metabolites 225 (94.5%) | 640 (93.8%) | 865 (94%) 0.69
Calcineurin inhibitors 201 (84.8%) |593 (87%) 794 (86.4%) |0.40
Corticosteroids 182 (76.5%) 493 (72.3%) | 675 (73.4%) |0.27
Mammalian target of rapamycin 30 (12.6%) 79 (11.6%) 109 (11.8%) |0.67
inhibitors
Tacrolimus level, ng/ml, mean + SD 5.96 +2.21 6.16 = 3.86 6.14 +3.55 0.58
Everolimus level, ng/ml, mean + SD 5.88 +£1.83 548 +3.2 5.57+2.89 0.79
Alanine transaminase, U/L, mean + SD | 37.10 = 15.00 | 39.92 + 17.23 |1 39.18 + 16.71 | 0.42
Aspartate aminotransferase, U/L, 41.00 = 14.02 1 45.61 = 12.00 | 44.41 +12.700.38
mean + SD
Serum creatinine, mg/dL, mean + SD 2.76 = 1.90 2.97 £ 1.00 2.81+1.71 0.61
Glomerular filtration rate, mL/ 81.20 +£22.18 | 73.98 £ 25.00 | 79.32 + 23.14 | 0.93

min/1.73 m2, mean + SD

(continued)
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Table 19.1 (continued)
Non
Responder responder

Variables N =239 N =682 Total p-value
Underlying liver disease, n (%) 0.87
Primary sclerosing cholangitis 12 (25.5%) 31 (19.4%) 43 (20.8%)

Wilson disease 1(2.1%) 13 (8.1%) 14 (6.8%)

Hepatitis B 9 (19.1%) 27 (16.9%) 36 (17.4%)
Cryptogenic 12 (25.5%) 36 (22.5%) 48 (23.2%)
Non-alcoholic steatohepatitis 4 (8.5%) 15 (9.4%) 19 (9.2%)
Autoimmune hepatitis 7 (14.9%) 27 (16.9%) 34 (16.4%)
Budd—Chiari syndrome 1(2.1%) 7 (4.4%) 8 (3.9%)

Alcoholic 1(2.1%) 4 (2.5%) 5(2.4%)
Underlying kidney disease, n (%) 0.11
Diabetes mellitus 21 (21.2%) |64 (26.2%) 85 (24.8%)
Hypertension 53 (53.5%) 134 (54.9%) | 187 (54.45%)
Autosomal-dominant polycystic kidney | 15 (15.2%) 37 (15.2%) 52 (15.2%)

disease

Systemic lupus erythematosus 10 (10.1%) 9 (3.7%) 19 (5.5%)

History of rejection 1 year before 0.34
transplantation, n (%)

Yes 16 (6.7%) 60 (8.8%) 76 (8.3%)

No 223 (93.3%) | 621 (91.2%) | 844 (91.7%)
History of re-transplantation, n (%) 0.51
Yes 10 (4.2%) 36 (5.3%) 46 (5%)

No 228 (95.8%) | 644 (94.7%) | 872 (95%)

History of positive COVID-19 PCR 0.33
before vaccination, n (%)

Yes 28 (11.7%) |65 (9.5%) 93 (10.1%)

No 211 (88.3%) | 617 (90.5%) | 828 (89.9%)

Time of COVID-19 with positive PCR 0.09
before vaccination, n (%)

1-3 months ago 2 (7.1%) 15 (23.1%) 17 (18.3%)

3-6 months ago 10 (35.7%) |26 (40%) 36 (38.7%)

6—12 months ago 16 (57.1%) 24 (36.9%) 40 (43%)

History of negative PCR but 0.15
symptomatic COVID-19, n (%)

Yes 24 (10%) 49 (7.2%) 73 (7.9%)

No 215 (90%) 633 (92.8%) | 848 (92.1%)

Time of symptomatic COVID-19 with 0.07
negative PCR, n (%)

1-3 months ago 2 (9.5%) 9 (20.9%) 11 (17.2%)

3-6 months ago 6 (28.6%) 20 (46.5%) 26 (40.6%)

6-12 months ago 13 (61.9%) 14 (32.6%) 27 (42.2%)

(continued)
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Non

Responder responder
Variables N =239 N =682 Total p-value
History of admission due to COVID-19 0.10
before vaccination, n (%)
Yes 16 (6.7%) 28 (4.1%) 44 (4.8%)
No 233(93.3%) | 654 (95.9%) | 877 (95.2%)
Time of admission due to COVID-19 0.94
before vaccination, n (%)
1-3 months ago 2 (15.4%) 5(19.2%) 7 (17.9%)
3-6 months ago 4 (30.8%) 10 (38.5%) 14 (35.9%)
More than 6 months ago 7 (53.8%) 11 (42.3%) 18 (46.2%)

Among participants, 72.5% had undergone transplantation more than 3 years previ-
ously and 6.4% had received transplants 6—12 months prior to study enrollment.

