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Abstract
One of the most important prognostic factors in heart 
failure patients is physical capacity. Patients with very 
poor physical performance and otherwise eligible, 
may be listed as candidates for heart transplantation 
(HTx). After such surgery, life-long immunosuppression 
therapy is needed to prevent rejection of the new heart. 
The dark side of immunosuppression is the increased 
risk of infections, kidney failure, cancer and advanced 
atherosclerosis (cardiac allograft vasculopathy), with 
the two latter conditions as the main causes of later 
mortality. In a worldwide perspective, 50% of the HTx 
patients survive past 10 years. Poor aerobic capacity 
prior to graft deterioration is not only limited to the 
failing heart, but also caused by peripheral factors, 
such as limited function in the skeletal muscles and in 
the blood vessels walls. Exercise rehabilitation after 
HTx is of major importance in order to improve physical 
capacity and prognosis. Effects of high-intensity interval 
training (HIT) in HTx recipients is a growing field of 
research attracting worldwide focus and interest. 
Accumulating evidence has shown that HIT is safe and 
efficient in maintenance HTx recipients; with superior 
effects on physical capacity compared to conventional 
moderate exercise. This article generates further 
evidence to the field by summarizing results from a 
decade of research performed at our center supported 
by a broad, but not strict formal, literature review. In 
short, this article demonstrates a strong association 
between physical capacity measured after HTx and 
long-term survival. It describes the possible “HIT-
effect” with increased levels of inflammatory mediators 
of angiogenesis. It also describes long-term effects 
of HIT; showing a positive effect in development of 
anxiety symptoms despite that the improved physical 
capacity was not sustained, due to downregulation of 

REVIEW

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

Importance of physical capacity and the effects of exercise 
in heart transplant recipients

World J Transplant  2018 February 24; 8(1): 1-12

ISSN 2220-3230 (online)

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

DOI: 10.5500/wjt.v8.i1.1

World Journal of 
TransplantationW J T



exercise and intensity. Finally, our results are linked to 
the ongoing HITTS study, which investigates safety and 
efficiency of HIT in de novo  HTx recipients. Together 
with previous results, this study may have the potential 
to change existing guidelines and contribute to a better 
prognosis for the HTx population as a whole. 
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Core tip: Despite the positive effects of regular exercise 
after heart transplantation (HTx), HTx recipients’ 
physical capacity remains subnormal, and a strong 
association between physical capacity and survival has 
been demonstrated. Thus, the positive effects of high-
intensity interval training (HIT) are a growing field 
of research, attracting worldwide focus and interest. 
Although the “HIT-effect” is not fully understood, a 
possible contributing factor is the increased levels of 
inflammatory mediators of angiogenesis generated 
during exercise. More high-quality research is strongly 
warranted, but ongoing studies already have the 
potential to change existing guidelines and contribute 
to a better prognosis for the HTx population. 

Yardley M, Gullestad L, Nytrøen K. Importance of physical 
capacity and the effects of exercise in heart transplant recipients. 
World J Transplant 2018; 8(1): 1-12  Available from: URL: http://
www.wjgnet.com/2220-3230/full/v8/i1/1.htm  DOI: http://dx.doi.
org/10.5500/wjt.v8.i1.1

INTRODUCTION
Heart transplantation 
For patients with heart failure (HF) the 5-year mortality 
rates are 62% for women and 75% for men[1], with 
even higher rates in patients with end-stage HF[2]. 
Although these are old references, recent findings 
conclude that survival in HF patients has hardly 
changed since the 90’s[3]. Heart transplantation (HTx) 
is an established treatment to improve survival in 
selected patients with end-stage HF. From 1983 and to 
date, more than 920 HTx have been performed at Oslo 
University Hospital in Norway. 

After HTx, the patients require lifelong immuno
suppression to prevent rejection of the graft. These 
drugs have a potential to give adverse complications 
such as diabetes, gout, hypertension and osteoporosis, 
and serious side effects, such as higher risk of 
infections, renal failure and cancer. These side effects 
are the leading causes of death in the long-term, 
together with an advanced HTx-specific process of 
atherosclerosis, called coronary allograft vasculopathy 

(CAV)[4]. 
According to the 2012 ISHLT registry, the median 

survival for all HTx patients is 10 years, but if surviving 
the first year, the survival rates are higher and show 
a 63% survival past 10 years[4]. Increased knowledge 
about CAV and immunosuppression has resulted in 
further improved survival. However, the HTx recipients 
still have a shorter estimated length of survival than 
the general population.

Physical capacity after HTx
The dynamics of physical capacity after HTx is 
illustrated in Figures 1 and 2. Physical capacity increases 
significantly after HTx as a result of therapy, as shown 
by peak oxygen uptake (VO2peak) levels above 12 mL/kg 
per minute in published studies (Figures 1 and 2). Osada 
et al[5] and these two figures show that the highest rate 
of increase is found within the first years. In nearly 70% 
of the studies, regardless of time after HTx, VO2peak is 
below 20 mL/kg per minute, also classified as Weber 
function class B-C[6]. Patients within function class 
B and C are shown to be similar to coronary artery 
disease (CAD) and HF patients referred to rehabilitation 
programs[7]. VO2peak is often used as the primary 
outcome measure in exercise intervention studies after 
HTx[8].

Physical capacity as a prognostic variable
The gold standard measurement of physical capacity is 
VO2peak, and is defined as “the maximum ability of the 
cardiovascular system to deliver oxygen to exercising 
muscles and of the exercising muscle to extract oxygen 
from the blood”[9]. VO2peak is shown to be a strong 
predictor of survival in general populations[10,11], among 
patients with CAD[12], and in patients with severe HF[13]. 
Limited exercise capacity is the cardinal symptom in HF. 
The HF patients with VO2peak < 12 mL/kg per minute are 
considered to have the worst prognosis, despite optimal 
medical therapy, and can be appropriate candidates 
listed for HTx[14]. These patients are most likely men > 
50 years of age[4]. When evaluating younger patients 
and women, it is found reasonable to include age and 
gender adjusted levels of exercise capacity, and values 
≤ 50% percent of predicted VO2peak differentiate better 
in these populations[14]. 

