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Abstract
Organ transplantation has been linked to certain gene polymorphisms. The effect of gene polymorphisms–associated organ 
transplantation gene on infection, on the other hand, is yet unknown. The research studying the link between the CTLA-4 
rs5742909, rs733618, rs4553808, rs231775, and polymorphisms of the organ transplantation gene and infection were found 
in PubMed, Web of Science, Scopus, and Embase, and the published articles from 2012 to 2020 were gathered. For the 
best estimation of the intended results, a random-effects model was used in this meta-analysis. In this study, 1,567 studies 
were initially included and 9 eligible studies were eligible for further analyses. A significant correlation between CTLA4+49 
[A/G-231775 odds ratio (OR) = 077, 0.59–0.95] and CTLA4 [rs5742909TT OR: 0.09, 0.27–0.45] gene polymorphism 
with infection in organ transplantation was observed. Also, no significant association was found between other CTLA4 
gene polymorphisms with infection in organ transplantation. Further studies involving gene–gene and gene–diet interactions 
should be conducted to investigate this association with infection.
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Introduction

Polymorphisms in the cytotoxic T-lymphocyte antigen-4 
(CTLA4) gene, which may influence CTLA4’s role in regu-
lating the immune response, have been postulated to affect 
disease susceptibility and chronicity in individuals with 
HBV infection; however, the results are still contentious. 
CD28, like CTLA4, binds to B7 family receptors (CD80 and 
CD86), but after being produced on T cells, it gives a posi-
tive costimulatory signal for T-cell proliferation1,2. CTLA4 
(cytotoxic T lymphocyte-associated antigen 4) is an impor-
tant negative regulator of the T cell-mediated immune 
response and a vital component in the immune system’s 
induction of immunological tolerance3. It is also produced 
constitutively on the surface of regulatory T cells (Tregs); it 
may be detected on roughly 50% of Tregs but just 1% of 
naive helper T cells4. In mice, ligation of CTLA4 on Tregs 
leads to a considerable reduction in antigen-presenting cell 
presentation capability and effector T cell downregulation5. 
CTLA4 plays a critical function in the immune response’s 
downregulation.

In 172 chronic HBV-infected individuals, Duan and col-
leagues looked at the CTLA-4 49A/G and 318 T/C polymor-
phisms. In chronic HBV-infected individuals, the AA 
genotype and A allele of the CTLA-4 49A/G polymorphisms, 
as well as the genotype CC of the CTLA-4 -318 C/T poly-
morphisms, were observed more often6. Thio and colleagues 
discovered a link between the CTLA-4 49A/G gene and 
HBV infection clearance7. The rs231775 (+49A/G) single 
nucleotide polymorphism (SNP) is found inside the mole-
cule’s signal peptide and affects full-length isoform expres-
sion on the T cell surface. The rs3087243 (+6230G/A) SNP 
is discovered within the 39 untranslated regions of the 
CTLA-4 gene and has been linked to autoimmune disease 
susceptibility8. Furthermore, CTLA4 SNPs like 21772T/C 
(rs733618), +49A/G (rs231775), and +6230 G/A 
(rs3087243) have a role in graft rejection and the long-term 
clinical outcome of organ transplantation9,10–14. It has been 
proposed that the CTLA4 gene variant influences infection 
following juvenile heart transplantation. The SNP CTLA4 
+49(rs231775) has been linked to late post-transplantation 
viral infection in pediatric heart transplant patients in the 
United States, according to Ohmann et al. The relevance of 
CTLA4 SNPs in T cell-mediated immunity and their connec-
tion with infection following renal transplantation is uncer-
tain. As a result, the goal of this study was to look at the links 
between infection and five CTLA4 SNPs (rs733618 C/T, 
rs4553808 A/G, rs5742909 C/T, rs231775 A/G, and 
rs3087243 G/A) in Chinese kidney transplant recipients.

