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Immune cell function assays in the diagnosis of infection in 
pediatric liver transplantation: an open-labeled, two center 
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Background: Limited studies have been performed in assessment of immune status of pediatric liver 
transplants (PLTs). We conducted this study to evaluate Cylex immune cell function assay in diagnosis of 
infection and its potential clinical application in Chinese infant PLTs. 
Methods: In this prospective cohort study, 227 infant PLTs from two medical centers were enrolled, and 
216 completed the study. Cylex ATP values were measured before and after liver transplantation (LT) at 
week 1, 2, 3, 4, 8, 12 and 24 respectively. Accordingly, patients’ clinical records, including demographic data, 
liver function results, tacrolimus dosages and concentrations were collected and analyzed. 
Results: One hundred and sixty of 216 PLTs (74.1%) were diagnosed infection based on the parameters 
including abnormal vital signs, imaging changes, and pathogens detection, while 44 (20.4%) were clinically 
stable and 12 (5.6%) experienced acute rejection. The median Cylex ATP value in infant PLTs post-surgery 
reduced significantly in infection group compared to stable group (median, 137 vs. 269 ng/mL, P<0.001). 
Receiver operating characteristic (ROC) curve analysis determined that the cut-off value of Cylex ATP was 
152 ng/mL in diagnosis of infection [area under the curve (AUC): 0.784, 95% CI: 0.720–0.848]. Meanwhile, 
Cylex ATP value showed no correlation to tacrolimus dosage, blood concentration, dose-normalized 
concentration/dose ratio or Kaup index. However, it tended to correlate weakly with the white blood cell 
(WBC) number (R =0.462, P<0.0001) and lymphocyte counts (R =0.363, P<0.0001).
Conclusions: In this study, we demonstrated that low Cylex ATP represented partly over-
immunosuppression and had diagnostic value in infant PLTs with infections, which might assist 
individualized immunosuppression in PLT patients.
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Introduction

Liver transplantation (LT) is the only effective treatment 
for patients with end-stage liver disease, both adults and 
children (1-3). Immunosuppressive agent monitoring by 
trough level is the most commonly used regimen to evaluate 
post-transplant immune status; however, this approach 
does not provide an accurate reflection of the real-time 
immune status of the patient or adverse effects of the drug 
(4,5). Moreover, a 10-fold variability in immunosuppressive 
pharmacokinetics and blood concentration have been 
observed after a fixed dose administration in pediatric 
recipients (6,7). Based on measurement of peripheral CD4+ 
T cell adenosine triphosphate (ATP) activity, the Cylex 
Immune Cell Function (ImmuKnow) Assay has been used to 
provide an overview of the immune response to transplant 
recipients receiving immunosuppressive therapy (8).  
However, a child immune system is in a developmental 
stage (9) and his immune cell composition differs from 
that of an adult (10); therefore, whether the Cylex ATP is 
capable of evaluating immune status in pediatric recipients 
or not is unclear. Currently, a normal range of Cylex ATP 
values have been established in healthy adult volunteers (225 
to 525 ng/mL) (11). However, some studies have shown 
that pediatric patients have lower values than those of adult 
patients, but yet has any results in infant patients (12,13). 
Thus, the application of Cylex ATP assays in assessment of 
pediatric transplant patient, especially the infant recipient 
remains to be established.

Previous studies have proved that high Cylex ATPs are 
related to inadequate immunosuppression and high risk of 
rejection (14-16), while the low values represent excessive 
immunosuppression and increased risk of infection (17). 
The immunosuppressive dosage in children is usually 
much higher than that in adults probably due to a larger 
graft-recipient weight ratio (GRWR) and immature 
cytochrome P450 enzyme activity during the first year of 
life (18,19). Compared to adults, children are at higher risk 
of infection and rejection after organ transplantation, up 
to now, infection is still a major cause of post-transplant 
death in children (20). Transplantation-related infections, 
especially opportunistic viral and fungal infections, are often 
associated with excessive immunosuppression, resulting in 
an extremely high mortality rate in children (21). However, 
despite individualized medication adjustment in responding 
to drug trough levels, there is still a lack of effective means 
to reflect the actual immunosuppression status. Therefore, 
identification of parameters that can reflect the immune 

status more accurately for young pediatric recipient under 
immunosuppression is of utmost importance for their 
proper drug dosage.

