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Liver transplantation has been established as the standard of care 
for medically unresponsive acute liver failure and decompensated 
end-stage liver disease.[1-6] In Johannesburg, South Africa (SA), the 
Wits Donald Gordon Medical Centre (WDGMC), a private academic 
teaching hospital in the Faculty of Health Sciences at the University 
of the Witwatersrand, has been performing adult liver transplants 
and managing their complications since 2004.[1,2,5] Acute cellular 
rejection (ACR) of the transplanted graft is among the more serious 
complications encountered in liver transplantation because of the 
potential for ACR to cause graft loss.[1,2,5,7-9] Published literature reports 
that ACR occurs in up to 50% of adult liver transplant recipients.[7,10,11]

Acute rejection is defined as allograft dysfunction secondary 
to specific immune-mediated histopathological injury to the 
graft.[3,4,9] Various forms of acute rejection exist, and include ACR 

(a  predominately T-cell-mediated graft injury), acute antibody-
mediated rejection (an antibody-mediated graft injury) and acute 
mixed rejection (a combination of both forms of rejection).[3,4,12] 
Although the term ‘acute’ implies the temporal nature of when acute 
rejection occurs – typically within weeks to months post transplant – 
it is the histological changes (portal inflammation, bile duct injury 
secondary to inflammation, venous endothelial inflammation) noted 
in the graft that lend credence to the diagnosis of acute rejection.[9,12,13] 
Among the various forms of acute rejection, ACR in the liver graft 
comprises 99% of acute rejection episodes.[13-16] Additionally, T-cell-
mediated rejection (TCMR) contributes to 99% of ACR episodes.[14-16] 
For this reason, ACR and TCMR have been used interchangeably to 
refer to the same clinico-histopathological entity.[11-13,17,18] While the 
2016 Banff guideline[12] referred to ACR as the older term for TCMR, 
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Background. Wits Donald Gordon Medical Centre (WDGMC) in Johannesburg, South Africa, established a liver transplant programme 
in 2004. Acute cellular rejection (ACR) of the transplanted liver is a serious complication because of the potential for graft loss. ACR is 
defined as allograft dysfunction secondary to predominantly T-cell-mediated injury to the graft, and has been reported in up to 50% of 
liver transplants worldwide. While the advent of tacrolimus-based immunosuppression reduces the incidence of ACR in liver transplant 
recipients, it remains a concern. 
Objectives. To review the incidence and risk factors for ACR, as well as the impact of ACR on graft survival in adult liver transplant 
recipients at WDGMC. 
Methods. This was a retrospective review of first-time adult liver transplants performed from 1 January 2014 to 31 December 2022. Data 
collected included donor and recipient sociodemographic and clinical characteristics; transplant surgical procedure details; postoperative 
surgical complications; overall post-transplant ACR incidence rates in the first 365 days; ACR incidence stratified as early (≤90 days) and 
late (>91 days - <365 days); diagnosis and treatment details of biopsy-proven ACR episodes, including steroid resistance; and graft survival.
Results. Of 326 first-time adult liver transplants performed during the review period, 295 were eligible for inclusion. The post-transplant 
ACR incidence rates were 10.7% (early), 8.8% (late) and 20.3% overall (first 365 days). Corticosteroid resistance occurred in 19% of adult 
liver transplant recipients with biopsy-proven ACR. Risk factors for early ACR were younger recipient age, black ethnicity and male-donor-
to-female-recipient sex discordance. A higher pre-transplant model for end-stage liver disease (MELD) score was a risk factor in late ACR. 
Younger recipient age, black ethnicity, female sex, acute liver failure, lower donor risk index scores and postoperative biliary complications 
were associated with increased risk for ACR in the first 365 days. ACR was not significantly associated with increased graft loss in this cohort.
Conclusion. While the incidence of ACR was low in this cohort, identification of ACR risk factors and presence of steroid-resistant ACR 
indicate the need for personalised and context-specific immunosuppression. 
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in this study, the term ACR has continued to be used, as in other 
studies.[7,8,11,14,16] 

The early post liver transplant period is associated with heightened 
immunological vigilance, as the immune system is exposed to the new 
allograft.[7-9] As such, the highest incidence of ACR has generally been 
in the first 3 - 6 months post transplant.[7-10,13] As a result, ACR is often 
divided between early and late ACR. A comprehensive review of ACR 
literature in terms of classification, detection, pathophysiology, risk 
factors, prevention and treatment has yet to achieve consensus on when 
early ACR v. late ACR occurs.[7-9,12,13,18,19-26] Some authors have suggested 
1, 3 and 6 months as the cut-off separating early v. late ACR,[7-,9,12,19] 
partly due to the considerable overlap in histological features.[12] Unlike 
late ACR, which has been associated with progression to chronic 
allograft rejection and graft loss, data on early ACR graft outcomes are 
conflicting.[3,4,7-9,19,27] In this liver transplant programme, early ACR is 
considered as ACR occurring before 90 days.[7]