In total, 60.8% of patients were taking calcineurin inhibitors (CNIs), corticoste-
roids, and antimetabolites at the time of the first and second doses of the vaccine.
Also, 3.8% and 17.9% of patients were receiving a combination of mTOR inhibi-
tors, corticosteroids and antimetabolites, and CNIs combined with antimetabolites,
respectively.

3.2 SARS-CoV-2 Vaccination Immunogenicity

The median (IQR) plasma level of anti S-RBD IgM and IgG before vaccination was
0.08 [0.06, 0.15] and 0.31 [0.13, 0.57], respectively. Out of the 921 SOT recipients,
115 (12.5%) and 239 (26%) patients had acceptable anti S-RBD IgG levels (>1.1)
4 weeks after the first and second dose, respectively. After omitting cases who had
shown a positive PCR test for COVID-19 within 6 months prior to vaccination, 104
(12.6%) and 211 (25.5%) patients had acceptable anti RBD levels 4 weeks after the
first and second dose.

3.3 Clinical Outcomes 6 Months Post-Vaccination

A total of 80 patients (8.68%) got infected with COVID-19 after vaccination, eight
(0.9%) of those who were infected between the first and second (8.08 + 2.21 days)
dose and 72 (7.8%) were infected 133.90 + 54.94 days after the second dose. Also,
among the COVID-19 infected patients (n = 80), 13 and 24 had acceptable anti-
RBD IgG levels between the first and second dose and after the second dose, respec-
tively. Forty-five (4.9%) patients were admitted to hospital due to COVID-19 after
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Table 19.2 Univariate and multivariate analysis regarding qualitative and quantitative variables
between seroconversion and non-seroconversion to Sinopharm COVID vaccine

Univariate analysis

Multivariate analysis

Variables OR (CI) P-value | OR (CI) P-Value

Age

<30 years old 1.4 (0.81,2.4) 10.20 0.82(0.23,2.94) | 0.77

30-50 years old 1.1(0.81,1.5) 1 0.51 0.76 (0.44,1.3) 0.32

>50 years old Ref -

Sex

Male 1.02(0.75,1.39) | 0.86

Female Ref. -

Type of transplantation

Liver 1.24(0.54,2.84) 1 0.59

Kidney 0.91(0.42,1.99) 1 0.83

Others Ref. -

Comorbid disease

Diabetes mellitus 0.95(0.69,1.32) | 0.79

Hypertension 0.78(0.58,1.04) | 0.14 0.63 (0.35,1.16) |  0.14

Dyslipidemia 0.72(0.48,1.06) | 0.17 0.83 (0.46,1.16) | 0.52

Time passed from transplantation

6 months—1 year 2.34(1.09,5.05) | 0.02 5.75(1.29, 0.02
25.48)

1-3 years 1.12(0.78,1.63) | 0.52 1.22(0.67,2.21) 0.51

More than 3 years Ref. Ref.

Immunosuppressive medications

Anti-metabolites 0.88(0.46,1.67) | 0.69

Calcineurin inhibitors 1.19(0.78,1.81) | 0.49

Corticosteroids 0.8(0.56,1.13) 0.20 0.69(0.33,1.42) 0.32

Mammalian target of rapamycin inhibitors | 0.9(0.58,1.42) | 0.67

Tacrolimus level 1.01(0.95,1.08) | 0.58

Certicane level 0.95(0.67,1.34) | 0.78

Underlying liver disease

Primary sclerosing cholangitis / 0.71(0.31,1.62) | 0.42

Autoimmune hepatitis

Cryptogenic/Non-alcoholic steatohepatitis | 0.75(0.32,1.74) | 0.51

Others (Wilson/Budd—Chiari/Alcoholic) | Ref. -

Underlying kidney disease

Diabetes mellitus 1.65(0.82,3.31) | 0.15 1.65 (0.78,3.5) 0.18

Hypertension 1.37(0.76,2.45) 1 0.28 1.62 (0.83,3.12) | 0.15

Others (Autosomal-dominant polycystic
kidney disease, Systemic lupus
erythematosus)

Ref.