In this study, we analyzed the dynamic changes of Cylex 
ATP values in Chinese infant pediatric liver transplant (PLT) 
recipients before and post-transplantation, and evaluated 
the potential application of Cylex ATP assay in diagnosing 
transplant-associated infection in young pediatric patients.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tp-20-256). 

Methods

Study design

In this prospective cohort study, we applied ImmuKnow 
ATP assays in PLT recipients which are enrolled in two 
different medical centers (Shanghai Jiao Tong University 
School of Medicine Affiliated Renji Hospital and Tianjin 
First Center Hospital, China) between April 2017 and June 
2018 to monitor their peripheral CD4+ T cell ImmuKnow 
ATP activity and investigate its potential to evaluate the 
diagnosis value in infection and reflect the actual immune 
status post-surgery. The study was registered in Chinese 
Clinical Trail Registry Center (No. ChiCTR1800015089).

The inclusion criteria of this study were: (I) patients aged 
<3 years at the time of transplantation; (II) patients who 
are ethnically Chinese; (III) parents or legal guardians have 
been informed of the enrolment and signed the consent.

The exclusion criteria were: (I) patients who have 
received medication that may have an effect on the 
pharmacokinetics of tacrolimus (TAC); (II) patients who 
received combined liver and kidney transplantations or 
secondary LTs; (III) patients who have been involved in 
other medical research in the 4 weeks prior to enrolment.

The Cylex ATP assay tests were scheduled at the 
following eight time-points: maximum of 5 days before 
transplantation and 1, 2, 3, 4, 8, 12, 24 weeks after surgery. 
We also recorded each recipient’s vital signs, growth 
development parameters and detailed clinical data at each 
time-point. In addition to the time-point mentioned above, 
an extra test would be performed if an episode of infection 
or rejection or any other disease-related situation happened.

The following baseline data were recorded: the date of 
LT, sex, age, primary diagnosis of recipient, pediatric end-
stage liver disease (PELD) score, Child-Pugh score, results 
of routine blood examination and liver/kidney function. 

http://dx.doi.org/10.21037/tp-20-256
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Moreover, dose and concentration of immunosuppressant 
drugs and other simultaneous medication were recorded, 
as well as pathology and imaging data, if available. All liver 
biopsies were evaluated independently by two or three 
experienced pathologists.

Trial endpoint

The clinical status of patients was categorized as: stable, 
infection, and rejection. Infection and rejection episodes 
were trial endpoints. Stable status was defined as normal 
clinical experimental and imaging examinations without 
infection or rejection. If the patients have occurred 
endpoint episodes, we would stop the research trial of ATP 
assay. While all patients would be followed up for clinical 
status and treatment during the trial.

Diagnosis of transplant-related infection was based 
on vital signs (for example, elevated body temperature, 
accelerated heart rate and breathing), hemogram changes 
(increased leucocytes and neutrophils) and imaging changes 
by chest radiography or computed tomography (CT) scan. 
In addition, the more accurate diagnosis would be the 
culture result of blood/sputum/abdominal fluid/jugular vein 
tube. C-reactive protein (CRP) and procalcitonin (PCT) 
tests would also be taken into consideration. Infection 
events were subdivided into bacterial, fungal and viral 
infections and rare pathogen infection. Fungal infections 
were indicated by β1,3-glucanase positive, or culture 
positive, in addition to effective antifungal drug therapy. 
The viral infections consisted mainly of influenza virus, 
cytomegalovirus (CMV) and Epstein-Barr virus (EBV). The 
recipients were routinely screened by blood polymerase 
chain reaction (PCR) for CMV and EBV, with positive 
results for viremia ≥400 copies/mL. If the infection episodes 
got even severe to turn to sepsis, and the diagnosis of sepsis: 
a heart rate >180 or <90 bpm, breathing >34 bpm, white 
blood cell (WBC) >17.5×109/L or <5×109/L or systolic 
pressure <100 mmHg if the patients <1 year old; a heart 
rate >140 bpm, breathing >22 bpm, WBC >15.5×109/L or 
<5×109/L or systolic pressure <94 mmHg if the patients are 
between 1 to 3 years old.

