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Introduction

In Colombia, the Omicron variant of severe acute respiratory 
infection syndrome coronavirus 2 (SARS-CoV-2) was docu-
mented for the first time in the first week of December 2021. 
By this time, the vast majority of the population, especially 
this cohort of patients, was vaccinated with a two-dose vac-
cination schedule under different platforms.
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Abstract
Introduction: The response to vaccination against the virus that causes severe acute respiratory infection syndrome 
coronavirus 2 is lower in renal transplant recipients than in the general population. The data obtained from Latin America 
showed reduced immunogenicity under inactivated virus vaccination schedules and messenger ribonucleic acid platforms.
Methods: A retrospective cohort study including renal transplant recipients from Colombia with a two-dose vaccination 
schedule against severe acute respiratory infection syndrome coronavirus 2 with Pfizer, AstraZeneca, Moderna, Jansen, 
and Sinovac vaccines between March 1, 2021 and December 1, 2021, was carried out with a follow-up period to evaluate 
outcomes until May 2022. The outcomes correspond to the titers of immunoglobulin G antibodies against the receptor 
binding domain of the severe acute respiratory infection syndrome coronavirus 2 spike and a composite outcome of mortality, 
general, and intensive care unit hospitalization.
Results: In total, 215 renal transplant recipients with two doses of vaccination for severe acute respiratory infection 
syndrome coronavirus 2 during the predominance of the Omicron variant in Colombia were included, with the measurement 
of immunoglobulin G antibody titers against the receptor binding domain of the severe acute respiratory infection syndrome 
coronavirus 2 spike at 8 weeks of vaccination. The mean age was 52.1 years, and the standard deviation was ± 14.2; severe 
acute respiratory infection syndrome coronavirus 2 infection occurred in 20% of the population, of which 23.26% required 
hospitalization, 13.95% were under intensive care unit management, and four cases of mortality (9.3%) were reported. Of 
the total population, 52.5% had antibody titers higher than 0.8 IU/mL (median 0.77 IU/mL, interquartile range 0.4–131). 
Patients with severe acute respiratory infection syndrome coronavirus 2 infection had a median antibody titer of 0.4 IU/
mL (interquartile range 0.4–3.45), and those without infection had a median antibody titer of 1.8 IU/mL (interquartile range 
0.4–202) (p = 0.015).
Conclusion: Anti-severe acute respiratory infection syndrome coronavirus 2 antibody titers with a cutoff point less than 
0.8 IU/mL are associated with increased risk of severe acute respiratory infection syndrome coronavirus 2 infection.
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In Colombia, vaccines from three main platforms were 
used: CHADO X1-S/NCOV-19 from AstraZeneca, Ad26. S 
from Johnson & Johnson based on a viral vector platform; 
BNT162b2 from Pfizer-BioNTech, messenger ribonucleic 
acid (mRNA)-1273 from Moderna with a mRNA platform; 
and CoronaVac from Sinovac with an attenuated virus 
platform.

The immunogenicity of vaccines against viruses in solid 
organ transplant patients before the coronavirus pandemic 
had been mainly studied in the case of influenza where vac-
cination in renal transplant recipients is suboptimal, with 
antibodies developing at such low levels, reaching only 30% 
of those vaccinated1,2; an extra dose of vaccine is required to 
achieve protective antibody levels.3

Solid organ transplant recipients infected with SARS-
CoV-2 are at increased risk for severe disease manifesta-
tions, hospitalization, intensive care unit (ICU) admissions, 
and mortality.4 Up to 84% of patients with symptomatic 
infection in this group require hospitalization compared to 
45% of the general population.5,6 Not only do they have 
worse outcomes but the incidence of COVID-19 infection is 
two to five times higher than in the general population.6,7

In seven transplant centers in Bogota, Colombia, a 17% 
mortality of renal transplant recipients with SARS-CoV-2 
infection prior to the start of vaccination schedules was 
found.8

The different vaccination platforms generate a lower 
humoral response in solid organ transplant recipients in com-
parison with the general population1–4, which may be related 
to immunosuppression.9