Advances in immunosuppression have reduced the incidence of 
overall ACR to ~20 - 40% in most transplant centres.[3,4,7-9,13,22,23] When 
examining the incidence of early v. late ACR in the literature, early 
ACR incidence rates range from 12 to 40%, while late ACR incidence 
rates range between 7 and 40%.[8,9,11,19] In most centres globally, 
the histological diagnosis of an ACR episode is accompanied by a 
grading of the rejection episode’s severity.[7,12,19] The commonly used 
grading is the 2016 Banff guideline rejection activity index (RAI).[12] 
Severity grading is necessary to determine the need for treatment 
with high-dose corticosteroids.[7-9,13,19,28] Most ACR episodes that 
require corticosteroid therapy are responsive to treatment, referred to as 
‘steroid-sensitive’.[7,29-31] The remaining episodes that do not respond are 
categorised as ‘steroid-resistant’ rejection episodes.[7,29-31] The incidence of 
steroid-resistant ACR has been estimated to be 10 - 15% in international 
studies, and has a worse prognosis than steroid-sensitive ACR.[29-31] 
Control of steroid-resistant ACR requires use of other treatment 
modalities such as anti-thymocyte globulin (ATG).[7,29-31] 

Risk factors for developing ACR in liver transplants are well 
described.[7,26,27] These include: recipient factors (young age, female 
sex, black ethnicity, non-sarcopenic state), aetiological factors 
(autoimmune disease, acute liver failure), transplant factors 
(cytomegalovirus (CMV) sero-discordance, donor-recipient sex 
discordance, ABO-incompatible transplant), donor factors (increased 
donor risk index, increased cold ischaemic time), post-transplant 
complications (infections/sepsis, biliary complications) and post-
transplant medical treatment factors (tacrolimus tortuosity).[7,16,26,27]

The adult liver transplant programme at WDGMC has previously 
presented its successes and challenges through various publications, 
but none has been dedicated to ACR and its impact on the outcomes 
of adult liver transplant recipients.[1,2,5-7,26,27] In this study, we examine 
the incidence of ACR, the risk factors for ACR and its impact on graft 
survival in adult liver transplant recipients at WDGMC.

Methods
Sample selection
This was a retrospective review of all first-time adult liver transplants 
performed at WDGMC from 1 January 2014 to 31 December 2022. 
Data for this analysis were accessed from the REDCap WDGMC 
Adult Liver Transplant Research Database[32,33] (University of the 
Witwatersrand Human Research Medical Ethics ref. no. M190723). 
Data were collected on number of early (≤90  days), late (between 
91 and 365  days) and overall (first 365  days) biopsy-proven ACR 
episodes, details of severity and treatment for each biopsy-proven 
ACR episode. Data were also collected on recipient demographics 
(age, sex, ethnicity), recipient cause of liver failure, recipient model 
for end-stage liver disease (MELD) score, recipient body mass 

index, donor type (deceased or living), donor-recipient ABO blood 
group compatibility, donor-recipient sex match, liver donor risk 
index (DRI), donor-recipient CMV sero-status matching, graft type 
(whole, split/reduced, or living), use of extended criteria organ, graft 
recipient weight ratio, presence of simultaneous kidney transplant, 
postoperative surgical complications (vascular, biliary and enteric), 
surgical re-exploration prior to discharge, hospital length of stay 
(LOS) and graft survival outcomes in the first 90 days, between 91 
and 365 days and overall 365-day. Retransplant recipients and those 
aged <18 years at time of transplant were excluded. 