Rejection was defined by the results of liver function tests 
or pathological biopsy analysis. A clinical acute rejection was 
diagnosed as elevated liver enzyme values and continuously 
low blood trough concentration of TAC or cyclosporine 
(CsA), with liver function improved by additional dose of 
drugs. A pediatrician and a surgeon verified the diagnosis 

of post-operative infection or acute cellular rejection. The 
biopsy of liver tissue was considered to be the gold standard 
of acute cellular rejection.

Patients and ethics statement

This study was approved independently by the ethics 
committees of the two study centers {approval No: 
[2016]134K and 2016033KY}. The study protocol 
conformed to the ethical guidelines of the Declaration of 
Helsinki (as revised in 2013). The immune function data 
from our study would not be used for clinical decisions.

Immunosuppressive protocol

An immunosuppressive protocol consisting of TAC and 
steroids was routinely applied postoperatively, with or 
without mycophenolate mofetil. TAC was started at day 2 
or 3 after pediatric transplantation and the initial dose was 
0.15 mg/kg/day orally, twice daily.

The dose was then adjusted according to blood trough 
concentration measured 12 h after the previous dose (termed 
C0). The target whole blood trough concentration of 
TAC (C0) was 8–12 ng/mL for the 1st month, 7–10 ng/mL  
during the 2nd–6th months and 5–8 ng/mL thereafter. 
Of blood tests at each time-point, C0 was measured 
by a microparticulate enzyme immunoassay (IMx or 
i1000, Abbott Co., Ltd., Tokyo, Japan) according to the 
manufacturer’s instructions. The weight-adjusted dosage 
(mg/kg/day) was calculated to give a dose-normalized 
concentration C/D ratio, which was used to estimate the 
drug clearance.

Cylex Immuknow assay

Peripheral whole blood samples were collected into heparin 
anticoagulant tubes for Cylex ImmuKnow test (Inzex 
Biotechnology Company, Shanghai, China). Briefly, 250 μL 
of sample was diluted with 750 μL sample diluent, added to 
a 96-well microtiter plate and incubated overnight (16–18 h)  
with phytohemagglutinin stimulation at 37 ℃ under 5% 
CO2. Anti-CD4 monoclonal antibody coated beads were 
added to the sample next day. The beads selected cells were 
lysed to release intracellular ATP, which was measured 
in a luciferin/luciferase assay using a luminometer, with 
the amount of light produced being proportional to the 
concentration of ATP (ng/mL).
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Statistical analysis

Continuous data were described as mean ± standard 
deviation (SD) or median with interquartile range (IQR). 
Qualitative data were described as percentages (%). The 
trend analysis of ATP over time was performed using 
repeated measures analysis of variance (ANOVA). For 
continuous data, we first used Kolmogorov-Smirnov test to 
test the normality and homogeneity of variance. If assumed, 
ANOVA was used, if not assumed, Kruskal-Wallis rank 
sum test was used to compare three groups. For categorical 
data, chi-square test was used to compare three groups. 
To compare ATP of patients with different outcomes, we 
used Kruskal-Wallis rank sum test at first, then Wilcoxon 
rank sum test to make multiple comparisons. In multiple 
comparisons, we adjusted α as 0.025 to avoid increasing 
type I error. All tests were two-side test. Correlations 
of WBC counts, neutrophil counts, lymphocyte counts, 
monocyte counts, TAC trough concentration and dose-
normalized concentration (C/D ratio) with the Immuknow 
ATP values were tested by Pearson’s correlation analysis. 
Receiver operating characteristic (ROC) curves were used 
to evaluate the performance of Cylex Immuknow ATP 
in assessing the clinical status of pediatric patients. For 
recipients who developed rejection or infection events, the 
ATP value when the event occurred was used for statistical 
analysis; for patients who did not experience such events, 
the ATP values at post-operative week 4 were applied to 
reflect the stable immune situation. The area under the 
curve (AUC) and 95% CI, cut-off point, sensitivity and 

specificity were calculated. A P value <0.05 was considered 
to indicate statistical significance. All statistical analyses 
were performed with SPSS, version 23.0. Graphical plots 
were generated using GraphPad Prism 6.0 (GraphPad 
Software, La Jolla, CA, USA).