Under a mRNA platform in general, a response close to 
50% has been found after two doses of vaccination10. Under 
platforms with viral vectors, specifically AstraZeneca, a 
response of 30%–45% has been found.11,12 A response of less 
than 30% has been found under platforms with inactivated 
viruses.13,14

Taking into account the above data, this study aims to 
evaluate the response of antibody titers after vaccination 
against SARS-CoV-2 measured in levels of anti-spike anti-
bodies and clinical outcomes during the predominance of the 
Omicron variant in Colombia in renal transplant patients 
who have received the two-dose vaccination scheme in a 
Bogotá transplant center.

Methods

A retrospective cohort study, including renal transplant 
recipients from the Clinica Universitaria Colombia 
Colsanitas with a two-dose vaccination schedule against 
SARS-CoV-2 with Pfizer, AstraZeneca, Moderna, Jansen, 
and Sinovac vaccines on March 1, 2021 and December 1, 
2021, was carried out with a follow-up period to evaluate 
outcomes until May 2022. The outcomes correspond to the 
titers of immunoglobulin G (IgG) antibodies against the 
receptor binding domain (RBD) of the SARS-CoV-2 spike 

in serum samples 8 weeks after receiving a vaccination 
schedule with at least two doses under the Elecsys platform 
(Roche, Indianapolis, IN, USA) with a cutoff point for posi-
tive response greater than 0.8 IU/mL and the relationship of 
titers with a composite clinical outcome given by infected 
patients, hospitalized patients requiring ICU admission, and 
death. The total number of renal transplant recipients who 
met the inclusion criteria was 215. Samples were collected 
from these recipients for measurement of antibody titers 
after receiving the second dose of vaccination, and all were 
included in the analysis. Patients living outside Bogota, 
those with limitations for central laboratory sample collec-
tion, and patients with active SARS-CoV-2 infection were 
excluded.

A descriptive analysis of the information was carried out, 
including the measures of central tendency and dispersion 
for quantitative variables; in the case of qualitative varia-
bles, frequency means, and percentage distribution, a 
descriptive analysis of the information was carried out, 
including the measures of central tendency and dispersion 
for quantitative variables; Qualitative variables, frequency 
means, and percentage distribution were calculated. 
Subsequently, a bivariate analysis was carried out using 
mean or median difference tests, such as Student’s t-test and 
Mann–Whitney U test, according to the normality distribu-
tion of each variable and in compliance with the respective 
assumptions of each test. In the case of categorical varia-
bles, χ2 and Fisher’s exact test were performed. All the tests 
performed showed a significance level of 0.05. The infor-
mation was analyzed in statistical software RStudio version 
4.2 and Jamovi version 2.2.5.

The research protocol was approved by the Clinica 
Universitaria Colombia Colsanitas on November 19, 2021, 
with approval number CEIFUS2259-21, and it complies 
with the international research standards. The authors con-
sidered that obtaining informed consent was not necessary 
for the type of study conducted, and the non-obtaining of 
consent was approved by the institutional ethics committee.

Results

In total, 215 renal transplant recipients received two doses 
of vaccination for SARS-CoV-2 with measurement of anti-
body titers 8 weeks after vaccination. The demographic 
characteristics of this population showed a mean age of 
52.1 years with a standard deviation (SD) of ± 14.2; the pre-
dominant sex was male (59.1%, n = 127), and 81.4% of the 
patients were under 65 years (n = 175). Of the 215 patients 
included in the study, 20% had SARS-CoV-2 infection 
(n = 43) (Table 1).

The population distribution according to the time of trans-
plantation was eight patients (3.72%) transplanted in less 
than 6 months and 207 (96.28%) patients transplanted more 
than 6 months ago, with no statistically significant differ-
ences in relation to the antibody titers achieved.
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At the time of data collection, the most frequent immuno-
suppression schemes were mycophenolate (MPA) (n = 186, 
86.51%), tacrolimus (n = 54, 25.11%), mTOR inhibitors 
(n = 60, 27.09%), belatacept (n = 108, 50.23%), and 
Azathioprine (AZA) (n = 3, 1.4%).

