
Francisco Boix, Santiago Llorente, Jorge Eguía, Gema Gonzalez-Martinez, Rafael Alfaro, Jose A Galián, Jose A 
Campillo, María Rosa Moya-Quiles, Alfredo Minguela, Jose A Pons, Manuel Muro

Francisco Boix, Jorge Eguía, Gema Gonzalez-Martinez, 
Rafael Alfaro, Jose A Galián, Jose A Campillo, María Rosa 
Moya-Quiles, Alfredo Minguela, Manuel Muro, Department of 
Immunology, Clinical University Hospital Virgen de la Arrixaca-
IMIB, Clinical University Hospital ‘Virgen Arrixaca’, Murcia 
30120, Spain

Santiago Llorente, Department of Nephrology, Clinical 
University Hospital ‘Virgen de la Arrixaca-IMIB’, Clinical 
University Hospital ‘Virgen Arrixaca’, Murcia 30120, Spain 

Jose A Pons, Digestive Medicine Service, Clinical University 
Hospital ‘Virgen de la Arrixaca-IMIB’, Clinical University 
Hospital ‘Virgen Arrixaca’, Murcia 30120, Spain

ORCID number: Francisco Boix (0000-0002-3926-7920); 
Santiago Llorente (0000-0002-4933-8243); Jorge Eguía 
(0000-0002-6702-992X); Gema Gonzalez-Martinez (0000- 
0002-3369-9028); Rafael Alfaro (0000-0002-8298-8918); 
Jose A Galián (0000-0002-1415-3767); Jose A Campillo 
(0000-0002-6541-0700); María Rosa Moya-Quiles (0000- 
0003-3677-6372); Alfredo Minguela (0000-0003-2472-5893); 
Jose A Pons (0000-0003-4606-1557); Manuel Muro (0000- 
0001-9987-0994).

Author contributions: Muro M planned the experiments, 
overviewed the research project and reviewed the manuscript; 
Eguía J, Gonzalez-Martinez G, Alfaro R and Galián JA 
performed the experimental worked supervised by Boix F; Boix F, 
Campillo JA and Moya-Quiles MR analysed the data; Minguela 
A reviewed the manuscript; Llorente S and Pons JA provided 
clinical data and reviewed the manuscript; Boix F and Muro M 
equally participated in the writing of the manuscript.

Supported by Instituto de Salud Carlos Ⅲ, Spanish Ministry 
of Economy and Competitiveness, No. PI15/01370; Co-funding 
of the European Union with European Fund of Regional 
Development (FEDER) with the principle of “A manner to build 
Europe”.

Institutional review board statement: The study protocol, 
standard operating procedures and good manufacturing practice 
protocols used in this research were approved by the institutional 
ethical committee.

Informed consent statement: Formal informed consent was 
obtained from both patients and healthy controls.

Conflict-of-interest statement: Authors have no relevant 
conflicts of interest to disclose.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Francisco Boix, PhD, Doctor, Senior 
Scientist, Department of Immunology, Clinical University 
Hospital ́‘Virgen de la Arrixaca-IMIB’, Clinical University 
Hospital ‘Virgen Arrixaca’, Murcia 30120, 
Spain. francisco.boix-giner@nhsbt.nhs.uk 
Telephone: +34-968-369599
Fax: +34-968-369678

Received: November 6, 2017 
Peer-review started: November 7, 2017 
First decision: November 20, 2017 
Revised: January 13, 2018
Accepted: February 4, 2018
Article in press: February 5, 2018
Published online: February 24, 2018

ORIGINAL ARTICLE

23 February 24, 2018|Volume 8|Issue 1|WJT|www.wjgnet.com

In vitro  intracellular IFNγ, IL-17 and IL-10 producing T 
cells correlates with the occurrence of post-transplant 
opportunistic infection in liver and kidney recipients

World J Transplant  2018 February 24; 8(1): 23-37

ISSN 2220-3230 (online)

Submit a Manuscript: http://www.f6publishing.com

DOI: 10.5500/wjt.v8.i1.23

World Journal of 
TransplantationW J T

Clinical Practice Study



Abstract
AIM
To validate intracellular cytokine production functional 
assay as means of cell-mediated immunity monitoring 
of post-transplant patients with opportunistic infection 
(OI).

METHODS
Intracellular cytokine-producing CD4+ and CD8+ T-cell 
monitoring was carried out in 30 liver transplant (LTr) 
and 31 kidney transplant (KTr) recipients from 2010 
to 2012. Patients were assessed in our Department of 
Immunology at the Clinical University ‘Hospital Virgen 
de la Arrixaca-IMIB’ in Murcia, Spain for one year 
following transplantation. FACS Canto Ⅱ flow cytometer 
was employed to quantify the intracellular production 
of IL-17, IFNγ and IL-10 cytokines on stimulated 
CD4+CD69+ and CD8+CD69+ T cells and BD FACS DIVA 
v.6 software was used to analysed the data. Statistical 
analysis was carried out using SPSS 22.0.

RESULTS
LTr with OI had significantly lower % of CD8+CD69+IFNγ+ 
T cells at 60 (7.95 ± 0.77 vs  26.25 ± 2.09, P  < 0.001), 
90 (7.47 ± 1.05 vs  30.34 ± 3.52, P  < 0.001) and 180 
(15.31 ± 3.24 vs  24.59 ± 3.28, P  = 0.01) d post-
transplantation. Higher % of CD4+CD69+IL-10+ as well 
as CD4+CD69+IL-17+ T cells were yet reported at 30 
(14.06 ± 1.65 vs  6.09 ± 0.53, P  = 0.0007 and 4.23 ± 
0.56 vs  0.81 ± 0.14, P  = 0.005; respectively), 60 (11.46 
± 1.42 vs  4.54 ± 0.91, P  = 0.001 and 4.21 ± 0.59 vs  
1.43 ± 0.42, P  = 0.03; respectively) and 90 d (16.85 ± 
1.60 vs  4.07 ± 0.63, P  < 0.001 and 3.97 ± 0.43 vs  0.96 
± 0.17, P  = 0.001). Yet, KTr with OI had significantly 
lower percentage of CD4+CD69+IFNγ+ at 30 (11.80 ± 
1.59 vs  20.64 ± 3.26, P  = 0.035), 60 (11.19 ± 1.35 vs  
15.85 ± 1.58, P  = 0.02), 90 (11.37 ± 1.42 vs  22.99 
± 4.12, P  = 0.028) and 180 (13.63 ± 2.21 vs  21.93 ± 
3.88, P  = 0.008) d post-transplantation as opposed to 
CD4+CD69+IL-10+ and CD8+CD69+IL-10+ T cells which 
percentages were higher at 30 (25.21 ± 2.74 vs  8.54 
± 1.64, P  < 0.001 and 22.37 ± 1.35 vs  17.18 ± 3.54, 
P  = 0.032; respectively), 90 (16.85 ± 1.60 vs  4.07 ± 
0.63, P  < 0.001 and 23.06 ± 2.89 vs  10.19 ± 1.98, P  = 
0.002) and 180 (21.81 ± 1.72 vs  6.07 ± 0.98, P  < 0.001 
and 19.68 ± 2.27 vs  10.59 ± 3.17, P  = 0.016) d post-
transplantation. The auROC curve model determined 
the most accurate cut-off values to stratify LTr and KTr 
at high risk of OI and Cox Regression model confirmed 
these biomarkers as the most significant risk factors to 
opportunistic infection.