Ref.

(continued)
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Table 19.2 (continued)

Univariate analysis Multivariate analysis

Variables OR (CI) P-value | OR (CI) P-Value

History of rejection 1 year before

transplantation

Yes 1.34(0.76,2.38) | 0.35

No Ref. -

History of positive PCR before

vaccination

Yes 0.79(0.49,1.27) 1 0.33

No Ref. -

History of negative PCR but symptomatic

COVID-19

Yes 0.69(0.41,1.15) | 0.16 1.04 (0.37, 0.93

2.87)

No Ref. - Ref.

History of admission due to COVID-19

before vaccination

Yes 0.59 0.11 0.71 (0.23,2.13) |  0.54
(0.31,1.12)

No Ref. - Ref.

receiving the second dose of vaccine. None of the patients died during the 6-month
follow-up period.

The univariate analyses showed that hypertension, dyslipidemia, the time from
transplantation, receiving corticosteroid, underlying kidney diseases, history of
symptomatic COVID-19 with negative PCR, and history of hospital admission
before vaccination due to COVID-19 were considered as risk factors for non-
responsiveness to the vaccination (Table 19.2). However, the multivariate analysis
demonstrated that time from transplantation was the only significant risk factor for
non-responsiveness (OR = 5.75, 95% CI = 1.29-25.48; p = 0.02). This showed that
the odds of non-responsiveness to the vaccination in patients who had undergone
transplantation 6-12 months before vaccination compared to people who were
transplanted >3 years before vaccination was 5.75.

3.4 Adverse Events

Figure 19.1 shows the rate of adverse events (AEs) after the first and second dose of
the vaccine. Fatigue, injection site pain, and fever were the most frequent AEs found
in patients. Five and three patients visited the hospital emergency room due to AEs
(allergic reactions, hypotension, and severe headache) after the first and second
dose of vaccine, respectively.
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Fig. 19.1 Adverse events following first and second dose of Sinopharm COVID-19 vaccine
among solid organ transplant recipients (N = 921)

Among the liver transplant recipients (n = 221), 24 (10.9%) developed liver
enzyme elevation (17 cases after first dose and 7 patients after second dose). Also,
elevated serum creatinine was observed in 86 (13.5%) (44 cases after the first and
42 after the second dose) of the kidney transplant recipients. In all of these patients,
other reasons for serum creatinine or liver enzymes elevation were evaluated and
ruled out. Two liver transplant recipients who experienced liver enzyme elevation
(more than fivefold over the upper limit of normal) needed hospital admission and
received corticosteroids. However, none of the above kidney transplant recipients
needed hospitalization, hemodialysis, or continuous renal replacement ther-
apy (CRRT).

Among the vaccine recipients, two patients developed antibody-mediated rejec-
tion confirmed by biopsy, one of whom was a kidney transplant recipient (8 days
post-second dose) and the other patient had received a liver transplant (11 days after
the second dose). Both of these patients were admitted, evaluated regarding the
cause of rejection and received methylprednisolone. Biopsies after treatment in both
patients showed normal histopathology, neither of them experienced graft loss and
both were discharged 12 and 9 days after admission.

4 Discussion

Immunosuppressed patients, including SOT recipients, have a weaker humoral and
cellular immune response compared to normal population regarding vaccination. In
this study, the humoral response rate to Sinopharm COVID-19 vaccine and short-
time clinical outcomes were evaluated. Nearly 13% and 25.5% of patients had
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acceptable anti-spike protein RBD IgG levels after the first and second dose of vac-
cine, respectively. The trials on Sinopharm vaccine immunogenicity in the general
population demonstrated a seroconversion rate after receiving two doses of vaccine
to be more than 90% [21, 22]. In the case of SOT recipients, a number of vaccine
types have been tested. Boyarsky et al. evaluated the immunogenicity of the SARS-
CoV-2 mRNA vaccines in SOT recipients and observed that only 15% and 54% of
patients had acceptable antibody level after the first and second dose, respectively
[23]. Also, it has been reported that the antibody response to the Janssen viral
vector-based COVID-19 vaccine was 16% [5]. Another study showed that 24% and
34.8% of heart transplant patients vaccinated with ChAdOx1 (AZD1222), another
viral vector vaccine, developed a detectable antibody response after the first and
second dose [24]. In one study on kidney transplant recipients vaccinated with inac-
tivated Sinopharm-CoronaVac vaccine (BBIBP-CorV), it was demonstrated that
only 9% of the transplant recipients had an acceptable antibody level, while the
antibody level was acceptable in 100% of participants in the control group [25].
These differences in seroconversion rates across the various vaccine types may have
been caused by the type of vaccine platform, number of participants, and factors
affecting seroconversion in transplant recipients, such as type of immunosuppres-
sive regimens, time passed since transplantation, and underlying diseases. However,
the lower rates of seroconversion in transplant recipients compared to the normal
population have been a common finding across these studies.