However, studies addressing the relation between 
VO2peak and survival after HTx are currently lacking, 
although a number of other predictors have been 
identified through register-data analyses. These 
predictors are: Non-ischemic cardiomyopathy as the 
primary diagnosis, younger recipient age, younger 
donor-graft age and shorter allograft ischemic time; 
all associated with a better long-term prognosis[4,15,16]. 
The mortality beyond one-year after HTx has remained 
relatively constant, and Stehlik et al[4] predict that 
interventions resulting in a reduction of mortal events 
in the long-term are needed to achieve further 
improvements in survival after HTx.
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In a recent retrospective study from our center, 
investigating survival in two different HTx populations 
(n = 178, n = 133), we found that VO2peak and SF-36 
physical function (PF) sum-score were strong predictors 
for survival in each population, respectively[17]. In the 
“VO2peak cohort” (n = 178), the mean age was 52 years, 
mean age after HTx was 2.5 years, mean VO2peak was 
19.6 mL/kg per minute, 88% were men and mean 
observation time was 11 years. The most important 
predictors (analyzed by multiple Cox regression) for 
survival in this population were VO2peak (HR = 0.917, P 
< 0.001) age at time of test (HR = 1.045, P < 0.001) 
and CAV development (HR = 1.968, P = 0.001), and 
the group above the median VO2peak had an increased 
survival of four years. Similar results were found 
in the “SF-36 cohort” where the mean age was 54 
years, mean time after HTx was 4.5 years, mean 
SF-36 physical function (PF) score was 90 and mean 
observation time was 10 years. The most important 
predictors (analyzed by multiple Cox regression) for 
survival in this population were the PF score (HR = 
0.983, P < 0.001), age (HR = 1.077, P <0.001), 
smoking history (HR = 1.077, P = 0.016) and CAV 
development (HR = 1.674, P = 0.039), and the group 
above the median PF score value had an increased 
survival of four years. 

Other well-known predictors of HTx survival such 
as diagnosis prior to HTx, ischemic time, donor age, 
measurements of cardiac output and kidney function 
by creatinine did not add any additional explanation to 
the regression models. 

The relationship between physical health and long-term 
survival
Earlier studies addressing survival, have estimated how 

physical performance pre HTx is related to survival 
after HTx. Physical capacity (measured by VO2peak) 
in this population is well known to predict survival 
and supports the clinicians in the selection of HTx 
candidates[14]. Our study documented that also VO2peak 

measured after HTx is a strong predictor for long-term 
survival[17], and this result is in line with the only study 
we found that demonstrated a relationship between 
physical performance (measured by VE/VCO2 slope) and 
survival in a small sample of HTx patients (n = 49)[18]. 
Other related studies on this topic describe how VO2peak 
is related to soft end-points; how a beneficial VO2peak 
correlates with NYHA class 1-2 after HTx[19] and how 
the pre-transplant VO2peak, together with age, predict the 
gain in physical capacity post HTx[5]. Succeeding our 
study on survival, Rosenbaum et al[20] published new 
knowledge in this field, with a study investigating the 
effect of early rehabilitation on survival: They concluded 
that early cardiac rehabilitation participation after HTx 
could predict survival time. 

The measurement of physical capacity requires 
CPET equipment and test personnel, and thus, is quite 
costly. Although VO2peak is the gold standard to examine 
exercise performance, there are other physical tests 
with limited costs that can be useful in the follow-up, 
found to correlate with CPET results. Such physical 
tests are the 6-min walk test and the shuttle walking 
test[21], but if these test are associated with prognosis 
remains to be determined. If resources are limited, we 
also found that the self-reported physical health (PF-
score) showed a similar effect on long-term survival in 
the HTx population[17]. Research in general populations 
underscore the importance of physical activity and 
report a dose-response effect on survival rates[22,23], 
as well as a strong dose-response relation on self-
reported health[24]. As shown in another of our studies[25], 
physical performance measured as VO2peak is highly 
correlated with SF-36 PF sum-scores, and both were 
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Figure 2  Illustration of the increase in peak VO2 from pre heart 
transplantation to 36 mo post heart transplantation. The data presented in 
the figure is from the unpublished Schedule trial.
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than moderate-intensity continuous training (MICT) in 
order to increase VO2peak, shown in patients with HF[27], 
CAD[28], metabolic disease[29], as well as in healthy 
individuals[30]. The new knowledge has had a great 
impact on how general cardiac rehabilitation programs 
are organized today. These two different exercise 
modalities are illustrated in Figure 3. HIT corresponds to 
an intensity of 16-18 on Borg’s rated perceived exertion 
(RPE) 6-20 scale[31,32], and MICT to Borg 12-15. 

Rehabilitation after HTx has traditionally had, and 
still has, a more conservative approach, with MICT as 
traditionally recommended, mainly due to uncertainty 

found to be highly associated with prognosis in our 
survival analysis[17]. Accordingly, we suggest that such 
measures should be more frequently used after HTx to 
identify patients at higher risk for complications.

Exercise after HTx - the past and the future
To increase physical capacity and prevent long-term 
complications such as hypertension and diabetes, 
aerobic exercise after HTx has a positive effect, but HTx 
recipients’ physical capacity still remains subnormal in 
most studies[26]. High-intensity interval training (HIT) 
is proven to be a more efficient exercise modality 

Interval Interval Interval Interval

Warm up Active 
pause

Active 
pause

Active 
pause

Cool 
down

60%-70%
of peak 
effort

85%-95% 60%-70% 85%-95% 60%-70% 85%-95% 85%-95%60%-70% 60%-70%

Borg 
16-18

Borg 
11-13

Borg 
11-13

Borg 
11-13

Borg 
16-18

Borg 
16-18

Borg 
16-18

10 min 4 min 4 min 4 min 4 min 5 min3 min3 min3 min

Warm up Cool 
down

60%-70%
of peak 
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60%-70%

10 min 5 min

Continous, moderate intensity

≤ 80%

Borg 
12-15

25 min

A

B

Figure 3 Illustration of two different exercise modalities. A: Illustration of a session with high-intensity interval training (HIT). HIT is an exercise strategy with 
alternating short periods of intense endurance exercise with less-intense recovery periods. A usual HIT session may include 4 × 4 min periods with high intensity 
(85%-95% of maximal capacity), with active recovery periods of 3min between each interval (with 60%-70% of maximal capacity); B: Illustration of a session with 
moderate intensity continuous training (MICT). MICT is an exercise strategy with moderate intensity (60%-70% of maximal capacity) of endurance exercise in periods 
for usually 25-30 min, with no recovery periods.
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and concerns regarding denervation with consequently 
chronotropic incompetence and parasympathetic impair
ment[33]. The heart rate (HR) will typically be higher at 
rest, with a slower increase during exercise, a lower 
maximum HR at peak exercise, and a slower HR 
decrease after exercise cessation (Figure 4). 