Definitions 
Temporal definitions for ACR incidence were: (i) early ACR 
incidence  – the percentage of residual functional grafts  at the end 
of the first 90 days that had developed at least one episode of ACR 
within the 90 days; (ii) late ACR incidence – the percentage of residual 
functional grafts at the end of 365 days that had developed at least 
one episode of ACR between day 91 and day 365; (iii) overall ACR 
incidence – the percentage of residual functional grafts at the end of 
365 days that had developed at least one episode of ACR during the 
entire 365-day period. Severity of ACR was based on the 2016 Banff 
guideline.[12] Episodes with a RAI score >4 were included for analysis. 
In the WDGMC adult liver transplant programme, prevention 
of rejection is achieved using steroid-based immunosuppressive 
induction therapy accompanied by predominantly tacrolimus-
mycofenotilmofetil-based maintenance therapy. Although there are 
nuances to these therapies, such as the addition of basiliximab in 
the induction of AIH recipients,[27] induction and maintenance 
regimens are similar between recipients. Treatment of a significant 
ACR episode, when it does occur, follows the treatment guideline as 
highlighted in the appendix (https://coding.samedical.org/file/2372), 
and includes a 3-day pulse of 1 g of intravenous methylprednisolone. 
This may be repeated if indicated. Failure to respond to two steroid 
pulses comprises a steroid-resistant ACR episode, which requires 
alternative immunosuppressive therapy. The DRI was calculated 
according to the standardised formula provided by Feng.[20] LOS 
was defined as the number of  days from transplant to discharge 
from WDGMC, and in-hospital deaths were excluded. Postoperative 
surgical complications were defined as transplant-related surgical 
complications that required either radiological intervention or 
surgical re-exploration. These complications included anastomotic 
and non-anastomotic bile duct strictures, anastomotic and cut 
surface bile leaks, hepatic artery thrombosis, portal vein thrombosis, 
portal vein stenosis, venous outlet thrombosis, venous outlet stenosis, 
inferior vena cava thrombosis, inferior vena cava stenosis, enteric 
perforations and enteric obstructions.

Sample size
Sample size estimation was based on the comparison of graft survival 
between the ACR and non-ACR groups. Given that the ACR group 
comprised ~10% of the total sample, and with accrual and final 
follow-up periods of 9 years and 1 year, respectively, at 80% power 
and 5% significance level, the sample size was adequate to detect 
significant hazard ratios (HRs) >2.0. 

Data analysis 
Univariate analysis was performed to compare categorical study 
variables between ACR groups using the χ2 test (Fisher’s exact test was 
used for 2 × 2 tables or where the requirements for the χ2 test were 
not met). Continuous variables were compared by the independent 
samples t-test, or by the Wilcoxon rank sum test if the assumptions 
of the t-test were not met. Multivariable analysis was performed 



48       October 2025, Vol. 115, No. 9

RESEARCH

using Cox proportional hazards regression to examine the effect of 
ACR on graft survival. The date of the last ACR episode (if any) 
was used as a time-varying covariate. All comparisons were made 
unadjusted, and adjusted for variables that differed significantly 
between the ACR groups: recipient age, cause of liver failure (acute/
chronic), donor-recipient sex match, DRI score (replaced with a 
score of 1.0 for living donors) and biliary complications. Adjustment 
was achieved by including the additional variables in the regression 
model as covariates. Data analysis was carried out using SAS version 
9.4 for Windows (SAS Institute Inc., USA). P<0.05 was considered 
statistically significant.

Results
A total of 344 adult liver transplants were performed within the 
study period, of which 326 were first transplants. Follow-up data 
for ACR was available for only 295 of these transplants. As shown 
in Table  1, 244 liver grafts survived the first 90  days, while 227 
survived to 365 days. There were 68 ACR episodes, with 33 episodes 
in 29 recipients occurring in the early period and 35 episodes in 
22 recipients occurring in the late period. Some recipients developed 
>1 episode of ACR. The incidence of early ACR was 10.7% (26/244), 
and late ACR was 8.8% (20/227). The overall ACR incidence in the 
cohort at 365  days was 20.3% (46/227). Additionally, 85% of ACR 
episodes were treated with a steroid pulse. Of the episodes treated 
with a steroid pulse, 19% were steroid resistant. When comparing 
early and late ACR episodes, the early ACR episodes had fewer 
episodes with Banff scores >4 (79% v. 91%) and higher steroid 
responsiveness (87% v. 67%), and needed less alternative treatment.

Table  2 shows the various recipient, donor and transplant 
characteristics of the study group. Based on the tabulated 
characteristics, risk factors for early ACR included: younger median 
recipient age, non-white ethnicity and male-donor-to-female-

recipient sex discordance (v. identical sex). High mean MELD score 
was a risk factor for late ACR. Risk factors for overall 365-day ACR 
episodes included younger median recipient age, black (v. white) 
ethnicity, female sex, acute (v. chronic) aetiology, liver DRI ≤1.8 and 
biliary complications.