CONCLUSION
Post-transplant percentages of T-cell subsets differed 
significantly amongst infected- and non-infected-LTr 
and -KTr and yet this imbalance was found to contribute 
towards a worst clinical outcome. 
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Kidney transplantation; Opportunistic infection

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The aim of this research was to validate 
predictive biomarkers for the occurrence of post-
transplant opportunistic infection in both liver and 
kidney recipients. The imbalance in the percentage of 
cytokine-producing cultured CD4+CD69+ and CD8+CD69+ 
T cells was shown to be the most significant recipient 
risk factor to develop opportunistic infection.
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INTRODUCTION
Despite the continuous improvement in the clinical 
management of solid organ transplant recipients (SOTr), 
opportunistic infection (OI) remains one of the leading 
causes of morbidity and mortality in this population[1]. 
Although current immunosuppressive regimens aim to 
prevent allograft acute rejection (AR)[2], clinicians still 
rely exclusively on therapeutic drug monitoring (TDM) 
of immunosuppression therapy (pharmacokinetics) to 
determine the immunological status of SOTr[3]. Indeed, 
the risk of an inadequate immunosuppression due to 
chronic exposure has been claimed to be one of the 
main reason of poor long-term outcomes[4,5]; hence 
there must be a balance to prevent not only AR but also 
reducing immunosuppression-related comorbidities, 
such as OI. Tailoring immunosuppressive regimens 
could potentially reduce the risk of life-threatening 
conditions, amongst other side effects, resulting in 
an improvement in the wellbeing of SOTr. Despite 
the aforementioned, TDM appears to be insufficient 
(intra- and inter-individual pharmacokinetic variability) 
in the provision of fulfilling information as to the real 
immunosuppressive status of SOTr[6].

In recent years new strategies, such as monitoring 
of cell-mediated immunity (CMI), have been seen to 
provide more accurate information with respect of the 
management of post-transplant SOTr. As such, CMI has 
been proposed as an alternative and reliable strategy 
in the search for predictive biomarkers of AR[7-10] and 
OI[11-14] amongst other clinical conditions.

The knowledge of T lymphocytes in host defense 
against infection has improved significantly over time. 
There is clear evidence that, upon pathogen derived-
antigen contact, naïve T CD4+ (TH0) cells activate and 
differentiate into different functional subsets characterised 
by their cytokine secretion patterns (TH1, TH2, TH9, TH17, 
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Tregs)[15]. Furthermore, when stimulated by microbial 
products through pattern recognition receptors (PRRs), 
antigen presenting cells (APCs) acquire the capacity to 
activate naïve T cells and differentiate into effector T 
cells that mediate adaptive immune responses. APCs 
stimulated with pathogens such as Bordetella pertussis, 
Klebsiella pneumoniae, and Mycobacterium tuberculosis 
produce a significant amount of IL-23, resulting in the 
development of TH17 cells, showing that this subset acts 
against both extracellular and intracellular infections[16,17]. 
Evidence has shown that TH17 cells are also required for 
host defense against fungal infection[18]. The classically 
established TH1/TH2 paradigm yet describes the role of 
these two T lymphocyte subsets in host defense against 
infections. TH1 cells are essential in the elimination 
of intracellular pathogens such as Leishmania and 
Mycobacteria[19], whereas TH2 secreted IL-10 cytokine 
cells has emerged as a key immunoregulator during 
infection with viruses, bacteria, fungi, protozoa, and 
helminths[20].

We therefore hypothesised, that CMI could be used 
to tackle T cell differentiation as a therapeutic target, 
providing thorough understanding of the adaptive 
immune response against pathogens after SOT. Hence, 
the aim of this uni-centre study was to prospectively 
monitor T helper lymphocyte cytokine responses 
against overall OI in a cohort of liver and kidney 
transplant recipients. As such, CMI could aid clinicians in 
the provision of better prophylaxis therapies, potentially 
reducing the occurrence of post-transplant OI.

MATERIALS AND METHODS
Study design
From 2010 to 2012, 61 consecutive adult patients; 
of whom 30 patients diagnosed with end-stage liver 
disease underwent LT and 31 patients diagnosed with 
end-stage renal failure underwent KT, alongside 16 
healthy control (HC) volunteers were recruited from the 
Immunology Service of the Clinical University Hospital 
‘Virgen de la Arrixaca’, Murcia (Spain) for a prospective 
uni-centre study. Peripheral venous blood samples were 
obtained from individual participants for laboratory 
testing at baseline as well as at several different post-
transplantation time points (7 d, 15 d, 1st month, 2nd 
month, 3rd month, 6th month and 1st year). Formal 
consent was obtained from both patients and healthy 
controls, with approval of the study protocol obtained 
by the institutional ethical committee. Pediatric, re-
transplant and combined transplant patients were 
excluded. The inclusion criteria included primary liver 
and kidney transplantation, ABO compatibility and 
HIV negativity. The primary study outcome was the 
occurrence of overall OI, which took into consideration 
the following etiologies: Bacterial, fungal and viral post-
transplant infection (including CMV disease, either 
viral syndrome or end-organ disease). The post-
transplant follow-up period of 1 year was divided into 

three different intervals: early post-transplant period 
(up to the 1st month), intermediate (from the 1st to 
the 6th month) and long-term (from the 6th month 
to the 1st year). All post-transplant recipients were 
assessed on a regular basis by the consultant specialist 
in their respective outpatient transplant clinics, with a 
sample (urine or blood) taken for microbiological and 
biochemistry assessment. Based on laboratory findings, 
LTr and KTr were classified into two different study 
groups, with [INF; 60% of LTr (n = 18) and 61.3% of 
KTr (n = 19)] and without [NoINF; 40% of LTr (n = 12) 
and 38.7% of KTr (n = 12)] post-transplant OI.

Prophylaxis, immunosuppression and induction 
therapies
Cefuroxime (1500 mg/iv per 8 h) was administered 
to all methicillin-resistant Staphylococcus negative 
recipients, whereas Teicoplanin (200 mg/iv per 12 h) 
was given to patients positive for methicillin-resistant 
Staphylococcus. Oral Nystatin (5 cc/8 h) was also 
provided as Candida sp prophylaxis. Trimethoprim-
sulfamethoxazole (160/800 mg/iv per 24 h) was given, 
over six months, as Pneumocystis jiroveci pneumonia 
(PJP) prophylaxis. Oral Itraconazole (200 mg/24 h) was 
also given over three months to prevent Aspergillus sp. 
infection. Oral Pyrimethamine (25 mg/24 h) + folic acid 
was given as prophylaxis against Toxoplasma sp, with 
treatment extended up to six months in cases where 
serology was positive. In patients CMV seropositive, 
Ganciclovir (5 mg/kg per 12 h) or Valganciclovir (900 
mg/kg per 12 h) were given as induction prophylaxis 
treatment. CMV prophylaxis induction with iv-
Ganciclovir or oral-Valganciclovir for 2 wk followed 
up by oral-Valganciclovir for 3 mo. In those cases of 
a CMV seronegative recipient and CMV seropositive 
donor, the induction treatment was extended for 4 wk 
and maintained up to 6 mo. Post-transplantation CMV 
infections were treated with iv-Ganciclovir for 2 or 3 
wk in both types of transplant, and oral-Valganciclovir 
was maintained for 3 mo. Finally, BK viral infection was 
treated by the administration of oral leflunomide (100 
mg/24 h) over five days. 

Initial immunosuppressive therapy consisted 
of oral Tacrolimus (TRL) 1 mg (6 mg/24 h) or oral 
Mycophenolic acid (MMF) 500 mg (1 g/24 h for KTr 
or 1.5 g/24 h for LTr) with Prednisone 20 mg/d with 
progressing tapering. The average drug level achieved 
for TRL was 2.6-17.3 ng/mL. The average drug level 
achieved for MMF was 0.40-4.15 µg/mL. The initial 
dose was modified in case of adverse side effects, such 
as diarrhea or leucopenia. In case of AR, the rescue 
therapy provided was based on the administration of 
steroid boluses (500–1000 mg methylprednisolone/24 
h) for 3 d. In case of chronic rejection (CR), the rescue 
therapy provided was based on the administration of 
oral TRL (FK506; 0.1 mg/kg per 24 h).