Results

Patients’ clinical characteristics

Two hundred and sixteen (111 male) of 227 PLT recipients 
had finished the study, while two children failed screen due 
to age over 3 years, nine recipients loss to follow-up during 
observation (5 cases: lost interest, 3 cases: moved, 1 case: 
death) in the study between April and June 2017. Overall 
survival rate was 99.5% (215/216), expect for one died of 
suffocation due to vomiting at October, 2017. Figure 1 
showed the complete flow chart of the study. Table 1 showed 
the descriptive data of the enrolled recipients. In short, 
children’s median age at transplantation was 7 months (range, 
3–36 months) and 85.6% (n=185) were less than 1 year old.  
Their median weight was 7.0 kg (range, 4.6–16.0 kg).  
The most indication was biliary atresia (n=201, 93.1%), 
followed by congenital hepatic fibrosis (n=7), Alagille 
syndrome (n=3), Caroli disease (n=1), methylmalonic 
academia (n=3) and ornithine transcarbamylase deficiency 
(n=1), respectively. Among the PLT recipients, 98.1% 
(n=211, 97.7%) underwent living donor LT (LDLT), while 
the others underwent deceased donor LT (DDLT). The 
median PELD score was 13.0 (range, −6 to 45). Patients 

Patients screened, n=227

Patients enrolled, n=225

Completed study, n=216

Stable, n=44 Infection, n=160 Rejection, n=12

Follow-up for 6 months

Patients screening failed 
due to age >3 years, n=2

9 patients were lost
5: Unwilling to continue this research
3: Transfer to another foreign hospital
1: Death

Figure 1 Flow chart of periods of recruitment, follow-up and data collection of the trial.
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were categorized as Child-Pugh A, B, C in 7.9% (n=17), 
65.3% (n=141) and 26.9% (n=58) of cases, respectively.

During the whole study period, infection took the major 
part of adverse event and occurred in 74.1% (n=160) of 
patients, while 20.4% (n=44) of PLTs were clinically stable 
and rejection occurred in 5.6% (n=12). No significant 
difference was found in the characteristic parameters 
among the three groups (Table 1). Post-transplant infection 
decreased from 27.3% to 12.1% during the first 4 weeks; 
and bacteria was the most infectious pathogen; however, 
the incidence of infection then increased two-fold at week 8 

and kept at high levels till the end of the study, with 28.2% 
at week 24 (Figure 2), and EBV or CMV infection took the 
majority, accounting for 89.1% [49/55]. Besides, there were 
38 episodes of clinical rejection, and only six were biopsy-
proven acute cellular rejection with Rejection Activity Index 
(RAI) ≥5.

Cylex ATP values correlated with clinical infection

Totally we collected 1,431 blood samples for detection 
Cylex ATP according to the study schedule. To establish 

Table 1 Characteristics of the enrolled pediatric transplant recipients

Characteristics
Data of recipients 

(n=216)
Stable group  

(n=44)
Infection group  

(n=160)
Rejection group  

(n=12)
P value

Age (months), median (IQR) 7.0 (4.0) 7.0 (3.8) 7.0 (3.0) 9.5 (6.3) 0.266

Gender, n (%) 0.767

Male 111 (51.4) 24 (54.5) 80 (50.0) 7 (58.3)

Female 105 (38.6) 20 (45.5) 80 (50.0) 5 (41.7)

Weight (kg), median (IQR) 7.0 (2.0) 7.0 (2.25) 7.0 (1.8) 7.4 (2.0) 0.802

Height (cm), median (IQR) 66.0 (6.8) 64.5 (6.8) 66.0 (6.0) 66.5 (4.8) 0.333

Type of transplant, n (%) 0.218

DDLT 5 (2.3) 0 (0) 5 (3.1) 0

LDLT 211 (97.7) 44 (100.0) 155 (96.9) 12 (100.0)

Primary disease, n (%) 0.287

Biliary atresia 201 (93.1) 42 (95.5) 147 (91.9) 12 (100.0)