Table 3 shows the outcomes following liver transplantation. Biliary 
complications were the only outcome associated with increased 
incidence of ACR in the first 365 days. With a median follow-up of 
3.7 years and after adjusting for factors shown to differ significantly 
between early, late and overall ACR groups, the effect of ACR on 
graft failure was not significant (HR=1.76; 95% confidence interval 
0.98 - 3.19; p=0.061).

Discussion
In the present study, the incidence of early ACR was 10.7%, lower 
than in most international studies.[8,9,11,20] Additionally, at 8.8% and 
20.3%, the late and overall 1-year incidences of ACR were at the lower 
end of reported ACR incidences.[9,19] Although both early and late 
ACR episodes were not significantly associated with graft loss in this 
study, late ACR episodes may have represented more severe episodes, 
as evidenced by the higher proportion of episodes with Banff scores 
>4 (91% v. 78%), lower steroid responsiveness (67% v. 87%) and 
greater need for alternative treatment. 

Like in many centres, corticosteroid-based therapy was the 
first-line treatment for ACR episodes in this study,[7-9,13,19,29] with 
a surprisingly high steroid-resistant incidence. The high steroid 
resistance may suggest a genetic basis. Additionally, while steroid use 
is routine, dosing regimens vary, and may be a cause for the higher 
resistance episodes noted.[7-9,19,29] 

The scarcity of liver allografts in SA has necessitated more 
intensive follow-up and judicious use of immunosuppression  – 
particularly tacrolimus-based immunosuppression  – in liver 

Table 1. ACR episode characteristics of the study group
Characteristic Early ACR Late ACR ACR in first 365 days
Functional grafts, n 244 227 227
Grafts with ≥1 ACR episodes, n 26 20 46
Incidence of ACR, % 10.7 8.8 20.3
ACR episodes, n 33 35 68
Banff score, n (%)

<4 5 (15) 2 (6) 7 (10)
>4 26 (79) 32 (91) 58 (85)
Unknown 2 (6) 1 (3) 3 (4)

Treatment of ACR episode, n (%)
Immunosuppression optimisation only 2 (6) 1 (3)  3 (4)
Steroid pulse (methylprednisolone) 29 (88) 29 (83) 58 (85)
Anti thymoglobulin (atg) 2 (6) 2 (6) 4 (6)
Rituximab 0 (0) 1 (3) 1 (2)
Infliximab 1 (3) 0 (0) 1 (2)
Bortezomib 1 (3) 2 (6) 3 (4)
Plasma exchange 1 (3) 6 (17) 7 (10)
Intravenous immunoglobulin 0 (0) 1 (3) 1 (2)
Retransplant 0 (0) 3 (9) 3 (4)
Unknown 1 (3) 0 (0) 1 (2)

ACR steroid sensitivity (n=58), n (%)*
Sensitive 27 (87) 18 (67) 45 (78)
Resistant 3 (10) 8 (30) 11 (19)
Unknown 1 (3) 1 (3) 2 (3)

ACR = acute cellular rejection.
*n=31 for early ACR, n=27 for late ACR and ACR in first 365 days.
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Table 2. Recipient, donor and transplant characteristics of the study group

Characteristic
Overall 
(n=295), n (%)*

Early ACR  
(244/295 functioning grafts)

Late ACR  
(227/295 functioning grafts)

ACR in first 365 days  
(227/295 functioning grafts)

ACR incidence, %* p-value ACR incidence, %* p-value ACR incidence, %* p-value
Overall 10.7 - 8.8 - 20.3 -
Recipient age, years, 
median (IQR)

54 (42 - 61) ACR 46 (28 - 55);  
no ACR 54 (43 - 61) 

0.032 ACR 46 (36 - 57);  
no ACR 53 (42 - 61) 

0.21 ACR 46 (32 - 56);  
no ACR 54 (43 - 61) 

0.015

Recipient sex
Male 178 (60.3) 8.1 0.14 6.7 0.23 15.7 0.045
Female 117 (39.7) 14.6 11.8 26.9

Recipient ethnicity
Black 57 (19.3) 17.8 0.0006 12.8 0.13 38.3 0.0026
White 194 (65.8) 7.3 9.4 15.4
Neither 44 (14.9) 23.7 0.0 16.1

Cause of liver failure
Acute 20 (6.8) 18.2 0.33 27.3 0.061 45.5 0.049
Chronic 275 (93.2) 10.3 7.9 19.0
ASH/NASH 90 (30.5) 7.5 0.43 7.1 0.29 15.7 0.063
�Cholestatic excluding 
AIH