Induction therapy was based on the administration 
of either thymoglobulin (1-1.5 mg iv/kg; Genzyme 
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the intracellular cytokine production (IFNγ, IL-17 and 
IL-10) on peripheral CD4+ and CD8+ T lymphocytes.

Opportunistic infection diagnosis
The primary study outcome was the occurrence of 
overall OI during the 1st year post-transplantation. To 
the purpose of this study we took into consideration 
the occurrence of overall OI episode as the incident 
of any clinical event including all viral infection 
(Citomegalovirus, CMV and non-CMV infections, 
such as Herpes-Zoster Virus, HZV; Herpes Simplex 
Virus, HSV; Epstein-Bar Virus, EBV and BK virus), as 
well as bacterial, fungal and parasite infections as a 
whole. Table 1 summarises all opportunistic agents 
diagnosed in both LTr and KTr during the 1st year post-
transplantation. Bacterial infection was diagnosed in 
those patients with a positive test in bloodstream and/
or urine samples. Microbiological cultures were used to 
find bacterial microorganisms such as Escherichia coli, 
Staphylococcus sp., Enterococcus sp., Pseudomonas 
sp., Serratia sp., Proteus sp. with positivity considered 
in cases of > 10000 Colonial Forming Units (CFU)/mL. 
Urine tract infection due to yeast microorganisms was 
observed in all cases, due to Candida albicans, with 
diagnosis based on the presence of > 10000 CFU/mL 
following urine culture. In addition, the rapid test for 
detecting Clostridium’s toxin was performed to diagnose 

Polyclonals S.A.S) or basiliximab (anti-CD25, 0.5-2 mg 
iv/kg; Simultec®, Novartis Farma), with 3 (10%) LTr 
and 23 (74.2%) KTr receiving basiliximab and 4 (12.9%) 
KTr receiving thymoglobulin.

Flow cytometry procedure for intracellular cytokine 
stain
The percentage of CD4+CD69+IFNγ+, CD8+CD69+IFNγ+, 
CD4 +CD69 +IL-17 +,  CD4 +CD69 +IL-10 + and 
CD8+CD69+IL-10+ in individual samples was determined 
by flow cytometry following intracellular staining with 
anti-cytokine monoclonal antibodies. Upon venipuncture, 
whole peripheral blood was incubated with Ionomycin (Io) 
and Phorbol Myristate Acetate (PMA) for 4 h. Following 
activation, whole peripheral blood was stained with FITC-
conjugated anti-human CD8, PE-conjugated anti-human 
CD69, and PerCP-conjugated anti-human CD3 for 30 
min; then fixed and permeabilised using BD FACSTM 

Permeabilizing Solution (BD Biosciences), followed by 
intracellular staining with APC-conjugated anti-human 
IL-10, APC-conjugated anti-human IL-17A and APC-
conjugated anti-human IFNγ. All monoclonal antibodies 
were supplied by Becton Dickinson (San Jose, CA, 
United States). The FACS CANTO Ⅱ cytometer (Becton 
Dickinson, San Jose, CA, USA) was used to acquire at 
least 20000 with data analysed on BD FACSDiva™ 6.0 
Software. Figure 1 shows the gating strategy to quantify 

Type of opportunistic microorganism Liver transplant recipients (n  = 30) Kidney transplant recipients (n  = 31)

Presence of overall opportunistic infection (Yes/No)           18 (60)/12 (40)           19 (61.3)/12 (38.7)
Presence of bacterial infection (Yes/No)         12 (66.7)/6 (33.3)         17 (84.2)/3 (15.8)
   Staphylococcus hominis             2 (16.7)/10 (83.3)               1 (5.8)/15 (94.2)
   Staphylococcus epidermidis           5 (41.7)/7 (58.3)             5 (29.4)/11 (70.6)
   Staphylococcus haemolyticus             2 (16.7)/10 (83.3)             2 (11.8)/14 (88.2)
   Enterococcus faecalis              1 (8.3)/11 (91.7)             3 (17.6)/13 (82.4)
   Enterococcus faecium 0             3 (17.6)/13 (82.4)
   Clostridium difficile             2 (16.7)/10 (83.3)             3 (17.6)/13 (82.4)
   Proteus mirabilis               1 (8.3)/11 (91.7)             4 (23.5)/12 (76.5)
   Pseudomonas aeruginosa             2 (16.7)/10 (83.3)             5 (29.4)/11 (70.6)
   Serratia marcescens               1 (8.3)/11 (91.7) 0
   Escherichia coli             2 (16.7)/10 (83.3)         13 (76.5)/3 (23.5)
   Treponema pallidum               1 (8.3)/11 (91.7) 0
   Enterobacter aerogenes            2 (16.7)/10 (83.3)               1 (5.8)/15 (94.2)
   Enterobacter cloacae 0             3 (17.6)/13 (82.4)
   Streptococcus sp.              1 (8.3)/11 (91.7) 0
   Citrobacter koseri 0             2 (11.8)/14 (88.2)
   Morganella morganii 0               1 (5.8)/15 (94.2)
   Klebsiella oxytoca 0             2 (11.8)/14 (88.2)
   Klebsiella pneumoniae oxytoca 0               1 (5.8)/15 (94.2)
   Hafnia alvei 0               1 (5.8)/15 (94.2)
   Salmonella typhi 0             2 (11.8)/14 (88.2)
Presence of yeast infection (Yes/No)             4 (22.2)/14 (77.8)             3 (15.8)/16 (84.2)
   Candida albicans 4 (100)/0 3 (100)/0
Presence of viral infection (Yes/No)       17 (94.4)/1 (5.6)         17 (89.5)/2 (10.5)
   Cytomegalovirus        11 (64.7)/6 (35.3)         12 (70.6)/5 (29.4)
   BK virus             3 (17.6)/14 (82.4)             6 (35.3)/11 (64.7)
   Epstein-Barr virus             2 (11.8)/15 (88.2)             3 (17.6)/14 (82.4)
   Varicella-Zoster virus             2 (11.8)/15 (88.2) 0
Presence of parasitic infection (Yes/No)             3 (16.7)/15 (83.3)             3 (15.8)/16 (84.2)
   Toxoplasma gondii 3 (100)/0           2 (66.7)/1 (33.3)
   Strongyloides stercoralis 0           1 (33.3)/2 (66.7)

Table 1  List of type of opportunistic microorganisms that infected liver and kidney recipients during the post-transplant period  n  (%)
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infection by Clostridium difficile. Viral infection was 
determined using serological and molecular DNA-based 
methods. CMV infection was diagnosed by the presence 
of either IgM or IgG anti-CMV in symptomatic patients. 
CMV infection was assigned to either anti-CMV IgG 
antibody level ≥ 0.6 UI/mL or anti-CMV IgM antibody 
≥ 30 UA/ml in symptomatic patients. Post-transplant 
active CMV and BK virus infections were confirmed 
using real-time polymerase chain reaction (qPCR) in 
plasma and/or urine samples. The presence of anti-
EARLY IgG (≥ 1/10) and/or anti-VCA IgM (> 0.400 
DO) in symptomatic patients was considered evidence 
of EBV infection. Similarly, only the presence of anti-
HSV type 1 and 2 IgM (≥ 20 UI/mL) was considered 
evidence of active herpes virus infection.