The chronotropic incompetence is most prominent 
the first months after HTx and tends to be largely 
normalized in the majority of patients after 12 mo[34], 
as illustrated in Figure 5. Recent randomized controlled 
trials (RCTs), have investigated the effect of HIT in 
maintenance HTx recipients and have to a large extend 
overruled the traditional, conservative approach with 
MICT[35-37]. These studies showed that HIT increased 
VO2peak significantly compared to the control groups, 
and that a HIT intervention was safe and well 
tolerated. References to some of these results are 
mentioned in the most recent recommendations for 
cardiac rehabilitation from 2013[38]. The mechanisms 
of effect are probably multifactorial and might involve 

improved chronotropic response (CRI)[35,37], endothelial 
function[36] and less development of CAV after a long-
term exercise intervention[39]. 

So far there are no studies on the effect of HIT in 
the novo patients, but a similar HIT intervention study 
is currently ongoing in Scandinavia[40]. One of the goals 
in this study is to update, optimize and implement new 
exercise prescriptions also in this group.

Meta-analyses in HF populations[41,42] find a possible 
long-term effect of exercise-based rehabilitation (MICT 
protocols) on survival and health related quality of 
life (HRQoL), and most importantly; a significantly 
decrease in re-hospitalization. Knowledge about 
exercise-based rehabilitation and the effect on mortality 
and hospital admissions in HTx recipients are currently 
missing, as recently stated in a 2017 Cochrane review 
on the effectiveness and safety of exercise-based 
rehabilitation in HTx recipients[43]. The lack of research 
regarding possible long-term benefits of exercise was 
also pointed out in the published meeting report from 
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Min 10                                                 20                                                30

1. Interval                       2. Interval

Figure 4  Heart rate during exercise 3 mo post heart transplantation. Patient from our hospital, 3 mo post-HTx: HR curve during warm-up, two high-intensity 
intervals divided by one recovery period and cool-down. The curve shows a typical pattern of impaired HR responses in the early stage after HTx. HTx: Heart 
transplantation.
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Figure 5  Heart rate during exercise 12 mo post heart transplantation. The same patient 12 mo post-HTx: Heart rate curve during warm-up four high-intensity 
intervals divided by 3 recovery periods and cool-down. The curve shows a largely normalized HR, with immediate HR adaptions to exercise intensity. HTx: Heart 
transplantation.
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2014: “Consensus recommendations for a research 
agenda in exercise in solid organ transplantation”[44].

HIT intervention and long-term effects
Regarding long-term effects of exercise in HTx 
recipients, we have conducted a 5-year follow-up study 
of a previous RCT investigating the effects of a HIT 
intervention[25]. Forty-eight maintenance HTx patients, 
mean four years after HTx were randomized to HIT 
intervention or control with 12 mo duration[37]. The study 
demonstrated a significant improved VO2peak (mean 
difference between groups: 3.6 mL/kg per minute), 
increased muscular capacity and less development 
of CAV compared to the control group[37,39]. However, 
at the 5-year follow-up (n = 41), the HIT group had 
not sustained the exercise intensity over time, and 
although the decline in VO2peak from baseline to 5-year 
follow-up was numerically lower in the HIT-group, there 
were no significant differences between the groups 
for the parameters described above (Figure 6). These 
findings were explained by the similar amount of daily 
(moderate) activity in both the HIT and the control 
group, measured at the 5-year follow-up. Our results 
differ from a study by Moholdt et al[45] who investigated 
long-term effects of a HIT intervention after myocardial 
infarction (MI). These MI-patients still had a 
significantly higher aerobic performance at the 30 mo 
follow-up compared to the control group, explained by 
more frequent exercise in the HIT group. Although the 
initial 1-year gain in physical capacity in the HIT group 
was not sustained and the mean difference between 
groups at the 5-year follow-up was non-significant, 
only the control group had a significant decrease within 
group from baseline to the 5-year follow-up. This 
significant decrease, corresponding to a 9% decline 
in mL/kg per minute, could mostly be explained by 
an expected age-related decrease in VO2peak. Healthy 
young adults show a decline of 3%-6% each decade, 
and this decline is shown to accelerate with age; a 
decline of 15% is found normal and corresponds to the 
age group of the TEX population[46]. This age related 

VO2-decline is related to decreasing maximal stroke 
volume, decreasing blood flow to skeletal muscles and 
mitochondrial dysfunction[47]. As for the HIT group, 
the decrease from baseline to the 5-year follow-up in 
VO2peak was less pronounced (-6%), and could possibly 
indicate a hidden long-term effect of the intervention. 
In contrast, the development of anxiety symptoms 
was significantly different between the groups; the 
exercise group showed decreased symptoms of 
anxiety, whereas the control group had an increased 
anxiety symptom score. This beneficial trend in anxiety 
development together with no negative trends in other 
secondary end points, support the statements of HIT 
as a safe exercise modality in HF patients[48], and in 
maintenance HTx patients[35-37].

Nevertheless, more research is still needed regarding 
long-term effects of exercise, and to optimize the 
rehabilitation regimes and improve the HTx recipients’ 
future prognosis[43,44].

HIT intervention in de novo HTx recipients
While HIT already is an established exercise modality 
in patients with HF[27] and CAD[28], and more recently in 
maintenance HTx[35-37], the upcoming results from the 
HITTS study[40] will contribute to fill the gap of knowledge 
related to the effect of HIT among de novo HTx recipients. 
In addition to exercise capacity measurements, other 
important secondary outcomes are: development 
of CAV, improvements in chronotropic response and 
changes in cardiac and endothelial function. The results 
from the HITTS study will make a strong contribution to 
improve and increase the knowledge-base about how 
early HTx-rehabilitation should be organized in order 
to gain the most optimal results. The study is followed 
closely by our dedicated HTx-staffs in Scandinavia, 
and one of our main goals is to document knowledge 
about safety and effects of HIT, and thereby initiate 
an update of the current guidelines. If HIT is found to 
be safe (and with potentially beneficial effects) also 
among de novo HTx patients, the patients will have 
the possibility to participate in established cardiac 
rehabilitation programs, which usually combines both 
MICT and HIT exercise. These rehabilitation programs 
are usually group based, rather than only consistent 
individual physiotherapy, thus demanding less government 
resources.

Mechanisms behind the “HIT-effect”
As described previously, the effects of HIT interventions 
are so far mostly studied in healthy individuals, 
CAD and HF patients. The main mechanisms behind 
the increase in exercise capacity are shown to be 
through central factors, induced by a prominent 
improvement in cardiac output (CO)[27,49]. However, 
the “HIT-effect” in maintenance HTx recipients show 
different results, seemingly with peripheral factors as 
the main mechanisms; by improvement in skeletal 
muscle exercise capacity[37], endothelial function and 
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Figure 6  Measurements of VO2peak at baseline, 1-year and 5-year follow-
up. 1Significant changes between groups; 2Significant changes from baseline to 
5-year follow-up within group.
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vasodilatation[36], rather than an increased CO[50]. The 
underlying triggers behind these peripheral effects are 
poorly understood, and the potential of inflammatory 
signaling pathways are not explored in detail. Markers 
of inflammation have been studied as an additional 
effect of exercise through long-term steady state 
levels (before and after exercise intervention), showing 
mostly neutral results[36,39,51]. 