68 (23.1) 14.3 10.9 25.5

AIH 33 (11.2) 14.3 10.7 25.0
Malignancy 30 (10.2) 8.3 0.0 10.0
Metabolic 13 (4.4) 0.0 8.3 8.3
Hep B 10 (3.4) 0.0 0.0 0.0
Hep C 9 (3.1) 28.6 28.6 57.1
Other 22 (7.5) 11.8 0.0 11.8

MELD, mean (SD) 18 (8) ACR 16 (5);  
no ACR 18 (7) 

0.16 ACR 22 (7);  
no ACR 17 (7) 

0.0042 ACR 18 (7);  
no ACR 17 (7) 

0.39

BMI (kg/m2), mean (SD) 26 (5) ACR 27 (5);  
no ACR 26 (5) 

0.42 ACR 26 (5);  
no ACR 26 (5) 

0.95 ACR 26 (5);  
no ACR 26 (5) 

0.49

Donor characteristics
Donor type

Deceased 269 (91.2) 10.5 0.68 9.0 >0.99 20.3 >0.99
Living 26 (8.8) 12.5 6.7 20.0

ABO compatibility
Compatible 266 (90.2) 10.5 0.72 8.7 0.66 19.7 0.38
Incompatible 29 (9.8) 13.0 11.1 27.8

Donor-recipient sex match
Identical 169 (57.3) 7.2 0.023 10.2 0.81 18.0 0.21
Male to female 63 (21.4) 21.2 7.8 29.4
Female to male 63 (21.4) 9.6 6.4 17.0

Donor risk index (deceased 
donors)† 

<1.8 183 (71.5) 13.1 0.26 9.4 0.61 23.5 0.042
≥1.8 73 (28.5) 3.5 3.8 7.5

CMV (IgG) serostatus 
matching‡

Match 191 (68.0) 10.8 0.48 8.0 0.76 19.3 0.61
Donor +, recipient – 34 (12.1) 6.5 11.5 19.2
Donor –, recipient + 56 (19.9) 15.2 9.5 26.2

Transplant characteristics
Graft type

Whole 249 (84.4) 10.8 0.80 9.7 0.51 21.4 0.36
Split/reduced 21 (7.1) 5.9 0.0 5.9
Living 25 (8.5) 13.3 7.1 21.4

continued
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transplant recipients in Johannesburg.[1,2,5,6,27] This approach has likely 
yielded the lower incidence of ACR noted in the cohort. Another, 
less likely reason may be the underdiagnosis of ACR. The potential 
for underdiagnosis, particularly subclinical rejection, does exist, as 
local protocols do not advocate protocolised biopsies, which may 
contribute to the lower ACR incidence reported.[19,34] 

Similar to other studies, demographic and clinical factors in the 
present study associated with an increased risk of early ACR included 
younger recipient age, black ethnicity and donor-recipient sex 
discordance.[3,4,7-9,13,19,21,27] While studies have varied in demonstrating 
an association of higher MELD score with development of ACR, it 
was the only risk factor associated with late ACR in this cohort, and 
may represent challenges with balancing immunosuppression in 
sicker recipients.[8,35-38] 
Within the first 365  days, female sex, acute aetiology, lower DRI 

and the presence of biliary complications were associated with an 
increased risk of ACR. The increased risk of ACR in younger and 
acute liver failure recipients may be related to an aggressive immune 
response observed in these individuals.[7,9,21,24,25] The association 
of female sex with increased ACR is postulated to be related 
to hormonal influences, particularly oestrogen, which enhances 
immune activity.[8,18,21] Sex-specific differences in drug metabolism 
may also contribute to suboptimal immunosuppression in women.[8,21] 
Regarding black ethnicity, this likely reflects the prevalence of specific 
HLA alleles that influence antigen presentation, immune activation 
and immunosuppressive drug metabolism.[7,26,27] These findings 
highlight the need for a tailored approach to immunosuppressive 
therapy.
Increased DRI has been shown to increase ACR due to increased 

ischaemia-reperfusion injury, which leads to an inflammatory 
cascade.[7] This cascade upregulates the innate and cell-mediated 
immune systems, reducing allograft tolerance.[7-9,13] Generation of 
T-memory cells additionally predisposes recipients to other ACR 
episodes.[7-9,13] Like increased DRI, biliary complications are thought 
to increase the incidence of ACR through a similar process, although 
through chemical or sepsis-related immune activation.[7-9,22] Unlike in 
other studies, increased DRIs were not significantly associated with 
increased ACR in this study. However, biliary complications were 
associated with an increased risk of ACR in the first 365 days.[7,8,19,27]