Statistical analysis
Demographic data and results from our prospective 

follow-up study were collected and analysed in a unified 
database (SPSS 22.0, SPSS Inc., Chicago, IL, United 
States). Qualitative data are expressed as frequency and 
percentage. Quantitative data are shown as the mean 
± SEM. Nonparametric Kolmogorov-Smirnov test was 
applied to identify whether the data followed a Gaussian 
distribution. Samples were adjusted to a nonparametric 
distribution. Nonparametric U Mann-Whitney test was 
applied to unpaired quantitative continuous variables, 
whereas nonparametric Wilcoxon test was applied to 
evaluate the relationship between paired quantitative 
continuous variables. Optimal biomarker cut-off points 
to discriminate between patients with and without OI 
were based on receiver operating characteristic (ROC) 
curves and calculated with the best Youden index 
(sensitivity + specificity-1)[21]. Discriminatory capacity 
was defined by the area under the curve (auROC) 
measure, with 0.7-0.8 deemed acceptable, 0.8-0.9 
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Figure 1  FACS analysis of cultured CD3+ T lymphocyte. Whole blood peripheral CD4+ and CD8+ T lymphocytes from individual ESLF and ESRF patients as well as 
HC subjects were stain with anti-CD3, anti-CD8, anti-CD69, anti-IL-17, anti-IL-10 and anti-IFNγ monoclonal antibodies following manufacture’s guidelines upon in vitro 
stimulation with Io and PMA. CD4+ and CD8+ lymphocytes were gated within CD3+CD69+ population following polyclonal activation for 4 h. CD4+ T cells were consider 
to approximate CD3+CD8- T cells. At least 50000 events were acquired. Io: Ionomycin; PMA: Phorbol myristate acetate.
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excellent and > 0.9 outstanding[22]. The predictive 
value for the model was assessed with χ 2 test. Survival 
curves for the first episode of OI were plotted using the 
Kaplan–Meier method, and differences between groups 
compared with the log-rank test. Recipient and donor 
factors were entered into univariate Cox model and 
those factors found to be significant at P < 0.25 level 
were subsequently entered into multivariate model, 
using a backward stepping procedure, to find the best 
model. In addition in this model AR, induction therapy 
and average drug dose were added as controlled 
variables. Results were expressed as hazard ratios (HRs) 
with 95%CIs. All statistical tests were two-tailed, with a 
P < 0.05 representing statistical significance.

RESULTS
Patient clinical and demographic characteristics
Overall, 60% of LTr and 61% of KTr developed at least 
one post-transplant OI event during the 1st year post-
transplantation. Generally, the infection pattern varied 
from bacterial, fungal and non-CMV infections following 
the first weeks post-transplantation to mainly CMV and 
non-CMV infections, such as HSV or HZV as previously 
described[15], seen towards the end of the follow-up 
period. Recipient’s clinical and demographic data found 
to be significant between infected- and non-infected-LTr 
and KTr are shown in Table 2.

Percentage of TH1, TH2 and TH17 lymphocytes in end-
stage liver and renal failure patients
Prior to transplantation, circulating CD4+ and CD8+ 
T lymphocyte analysis found that, pre-transplant 

percentages of CD8+CD69+INFγ+, CD4+CD69+IL-17+ and 
CD4+CD69+IL10+ lymphocytes (Figure 2A-C) in patients 
with ESLF and CD8+CD69+IL-10+ lymphocytes (Figure 
2E) in patients with ESRF were significantly greater 
compared to HC. In contrast, there were no significant 
differences in the percentage of CD4+CD69+INFγ+ and 
CD4+CD69+IL-10+ between ESRF patients and HC.

Monitoring of TH1, TH2 and TH17 peripheral lymphocytes 
during follow-up period
Post-transplantation follow-up analysis of the different 
CD4+ and CD8+ T lymphocyte subsets showed that 
amongst LTr the percentage of CD8+CD69+IFNγ+ 
decreased significantly within the early post-trans-
plantation period, whereas the percentages of 
CD4+CD69+IL-10+ and CD4+CD69+IL-17+ experienced 
an up-regulation during the study period. Of particular 
interest was the IFNγ-producing-CD8+ T lymphocytes, 
which observed a significant drop during the first weeks 
following transplant surgery compared to pre-transplant 
values, which then gradually recovered back to their 
basal levels (Figure 3A). On the other hand, TH17 (Figure 
3B) and TH2 (Figure 3C) lymphocytes were significantly 
greater at the intermediate and long-term period 
compared to baseline levels. Likewise, the percentage of 
CD4+ and CD8+ T lymphocyte subsets amongst KTr also 
experienced changes during the post-transplantation 
follow-up period. Particularly, the percentage of 
CD4+CD69+INFγ+ lymphocytes initially increased upon 
transplantation; however, levels dropped significantly 
during the post-transplantation intermediate-term 
(Figure 3D). On the other hand, percentages of 
CD4+CD69+IL-10+ (Figure 3E) and CD8+CD69+IL-10+ 

Liver recipients (n  = 30) Kidney recipients (n  = 31)

NoINF (n  = 12) INF (n  = 18) P NoINF (n  = 12) INF (n  = 19) P
Donor age (yr)  60.75 ± 3.32  58.93 ± 4.71   0.905   51.21 ± 3.171   55.67 ± 3.831    0.0171

Recipient age (yr)  51.25 ± 2.87  53.79 ± 2.37   0.282  51.58 ± 3.25  51.42 ± 2.81   0.351
Recipient gender (M/F), n (%) 14 (87.5)/2 (12.5) 9 (64.3)/5 (35.7)   0.669 10 (41.7)/2 (28.6) 14 (58.3)/5 (71.4)   0.087
Total lymphocyte (%)  15.38 ± 3.63  11.39 ± 2.08   0.397  16.09 ± 2.85  11.66 ± 2.33   0.768
Total lymphocyte (cells/mm3)    813.34 ± 163.70    750.02 ± 191.84   0.711  1121.67 ± 173.35  1073.16 ± 235.68   0.197
Total leukocyte (× 109/L)    6.29 ± 0.55    7.09 ± 1.10   0.652     8.36 ± 1.151   10.98 ± 1.331    0.0061

SGOT (U/L)  187.44 ± 97.28  117.16 ± 18.09   0.738  27.66 ± 4.61  19.17 ± 1.09   0.669
SGPT (U/L)  161.69 ± 69.20  135.56 ± 14.77   0.891  44.51 ± 9.81  27.06 ± 1.98   0.762
SALP (U/L)  177.47 ± 14.72  186.62 ± 14.40   0.847 106.84 ± 8.231   85.36 ± 2.741    0.0081

SGGT (U/L)   197.27 ± 23.651   351.28 ± 42.441    0.0051  109.97 ± 25.34    64.36 ± 11.74   0.074
Glomerular filtration (mL/min)  82.82 ± 7.36  81.28 ± 6.27   0.571   45.87 ± 2.901   72.42 ± 2.521    0.0191

Serum creatinine     0.93 ± 0.051     1.08 ± 0.061    0.0271    6.22 ± 0.60    5.83 ± 0.51   0.251
Induction therapy (thymoglobulin/basiliximab) 0(0 )/0(0) 0(0)/1(3.3) 1(8.3)/11(91.7) 4(21.1)/12(63.2)   0.161
Post-transplant therapy (TRL/TRL + MMF), n (%) 7(58.3)/5(41.7) 10(55.6)/8(44.4)   0.880 0/0/12(100) 1(5.3)/2(10.5)/16(84.2)   0.350
Maintenance therapy (TRL/TRL + MMF), n (%) 7(58.3)/5(41.7) 13(72.2)/5(27.8)   0.461 0/0/12(100) 2(10.5)/2(10.5)/15(78.9)   0.235
TRL dose (mg/d)     7.92 ± 0.281     6.67 ± 0.391 < 0.0011  13.08 ± 1.51  12.35 ± 1.37   0.179
MMF dose (mg/d) 2062.50 ± 73.451 1848.57 ± 79.001    0.0341        1620 ± 164.701 1917.89 ± 58.871 < 0.0011

Cmin TRL (ng/mL)  10.46 ± 0.69    9.61 ± 0.47   0.445   10.54 ± 1.981     6.53 ± 1.971     0.0121

Cmin MMF (µg/mL)     2.91 ± 0.601     0.97 ± 0.291    0.0161    1.07 ± 0.18    3.80 ± 1.20   0.071

1Statistical significance. NoINF: Free-opportunistic infection study group; INF: Opportunistic infection study group; SGOT: Serum glutamic oxaloacetic 
transaminase; SGPT: Serum glutamic pyruvic transaminase; SALP: Serum alkaline phosphatase; SGGT: Serum Gamma-Glutamyl Transpeptidase; TRL: 
Tacrolimus; MMF: Mycophenolic acid.