CHF 7 (3.2) 1 (2.3) 6 (3.8) 0

Alagille syndrome 3 (1.4) 0 3 (1.9) 0

Caroli disease 1 (0.5) 0 1 (0.6) 0

MA 3 (1.4) 1 (2.3) 2 (1.3) 0

OTCD 1 (0.5) 0 1 (0.6) 0

Child-Pugh classification, n (%) 0.300

A 17 (7.9) 5 (11.4) 12 (7.5) 0 

B 141 (65.3) 30 (68.2) 101 (63.1) 10 (83.3)

C 58 (26.9) 9 (20.5) 47 (29.4) 2 (16.7)

PELD score, median (IQR) 13.0 (11.0) 13.9 (9.8) 13.0 (11.0) 13.5 (8.3) 0.619

Graft weight (g), median (IQR) 230.0 (52.3) 220.5 (35.8) 230.0 (50.0) 247.5 (76.8) 0.237

GRWR (%), median (IQR) 3.4 (1.0) 3.4 (1.0) 3.3 (1.0) 3.5 (1.0) 0.986

IQR, interquartile range; LDLT living donor liver transplantation; DDLT, deceased donor liver transplantation; CHF, congenital hepatic  
fibrosis; MA, methylmalonic academia; OTCD, ornithine transcarbamylase deficiency; PELD, pediatric end-stage liver disease; GRWR, 
graft to recipient weight ratio.
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the detection system, we first analyzed Cylex ATP activities 
in clinically stable PLTs less than 3 years old dynamically 
to illustrate their detection features before and post-
transplantation. The median ATP value was 193 ng/mL 
before LT, which then increased a little to an overall median 
level of 269 ng/mL in stable patients after LT, but there 
showed no significant difference at each detection points 
post-LT (Figure 3), indicating a stable immune status before 
and after LT for young recipients.

To investigate its potential value in evaluating immune 
status of PLT recipients, we compared the Cylex ATP values 
in different groups according to clinical diagnosis (infection, 
stable and rejection). Despite the similar baseline data in 
each group (Table 1), the median of Cylex ATP values were 
significantly lower in the infection group than those in the 
stable group (137 vs. 269 ng/mL, P<0.0001), but there was no 
difference between the rejection and stable groups (Figure 4A).  
Because median of the Cylex ATP values were lower in the 
infection group, we then performed ROC curve analysis to 
determine the sensitivity and specificity of the assay in the 
diagnosis of infection, and evaluated its potential application 
in identification of transplant-related infection. The ROC 
curve analysis showed the area under curve was 0.784 (95% 
CI: 0.720–0.848, P<0.0001) suggesting Cylex ATP assay 
had a medium performance in the diagnosis of infection in 
PLT recipients (Figure 4B). The maximum value Youden 
Index was 0.528, and according to the threshold value for 
Youden Index is maximized, the optimal cut-off value of 
Cylex ATP in diagnosis of infection was 152 ng/mL, at 
which diagnostic sensitivity and specificity were 0.573 and 
0.955, respectively. 

Correlation of Cylex ATP and other laboratory parameters

Immunosuppressive drug dosage and concentration could 
reflect the strength of immunosuppression; therefore, we 
also compared the recorded data and drug usage between 
the stable and infection groups (Table 2). Due to few patients 
treated with CsA as an immunosuppressive drug, we used 
the number of patients treated with TAC in this analysis. 
There was no significant difference in either drug dosage or 
its concentration between these two groups.

We also analyzed the relationship between Cylex ATP 
and immunosuppressive drug administration post-LT. As 
shown in Figure 5, it didn’t suggest there existed linear 
correlation between TAC concentration or TAC dosage 
and Cylex ATP values [Pearson correlation coefficients: 
R =0.063 (P=0.109) and R =−0.05 (P=0.18) respectively]. 
Moreover, since the pediatric nutrition status was related 
to the maturation of immune system, we also analyzed 
the correlation of nutritious index (Kaup) to Cylex ATP 
analysis, and did not indicate that Kaup index had linear 
correlation with Cylex ATP either. WBC and lymphocyte 
counts in peripheral blood could reflect the immune status 
partially, in our analysis, indeed, Cylex ATP levels tended 
to correlate weakly with the total WBC number (R =0.462, 
P<0.0001) and lymphocyte counts (R =0.363, P<0.0001).
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complications) in pediatric liver transplant recipients at each time-
point. 