We hypothesized that investigation of immediate 
exercise effects in inflammatory signaling pathways 
during HIT could contribute to further explain the “HIT-
effect” in the HTx recipients, and recently we performed 
such an exploratory study[52]. Fourteen patients were 
included in the randomized cross-over study, comparing 
HIT to MICT. Blood samples were drawn before, during 
and after exercise. The main results from the enzyme 
immunoassays analyses were that exercise, regardless 
of intensity, induced a significant immediate response in 
several vascular, angiogenetic and particularly in platelet 
derived inflammatory mediators in HTx recipients shown 
in Table 1. HIT showed trends to induce an increased 
response in von willebrand factor (vWF), vascular 
endothelial growth factor 1 (VEGF-1) and Angiopoetin-2 
(Ang-2), and a decreased response in growth derived 
factor 15 (GDF-15), compared to MICT (Table 1).

HIT and the immediate responses in markers of 
inflammation and angiogenesis
Exercise training, regardless of intensity, led to an 

increase in multiple systemic, angiogenetic and 
platelet derived inflammatory mediators[52]. These 
results are in line with published research showing 
the pro-coagulation state during exercise, with blood 
platelet activation potentially reflecting the increase in 
catecholamines and shear stress[53], promotion of NO 
production from activated endothelial cells[54,55], and 
regulation of the growth and repair of blood vessels[56]. 
The activation of the endothelium and thereby induction 
of capillary growth in skeletal muscle through pro-
angiogenetic mechanisms may play an important role 
in the beneficial effects of HIT. When we compared the 
response in inflammatory mediators during the HIT 
and MICT sessions, we observed a higher response in 
both Ang-2 and VEGF-1 with increased intensity. Kilian 
et al[57] have previously shown an increase in mRNA 
for VEGF in whole blood during HIT in healthy children. 
VEGF is dominantly secreted by working skeletal 
muscles, an essential factor to increase capillary density, 
oxygen delivery and thereby exercise performance[58-60]. 
Based on our previous results showing improved 
muscular exercise capacity after HIT[37], and now the 
finding of an increased VEGF response, we suggest 
that this mechanism is of high importance also in the 
HTx recipients. The fact that HIT markedly increased 
mediators of angiogenesis and neovascularization, may 
contribute to explain the different trigger mechanisms 
behind the two different exercise modalities. 

CAV
CAV is characterized by intimal thickening and a more 
diffuse narrowing of the coronary arteries’ lumen than 
conventional atherosclerosis[61]. The mechanisms of 
development are described as both immunological 
and non-immunological, possibly modifiable factors[62]. 
It can be detected by coronary angiography, but 
intravascular ultrasound (IVUS) is now more frequently 
used, and is a superior diagnostic tool to detect early 
changes in intimal thickening (early CAV)[63]. The early 
CAV has been validated as a reliable surrogate marker 
for subsequent mortality, nonfatal major adverse 
cardiac events, and development of angiographic 
CAV following HTx[64,65]. CAV progression is a highly 
prioritized field of research among HTx clinicians and 
researchers, to further improve HTx prognosis. As a 
result, Kobashigawa et al[66] introduced statin therapy 
that showed to have beneficial effects on one-year 
survival and the incidence of CAV. Statins became 
routine therapy after HTx at our center from 1997. 
More recently, a Scandinavian multicenter RCT (The 
Schedule-study) has shown that early everolimus 
initiation with calcineurin inhibitor withdrawal reduces 
the progression of CAV in de-novo HTx recipients[67,68]. 

HIT and the effect on CAV
The effect of non-medical prevention strategies, such 
as HIT interventions, has also been studied by IVUS 
and have shown less progression of atherosclerosis 
both in mice[69] and in patients after MI[70]. We found 

MICT HIT

General inflammation
   CRP → →
   sTNFr-1 ↑ ↑
Vascular inflammation
   vWFd ↓ ↑
   VCAM → →
Blood platelets
   PDGF ↑ ↑
   sCD40L ↑ ↑
   DKK-1 ↑ ↑
Angiogenesis
   VEGF-1 ↑ ↑↑
   Ang2 ↑ ↑↑
   Tie-2 → →
   Endostatin → →
Cardiokine/myokine
   GDF-15 ↑ ↓1

   ST2 → →
   SPARC ↑ ↑

Table 1  A simplified illustration of the ANOVA results: 
The response in markers of inflammation and angiogenesis 
during high-intensity interval training and moderate intensity 
continuous training sessions

1The decrease is found in the recovery period (0-2 h) after the exercise-
session. Horizontal arrows illustrate non-significant response during 
exercise. Arrows pointing up illustrate a significant increase with exercise, 
regardless of intensity, and two arrows illustrate a significant increase 
by increasing intensity (HIT). An arrow pointing down, illustrates a 
significant decrease in response during exercise. HIT: High-intensity 
interval training; MICT: Moderate intensity continuous training.
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the same trend in maintenance HTx recipients after a 
HIT intervention[39], but the positive effects were not 
sustained in the long-term as shown in the 5-year 
follow-up study[25]. Furthermore, exercise is shown to 
have a positive influence on the endothelium through 
increased nitric oxide production, and by reduction 
of inflammation[71,72]. This effect could possibly be 
enhanced through higher shear stress triggered with 
higher exercise intensity. A gain in endothelial function 
following a HIT intervention is found in CAD patients[73]. 
However, a relatively small sample size in the 1- and 
5-year follow-up studies[25,39] limits our conclusion in the 
HTx population, and the effect of HIT on CAV should 
be examined in a larger sample and include a second 
intervention arm with MICT. It has been explored how 
early medical therapy can influence CAV progression in 
the long-term, and studies with everolimus are found 
to have positive impact on CAV severity in de novo 
HTx patients, whereas no effect is seen if everolimus is 
introduced later on[74]. The effect on CAV severity by an 
early initiation was also sustained in the long-term[67,68]. 
This illustrates an “opportunity window” during the first 
year after HTx. Knowing that the CAV development is 
most pronounced the first year after HTx, we anticipate 
that similar mechanisms may be seen with an early 
initiation of HIT. Results from the HITTS study[40] will 
contribute to a better understanding of the relationship 
between exercise and CAV development.