Table 2  Patient clinical and demographic characteristics
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(Figure 3F) T lymphocyte subsets experienced a 
significant early up-regulation, which remained constant 
during the post-transplantation period compared 
to their basal levels. These data are summarized in 
supplementary Table 1.

Recipients with post-transplant opportunistic infection 
had significantly greater IL-17 and IL-10 and lower 
IFNγ intracellular production capacity on stimulated 
CD3+CD69+ T lymphocytes
The incidence of OI episodes was found to be higher 
within intermediate-term in both kinds of transplant 
recipients; with 54.8% and 64.1% of OI episodes 
occurring between the 1st and 6th month following LT 
and KT, respectively. Therefore, the post-transplantation 
T lymphocyte stratification analysis was focused 
within this period. In this regard, LTr who developed 
an OI episode displayed a lower percentage of 
CD8+CD69+IFNγ+ compared to the OI-free study group 
at 60 (Figure 4A, P < 0.001), 90 (Figure 4A, P < 0.001) 
and 180 (Figure 4A, P = 0.01) d post-transplantation. 
On the other hand, LTr with OI had a significantly 
higher intracellular IL-10-cytokine production capacity 
by CD3+CD4+CD69+ T lymphocytes at 30 (Figure 4E, 
P = 0.0007), 60 (Figure 4E, P = 0.001), 90 (Figure 
4E, P < 0.001) and 180 d (Figure 4E, P < 0.001) post-
transplantation in comparison with recipients who 
did not develop OI. In addition, the percentage of 
CD4+CD69+IL-17+ in LTr with OI was significantly greater 
at 30 (Figure 4C, P = 0.005), 60 (Figure 4C, P = 0.03) 

and 90 d (Figure 4C, P = 0.001) post-transplantation.
The T lymphocyte kinetics amongst KTr showed 

a similar trend for both pro- and anti-inflammatory 
cytokine production capacities. In particular, KTr who 
developed an OI episode within the intermediate-term 
displayed a significantly less intracellular IFNγ production 
capacity by CD3+CD4+CD69+ T lymphocytes compared 
to patients free of infection at 30 (Figure 4B, P = 0.035), 
60 (Figure 4B, P = 0.02), 90 (Figure 4B, P = 0.028) 
and 180 d (Figure 4B, P = 0.008) post-transplantation. 
On the other hand, a higher IL-10-producing T 
lymphocytes capacity was seen in KTr who subsequently 
developed an OI episode. Post-transplant percentage 
of CD8+CD69+IL-10+ in KTr who developed OI was 
significantly increased at 30 (Figure 4D, P = 0.032), 90 
(Figure 4D, P = 0.002) and 180 d (Figure 4D, P = 0.016) 
post-transplantation. Similarly, a significantly increased 
percentage of CD4+CD69+IL-10+ T lymphocytes at 30 
(Figure 4F, P < 0.001), 60 (Figure 4F, P = 0.002), 90 
(Figure 4F, P = 0.001) and 180 d (Figure 4F, P = 0.01) 
was observed in KTr who developed an OI episode 
within the intermediate post-transplantation term. 
These data are shown in supplementary Table 2.

Post-transplant cut-off values that accurately stratified 
liver and kidney transplant recipients at high risk of 
opportunistic infection
Following the stratification analysis, we wanted to find 
the potential capability of these T lymphocyte subsets 
as surrogate biomarkers capable of stratifying both LTr 
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and KTr at high risk of overall post-transplant OI. The 
post-transplantation percentage of stimulated cytokine-
producing CD3+CD69+ T lymphocytes was found to 
have an impact on OI incidence.

The auROC curve analysis showed that the disparity 
in T lymphocyte population was distinguishable 
amongst LTr and KTr at high risk of overall post-
transplant OI. Particularly, patients with a percentage of 
CD8+CD69+IFNγ+ ≤ 14.95% (Figure 5A; AUC = 0.897, 
95%CI: 0.834-0.960, P < 0.001) in LTr and a percentage 
of CD4+CD69+IFNγ+ ≤ 13.83% (Figure 5B; AUC = 0.750, 
95%CI: 0.657-0.843, P < 0.001) in KTr were considered 
to be at a significantly high risk of post-transplant OI. 
In fact, 92.3% of LTr (n = 16) and 82% of KTr (n = 15) 
who developed OI displayed post-transplant levels of 
CD8+CD69+IFNγ+ ≤ 14.95% and CD4+CD69+IFNγ+ ≤ 
13.83%, respectively at any time point between the 1st 
and 6th month post-transplantation. The Kaplan-Meier 
curve showed that time free of OI was significantly 
shorter for those LTr and KTr whose cut-off values were 
below the threshold (Figure 5A; P < 0.001, Long Rank 
test and Figure 5B; P = 0.004, Long Rank test). 

With regards TH17 subset, a percentage of 
CD4+CD69+Il-17+ T lymphocytes ≥ 2.19% (Figure 5C; 
AUC = 0.840, 95%CI: 0.761-0.919, P < 0.001) was 
also capable to stratify LTr at high risk of post-transplant 
OI. 55.8% of LTr were classified at high risk of overall 
post-transplant OI with a percentage of TH17 above cut-
off, of whom 15 out of 18 LTr (86.6%) developed OI 

and 3 recipients (13.4%) did not develop OI despite 
being stratified within the high risk group. A percentage 
of CD4+CD69+IL-17+ ≥ 2.19% in LTr at any time point 
between the 1st and 6th month post-transplantation 
resulted in a shorter time free of overall OI near of 
signification (Figure 5C; P = 0.058, Long Rang test).

Finally, a percentage of CD8+CD69+IL-10+ T lym-
phocytes ≥ 11.15% (Figure 5D; AUC = 0.734, 95%CI: 
0.638-0.831, P < 0.001) in KTr and a percentage of 
CD4+CD69+IL-10+ T lymphocytes ≥ 9.35% (Figure 
5E; AUC = 0.902, 95%CI: 0.834-0.969, P < 0.001) 
in LTr and ≥ 13.95% (Figure 5F; AUC = 0.856, 
95%CI: 0.792-0.919, P < 0.001) in KTr accurately 
discriminated both cohort of patients at high risk of 
overall post-transplant OI. KTr with a percentage of 
CD8+CD69+IL-10+ < 11.15% had significantly reduced 
overall OI episodes compared to those recipients with 
values ≥ 11.15% (Figure 5D; P = 0.002, Long Rang 
test). 23 KTr (73.6%) were shown to be at high risk 
of OI, of whom 17 (75.3%) developed OI between 
the 1st and 6th month post-transplantation exhibiting a 
percentage above cut-off. Considering the intracellular 
IL-10 production capacity by the CD3+CD4+CD69+ T 
lymphocyte subpopulation, a percentage ≥ 9.35% 
in LTr (Figure 5E; P = 0.003, Long Rang test) and ≥ 
13.95% in KTr (Figure 5F; P < 0.001, Long Rang test) 
resulted in a worse outcome with significantly increased 
overall post-transplantation OI episodes. 50.5% (n = 
15) of LTr as well as another 50% (n = 16) of KTr were 
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Figure 3  Cytokine-producing CD4+ and CD8+ T cells follow-up along first year after liver and kidney transplantation. A: % of cultured IFNγ-producing CD8+ 
lymphocytes; B: % of cultured TH17 lymphocytes; C: % of cultured TH2 lymphocytes in LTr; D: % of cultured TH1 lymphocytes; E: % of cultured IL-10-producing CD8 
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bP < 0.01, dP < 0.001. Significances express the difference against baseline level.
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stratified at high risk of infection showing percentages 
of TH2 all above the threshold. Indeed, 96.2% of LTr 
and 87.1% of KTr of those at high risk developed at 
least one episode of OI between the 1st and the 6th 
month post-transplantation. Cut-off values, specificities 
and sensitivities for the surrogate biomarkers of post-
transplant OI are shown in Table 3.