Conclusion
While the incidence of ACR in the present study was lower than 
that reported in other cohorts, the identification of high-risk 
demographic groups and the presence of steroid-resistant ACR 

highlight the need for personalised and context-specific approaches 
to immunosuppression. Continued research, particularly in resource-
limited settings, is essential to optimise outcomes and to address the 
unique challenges of liver transplantation in Africa.
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Table 3. Post-transplant outcomes in the study group

Post-transplant 
characteristic

Overall 
(N=295), n (%)*

Early ACR  
(244/295 functioning grafts)

Late ACR  
(227/295 functioning grafts)

ACR in first 365 days  
(227/295 functioning grafts)

Incidence 
of ACR, %* p-value

Incidence 
of ACR, %* p-value

Incidence 
of ACR, %* p-value

Overall    10.7 8.8 20.3
Biliary complication(s), 
90 days

74 (25.1) 15.8 0.22 9.8 0.78 27.5 0.17

Biliary complication(s), 
365 days

93 (31.5) 13.0 0.20 31.9 0.0066

Vascular complication(s), 
90 days

37 (12.5) 6.7 >0.99 16.7 0.29 25.0 0.71

Vascular complication(s), 
365 days

44 (14.9) 11.1 0.66 27.8 0.37

Enteric complication(s), 
90 days† 

11 (3.7) 33.3 0.13 0.0 >0.99 33.3 0.60

Enteric complication(s), 
365 days† 

15 (5.1) 0.0 >0.99 22.2 >0.99

Surgical re-exploration, 
90 days‡ 

74 (25.6) 7.8 0.61 11.1 0.56 20.0 >0.99

Surgical re-exploration, 
365 days

81 (27.5) 10.2 0.78 18.4 0.84

Days in hospital after 
transplant, median (IQR)§

15 (12 - 24) ACR 14 (14 - 26),  
no ACR 15 (11 - 23) 

0.97 ACR 12 (11 - 16),  
no ACR 15 (12 - 24) 

0.34 ACR 16 (12 - 21),  
no ACR 15 (11 - 23)

0.52

Graft survival (HR: ACR v. 
no ACR)¶

1.76 (95% CI 
0.98 - 3.19) 
(p=0.061)

ACR = acute cellular rejection; IQR = interquartile range; HR = hazard ratio; CI = confidence interval.
*Unless otherwise indicated.
†n=294 overall; n=243 for early ACR and n=226 for late ACR and ACR in first 365 days.
‡n=289 overall.
§Liver alone transplants; excluding deaths pre discharge; n=246 overall; n=237 for early ACR and n=221 for late ACR and ACR in first 365 days.
¶Median follow-up time was 3.7 years.



51       October 2025, Vol. 115, No. 9

RESEARCH

analysis, manuscript conceptualisation, design, review and approval 
for publication; BB, ZK, AM, DP, SR, FvdS, BS, JL, JF: manuscript 
conceptualisation, design, review and approval for publication; RC, ME, 
WK, VL, DM, MS, SS, JW: manuscript review and approval for publication.
Funding. The research infrastructure supporting the transplant unit and 
the data analysis was funded by WDGMC.
Conflicts of interest. None.

1.	 Crawford R, Loveland J, Gaylard P, et al. A retrospective analysis of outcomes and complications of 
living- and deceased-donor split-liver transplantation in Johannesburg, South Africa. S Afr Med J 
2024;114(3b):e1366. https://doi.org/10.7196/SAMJ.2024.v114i3b.1366

2.	 Wessels EU, Loveland J, Maher H, et al. ABO-incompatible liver transplantation – exploring utilitarian 
solutions to restricted access and organ shortages: A single-centre experience from Johannesburg, 
South Africa. S Afr Med J 2024;114(3b):e1211. https://doi.org/10.7196/SAMJ.2024.v114i3b.1211

3.	 Kamali K, Schmelzle M, Kamali C, et al. Sensing acute cellular rejection in liver transplant patients using 
liver-derived extracellular particles: A prospective, observational study. Front Immunol 2021;12:647900. 
https://doi.org/10.3389/fimmu.2021.647900 

4.	 Dehghani SM, Shahramian I, Afshari M, et al. Acute hepatic allograft rejection in pediatric recipients: 
Independent factors. Int J Organ Transplant Med 2017;8(4):203-206. 