In each of the subgroups of patients who received immuno-
suppression schemes, it was found that patients who received 
belatacept and prednisolone (n = 39, 36.11%) and (n = 60, 
42.55%) obtained antibodies ⩾0.8 IU/mL, respectively, a 
finding that was statistically significant. In contrast, of the 
patients who received schemes with mTOR, 38 (63.33%) pre-
sented titers above the reference value and 22 (36.66%) pre-
sented titers below the reference value (p = 0.008).

Of the study population, 50 patients received renal trans-
plantation in the last 3 years (23.25%), and at the time of data 
collection, the most frequent immunosuppression regimens 
were MPA (n = 186, 86.51%), tacrolimus (n = 54, 25.11%), 
mTOR inhibitors (n = 60, 27.09%), belatacept (n = 108, 
50.23%), and AZA (n = 3, 1.4%). The order of frequency in 
which vaccines were received is as follows: Pfizer (n = 143, 
66.5%), Sinovac (n = 48, 22.32%), AstraZeneca (n = 18, 
8.3%), Jansen (n = 5, 2.32%), and Moderna (n = 1, 0.46%). In 
the study population, both in patients with and without 
SARS-CoV-2 infection, the median prednisone dose was 
found to be 5 mg.

Morbidity and mortality

Of the 43 patients who evidenced SARS-CoV-2 infection, 10 
patients (23.26%) required hospitalization, 6 required ICU 
management (13.95%), and 4 cases of mortality (9.3%) 
(Table 2) were recorded. All patients requiring hospitaliza-
tion were over 40 years old and 90% were men. The most 
frequent vaccination schedules in patients who presented the 

Table 1. Characteristics of the study population.

Characteristics Total Antibodies greater than 0.8 IU/mL Antibodies less than 0.8 IU/mL p Value

Age, years
 Median, SD 52.1 ±14.2 49.4 15.1 54.7 ±12.9 0.788
 n= % n= % n= %  
Total patients 215 100 110 51.2 105 48.8  
Gender
 Female 88 40.9 40 38.1 48 43.6 0.776
 Male 127 59.1 65 61.9 62 56.4
Age
 ⩾65 years 175 81.4 87 82.9 88 80 0.870
 <65 years 40 18.6 18 17.1 22 20
Prior COVID-19 infection
 Yes 43 20 14 13.3 29 26.4 0.017
 No 172 80 91 86.7 81 73.6
Immunosuppressant
 Pred 141 65.58 60 42.55 81 57.44 0.011
 Tac 54 52.11 29 53.70 25 46.29 0.408
 Bela 108 50.23 39 36.11 69 63.88 <0.001
 MPA 186 86.51 91 48.92 95 51.07 0.948
 mTOR 60 27.09 38 63.33 22 36.66 0.008
 Without 1 0.46% 1 100% 0 0%  
Antibody titers according to transplantation time
 <6 months 8 3.72 4 50 4 50 1
 >6 months 207 96.28 101 46.97 106 49.30 1
Time between transplant and sample, months
 Median, IQR 83 96 70 94 99.5 108 0.15

SD: standard deviation; Pred: prednisolone; Tac: tacrolimus; Bela: belatacept; MPA: mycophenolic acid analogs; mTOR: mTOR inhibitors.

Table 2. Clinical outcomes in patients with SARS-CoV-2 
infection.

Outcomes n: 43 %

Recovery
YES 39 90.7
NO 4 9.3
Hospitalization
YES 10 23.3
NO 33 76.7
ICU stay
YES 6 14
NO 37 86
Death
YES 4 9.3
NO 39 90.7
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composite outcome were Pfizer: six patients; Sinovac: two 
patients; and AstraZeneca: two patients.

Antibody titers

Of the 215 patients included in the study, 52.5% (n = 110) 
had antibody titers greater than 0.8 IU/mL and 48.8% 
(n = 105) had titers less than 0.8 IU/mL with a median popu-
lation-wide antibody titer at 8 weeks of 0.77 IU/mL with an 
interquartile range (IQR) between 0.4 and 131.