The imbalance between the TH1 and TH2 response as 
the most significant risk factor associated with post-
transplant opportunistic infection in liver and kidney 
transplant
We further examined the relationship between different 
recipient/donor factors and the occurrence of post-

transplant OI in LTr and KTr. Following auROC curve 
analysis; univariate and multivariate Cox regression 
models were carried out. Results of the univariate and 
multivariate analysis of recipients and donor factors 
are shown in Table 4. Several factors were shown to be 
associated with an increased risk of post-transplant OI 
in LTr as well as KTr. Amongst them, recipient gender 
and serum alkaline phosphatase (SALP) enzyme 
in LTr showed a trend (P = 0.067 and P = 0.078, 
respectively) to a worse post-transplant primary study 
point, whereas in KTr, recipient gender in conjunction 
with SALP, serum creatinine levels and dose of MMF, 
were significantly observed as independent risk factor of 
post-transplant OI episodes (P = 0.046, P = 0.016, P = 
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Figure 4  Stratification analysis of the percentage for the intracellular cytokine production capacity of CD4+ and CD8+ T lymphocytes between the 1st and 
6th month post-transplantation. A: % of CD8+CD69+IFNγ+ T lymphocytes in LTr with and without OI; B: % of CD4+CD69+IFNγ+ T lymphocytes in KTr with and without 
OI; C: % of CD4+CD69+IL-17+ T lymphocytes in LTr with and without OI; D: % of CD8+CD69+IL-10+ T lymphocytes in KTr with and without OI; E: % of CD4+CD69+IL-10+ 
T lymphocytes in LTr with and without OI; F: % of CD4+CD69+IL-10+ T lymphocytes in KTr with and without OI. LTr: liver transplant recipients; KTr: kidney transplant 
recipients. aP < 0.05, bP < 0.01, dP < 0.001.
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0.014 and P = 0.035, respectively). In addition to this, 
the percentage of total lymphocyte and serum Gamma-
Glutamyl Transpeptidase (SGGT) (P = 0.022 and P = 
0.035, respectively) was observed as the only clinical 
recipient factor having an impact in the occurrence of 
OI in LT. Amongst T lymphocyte subsets, LTr with a 
post-transplant percentage of CD8+CD69+IFNγ+ below 
cut-off (P = 0.002) and a post-transplant percentage of 
CD4+CD69+IL-10+ above cut-off (P = 0.006) resulted 
in a significantly worse outcome leading to an increase 
number of OI episodes, whereas the post-transplant 
percentage of CD4+CD69+IL-17+ showed a trend (P 
= 0.07) towards a shorter time free of OI. Similarly, 
the post-transplant percentage of CD4+CD69+IFNγ+ 
(P = 0.006), CD4+CD69+IL-10+ (P = 0.001) and 
CD8+CD69+IL-10+ (P = 0.007) in KTr also were shown  
as independent risk factor of OI. 

In the multivariate analysis, with regards LT, the 
only donor factor resulting in a reduction of the risk of 
post-transplant OI was donor age (HR: 0.96, 95%CI: 
0.93-0.99, P = 0.026). Percentage of total lymphocytes 
remained as a factor for a better outcome (HR: 0.94, 
95%CI: 0.89-0.99, P = 0.036). On the other hand, 
recipient gender (HR: 4.56, 95%CI: 1.46-14.20, P = 
0.009) was shown to have a negative impact in the 
occurrence of OI. Amongst the surrogate biomarkers 
for risk of infection, the imbalance between the TH1 
and TH2 response was shown to be the most significant 
factor in poor post-transplant outcome (HR: 21.12, 
95%CI: 2.80-159.31, P = 0.003 and HR: 2.84, 95%CI: 
1.09-7.35, P = 0.032, respectively), resulting in an 
increased risk of overall post-transplant OI. Amongst 
KTr, in the multivariate analysis, TRL dose (HR: 0.92, 
95%CI: 0.85-0.99, P = 0.037) and serum creatinine 
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Figure 5  Post-transplantation receiver operating characteristic curve for the intracellular cytokine production capacity and the effect of the % of 
intracellular cytokine production capacity in stimulated T lymphocytes cut-off values for the discrimination of liver and kidney recipients likely to develop 
opportunistic infection between the 1st and 6th month post-transplantation (Kaplan–Meier analysis). A: Post-transplant % of CD8+CD69+IFNγ+ in LTr; B: Post-
transplant % of CD4+CD69+IFNγ+ in KTr; C: Post-transplant % of CD4+CD69+IL-17+ in LTr; D: Post-transplant % of CD8+CD69+IL-10+ in KTr; E: Post-transplant % of 
CD4+CD69+IL-10+ in LTr; F: post-transplant % of CD4+CD69+IL-10+ in KTr. LTr: Liver transplant recipients; KTr: Kidney transplant recipients.
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levels (HR: 1.02, 95%CI: 1.00-1.04, P = 0.013) were 
factors associated with post-transplant OI whereas MMF 
dose only showed a trend towards worse post-transplant 
outcome. (P = 0.053). The two main recipient factors 
associated with a worse impact to overall infection were 
the percentage of CD4+CD69+IFNγ+ (HR: 3.29, 95%CI: 
1.71-6.35, P < 0.001) and CD4+CD69+IL-10+ (HR: 
4.76, 95%CI: 2.05-11.08, P = 0.003). Post-transplant 
percentage of CD8+CD69+IL-10+ T lymphocytes between 
months 1 and 6 was not associated with overall OI (P = 
0.139). Further assessment of the presence of AR, as 
well as the administration of induction therapy in both LTr 
and KTr, showed an impact on the occurrence of post-

transplant OI, in which the administration of induction 
therapy in KTr (HR: 1.5, 95%CI: 0.96-2.35, P = 0.076) 
was the only factor showing a trend towards a worse 
clinical outcome.

DISCUSSION
This prospective study describes the usefulness of in 
vitro stimulation of whole peripheral blood to quantify 
the intracellular cytokine production capacity from 
two independent cohorts of patients (LTr and KTr) 
with orthotopic liver and kidney transplantation as 
predictive biomarkers for overall post-transplant OI. 

Biomarker Cut-off AUC (95%CI) Sensitivity (95%CI) Specificity (95%CI)

Liver transplant 
   % CD8+CD69+ IFNγ+ T Lymphocytes 14.95 0.897 (0.834-0.960) 85.71 (75.29-92.93)   88.37 (74.92-96.11)
   % CD4+CD69+IL-17+ T Lymphocytes   2.19 0.840 (0.761-0.919) 80.56 (69.53-88.94)   81.25 (67.37-91.05)
   % CD4+CD69+IL-10+ T Lymphocytes   9.35 0.902 (0.834-0.969) 78.12 (66.03-87.49)   94.87 (82.68-99.37)
Kidney transplant 
   % CD4+CD69+ IFNγ+ T Lymphocytes 13.83 0.750 (0.657-0.843) 72.37 (60.91-82.01)        75 (60.40-86.36)
   % CD4+CD69+IL-10+ T Lymphocytes 13.95 0.856 (0.792-0.919) 71.05 (59.51-80.89) 83.33 (69.78-2.52)
   % CD8+CD69+IL-10+ T Lymphocytes 11.15 0.734 (0.638-0.831) 89.33 (80.06-95.28)   52.17 (36.95-67.11)

AUC: Area under curve.