5.	 Song E, Fabian J, Boshoff PE, et al. Adult liver transplantation in Johannesburg, South Africa (2004 - 2016): 
Balancing good outcomes, constrained resources and limited donors. S Afr Med J 2018;108(11):929-936. 
http://doi.org/10.7196/samj.2018.v108i11.13286

6.	 Kinandu K, Beeton A, Beretta M, et al. The paediatric liver transplant experience in Johannesburg, 
South Africa: A broad overview and update. S Afr Med J 2024;114(3b):e1190. https://doi.org/10.7196/
SAMJ.2024.v114i3b.1190

7.	 Strong JK, Gaylard P, Maher H, Botha J. Acute cellular rejection in paediatric liver transplants: Does 
a living donor ameliorate the risk of rejection in our patients? A retrospective review at Wits Donald 
Gordon Medical Centre, South Africa. Wits J Clin Med 2019;1(3):101-108.

8.	 Aufhauser DD Jr, Stalter L, Marka N, et al. Detrimental impact of early biopsy-proven rejection in liver 
transplantation. Clin Transplant 2024;38(1):e15206. https://doi.org/10.1111/ctr.15206 

9.	 Choudhary NS, Saigal S, Bansal RK, et  al. Acute and chronic rejection after liver transplantation: 
What a clinician needs to know. J Clin Exp Hepatol 2017;7(4):358-366. https://doi.org/10.1016/j.
jceh.2017.10.003 

10.	 Batts KP. Acute and chronic hepatic allograft rejection: Pathology and classification. Liver Transpl Surg 
1999;5(4 Suppl 1):S21-S29. https://doi.org/10.1053/JTLS005s00021

11.	 Sageshima J, Fuchinoue S, Hashimoto E, et al. Histopathology of hepatic allograft rejection after living-
related liver transplantation. Transplant Proc 1998;30(7):3214-3215. https://doi.org/10.1016/s0041-
1345(98)01000-8

12.	 Demetris AJ, Bellamy C, Hübscher SG, et al. Comprehensive update of the Banff Working Group on Liver 
Allograft Pathology: Introduction of antibody-mediated rejection. Am J Transplant 2016;16(10):2816-
2835. https://doi.org/10.1111/ajt.13909 

13.	 Ronca V, Wootton G, Milani C, Cain O. The immunological basis of liver allograft rejection. Front 
Immunol 2020;11:2155. https://doi.org/10.3389/fimmu.2020.02155

14.	 Demetris AJ, Zeevi A, O’Leary JG. ABO-compatible liver allograft antibody-mediated rejection: An update. 
Curr Opin Organ Transplant 2015;20(3):314-324. https://doi.org/10.1097/MOT.0000000000000194 

15.	 Lee BT, Fiel MI, Schiano TD. Antibody-mediated rejection of the liver allograft: An update and a clinico-
pathological perspective. J Hepatol 2021;75(5):1203-1216. https://doi.org/10.1016/j.jhep.2021.07.027 

16.	 Yokoyama M, Imai D, Wolfe S, et  al. Transplant immunology in liver transplant, rejection, and 
tolerance. Livers 2024;4(3):420-434. https://doi.org/10.3390/livers4030031

17.	 Badwei N. Hepatic allograft rejection after liver transplantation: Clinicopathological debates! iLIVER 
2023;2(2):116-121. https://doi.org/10.1016/j.iliver.2023.05.003

18.	 Kahn D, Gavaler JS, Makowka L, van Thiel DH. Gender of donor influences outcome after orthotopic 
liver transplantation in adults. Dig Dis Sci 1993;38(8):1485-1488. https://doi.org/10.1007/BF01308608 

19.	 Dogan N, Hüsing-Kabar A, Schmidt HH, et al. Acute allograft rejection in liver transplant recipients: 
Incidence, risk factors, treatment success, and impact on graft failure. J Int Med Res 2018;46(9):3979-
3990. https://doi.org/10.1177/0300060518785543 

20.	 Feng S, Goodrich NP, Bragg-Gresham JL, et al. Characteristics associated with liver graft failure: The 
concept of a donor risk index. Am J Transplant 2006;6(4):783-790. https://doi.org/10.1111/j.1600-
6143.2006.01242.x. Erratum in: Am J Transplant 2018;18(12):3085. https://doi.org/10.1111/ajt.15155

21.	 Shepherd RW, Turmelle Y, Nadler M, et al. Risk factors for rejection and infection in pediatric liver 
transplantation. Am J Transplant 2008;8(2):396-403. https://doi.org/10.1111/j.1600-6143.2007.02068.x

22.	 Lai Q, Giovanardi F, Melandro F, et  al. Donor-to-recipient gender match in liver transplantation: 
A  systematic review and meta-analysis. World J Gastroenterol 2018;24(20):2203-2210. https://doi.
org/10.3748/wjg.v24.i20.2203