Health related quality of life
The HRQoL after HTx has been reported to increase 
significantly, with high levels of satisfaction in overall 
HRQoL; also stable over a 5-year period (measured 
from 5 to 10 years after HTx)[75]. Although, when HTx 
patients are compared with the general population, the 
HRQoL remains beneath normal values[76]. To improve 
HRQoL, and especially physical health, exercise inter
ventions have shown to be successful and this is in 
contrast to the more neutral results reported in control 
groups[77,78]. Research on HRQoL after HTx regarding 
the effect of HIT (compared to MICT) is very limited, 
and the existing studies show mixed results; some 
studies show similar effects on HRQoL[51], while we and 
others have shown a beneficial effect with a significant 
increase after HIT[37,79].

Mental health, anxiety and depression
In the post-transplant stage the prevalence of signi
ficant depression and anxiety remains substantially 
above the general populations, and it tends to increase 
over time[80,81]. As it is found that depressed HTx recipients 
have a higher risk of mortality, screening for depressive 
symptoms during follow-up is recommended[81-83]. As 
an approach to increase mental health, the effect of 
exercise and HIT has been studied. The results showed 
that exercise decreases the burden of depression and 
anxiety, with HIT showing significant positive effects 
compared with usual care[79]. Additionally, the results 
align with the correlation between higher physical 

capacity and less depression and anxiety rates[25,83,84]. 
In our 5-year follow-up study after a HIT inter

vention[25], we measured physical and mental health 
as well as measures of physical capacity at each study 
visit, and at the 5-year follow-up there was significantly 
less development of anxiety symptoms in the HIT 
group compared to the control group. The long-term 
difference in anxiety between the HIT group and the 
control group is considered a valuable finding, as 
anxiety is a frequent health issue after HTx, especially in 
the long-term follow-up[80]. Overall, there was a positive 
correlation between the measured VO2 peak and the 
self-reported physical health (SF-36 PF sum-score). 
These findings might suggest that a 1-year “heavy” 
exercise intervention has a long-term value when it 
comes to self-confidence and trust regarding what your 
heart (and body) actually can tolerate of exertion, strain 
and physical work.

CONCLUDING REMARKS
Our findings, supported by a review of the existing 
literature, suggest that measures of physical health 
should be included frequently also after HTx, as they 
predict prognosis and survival in the long-term. A 
dose-response effect of physical capacity on survival 
was also found in the HTx population. 

HIT is a feasible and efficient modality of exercise 
among maintenance HTx recipients, but the mecha
nisms behind this effect is poorly understood. Our 
results suggest that the beneficial effects seen in 
HTx recipients differ from CAD and HF patients, with 
more prominent peripheral effects from HIT exercise, 
rather than central adaptations with increased CO. 
We have showed that HIT significantly increased 
levels of inflammatory mediators of angiogenesis, 
suggesting that HIT can regulate and stimulate blood 
vessel formation in skeletal muscles and thus increase 
physical capacity. 

Considering exercise prescription and future guide
lines, our findings suggest that moderate levels of 
exercise and intensity are insufficient to maintain the 
improved VO2peak achieved after a HIT intervention. 
Thus, intermittent periods of HIT are likely to be 
necessary. Also, the number and length of HIT intervals 
needed in a HIT session should be further investigated. 
If a modified HIT protocol with shorter and fewer 
intervals has comparable effect to a 4 × 4 protocol, 
it could probably increase the patients’ motivation 
and adherence to exercise in the long-term. When 
considering other long-term effects, the benefit from a 
tough and intense HIT-intervention showed a positive 
effect on the development of anxiety symptoms. The 
exercise prescription in de novo HTx recipients is still 
conservative, consisting mainly of MICT exercise, 
but this traditional guideline might change when the 
ongoing HITTS study is completed. Existing gaps in 
knowledge are briefly mentioned in Table 2, and the 
results from the HITTS study will contribute to fill 
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some of these gaps, and may also have the potential 
to update, optimize and possibly include HIT as a safe 
exercise modality in future guidelines.
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Abstract
AIM
To evaluate the effect of a 12-mo supervised aerobic 
and resistance training, on renal function and exercise 
capacity compared to usual care recommendations.

METHODS
Ninety-nine kidney transplant recipients (KTRs) were 
assigned to interventional exercise (Group A; n  = 52) 
and a usual care cohort (Group B; n  = 47). Blood and 
urine chemistry, exercise capacity, muscular strength, 
anthropometric measures and health-related quality 
of life (HRQoL) were assessed at baseline, and after 6 
and 12 mo. Group A underwent a supervised training 
three times per week for 12 mo. Group B received only 
general recommendations about home-based physical 
activities.

RESULTS
Eighty-five KTRs completed the study (Group A, n  = 44; 
Group B, n  = 41). After 12 mo, renal function remained 
stable in both groups. Group A significantly increased 
maximum workload (+13 W, P  = 0.0003), V’O2 peak 
(+3.1 mL/kg per minute, P  = 0.0099), muscular 
strength in plantar flexor (+12 kg, P  = 0.0368), height 
in the countermovement jump (+1.9 cm, P  = 0.0293) 
and decreased in Body Mass Index (-0.5 kg/m2, P  
= 0.0013). HRQoL significantly improved in physical 
function (P  = 0.0019), physical-role limitations (P  = 
0.0321) and social functioning scales (P  = 0.0346). No 

improvements were found in Group B.

CONCLUSION
Twelve-month of supervised aerobic and resistance 
training improves the physiological variables related 
to physical fitness and cardiovascular risks without 
consequences on renal function. Recommendations 
alone are not sufficient to induce changes in exercise 
capacity of KTRs. Our study is an example of colla
borative working between transplant centres, sports 
medicine and exercise facilities.

Key words: Kidney transplant recipients; Renal function; 
Supervised exercise; Aerobic exercise; Muscle strength
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Core tip: This paper shows that developing a supervised 
exercise protocol for kidney transplant recipients is 
a useful and safe non-pharmacologic contribution to 
usual after-transplant treatments, which can improve 
the physiological variables related to physical fitness 
and cardiovascular risks without consequences on 
renal function. Our study is an example of collaborative 
working between transplant centres, sports medicine 
and exercise facilities, aimed to apply the concepts of 
“exercise is medicine”.