Table 3  Post-transplant cut-off, area under curve, sensitivity and specificity values for the intracellular cytokine production capacity 
in liver transplant recipients and kidney transplant recipients as surrogate predictive biomarkers of post-transplant opportunistic 
infection

Predictive factors for OI Univariate analysis Multivariate analysis

HR 95%CI P -value HR 95%CI P -value
Liver transplant (n = 30)
   % CD8+CD69+IFNγ+ T lymphocytes 22.56     3.01-169.56   0.002 21.12     2.80-159.31    0.003
   % CD4+CD69+IL-10+ T lymphocytes   3.77 1.46-9.75   0.006   2.84 1.09-7.35    0.032
   % CD4+CD69+IL-17+ T lymphocytes   2.43 0.93-6.35 0.07   1.37 0.45-4.16    0.584
Total leukocyte   1.08 0.98-1.18   0.111   0.95 0.78-1.17    0.666
Total lymphocytes (%)   0.94 0.90-0.99   0.022   0.94 0.89-0.99    0.023
Total lymphocyte (cells/mm3)   1.24 1.18-1.30   0.150   1.00 0.99-1.04    0.261
Donor age   0.98 0.96-1.01   0.221   0.96 0.93-0.99    0.026
Recipient gender   2.40 0.94-6.09   0.067   4.56   1.46-14.20    0.009
TRL dose (mg/d)   0.96 0.87-1.10   0.815   0.82 0.59-1.13    0.230
MMF dose (mg/d)   0.87 0.49-1.52   0.619   0.99 0.99-1.01    0.454
Induction therapy   0.92 0.33-2.51   0.864   3.90 3.71-4.09    0.990
Post-transplant IS   1.89 0.78-4.59   0.157   1.98 0.64-6.15    0.238
Acute rejection   1.51 0.63-3.62   0.362   3.95   0.75-20.93    0.107
SALP (U/L)   1.02 0.92-1.17   0.078   1.00 0.99-1.05    0.706
SGGT (U/L)   1.19 1.13-1.25   0.035   1.01 0.91-1.03    0.333
Kindey transplant (n = 31)
   % CD4+CD69+IFNγ+ T lymphocytes   2.36 1.28-4.33   0.006   3.29 1.71-6.35 < 0.001
   % CD4+CD69+IL-10+ T lymphocytes   3.49 1.68-7.30   0.001   4.76   2.05-11.08    0.003
   % CD8+CD69+IL-10+ T lymphocytes   4.17    1.49-11.68   0.007   2.52 0.74-8.57    0.139
Recipient gender   1.91 1.01-3.61   0.046   1.15 0.57-2.32    0.705
TRL dose (mg/d)   0.95 0.89-1.01   0.112   0.92 0.85-0.99    0.037
MMF dose (mg/d)   1.18 1.12-1.24   0.035   1.01 1.00-1.03    0.053
Induction therapy   1.32 0.91-1.91   0.143   1.50 0.96-2.35    0.076
Post-transplant IS   0.94 0.67-1.32   0.723   0.63 0.19-2.01    0.434
Acute rejection   1.34 0.64-2.81   0.439   1.44 0.59-3.48    0.417
Serum creatinine   1.02 1.00-1.03   0.014   1.02 1.00-1.04    0.013
SALP (U/L)   0.98 0.97-0.99   0.016   0.98 0.97-1.01    0.074
SGOT (U/L)   0.98 0.95-1.01   0.242   0.98 0.96-1.01    0.195

Table 4  Univariate and multivariate Cox regression model for overall opportunistic infection between 1st and 6th month post-
transplantation

IS: Post-transplant immunosuppressive therapy; HR: Hazard ratio.
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To our knowledge, this report is the first to analyze the 
impact of TH1, TH2 and TH17 adaptive immune response 
in post-transplant OI outcome. The main objective 
was to analyze the occurrence of overall OI after OLT 
and LT, according to post-transplant percentages of 
CD4+CD69+IFNγ+, CD8+CD69+IFNγ+, CD4+CD69+IL-17+, 
CD4+CD69+IL-10+ and CD8+CD69+IL-10+.

Our data show high occurrence of post-transplant 
OI due to an imbalance between TH1/TH2 adaptive 
immune response in LTr and KTr between the 1st and 
6th month after transplantation. Besides, TH17 adaptive 
immune response in LTr was also found to have an 
impact to post-transplant infection. Importantly, we 
have demonstrated that post-transplant percentages 
for both pro- and anti-inflammatory cytokine-producing 
T lymphocytes to be the most significant factors 
determining the overall OI susceptibility.

Pre-transplant levels of IFNγ, IL-17 and IL-10 
producing T lymphocytes in patients with ELSF and 
ERSF were shown to be significantly different when 
compared to healthy individuals. Specifically, we found 
a significantly increased overall percentage of TH1, TH2 
and TH17 populations in LTr, however in KTr TH1 and 
TH2 cells were observed no significant; nevertheless, 
there was a trend towards higher percentage in ESRF 
patients compared to healthy individuals. This data 
are in concordance with previous evidence showing an 
increased level of TH1 and TH17 cells in patients with 
ESRF[23].

Overall, the IFNγ-dependent immune response 
was shown to be significantly reduced in LTr and 
KTr during the follow-up period compared to basal 
levels. This reduced IFNγ production capacity was 
more substantial in liver than kidney recipients but 
nevertheless, in both cases a significant reduction in 
IFNγ production capacity was found within the highest 
OI occurrence in post-transplant period (1st to 6th 
month). On the other hand, IL-17 as well as IL-10-
dependant responses increased gradually from day 1 
up until one year after transplantation in both types 
of transplants and this increase was found significant 
compared to pre-transplant levels. Erol et al[24] 2017 
investigated the intracellular IFNγ and IL-17 levels in 
a cohort of 50 KTr during 6 mo after transplantation. 
No significant difference was observed between pre- 
and post-transplant levels at any time point. However, 
Loverre et al[25] 2011 investigated a cohort of 72 KTr 
in which intracellular IFNγ (TH1), IL-4 (TH2) and IL-17 
(TH17) production capacity was measured. Overall, they 
found a significant decrease in IFNγ expressing CD4+ 
T lymphocytes at 24 mo in patients with delayed graft 
function (DGF) compared to pre-transplant, whereas 
TH2 subset significantly increased after transplantation 
compared to baseline levels as measured by GATA3 
protein expression in both patients with DGF as we all as 
acute tubular damage (ATD). Although our investigation 
did not compare post-transplant percentages of T 
lymphocytes with healthy individuals, our results 
shown concordance with the findings from P.J. van de 

Berg et al[26] 2012, in which they found a significantly 
decreased absolute number of CD4+ and CD8+ T cells in 
patients with stable graft function compared to healthy 
individuals at 6 mo, but more interestingly towards a 
differentiated and effector T-cell phenotype, specially 
observed in those CMV-seropositive recipients.