The SNP CTLA4 +49(rs231775) has been linked to late 
post-transplantation viral infection in pediatric heart trans-
plant patients in the United States, according to Ohmann et 
al.15 Several studies have found that the CC genotype is 
related to viral illness and persistent HBV infection for the 

SNP rs5742909 C/T16. The SNPs rs5742909 and rs231775, 
on the other hand, did not show any statistically significant 
relationships in the research. This lack of correlation might 
be attributed to the small sample size and insufficient 
power to detect a link; also, the frequency of the G allele at 
the CTLA4 +49 (rs231775) locus is substantially greater 
in the Chinese population than in other populations17. This 
might suggest that genetic bias has little impact on infec-
tion susceptibility. The CTLA4+49(rs231775)GG geno-
type was also linked to enhanced interferon-c production 
following immunological activation, according to recent 
research.

Several SNPs in the CTLA4 gene may affect gene expres-
sion, leading to amino acid substitution and mRNA splicing, 
which might influence T-cell activation and, eventually, host 
immunological state. These genetic polymorphisms have 
been linked to post-transplant infections15,18, and they might 
lead to interindividual variances in immunotherapy targeting 
this protein. There are numerous polymorphic markers in the 
CTLA4 gene. The most commonly examined SNPs in the 
CTLA4 3′ untranslated region (UTR) are at locations 1722, 
1661, 1147, 658, 318, + 49, and + 6230, as well as dinucleo-
tide (AT)n repeats13,14,19,20. Cytomegalovirus (CMV) infec-
tion is controlled in part by innate and adaptive immune 
responses. CTLA4 is a critical component of both the innate 
and adaptive immune systems. CTLA4 is a cell surface mol-
ecule that is only found on CD4+ and CD8+ T lympho-
cytes. CD4+ T cells have been found to be able to reduce 
initial systemic CMV infection21, limit persistent replication 
in specific organs22, and boost antibody responses23 in exper-
imental CMV infection models. CD8+ cells, on the other 
hand, can protect immunocompromised people and animals 
from CMV infection by T cells by limiting the viral reactiva-
tion from a state of delay24,25.

Materials and Methods

Search Strategy

A literature search was conducted using combinations of 
the keywords “CTLA-4 or cytotoxic T-lymphocyte anti-
gen-4 associated AND polymorphism or SNP or single 
nucleotide polymorphisms or rs5742909 or rs733618 or 
rs4553808 or rs231775 or genotype AND organ 
Transplantation or Transplantation AND viral infection or 
bacterial infection” in PubMed, Google Scholar, Web of 
Science, EMBASE, Google Scholar, Wanfang, China 
National Knowledge Infrastructure (CNKI), Islamic World 
Science Citation Center (ISC), and Scientific Information 
Database (SID) databases. All research that looked at the 
link between organ transplantation gene polymorphisms 
and infection risk was gathered. The literature search has 
no language restrictions. To find possibly relevant papers, 
the reference lists of the eligible studies, reviews, and prior 
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meta-analysis publications were manually examined. All 
procedures were carried out in accordance with the 1975 
Helsinki Protocol and its subsequent amendments. It was 
also approved by the Ethics Committee of Shiraz University 
of Medical Sciences.

Inclusion and Exclusion Criteria

The following studies were included in the study: The study 
described the link between rs5742909, rs733618, rs4553808, 
and rs231775 polymorphisms and organ transplantation risk, 
using a case–control design in which the cases were organ 
transplantation patients and the controls were healthy partici-
pants and offered odds ratios (ORs) and 95% confidential 
intervals (CIs). Studies with no control group, letters to the 
editor, editorials, opinion pieces, animal studies, case reports, 
and case series were excluded.

Data Extraction

I searched the databases separately and retrieved data from 
the papers that were included, using a uniform procedure. 
Each study’s first author’s last name, year of publication, 
race of origin, sample size (cases/controls), frequency of 
genotypes in both case and control samples, ethnicity, mean 
age, mean OT, source of controls (population-based or hospi-
tal-based), odds ratios (OR), and 95% confidence intervals 
for homozygote, heterozygote, recessive, and dominant 
models were collected.

Quality Assessment

The source of the control group, ethnicity, odds ratios (OR), 
95% confidence intervals among the controls, and sample 
size were all evaluated as methodological components that 
may bias the link between organ transplantation gene poly-
morphism and obesity risk. Due to the short number of stud-
ies included, the effect sizes were computed using both 
random-effect models and the DerSimonian–Laird approach. 
Q and I2 techniques were used to analyze study heterogene-
ity. Significant heterogeneity was defined as an I2 value of 
more than 50% at a significance level of 0.1. The Egger’s test 
and contour-enhanced funnel plot were used to examine pub-
lication bias and small study impact.