Figure 3 The distribution of ImmuKnow assay values at each time 
point from pre-transplant (D0) to post-transplant (1 W/2 W/3 
W/4 W/8 W/12 W/24 W). The results show was no significant 
impact of time on ImmuKnow values (P>0.05). W, week.
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Figure 4 Analysis of ImmuKnow values in all groups. (A) ImmuKnow values in the infection group were significantly lower than those in 
stable group (P<0.0001). (B) The receiver operating characteristic (ROC) curves of ImmuKnow values in predicting infection. The area 
under the curve (AUC) of the assay was 0.784 (95% CI: 0.720–0.848). Youden Index had a maximum value when the ImmuKnow value was 
152 ng/mL, with sensitivity and specificity of 0.573 and 0.955, respectively.
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Table 2 Comparison of dose and concentration of tacrolimus between the stable and infection group

Posttransplant time
Does of tacrolimus (mg/kg/d) Tacrolimus concentration (ng/mL)

Stable group (n=44) Infection group (n=160) P value Stable group (n=44) Infection group (n=160) P value

1 W 0.15±0.07 0.14±0.06

0.890

8.28±2.91 9.53±3.57

0.462

2 W 0.21±0.09 0.19±0.08 8.19±3.68 7.33±2.79

3 W 0.21±0.09 0.19±0.08 7.27±2.67 7.27±2.73

4 W 0.22±0.08 0.20±0.08 7.42±2.18 7.22±3.67

8 W 0.20±0.08 0.21±0.10 8.01±3.21 7.29±3.32

12 W 0.20±0.08 0.20±0.11 6.96±1.90 7.77±3.65

24 W 0.10±0.06 0.14±0.09 6.55±1.77 8.30±3.33

W, week.

Discussion

Many studies have been conducted to evaluate the 
potential of the Cylex ATP Assay to predict the infection/
rejection events after organ transplantation (14,22-24). We 
characterized the Cylex ATP values in young PLT recipients 
at seven time points post-surgery to investigate its potential 
application. Moreover, we identified the cut-off point of the 
Cylex ATP value for diagnosis of liver transplant-associated 
infection in young PLTs.

Despi te  surgica l  developments  in  the  f ie ld  of 
transplantation, infectious complications remain a major 
cause of morbidity and mortality for pediatric patients 
after transplantation. Studies have showed that transplant 

patients who develop systemic infections could have a worse 
prognosis (25-27). In our study, it has been noted that 
infection rate reached 74.1%, and infection cases took up 
the majority of adverse events. Concerning to the pathogens 
of infection dynamically, Infections occurred during 1 to 
4 weeks post-surgery caused predominantly by bacteria 
and fungus, while asymptomatic viral infections occurred 
mainly during 8 to 24 weeks period. This phenomenon 
is in accordance with previous reports that most bacterial 
infections during the first month post-transplantation are 
related to a surgical procedure with medical complications. 
Opportunistic infections were predominantly viral infections 
occurring from the 2 to 6 months after LT, depending 
on risk factors and the intensity of immunosuppression, 
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specifically over-immunosuppression (28). Previous studies 
have shown that CMV and/or EBV infection took place 
mainly between 30 to 90 days after transplantation and 
commonly in the first year after PLT. Most of the patients 
have viremia but remain asymptomatic, and EBV infection 
is a risk factor for the pathogenesis of post-transplantation 
lymphoproliferative disorder (PTLD) (21,29). To improve 
the long-term patient and graft survival, a more precise and 
individualized immunosuppressive drug regimen should 

consider decreasing the risk of infections at the same time.
Optimization of the immunosuppressive treatment for 

liver transplant recipients, especially for pediatric patients 
is still challenging. In this study with PLT recipients 
younger than 3 years old, these children have a quite 
different features in immune system compared to that of 
adults and teenagers (30,31). However, few studies have 
focused on the immune response of young PLTs under 
immunosuppression, because there is very limited number of 



341Translational Pediatrics, Vol 10, No 2 February 2021

© Translational Pediatrics. All rights reserved.   Transl Pediatr 2021;10(2):333-343 | http://dx.doi.org/10.21037/tp-20-256

infantile PLTs in a single center. Here we enrolled 227 PLTs  
under 3 years old from two transplant centers to study this 
field intensively. 