The univariate analysis revealed that age, diabetes, hypertension, a recent trans-
plant operation, history of hospitalization due to COVID-19 before vaccination, and
kidney transplantation secondary to diabetes or hypertension were risk factors for
low immunogenicity response. However, logistic regression demonstrated that the
only significant predictor of low immunogenicity response was vaccination within
6 months to 1 year following transplantation. Advanced age is one of the well-
established risk factors for lower antibody titers in transplant and non-transplant
patients receiving influenza, hepatitis B, and pneumococcal vaccines [26]. Also,
many studies have identified advanced age as one of the strongest risk factors for a
weak response to COVID-19 vaccines [27-30]. Diabetes and hypertension were
among risk factors for poor response to vaccination in our patients, especially
among kidney transplant recipients. Such metabolic disorders are common among
SOT patients, mainly due to treatment with immunosuppressants such as CNIs and
corticosteroids. For example, Mazzola et al. found that diabetes was a risk factor for
lack of response to vaccination among kidney transplant recipients [31], and similar
results were reported with seasonal influenza vaccination in diabetic patients in
some countries [32, 33]. It seems that low antibody response is secondary to
diabetes-induced immune dysfunction. Furthermore, two studies evaluating risk
factors for attenuated response to mRNA COVID-19 vaccines found that the pres-
ence of hypertension was for a contributor to poor seroconversion due to its negative
effect on immune function [34, 35].

Transplant recipients who have recently undergone transplantation are expected
to have lower seroconversion rate to COVID-19 vaccination due to their need for
treatment with higher doses of immunosuppressive medications, particularly
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antimetabolites [30, 36, 37]. Marta et al. found that the unfavorable effect of myco-
phenolate mofetil (MMF) on seroconversion was dose-dependent and MMF dose
modification prior to vaccination can improve the immune system response to
COVID-19 vaccination [38]. Also, our study revealed that receiving corticosteroids
can have a negative effect on seroconversion. The COViINEPH Project, which evalu-
ated different aspects of COVID-19 infection in nephrology including effective fac-
tors on humoral immune response to COVID-19 vaccination, found that
seroconversion rate was 66.7% in patients who did not receive corticosteroids in
their maintenance immunosuppressive regimen [37]. Also, a similar result was
observed in immunocompromised hematologic cancer patients receiving predniso-
lone [39]. Although some studies have demonstrated that COVID-19 infection prior
to vaccination leads to increased immunogenicity of COVID-19 vaccines in trans-
plant and non-transplant patients [31, 40], this association was not observed in our
study. Moreover, our results showed that transplant patients with a history of
COVID-19 and COVID-19-related hospitalization had a lower response rate to vac-
cination. It is possible that a high percentage of patients with prior COVID-19 infec-
tions in our study became infected or were hospitalized due to COVID-19 more than
6 months prior to vaccination. Previous studies have shown that IgG levels against
the SARS-CoV-2 spike protein decrease with time [41, 42]. In addition, Yalcin et al.
demonstrated that the patients who had been infected more than 6 months prior to
COVID-19 vaccination had the lowest antibody titers and antibody responses were
highest in patients who had been infected 3—6 months before vaccination [40].
Another possible explanation involves the potential negative effect of corticoste-
roids on response to vaccination [43]. Administration of high doses of corticoste-
roids to our transplant recipients suffering from moderate to severe COVID-19
infection could possibly have caused low response rates to vaccination in spite of
prior COVID-19 infection [44].