Result

A total of 1,567 studies were found to be suitable after exten-
sive database searches. In total, 513 publications were omit-
ted due to duplicated records, 912 papers were excluded 
following the primary screening, and 154 papers were 
excluded after full-text evaluation after screening the col-
lected studies based on inclusion criteria for the current meta-
analysis. The methodological technique for including research 

and obtaining important data from eligible papers are depicted 
in Fig. 1. Finally, nine studies found an association between 
viral infection and rs5742909, rs733618, rs4553808, and 
rs231775 polymorphisms in organ transplantation.

Association of the CTLA4+49 (A/G- 231775) 
Gene Polymorphism With Infection in Organ 
Transplantation

The association between rs231775 gene polymorphism and 
infection in organ transplantation risk was investigated in 
nine qualified studies, using a random-effects DerSimonian–
Laird approach, and no significant correlation between the 
dominant, recessive, heterozygous, homozygous, infection in 
organ transplantation risk was observed. Also, a significant 
correlation between the allelic with infection in organ trans-
plantation risk was observed (Table 1 and Fig. 2). The results 
also indicated that there was no significant evidence of pub-
lication bias determined by assessing the included studies 
based on the Egger’s tests for the allele (P Egger’s test = 
0.33), CTLA-4(AA-P Egger’s test = 0.75), CTLA-4(Ag-P P 
Egger’s test = 0.88), and CTLA-4(gg P Egger’s test = 0.54) 
models. The publication bias determined by assessing the 
included studies based on Egger’s tests for the CTLA-4(AG-P 
Egger’s test = 0.04) (Fig. 3).

Association of the CTLA4 (318- rs5742909) 
Gene Polymorphism With Infection in Organ 
Transplantation

The association between rs5742909 gene polymorphism and 
infection in organ transplantation risk was investigated in 
nine qualified studies, using a random-effects DerSimonian–
Laird approach, and no significant correlation between the 
dominant, recessive, heterozygous, infection in organ trans-
plantation risk was observed. Also, a significant correlation 
between the CTLA4(rs5742909)TT gene polymorphisms 
with infection in organ transplantation risk were observed 
(Table 2 and Fig. 4). The results also indicated that there was 
no significant evidence of publication bias determined by 
assessing across the included studies based on the Egger’s 
tests for the allele (P Egger’s test = 0.37), CTLA-4(CC-P 
Egger’s test = 0.81), CTLA-4(CT-P P Egger’s test = 0.62), 
and CTLA-4(TT P Egger’s test = 0.54) models.

Association of the CTLA4(-1661-rs4553808) 
Gene Polymorphism With Infection in Organ 
Transplantation

The association between rs4553808 gene polymorphism and 
infection in organ transplantation risk was investigated in 
nine qualified studies, using a random-effects DerSimonian–
Laird approach, and no significant correlation between the 



4	 Cell Transplantation

Figure 1.  Flow chart of the literature search strategy and study selection.

Table 1.  The Pooled Results of CTLA4+49 (A/G-231775) Gene Polymorphism, Using Random-Effects and DerSimonian–Laird 
Approach Model.

DL-POOLED ES OR 95% CI %Weight Overall (I2) P

CTLA4(231775)AG 0.68 0.25–1.11 100.0 40.5 0.10
CTLA4(231775)GG 0.89 0.51–1.27 100.0 0.0 0.81
CTLA4(231775)AA 0.69 0.35–1.04 100.0 0.0 0.58
CTLA4(231775)A allele 0.77 0.59–0.95 100.0 0.0 0.63

OR: odds ratio; CI: confidence interval.
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allelic, dominant, recessive, heterozygous, homozygous, 
infection in organ transplantation risk was observed (Table 3 
and Fig. 5). The results also indicated that there was no sig-
nificant evidence of publication bias determined by 

assessing across the included studies based on the Egger’s 
tests for the allele (P Egger’s test = 0.26), CTLA-4(AA-P 
Egger’s test = 0.46), CTLA-4(Ag-P P Egger’s test = 0.88), 
and CTLA-4(gg P Egger’s test = 0.87) models.