The characteristics of the immune response in young 
children are distinct from that of adults, and it is very difficult 
to judge their proper intensity of immunosuppression after 
LT. This is the first two-centered cohort study conducted 
in PLT recipients using Cylex ATP assay to evaluate the 
immune status in PLT less than 3 years old, our result show 
that median Cylex ATP is 269 ng/mL in stable PLT, which is 
much lower than that in our previous report in adult patients 
(32,33). Our result is similar to some other reports that 
children have significantly lower Cylex ATP levels than those 
detected in adults (16,34).

In our study, we have determined that low Cylex 
ATP values correlated to transplant-related infection. 
The rate of asymptomatic viral infection in the study 
increased from 8 weeks post-surgery, meanwhile, Cylex 
ATP value gradually reduced accordingly, which indicated 
clinical over-immunosuppression in the PLT recipients, 
despite the fact that major of the pediatric patients had 
their TAC concentrations less than the recommended 
range, even be given at a higher dosage. Based on this 
information, we concluded that drug modification by 
TAC trough levels only might not be appropriate for 
monitoring PLT recipients because of the high risk of 
over-immunosuppression and leading to opportunistic 
viral infection. Thus, we proposed using Cylex ATP to 
assist in determination of personalized immunosuppressive 
administration in pediatric recipients. Besides, the assay 
is independent of immunosuppressive trough levels and 
is focus on the actual immune status post-LT, which may 
be in aid of trough monitoring to fulfill personalized 
immunosuppression in PLTs (35).

ROC analysis of Cylex ATP assay revealed the AUC 
of infection was 0.784 in the study, which represented a 
medium diagnostic value. A meta-analysis of adult solid 
organ transplantation by Ling et al. showed that the Cylex 
ATP had an AUC for infection of 0.77 (36), similar to our 
results. The results above imply that Cylex ATPs may have a 
potential application in evaluating over-immunosuppression 
and diagnosing transplant-associated infection. We still 
need further study to testify whether we take low Cylex 
ATP (less than 152 ng/mL) into consideration of dosage 
adjustment will reduce infectious events or not. 

Besides, acute rejection is another big problem after 
organ transplantation. However, we could not conclude 
high Cylex ATPs correlate to transplant rejection, because 

we have very limited cases or biopsy-proven rejection in the 
study. Nevertheless, some reports have also indicated that 
high Cylex ATP values do not correlate with graft rejection 
(37,38). Besides, some studies have tried other biomarker to 
monitor clinical rejection, Ashokkumar et al. has applied a 
new measurement to use allo-specific CD154+ T-cytotoxic 
memory cells to predict acute cellular rejection after liver 
or intestine transplantation in children (39), he believes 
CD154 T-cytotoxic memory is more precise in prediction 
of rejection than Cyelx ATPs.  

However, some limitations of the study should be 
noted. First, because of the age limitation and the rare of 
primary disease, the study included a small sample size. 
Second, pediatric LT is a high surgical technique and be 
mastered as routine surgical only in a few centers in China 
at present. For the reason, this study was registered as a 
multiply-center trial containing only three independent 
medical centers, where had performed over 80% of total 
PLTs in China. However, there was no PLT suitable for 
enrollment from one center during the study and we 
finally had to assess the data from the other two centers. 
Third, despite the fact that low Cylex ATP correlated to 
transplant-associated infections and moderate diagnostic 
accuracy of ATP, we still need a further prospective 
randomized controlled trial (RCT) to verify whether it can 
represent over- immunosuppression and assist personalized 
immunosuppression clinically. 

In summary, the results of our study have confirmed 
the diagnostic utility of the Cylex ATP assay in infection 
events after PLT. Thus, it offers the potential to aid in 
clinical decision-making on immunosuppressive drug usage 
to avoid the risk of infection, thereby may improve clinical 
outcomes.
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