Patients with SARS-CoV-2 infection had a median anti-
body titer of 0.4 IU/mL (IQR = 0.4–3.45), and those without 
SARS-COV-2 infection had a median antibody titer of 
1.8 IU/mL (IQR = 0.4–202), with this finding being statisti-
cally significant (p = 0.015) (see Figure 1 and Table 3).

From the antibody titers of patients who presented the 
clinical outcome of hospitalization, ICU requirement, and 
death, a median antibody titer of 0.4 IU/mL (IQR = 0) was 
found, and in those who did not present this outcome, the 
median antibody titer was 0.4 IU/mL (IQR = 0.4–10.5) with-
out statistical differences (p = 0.101) (Figure 2).

Taking into consideration only the outcome of death, a 
median antibody titer of 0.4 IU/mL without statistical differ-
ences with respect to the group of non-deceased with SARS-
CoV-2 infection was found (p = 0.45) (Figure 3).

Discussion

This study evaluated the clinical behavior associated with 
the humoral response 8 weeks after the application of two 
doses of vaccination against SARS-CoV-2 during the pre-
dominance of the Omicron variant in renal transplant patients 
using three different platforms: mRNA, inactivated virus, or 
vectors, thus carrying out anti-spike antibody titer measure-
ment by Elecsys test (Roche) with a reference value of 
0.8 IU/mL.

Lower effectiveness of vaccination against the Omicron 
variant compared to the Delta variant has been demonstrated 
in the general population15; recent analyses suggest immuno-
logic evasion of this variant16 as well as the need for a third 
dose of vaccination to achieve neutralizing antibody titers 
associated with protection.17,18 In solid organ transplant 
recipients, different studies have shown a lower probability 
of humoral immune response to vaccination compared to the 
general population under different vaccination platforms 
such as BNT 162b2, mRNA 1273, CoronaVac, and 
ChAdOx1mRNA, although finding a better probability of 
response with mRNA vaccines compared to attenuated 
viruses or viral vectors.5–7,9,11–14,18–25

In this experience, it was found that 52.5% of patients 
included in the study had antibody titers higher than the ref-
erence value (0.8 IU/mL, Elecsys, Roche); a statistically sig-
nificant difference between the median antibody titers of 
patients infected and not infected with SARS-CoV-2 
(p = 0.015) was demonstrated in this study; however, it was 
not possible to establish a cutoff point with statistical signifi-
cance to discriminate patients at risk of hospitalization or 
death. This finding is probably related to the sample size. 
The composite outcome of hospitalization, mechanical ven-
tilation, and death occurred in patients with titers less than 
0.8 IU/mL except in one case (IgG anti-RBD antibody titers 
SARS spike CoV-2 Elecsys Test, Roche, 1.48 IU/mL), which 
did not follow the recommendations of the transplant group 
on the need for timely medical attention and died 4 weeks 
after the onset of symptoms; these findings could indicate a 
poor humoral immune response to secondary vaccination 
among other factors secondary to pharmacological immuno-
suppression, mainly anti-metabolites and co-stimulation 
inhibitors described in other analyses.9,10,25–29

From the immunosuppression regimens used by the 
patients in the study population, it was found that the use of 
therapies that included belatacept and prednisolone was 
related to antibody titers <0.8 IU/mL when compared to 
other regimens that did not include these agents; similarly, 
patients who received regimens that included mTOR pre-
sented mostly titers ⩾0.8 IU/mL with a statistically signifi-
cant value. Findings were consistent with those found in 
previous studies in a similar population.8

Previous infection with a different variant of Omicron 
was associated with a reduction in the risk of infection of 
approximately 50%, finding greater efficacy with hybrid 
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Figure 1. Ratio of antibody titers in SARS-CoV-2-infected and 
uninfected patients.

Table 3. Antibody titers in SARS-CoV-2-infected and uninfected 
patients.