NOTE: Weights are from random effects analysis
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Figure 2.  Association of the CTLA4 (rs231775) gene polymorphism with infection in organ transplantation.
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Association of the CTLA4 (1722-733618) 
Gene Polymorphism With Infection in Organ 
Transplantation

The association between rs733618 gene polymorphism and 
infection in organ transplantation risk was investigated in 
nine qualified studies, using a random-effects DerSimonian–
Laird approach, and no significant correlation between the 
dominant, recessive, heterozygous, homozygous with infec-
tion in organ transplantation risk was observed. Also, a sig-
nificant correlation between the CTLA4(rs5742909)TT gene 
polymorphisms with infection in organ transplantation risk 
were observed (Table 4 and Fig. 6). The results also indicated 
that there was no significant evidence of publication bias 
determined by assessing across the included studies based on 
the Egger’s tests for the allele (P Egger’s test = 0.95, CTLA-
4(CC-P Egger’s test = 0.20), CTLA-4(CT-P P Egger’s test = 
0.58), and CTLA-4(TT P Egger’s test = 0.97) models.

Discussion

In this meta-analysis, a significant correlation between  
the CTLA4(rs5742909)TT, CTLA4(rs5742909)TT, and 
CTLA4+49 (A/G- 231775) allelic gene polymorphisms with 
infection in organ transplantation risk was observed. Also, no 
significant association was found between the allelic, domi-
nant, recessive, heterozygous, and homozygous CTLA4(-
1661-rs4553808) gene polymorphism with infection in organ 
transplantation. CTLA4 polymorphism locations have been 
shown to alter the outcome of human cytomegalovirus 
(HCMV) infection in transplant patients. Karimi et al.26 found 
a significant difference in genotype frequencies of CTLA4 
(rs231775A>G) variants between HCMV-positive and 
HCMV-negative patients, indicating an association with risk 
for HCMV cases among allograft recipients in an Iranian 
population, similar to our findings among symptomatic 
HCMV cases in transplant recipients. In a Brazilian popula-
tion, the mutant genotypes GG of CTLA4 rs231775 and 
rs3087243 SNPs were related to vulnerability to chronic 

hepatitis C infection27. In a Chinese population, however, no 
significant connection between CTLA4 rs231775 and 
rs3087243 SNPs and viral susceptibility was found at the 
genotypic/allelic level18. Alizadeh et al.28 and Schott et al.16 
have both demonstrated that CTLA-4-318 C/T has a strong 
relationship, having a proclivity for HBV infection (chronic). 
Jiang and colleagues discovered that the GG genotype of 
mice CTLA-4 49A/G expression in Chinese liver transplant 
recipients has been linked to a lower incidence of HBV infec-
tion recurrence29. Han and his allies have demonstrated that 
CTLA-4 GG genotype vs CTLA-4 GG genotype tumor 
necrosis factor and interferon levels are lower in 49A/G30 
people who have been infected with HBV for a long time. In 
allogeneic hematopoietic stem cell transplantation (HSCT) 
patients compared with autologous transplant patients, a sub-
stantial correlation between the T allele of the CTLA-4 318 
T/C polymorphisms and HBV infection was detected, similar 
to previous results. The SNPs rs4553808 (21661A/G) and 
rs5742909 (2318C/T) in the CTLA4 gene promoter were 
identified to change the expression pattern of the protein pro-
duced by CTLA431. Similarly, the rs733618 (21772T) allele 
was discovered to reduce CTLA4 transcription through alter-
ing transcription factor binding32.

Environmental and/or ethnic variables probably played a 
role in the disparities in the results. Furthermore, because 
CTLA4 has such a wide geographical distribution, different 
SNPs may be important in different populations, and while 
this may not be important in identifying individual transplant 
patients at risk universally, it may still be relevant in identify-
ing at-risk patients in certain populations and have an impact 
on pretransplant HCMV monitoring and management of 
these patients. In various disorders, the promoter region 
SNPs of CTLA4rs5742909, rs11571317, rs16840252, and 
rs4553808 have demonstrated no protective or susceptible 
effect12,14.