Our results showed that nearly 1% of patients became infected with COVID-19
after their first vaccination and just under 8% were infected within 3 months after
receiving the second dose. Among the infected patients, only 5% were hospitalized
due to COVID-19 during the time period of 6 months after vaccination and no
COVID-19-related mortality occurred. Previous studies revealed that getting
COVID-19 is possible after vaccination in transplant recipients due to their lower
rates of seroconversion [31, 45]. A multicenter study showed that COVID-19 related
hospitalization, critical COVID-19, and subsequent mortality were more prevalent
in transplant recipients compared to normal population groups (7% vs. 2%), which
indicates the importance of the third dose of vaccine in transplant recipients [46]. In
support of this, a recently published meta-analysis found that transplant recipients
who were seronegative after two doses of COVID-19 vaccines turned seropositive
after receiving the third dose [47].

Our findings are in line with other studies which showed that fatigue, injection
site pain, and fever were the most frequent AEs of Sinopharm vaccination [16, 48].
In our study, liver enzyme elevation occurred in 11% of patients, two of them
required medical intervention. Similar findings and new onset or activation of auto-
immune hepatitis have also been reported following administration of mRNA
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(Pfizer-BioNTech; Moderna Biotech) and viral vector-based (OxfordAstraZeneca)
vaccines [49-51]. Hepatic artery thromboembolism has also been reported which
resulted in death in some cases [52]. A rise in serum creatinine in kidney transplant
patients following vaccination has been observed in our research and in other stud-
ies [53, 54]. Also, some investigations have reported cases of acute kidney injury
and minimal change disease following COVID-19 vaccination [55]. A possible
explanation of this is that interferon-y (INF-y), tumor necrosis factor-a (TNF-a),
and interleukin-2 (IL-2) produced as a result of T-cell responses to foreign mRNA
could lead to podocytopathies and B-cell production of disease-specific antibodies
in susceptible patients and to aggravation of subclinical or quiescent glomerular
diseases. Also, SARS-CoV-2 infection itself can cause activation of diverse autoim-
mune and alloimmune renal diseases by a similar pathogenesis [56].

Two of the participants in our study experienced organ rejection after the second
dose of vaccine. However, those grafts were recovered after administration of
methyl prednisolone to both patients. Some studies have reported organ rejection
after receiving COVID-19 vaccines although rejection prognoses were generally
good [57-59]. However, one case of steroid-resistant acute cellular rejection was
reported in a liver transplant recipient vaccinated with a COVID-19 mRNA vaccine
[60]. Although the possibility of rejection following vaccination exists in SOT
recipients, the association with vaccination has not been proved in large studies or
trials. Some studies have mentioned that nonspecific immune activation (adjuvant
effect) or induction of cross-reactive immunity coincident with vaccinations is
responsible for cellular or humoral antidonor alloresponses and consequently rejec-
tion [61, 62]. Although the majority of organ rejections after vaccination have
occurred following administration of mRNA vaccines, it cannot be concluded that a
definite correlation exists between vaccine platform and organ rejection. This find-
ing may be a result of higher percentage of SOT recipients vaccinated with mRNA
vaccines.

4.1 Limitations

Although our study is one of the largest studies conducted on inactivated COVID-19
vaccination in SOT recipients, it should be interpreted cautiously due to some limi-
tations. First, only the inactivated Sinopharm BBIBP-CorV vaccine was investi-
gated. This obviated comparisons of the results with other vaccines. Second, no
control group was included in this study and, therefore, a comparison between
transplant and non-transplant patients was not possible. Furthermore, due to the
6-month follow-up period, data regarding a third vaccine dose was not available.
Finally, this study focused on humoral immune response, while evaluation of cel-
lular immune responses can provide more comprehensive information regarding
vaccination efficacy.
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4.2 Conclusion

The results of our study are consistent with those of previous investigations which
showed that the humoral response rate to the Sinopharm vaccine was low in SOT
recipients. The short time interval between transplantation and vaccination may
cause low seroconversion rates in SOT recipients, due to the high dosages of immu-
nosuppressive medications used during this period. It is recommended that a third
dose of a different vaccine type or use of adjuvants may be employed in SOT recipi-
ents who have been previously vaccinated with two doses of inactivated vaccine.
For example, a third vaccine dose using one of the new bivalent versions of the spike
protein mRNA vaccines from Pfizer/BioNTech and Moderna Biotech [63] to giver
better protection against the SARS-CoV-2 Omicron sub-variants.
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