Roi GS, Mosconi G, Totti V, Angelini ML, Brugin E, Sarto 
P, Merlo L, Sgarzi S, Stancari M, Todeschini P, La Manna G, 
Ermolao A, Tripi F, Andreoli L, Sella G, Anedda A, Stefani 
L, Galanti G, Di Michele R, Merni F, Trerotola M, Storani D, 
Nanni Costa A. Renal function and physical fitness after 12-mo 
supervised training in kidney transplant recipients. World J 
Transplant 2018; 8(1): 13-22  Available from: URL: http://www.
wjgnet.com/2220-3230/full/v8/i1/13.htm  DOI: http://dx.doi.
org/10.5500/wjt.v8.i1.13

INTRODUCTION
Kidney transplantation is considered the gold standard 
of treatment for most patients with end-stage renal 
disease, nevertheless kidney transplant recipients (KTRs) 
are characterized by long-term clinical complications and 
high risk of cardio-vascular disease (CVD). 

In addition to the traditional CVD risk factors (e.g., 
hypertension, dyslipidaemia, diabetes mellitus) other 
non-traditional factors influence the high incidence of 
cardiovascular events (e.g., duration of prior dialysis, graft 
function after transplantation, elevated inflammatory 
markers, proteinuria, toxic effects of immunosuppressant 
drugs, bone mineral metabolism abnormalities and 
vascular calcifications). However, among all these risk 
factors, the lack of physical exercise and a sedentary 
lifestyle seem to play crucial roles[1].

There is mounting evidence that physical exercise 
reduces the risk of all-cause mortality[2,3] and it is 
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effective in the primary and secondary prevention of 
CVD in the general population[4]. Physical activity is 
also considered a key element in the prevention and 
management of chronic diseases[5], including Chronic 
Kidney Disease (CKD). 

After transplantation, patients are expected to be 
more active than before because their uremic syndrome 
is corrected and they do not have to do haemodialysis 
treatment[6]. However, their cardiorespiratory fitness 
remains reduced by 30% in comparison with matched 
control subjects[7]. Only in selected cases they can 
achieve results comparable to a healthy population[8], 
but not all patients increase their physical activity after 
transplantation; thus, the majority of KTRs maintain a 
sedentary lifestyle, often associated with an increase in 
body fat and weight gain[9]. 

Whether exercise can positively affect outcomes 
in KTRs has only been addressed in few studies[4], 
with a small number of subjects and with different 
types, intensity and durations of interventions lasting 
almost always not more than six months[10,11]. In 
some studies, exercise was carried out tightly at home 
without direct supervision and with a partial adherence 
to the intervention[6]. Furthermore, few studies have 
investigated the effect of a combined aerobic and 
resistance training[4], and the effect of these protocols 
on kidney function is rather unknown.

In this paper, we present some clinical and fitness 
outcomes of a 12-mo study conducted on KTRs, with 
the aim to evaluate the potential effects of supervised 
exercise combining aerobic and resistance training.

MATERIALS AND METHODS
Organisational model
We introduced a project, based on a model of coopera
tion among: (1) Transplantation specialists (surgeons 
and nephrologists), who selected patients suitable for 
physical activity; (2) sports physicians who prescribed 
a personalised exercise programme based on the 
results of functional assessment tests; (3) exercise 
specialists who supervised the patients performing the 
prescribed programme. This organisation aims to check 
the patients from clinical and functional perspectives 
and to identify facilities in their home districts where 
patients can easily perform their training programmes 
under supervision[12,13].

Study design
This is a multicentre, controlled, prospective, non-
randomised study that considered the enrolment of 
KTRs patients with clinical and functional stabilities.

Inclusion criteria were the 18-60 years age range, 
and at least six months after organ transplantation; 
exclusion criteria were orthopaedic limitations, 
psychiatric or neurological disorders, proteinuria within 
nephrotic range, poor compliance to treatment and 
any cardiovascular contraindication to exercise testing 

and training.
Patients were divided into an interventional exercise 

group (Group A), in which personalised training was 
supervised, and a usual care group (Group B), in which 
some exercise indications were given without a specific 
prescription and supervision. All subjects received 
individualised counselling by the transplant centre 
regarding the protocol, and the inclusion in Group 
B was based on logistic and organisational grounds 
(patients living in regions not taking part in the project 
or living in areas without sports medical centres or an 
accessible gyms). This is the practical reason why we 
adopted a non-randomised design of our study.

Blood chemistry and urinalysis, complete blood 
count, and a cardiac evaluation were performed by the 
transplantation centres to assess the exclusion criteria. 
After the administration of the SF-36 questionnaire to 
evaluate Health-Related Quality of Life (HRQoL), the 
patients were sent to the sports medicine centre to 
perform the functional assessment tests for exercise 
capacity, muscle strength, and body composition. 

Based on the results of these tests, the sports 
physicians prescribed a tailored training programme 
only for Group A. Then, patients in Group A were sent 
to a certified gym to start the prescribed training under 
the supervision of exercise specialists, while patients in 
Group B, as usual, were provided general information 
to encourage regular physical activities at home but no 
specific prescription and supervision were given. 

Both groups were checked at baseline (T0), six 
(T6) and 12 mo (T12) from the enrolment. The trial did 
not envisage any change in the immunosuppressive 
treatment (Table 1).

Written informed consent was obtained by the 
patients before inclusion, according to the procedures 
approved by the Ethics Committee. This trial was registered 
in the ISRCTN registry (Trial ID: ISRCTN66295470) and 
was conducted in compliance with the ICH Guidelines 
for Good Clinical Practice, the Helsinki Declaration and 
national rules regarding clinical trial management.

Supervised training intervention (Group A)
The exercise prescription included sessions of aerobic 
and resistance training. The total duration of each 
session was one hour, with a frequency of 3 times 
per week for 12 mo. In every session, the aerobic 
training was performed on a stationary bike and was 
administered with an intensity corresponding to the 
lactate aerobic threshold[14], previously assessed by the 
incremental cycling test at T0 for the first six months 
and at T6, for the subsequent period. The intensity was 
continuously monitored by heart rate monitors (Polar, 
Finland) allowing the patients to maintain a constant 
heart rate (HR) corresponding to the aerobic threshold 
during the aerobic training. 

In the same session, the subsequent resistance 
training consisted of two sets of 20 repetitions at 35% 
of one Repetition Maximum (1RM) for each muscle 
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an incremental cycling exercise starting from a 5-min 
unloaded cycle and increasing by 20 W every four 
minutes until the subject was unable to continue. A 
12-lead electrocardiogram was monitored continuously 
throughout the test. At each step a capillary blood 
sample from the earlobe was taken to measure blood 
lactate concentration (YSI 1500-Sport; Yellow Springs, 
United States) to estimate the workload corresponding 
to aerobic and anaerobic thresholds, conventionally 
declared at 2 and 4 mmol/L of lactate, respectively[14]. 
Systolic and diastolic blood pressures were measured 
with sphygmomanometers at rest, at each step and at 
the third minute of recovery.