There is also a great role of oral health and hygiene who 
receive an organ transplant. The patients should be referred 
to a dental clinic beforehand, to remove any potential sources 
of oral infection33–35. Educating physicians and the patients 
about the importance of early dental screening and pre-trans-
plant dental treatment is important. Careful oral examination 
with evaluation of the patient, including laboratory tests, ensure 
correct oral preparation and control of oral disease prior to 
liver transplantation. Patients with CTLA4+ 49(rs231775) 
AA and A had a greater prevalence of chronic HBV infection 
in Chinese Han populations, and haplotype+49A-318C was 
considerably overrepresented36. The +49A allele appears to 
increase the likelihood of developing viral and parasite ill-
nesses (e.g., dengue fever, Chagas disease, and American 
cutaneous leishmaniasis) while conferring resistance against 
autoimmune disorders (MG, PE)37. The SNP CTLA4 
+49(rs231775) has been linked to late post-transplantation 
viral infection in pediatric heart transplant patients in the 
United States, according to Ohmann et al.15 Several studies 
have found that the CC genotype is related to viral illness and 
persistent HBV infection for the SNP rs5742909 C/T16. The 
SNPs rs4553808 (21661A/G) and rs5742909 (2318C/T) in 
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Figure 3.  Funnel plot for publication bias in the meta-analysis of 
CTLA-4(rs231775-AG) gene polymorphism.
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Table 2.  The Pooled Results of CTLA4 (318-5742909) Gene Polymorphism, Using Random-Effects and DerSimonian–Laird Approach 
Model.

DL-POOLED ES OR 95% CI %Weight Overall (I2) P

CTLA4(rs5742909)CT 0.98 0.43–1.52 100.0 0.0 0.94
CTLA4(rs5742909)TT 0.09 0.27–0.45 100.0 0.0 0.79
CTLA4(rs5742909)CC 1.04 0.69–1.38 100.0 0.0 0.99
CTLA4(rs5742909)C allele 0.81 0.55–1.06 100.0 0.0 0.99

OR: odds ratio; CI: confidence interval.

NOTE: Weights are from random effects analysis

Overall  (I-squared = 0.0%, p = 0.946)
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Figure 4.  Association of the CTLA4(rs5742909) gene polymorphism with infection in organ transplantation.
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Table 3.  The Pooled Results of CTLA4(-1661-rs4553808) Gene Polymorphism, Using Random-Effects and DerSimonian–Laird 
Approach Model.

DL-POOLED ES OR 95% CI %Weight Overall (I2) P

CTLA4(4553808)AA 0.95 0.60–1.29 100.0 0.0 0.98
CTLA4(4553808)AG 0.82 0.41–1.24 100.0 0.0 0.87
CTLA4(4553808)GG 1.16 0.33–1.98 100.0 0.0 0.90
CTLA4(4553808)A allele 0.79 0.58–1.007 100.0 0.0 0.86

OR: odds ratio; CI: confidence interval.

NOTE: Weights are from random effects analysis
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Figure 5.  Association of the CTLA4(rs4553808) gene polymorphism with infection in organ transplantation.
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Table 4.  The Pooled Results of CTLA4 (1722- 733618) Gene Polymorphism, Using Random-Effects and DerSimonian–Laird Approach 
Model.

DL-POOLED ES OR 95% CI %Weight Overall (I2) P

CTLA4(rs733618)TT 0.85 0.47–1.23 100.0 0.0 0.98
CTLA4(rs733618)TC 1.04 0.43–1.69 100.0 0.0 0.99
CTLA4(rs733618)CC 1.15 0.31–1.99 100.0 0.0 0.99
CTLA4(rs733618)C allele 0.87 0.59–1.15 100.0 0.0 0.72

OR: odds ratio; CI: confidence interval.