OI has been found to be more frequent in the 
first six months after orthotopic liver[27] and kidney[28] 
transplantation when the immunosuppressant reaches 
maximum levels. As shown in our results, stratification 
analysis showed that the percentage of CD8+CD69+IFNγ+ 
in LTr and CD4+CD69+IFNγ+ in KTr were significantly 
reduced in patients who developed OI. On the contrary, 
the IL-17 and IL-10-dependant immune response 
in both LTr and KTr was significantly augmented in 
patients who suffered OI during this period. Recently, 
a prospective study carried out in a cohort of 304 KTr 
found that recipients who subsequently developed 
OI had a significantly decreased count in total 
lymphocytes, CD3+, CD4+ and CD8+ T-cells as well as 
NK-cells at month 1 post-transplantation[11]. Although, 
in our cohort of liver and kidney recipients the total 
count for both percentage and absolute number of 
peripheral lymphocytes was not statistically significant 
between both study groups, a trend was observed 
towards less count of total lymphocytes in patients 
with OI. The same study also used these T lymphocyte 
subpopulations as predictive biomarkers for OI, however 
they only took into consideration the quantitative side 
of the adaptive immune response against opportunistic 
pathogens. Thus, we believe that quantitative analysis, 
although rapid and affordable, could potentially miss 
beneficial information underlying the overall count of 
T CD4+ and CD8+. Therefore, qualitative assays which 
provide functional information should also be performed 
to monitor transplant recipients. Consequently, intra-
cellular cytokine quantification was carried out in this 
research as an estimation of the functional adaptive 
immune response against opportunistic pathogens. 
Our group had reported the usefulness of quantifying 
the intracellular cytokine production as a surrogate 
predictive marker of adverse event, such as acute 
cellular rejection, in LTr and KTr[9]. Moreover, the 
intracellular-staining method based on flow cytometry 
was previously used to monitor patients infected by 
intracellular[29] and extracellular[30] pathogens as well as 
to define immune-status in non-infected individuals. In 
spite of the methodology requiring specific equipment 
for its implementation and well-trained scientists 
in cell culture and flow cytometry, the majority of 
Histocompatibility laboratories already use similar 
approaches for their phenotypical and functional assays 
leading us to believe that such methodology should not 
have a significant cost impact. Where implementation 
can prove impossible, as in the case of many small 
laboratories, there would be the option of using a referral 
laboratory service, therefore reducing any financial 
impact.

Our data has demonstrated the accuracy of this 

Boix F et al . T-cell imbalance in post-transplant opportunistic infection



35 February 24, 2018|Volume 8|Issue 1|WJT|www.wjgnet.com

cytokine-producing T cell functional assay by means 
of monitoring the susceptibility of post-transplant OI 
in LTr and KTr. As such, our auROC predictive model 
showed that LTr with post-transplant percentages 
of CD8+CD69+INFγ+ ≤ 14.95%, CD4+CD69+IL-17+ 
≥ 2.19% and CD4+CD69+IL-10+ ≥ 9.35% were 
stratified at high risk of OI between months 1 and 
6. Similarly, KTr with post-transplant percentages of 
CD4+CD69+INFγ+ ≤ 13.83%, CD4+CD69+IL-10+ ≥ 
13.95% and CD8+CD69+IL-10+ ≥ 11.15% were also 
significantly found at high risk of OI throughout the 
same period of time. The deficiency of IFNγ production 
by stimulated CD8+ T cells in LTr and CD4+ T cells in 
KTr, in conjunction with an increased production of 
IL-10 cytokine by CD3+CD4+CD69+ T cells in both types 
of transplant were significantly associated, confirmed 
by multivariate model, with a higher occurrence of 
overall OI and worse impact on patient wellbeing. 
Although post-transplant percentage of IL-17-producing 
CD3+CD4+CD69+ T cells in LTr and IL-10-producing 
CD3+CD8+CD69+ both had some impact on patient’
s outcome in univariate analysis, this effect was not 
seen in multivariate analysis. In line with the findings 
in this research, the negative effect of the imbalance of 
cytokine-producing T lymphocytes in the overall post-
transplant OI seen at pre-transplant in our LTr and KTr 
had yet been seen (data not shown).

In addition, we have also reported several recipient 
and donor factors that still remain critical determinants 
for morbidity outcome in solid transplant patients. 
Donor age has been associated with an increased risk of 
OI infection in both LT and KT[31,32], amongst other donor 
factors, such as CMV serostatus and deceased donor 
source. Recipient gender[33] and immunosuppressive 
therapy, especially MMF[32,34], as well as induction 
therapy[35], have too been implicated in the suscepti-
bility to some post-transplant OI. Our results confirm 
previous findings showing that donor age, recipient 
gender, immunosuppressive therapy with MMF and the 
administration of polyclonal antithymocyte globulin or 
basiliximab (anti-IL-2R or anti-CD25) should be taken 
into consideration as donor/recipient risk factors to post-
transplant OI. On the other hand, we have also found 
serum levels of ALP and GGT in LTr and serum levels 
of ALP and creatinine in KTr to be associated with post-
transplant OI; however, this data should be taken with 
caution as potential confounder may exist due to our 
small cohort of patients. Further investigation should be 
performed to elucidate these recipient factors as risks to 
post-transplant OI.

Analysis of our data has revealed several potential 
limitations. Likewise any uni-centre prospective study, 
the number of patients recruited to this purpose could 
have resulted as one limiting factor for the primary 
study outcome. Given that we have demonstrated 
significant associations in the basis of recipient/donor 
risk factors for post-transplant OI; these findings 
must be confirmed in larger (multi-center if possible) 
prospective study. Despite the limitations of the study. 

In conclusion, our results add to the field of 
transplantation a validated, rapid and affordable CMI 
assay that provides basic functional information as 
to the monitoring of CD4+ and CD8+ T lymphocytes 
throughout the post-transplantation period. Based on 
these results, and those from recent studies, several 
post-transplant strategies could be proposed for the 
management of recipients. Particularly our study could 
be relevant in the setting of recipients showing an 
imbalance between the adaptive TH1 and TH2 immune 
response. Finally, our findings suggest that TH17 
adaptive immune response, along with several recipient 
characteristics and donor age should be not consider in 
isolation but as a whole based on recipient features.

ARTICLE HIGHLIGHTS
Research background 
Nowadays liver and kidney transplant are well-established therapeutic 
options for patients with end stage liver and kidney diseases. However, 
the administration of immunosuppressant is not exempt of side effects that 
ultimately could lead to worse transplant outcome.

Research motivation
Monitoring of adaptive immune response by flow cytometry provides means 
of further understanding on how T lymphocytes vary throughout the post-
transplant period.

Research objectives 
In this study, the authors aim to validate the intracellular cytokine production 
functional assay as means of cell-mediated immunity monitoring of post-
transplant patients with opportunistic infection.

Research methods
A longitudinal study was carried out in two cohorts of transplant recipients 
where patients were prospectively monitored for one year post-transplantation.

Research results
LTr with OI had significantly lower % of CD8+CD69+IFNγ+ T cells at 60, 90 
and 180 d post-transplantation. Higher % of CD4+CD69+IL-10+ as well as 
CD4+CD69+IL-17+ T cells were yet reported at 30, 60 and 90 d. KTr with OI 
had significantly lower % of CD4+CD69+IFNγ+ T cells at 30, 60, 90 and 180 
d post-transplantation whereas IL-10-producing CD4+ and CD8+ T cells were 
significantly higher at 30, 90 and 180 d.

Research conclusions
The quantification of intracellular cytokine production by flow cytometry 
has been validated as a reliable functional assay that provides trustworthy 
information to a better management of transplanted patients. The occurrence of 
opportunistic infection was significantly correlated with an imbalance between 
TH1, TH2 and TH17 cells in both liver and kidney transplant recipients.

Research perspectives
Post-transplant administration of immunosuppressant as well as prophylaxis 
therapies could be adapted according to the levels of TH1, TH2 TH17 in an 
individual basis.
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