Oxygen uptake (V’O2) was determined continuously 
using an open-circuit spirometry system (Sensor 
Medics, Anaheim, United States), and the V’O2 at the 
highest tolerated workload was determined and was 
referred to as V’O2 peak (mL O2/kg per minute).

Muscular strength and power: A leg press (Technogym, 
Cesena, Italy) and free weights were utilised to assess 
the dynamic muscular strength of the lower and 
upper limbs (knee extensors, plantar flexors, elbow 
flexors, elbow extensors and shoulder abductors). The 
1RM strength was calculated using an indirect method 
consisting of 7 to 12 repetitions with submaximal 
loads[18].

The general strength was measured using a 
handgrip dynamometer (Lafayette, IN, United States).

The power of the lower limbs was measured 
indirectly from the fly time of a countermovement jump 
(CMJ) and was expressed as maximum displacement 
(m) of the centre of mass during fly (Optojump, 
Microgate, Italy).

Secondary outcomes
BMI and body composition: Body mass index (BMI) 
was calculated using the ratio between weight and 
square height (kg/m2).

Fat mass (FM) percentage was determined using the 
Jackson and Pollock body density equation considering 
seven skinfolds in both men and women (abdominal, 
thigh, triceps, bicep, subscapular, suprailiac, chest) 
measured with a Harpenden calliper[19] at T0, T6 and T12.

Health-related quality of life: The 36-Item Short 
Form Health Survey (SF-36, Medical Outcomes Trust) 
was used to evaluate self-reported domains of health 
status[20] completed by the patients independently at 
T0, T6 and T12.

Statistical analysis
The sample size to assess eventual differences in 
exercise capacity, muscular strength, renal function, 
BMI and HRQoL was determined using the Software 
G-Power (version 3.1.9.2) with an alpha level of 0.01 
and a power of 0.90. All descriptive data are presented 
as the mean ± standard deviation (SD). Linear mixed 

group of the upper (elbow flexors, elbow extensors, 
shoulder abductors) and lower limbs (knee extensors, 
plantar flexors). The training intensity at 35% of 
1RM was chosen to increase local muscle endurance 
considering that KTRs are novice individuals for strength 
training where learning proper form and technique is 
paramount[15,16]. Resistance training was not performed 
with the upper limb with arterio-venous fistula. Warm-
up, cool-down and stretching exercises were included 
in all training sessions. The intensities of aerobic and 
strength trainings were adjusted after the T6 assessment.

Non-supervised home-based exercise intervention 
(Group B)
At T0 and T6 patients in Group B were provided general 
information to encourage regular physical activities 
at home, as usual by the transplant centre, but no 
specific prescription and supervision were given.

The International Physical Activity Questionnaire 
(IPAQ) short-version[17] was administered only to 
Group B at the three-time points to evaluate the level 
of physical activity through nine items that provide 
information on the time spent walking, in vigorous- 
and moderate-intensity activity and in sedentary 
activity. This questionnaire assessed the actual level 
of daily physical activity and thus reduce the bias 
between the two groups. 

Primary outcomes
Renal function, lipid values and blood chemistry: 
In both groups, creatinine (mg/dL) using the Jaffè 
method, estimated glomerular filtration rate (eGFR) 
using the chronic kidney disease epidemiology colla
boration (CKD-EPI) equation, proteinuria (mg/1000 mL) 
using the turbidimetry method reported in g/24 h 
calculating 24-h urine collection were collected to check 
the renal function at T0, T6 and T12.

Total cholesterol and triglycerides were measured 
from venous blood sample using flow cytometry and 
light-scattering methods to evaluate lipid metabolism. 
Haemoglobin and glycaemia values were also measured.

Exercise capacity: Exercise capacity was assessed by 

Underlying disease Group A 
(n  = 44)

Group B 
(n  = 41)

Glomerulonephritis 10   6
Nephroangiosclerosis   6   7
Polycystic kidney disease   8 10
End-stage kidney disease 10   5
Alport syndrome   2   2
IgA nephropathy   6   0
Nephrotic syndrome   2   0
Multicystic renal dysplasia   0   4
Interstitial nephritis   0   2
Haemolytic uraemic syndrome   0   4
Vasculitis polyangiitis   0   1

Table 1  Pathologies leading to renal disease and transplantation
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models were used to assess the effects of time and 
group on dependent variables, with T0 and Group B 
set as the base categories. Random intercepts were 
used for individual subjects. Significance was set at P < 
0.05, and the raw coefficients for the fixed effects and 
interactions are reported with 95%CI. The statistical 
analysis was performed using R software for Windows 
(v. 3.2.3). 

RESULTS
Subjects
Ninety-nine KTRs were recruited by nine transplant 
centres between January 2011 and June 2015. Fifty-
two patients were included in Group A, and 47 in 
Group B. Eight patients from Group A decided to 
withdraw and were considered dropouts. The causes 
were economic problems and lack of motivation (n = 4) 
or work conflicts (n = 4). In Group B, six patients did 
not show up to the functional assessments during the 
follow-up.

Forty-four KTRs from Group A (21 female and 23 
males, mean ± SD age 47 ± 12 years, mass 69 ± 14 kg, 
BMI 24.1 ± 4.3 kg/m2, time from transplant 5.5 ± 
7.1 years, dialysis vintage 36 ± 35 mo, range 1-156) 
and 41 KTRs from Group B (13 female and 28 males, 
age 49 ± 9 years, weight 75 ± 13 kg, BMI 25.5 ± 4.4 
kg/m2, time from transplant 3.6 ± 4.0 years, dialysis 
vintage 33 ± 34 mo, range 1-144) were analysed. 
There were no significant differences between groups 
regarding: age (P = 0.35), BMI (P = 0.16), time from 
transplant (P = 0.11), and dialysis vintage (P = 0.42). 
The only significant difference was found for body mass 
(P = 0.02).

Pathologies leading to renal disease and immuno
suppressive therapies of the patients are shown in 
Tables 1 and 2 respectively.

Exercise program adherence
In Group A, the exercise program adherence, defined 
as a total number of exercise sessions completed as 
proportion of total possible number of session (144 
sessions) during the 12-mo period was 93% ± 6%. 
None adverse events were reported.

Primary outcomes
Creatinine tended to decrease in Group A at T12 

and increase in Group B at the same time, but the 
results were not significant. No significant changes 
were found in eGFR or proteinuria in either group. 
Average triglyceride and cholesterol levels showed 

slight changes at T12 in both groups which were not 
significant (Table 3).