NOTE: Weights are from random effects analysis
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Figure 6.  Association of the CTLA4(rs733618) gene polymorphism with infection in organ transplantation.
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the CTLA4 gene promoter were identified to change the 
expression pattern of the protein encoded by CTLA4. 
Similarly, the rs733618 (21772T) allele was discovered to 
reduce CTLA4 transcription through altering transcription 
factor binding10,32. The rs231775 (+49A/G) SNP is found 
inside the molecule’s signal peptide and affects full-length 
isoform expression on the T cell surface. The rs3087243 
(+6230G/A) SNP is discovered within the 39 untranslated 
regions of the CTLA-4 gene and has been linked to autoim-
mune disease susceptibility8,11. Furthermore, CTLA4 SNPs 
like 21772T/C (rs733618), +49A/G (rs231775), and +6230 
G/A (rs3087243) have a role in graft rejection and the long-
term clinical outcome of organ transplantation9–14. It has been 
proposed that the CTLA4 gene variant influences infection 
following juvenile heart transplantation. The SNP CTLA4 
+49(rs231775) has been linked to late post-transplantation 
viral infection in pediatric heart transplant patients in the 
United States, according to Ohmann et al. Viral infection 
worsens outcomes after HSCT by reactivating latent virus or 
introducing primary viral infection for the first time38,39. 
Previously published research has linked costimulatory mol-
ecule gene polymorphisms to a range of post-HSCT clinical 
outcomes, including viral infections such as CMV and hepa-
titis viruses16,40,41. The existence of susceptible alleles at vari-
ous promoter locations of the CTLA4 gene, for example, has 
been shown to have a substantial association with the occur-
rence or recurrence of GVHD42. CTLA4 gene polymor-
phisms, on the other hand, have a significant impact on a 
range of clinical outcomes associated with CMV infection. 
PD-1 is involved in the modulation of T cells during CMV 
infection43. CTLA4, also known as CD152, is a protein recep-
tor present on the surface of T cells that downregulates the 
immune system, and an attack may be activated by activating 
the CD28 receptor on T cells44. CTLA4 is an immunoglobulin 
superfamily member that is related to CD2845. CTLA4 is 
present intracellularly in regulatory T cells and may have a 
role in their activity. Increased expression of CTLA4, an 
inhibitory receptor for B7 molecules, occurs when T cells are 
activated via the T cell receptor and CD28. Earlier studies 
have found discrepancies in the correlations between CTLA4 
gene polymorphisms and viral infection susceptibility, chro-
nicity, and clearance, particularly HBV7,28,46. The incidence 
of CTLA4?49 A/G, -318 C/T, -1661 A/G genotypes were 
observed to differ significantly between active CMV infec-
tion in rejected and non-rejected liver transplant patients in a 
previous study26. In another research, the AG genotype of 
CTLA4?49 A/G (dbSNP: rs231775) reduced T cells’ capacity 
to clear HBV and increased the risk of HBV-related hepato-
cellular cancer46. In additional studies, significant relation-
ships between CTLA4?49 A/G, -318 C/T polymorphisms, 
and HBV infection chronicity and clearance were discov-
ered28,46. Other studies have found that having the G allele 
and GG genotype of the CT60 polymorphism in a bone mar-
row transplant donor reduces the risk of high-grade aGVHD, 

and having this polymorphic allele and genotype at the 
CTLA4 leader sequence has a higher risk of chronic 
GVHD47,48. The GG genotype at the leader sequences and 
the A/G heterozygote at -1661 of the CTLA4 promoter 
region have also been linked to gastric cancer and oral squa-
mous cell carcinoma49. The G allele and GG genotype of the 
CTLA4 -1661 A/G were considerably more common in 
active CMV infected allogeneic HSCT patients with low-
grade aGVHD, similar to previous results50,51, also there is a 
significant association between GA genotype (CTLA4-1661) 
in a male group with GVHD than without GVHD52. In our 
earlier report, significant differentiation was found in the fre-
quency of CTLA4 ?49 A/G, -318 C/T, -1661 A/G genotypes 
between active CMV infection in rejected and non-rejected 
liver transplant patients53. In our other information, the GG 
genotype of the cytotoxic T-lymphocyte antigen 4 +49 A/G 
was substantially more prevalent in transplanted individuals 
infected with torque teno virus, but the AG genotype was 
more common in those who did not have this infection, 
according to our findings. Furthermore, among transplanted 
individuals infected with the virus, the -1661 AA and GA 
genotypes, as well as the -318 TC genotypes, were much 
more common54.

Conclusion
This meta-analysis indicated that a significant correlation between 
CTLA4+49 (A/G- 231775) and CTLA4(rs5742909TT) gene poly-
morphism with infection in organ transplantation risk was observed. 
Further studies involving gene–gene and gene–diet interactions 
should be conducted to investigate this association.
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