SARS-CoV-2 
infection

n Mean SD Median* IQR p Value

YES  43 212 ±648 0.4 0.4–3.46 0.017*
NO 172 492 ±936 1.8 0.4–202.2

*Mann–Whitney median difference test.
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immunity from previous infection and recent booster vacci-
nation (up to 80%), a finding described in a national study in 
Qatar30; unvaccinated people with previous infection may 
have infection-induced immunity, which represents a bias 
when evaluating the effectiveness of vaccination, even pre-
senting higher levels of protection than those vaccinated 
without a history of exposure.31–33 In this study, previous 
infection with other variants was not taken into account for 
the analysis of adverse clinical outcomes, and it remains to 
be established whether protection against the Omicron vari-
ant is provided by immunity associated with previous infec-
tion, vaccination, or a combination of both.

Hospitalization rates in recipients of solid organ trans-
plants during the predominance of the Omicron variant have 
been reported in up to 26% of confirmed cases34; an analysis 
carried out in seven transplant centers in the city of Bogota, 
Colombia, found a case fatality rate of 17% and a hospitali-
zation rate of 49.7% in renal transplant recipients with 
SARS-CoV-2 infection in the pre-vaccination era,8 which is 
in contrast to a case fatality rate of 9.3% and a hospitaliza-
tion rate of 23.26% found in this study, suggesting that vac-
cination is associated with a lower risk of hospitalization and 

death in solid organ transplant recipients as has been reported 
in heart transplant recipients with SARS-CoV-2 infection.35 
This protective effect of vaccination independent of antibody 
titers has been demonstrated in the transplant population in 
other types of vaccination strategies such as influenza, sug-
gesting that not only humoral but also cellular immunity is 
involved in the protective effect of vaccination in this patient 
population.36

The data from this study suggest that a substantial propor-
tion of renal transplant recipients probably remains at risk of 
SARS-CoV-2 infection after two doses of vaccination 
regardless of the type of biologic utilized; therefore, it seems 
paramount to confirm in appropriately designed studies the 
protective effect of vaccination in solid organ transplant 
recipients by measuring IgG antibodies against the RBD of 
the SARS-CoV-2 spike in order to stratify the risk of compli-
cations associated with SARS-CoV-2 infection in patients 
with a poor response to vaccination such as those on belata-
cept26–29 so as to implement the use of early therapeutic strat-
egies to reduce the risk of hospitalization and death in this 
population with low immunologic response to current vac-
cination platforms.34

Conclusion

We evaluated the humoral response in renal transplant 
patients 8 weeks after receiving two doses of SARS-CoV-2 
vaccination using three different platforms. The results 
showed that 52.5% of patients had antibody titers above 
baseline, but it was not possible to establish a cutoff point to 
discriminate patients at risk of hospitalization or death. The 
use of belatacept and prednisolone was associated with lower 
antibody titers, while mTOR was associated with higher 
antibody titers.

This study also found that prior infection with a different 
Omicron variant was associated with a reduced risk of infec-
tion. Vaccination was associated with a lower risk of hospi-
talization and death in solid organ transplant recipients, 
independent of antibody titers.

This research suggests that a substantial proportion of 
renal transplant recipients remains at risk for SARS-CoV-2 
infection after two doses of vaccination, and further studies 
are needed to confirm the protective effect of two doses of 
vaccination or to explore booster dose protocols and stratify 
the risk of complications associated with SARS-CoV-2 
infection in patients with a poor response to vaccination. 
Nevertheless, vaccination remains the safest and best tool for 
protection against infection, hospitalization, and death in 
solid organ transplant recipients with SARS-CoV-2 
infection.

Limitations

This is a retrospective study without knowledge of the base-
line antibody titers of the population, without comparative 
analysis of hospitalization and mortality against a control 
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Figure 2. Antibody titers in relation to composite clinical 
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Figure 3. Antibody titers in relation to mortality outcome.
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group of unvaccinated patients, and without viral genetic 
analysis to confirm infection by the Omicron variant. The 
sample size was not calculated since the available population 
that met the selection criteria for conducting the study was 
taken.
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