23.	 Magyar CTJ, Gretener CP, Baldi P, et  al. Recipient donor sex combinations in solid organ 
transplantation and impact on clinical outcome: A scoping review. Clin Transplant 2024;38(5):e15312. 
https://doi.org/10.1111/ctr.15312 

24.	 Del Bello A, Congy-Jolivet N, Danjoux M, et al. High tacrolimus intra-patient variability is associated 
with graft rejection, and  de novo  donor-specific antibodies occurrence after liver transplantation. 
World J Gastroenterol 2018;24(16):1795-1802. https://doi.org/10.3748/wjg.v24.i16.1795 

25.	 Thongprayoon C, Hansrivijit P, Kovvuru K, et al. Impacts of high intra- and inter-individual variability 
in tacrolimus pharmacokinetics and fast tacrolimus metabolism on outcomes of solid organ transplant 
recipients. J Clin Med 2020;9(7):2193. https://doi.org/10.3390/jcm9072193

26.	 Wheeler C, Masimirembwa C, Mthembu B, et  al. Impact of donor  CYP3A5  genotype on 
pharmacokinetics of tacrolimus in South African paediatric liver transplant patients. S Afr Med J 
2024;114(3b):e1367. https://doi.org/10.7196/SAMJ.2024.v114i3b.1367 

27.	 Siddiqui NM, Hari K, Bobat B, Parbhoo D, et al. Outcome of liver transplantation for autoimmune 
hepatitis in South Africa. Ann Clin Gastroenterol Hepatol 2022;6:44-50. https://doi.org/10.29328/
journal.acgh.1001038

28.	 Thangarajah D, O’Meara M, Dhawan A. Management of acute rejection in paediatric liver 
transplantation. Paediatr Drugs 2013;15(6):459-471. https://doi.org/10.1007/s40272-013-0034-4 

29.	 Aydogan C, Sevmis S, Aktas S, Karakayali H, Demirhan B, Haberal M. Steroid-resistant acute 
rejections after liver transplant. Exp Clin Transplant 2010;8(2):172-177. 

30.	 Lee JG, Lee J, Lee JJ, et al. Efficacy of rabbit anti-thymocyte globulin for steroid-resistant acute rejection 
after liver transplantation. Medicine 2016;95(23):e3711. https://doi.org/10.1097/MD.0000000000003711. 
Erratum in: Medicine 2016;95(28):e0916. https://doi.org/10.1097/01.md.0000489580.04709.16 

31.	 Lee TY, Choi HJ, Seo CH, et al. Steroid-resistant rejection in liver transplant: A single-center study for 
risk factor and second-line treatment. Transplant Proc 2022;54(2):443-449. https://doi.org/10.1016/j.
transproceed.2021.10.019

32.	 Harris PA, Taylor R, Thielke R, et al. Research electronic data capture (REDCap) – a metadata-driven 
methodology and workflow process for providing translational research informatics support. J Biomed 
Inform 2009;42:377-381. https://doi.org/10.1016/j.jbi.2008.08.010

33.	 Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: Building an international community of 
software platform partners. J Biomed Inform 2019;95:103208. https://doi.org/10.1016/j.jbi.2019.103208

34.	 Sheikh A, Chau KY, Evans HM. Histological findings in protocol biopsies following pediatric liver 
transplant: Low incidence of abnormalities at 5 years. Pediatr Transplant 2018;22(5):e13212. https://
doi.org/10.1111/petr.13212

35.	 Pan F, Cao S, Li XL, et al. The model for end-stage liver disease score and the follow-up period can cause 
the shift of circulating lymphocyte subsets in liver transplant recipients. Front Med 2022;8:779443. 
https://doi.org/10.3389/fmed.2021.779443

36.	 Jia J, Nie Y, Geng L et al. Identification of HO-1 as a novel biomarker for graft acute cellular rejection 
and prognosis prediction after liver transplantation. Ann Transl Med 2020;8(5):221. https://doi.
org/10.21037/atm.2020.01.59

37.	 Maluf DG, Stravitz RT, Cotterell AH, et  al. Adult living donor versus deceased donor liver 
transplantation: A 6-year single center experience. Am J Transplant 2005;5(1):149-156. https://doi.
org/10.1111/j.1600-6143.2004.00654.x

38.	 Selzner M, Kashfi A, Cattral MS, et al. Live donor liver transplantation in high MELD score recipients. 
Ann Surg 2010;251(1):153-157. https://doi.org/10.1097/SLA.0b013e3181bc9c6a

Received 7 March 2025; accepted 9 June 2025.