Only three patients (one in group A and two in 
group B) were diabetic under insulin therapy (Table 
2). In both groups, glucose values were always < 126 
mg/dL without significant changes between the three-
time points.

Diastolic and systolic blood pressures were similar 
(P > 0.05) in the two groups at rest, at the maximum 
workload and after three minutes of recovery, at T0, T6 
and T12 (Table 3). The only significant difference was 
found between groups for systolic blood pressure at 
the third minute of recovery, that was always lower in 
Group A (P = 0.0489).

Group A showed a significant average improvement 
in maximum workload and V’O2 peak at T6 (P = 0.0010, 
P = 0.0370), and the levels continued to increase at 
T12 (P = 0.0003, P = 0.0099) compared to Group B 
(Table 3). 

The maximum HR, anaerobic threshold workload 
and corresponding HR significantly increased at T12 (P 
< 0.05) in Group A compared to Group B. In Group 
B, we found a significant decrease in the anaerobic 
threshold HR from T0 to T12 (P = 0.0434). No additional 
significant differences were found in Group B at T6 and 
T12 in any variables (Table 3).

Group A showed a significant average improvement 
in lower limb strength and power expressed by an 
increase in plantar flexor muscle strength (P = 0.0368) 
and CMJ (P = 0.0293) at T12 compared to Group B. No 
significant differences were found in Group B at T12 in 
any variable (Table 3).

Group A showed a significant improvement in the 
handgrip test at T12 (P < 0.05) compared to Group B 
(Table 3). 

Group B showed a significant increase in elbow 
flexor, elbow extensor and shoulder abductor strength 
(respectively, P < 0.05) at T6, but the levels remained 
below the values of Group A (Table 3).

No changes were found in Group B in the level of 
daily physical activity assessed by IPAQ, which remained 
at a low level (< 600 MET per minute per week) at 
the 12 mo follow-up. Theoretical IPAQ calculated from 
the exercise protocol performed by Group A was < 
600 METper minute per week at baseline, and > 600 
METper minute (range 1215-1413 MET per minute) per 
week at T6 and T12 (P < 0.01).

Secondary outcomes
Group A showed a significant decrease in BMI at T12 (P 
= 0.0013) and fat mass percentage at T6 (P = 0.05) 

Tacrolimus Cyclosporine Steroid 
therapy

Purine synthesis 
inhibitors

(mTOR) 
inhibitors

Anti-hypertensive 
therapy

Beta-blockers Insulin 
therapy

Statin Ezetimibe

Group A, n = 44 28 (64%) 12 (27%) 35 (80%) 33 (75%) 7 (16%) 33 (75%) 18 (14%) 1 (2%) 14 (34%) 2 (5%)
Group B, n = 41 27 (66%) 10 (24%) 30 (73%) 34 (83%) 5 (12%) 30 (73%) 18 (44%) 2 (5%) 18 (41%) 2 (5%)

Table 2  Immunosuppressive and other therapies in both groups
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compared to Group B (Table 3).
In HRQoL, significant improvements were found in 

Group A in physical function scale at T6 (P = 0.0082) 
and continued to increase at T12 (P = 0.0019), in role-
physical and social functioning scales at T12 (P = 0.0321, 
P = 0.0346) compared to Group B, in which we found 
no significant changes in any scales (Table 4).

DISCUSSION
The main result of this study is that in selected KTRs, a 
programme of 12 mo of supervised training performed 
one hour, three times per week in certified gyms does 
not affect the renal function, leading to significant 
improvement in aerobic fitness, muscle strength and 
HRQoL, with a significant decrease of BMI. Further
more, the proposed organizational model led to a high 
exercise program adherence, i.e., to a positive change 
in lifestyle. 

The KTRs included in Group B who received only 
general information to promote regular physical 
activity at home, without a specific supervision, did not 
show any improvement in physical fitness outcomes, 

indicating a low adherence to non-supervised home-
based physical activity. This demonstrated that without 
a direct or indirect supervision (e.g., follow-up by calls 
or e-mails), patients tend to not carry out physical 
activity even if it is recommended by the physician. 

van Adrichem et al[21] highlighted how perceived 
barriers of physical activity in KTRs such as physical 
limitations, lack of energy, and comorbidities cannot 
be omitted. Moreover, the lack of specific counselling 
by physicians about the benefits of physical activity 
is a critical issue. However, in the present study we 
recorded a dropout rate of 15% in Group A and 13% 
in Group B. Painter et al[6] reported a dropout rate of 
33% at one year in their exercising group of patients 
who performed home-based training with regular 
phone follow-up. Greenwood et al[22] in their 12-wk 
study reported a dropout of 7 on 20 KTRs (35%) in 
both aerobic and resistance training supervised groups. 
Most of these patients reported difficulties attending 
classes following return to work after transplantation. 
Riess et al[4] reported a dropout of 2 out of 16 (13%) 
on their 12-wk study in the supervised exercise group 
and 1 out of 15 (7%) in the home based usual care 

Group A (n  = 44) Group B (n  = 41)

T0 T6 T12 T0 T6 T12

Maximum workload (W)   95 ± 36  107 ± 38a  108 ± 41c 102 ± 32 102 ± 30   98 ± 34
V’O2 peak (mL/kg per minute) 22.8 ± 8.3  25.6 ± 9.0a  25.9 ± 7.5c 21.6 ± 6.8 22.6 ± 6.6 21.5 ± 6.4
HR max (bpm) 142 ± 24 142 ± 22  145 ± 22c 133 ± 22 134 ± 23 131 ± 22
Diastolic BP at rest (mmHg) 80 ± 8 80 ± 8 78 ± 6 81 ± 9 82 ± 8 82 ± 8
Diastolic BP at V’O2 peak (mmHg)   85 ± 11   83 ± 12   82 ± 13   84 ± 10   81 ± 13   80 ± 11
Diastolic BP at 3’ recovery (mmHg) 75 ± 9 76 ± 8 75 ± 9   78 ± 10 79 ± 9 78 ± 8
Systolic BP at rest (mmHg) 126 ± 14 126 ± 12 125 ± 11 130 ± 16 126 ± 15 127 ± 13
Systolic BP at V’O2 peak (mmHg) 183 ± 26 183 ± 21 185 ± 25 181 ± 26 181 ± 27 178 ± 30
Systolic BP at 3’ recovery (mmHg) 128 ± 17 129 ± 14 131 ± 16 136 ± 16 136 ± 21 135 ± 20
Body mass index (kg/m2) 24.1 ± 4.3 24.0 ± 4.3  23.6 ± 4.5c 25.5 ± 4.4 25.3 ± 4.0 25.8 ± 4.5
Fat mass (%) 21.1 ± 9.0  19.8 ± 8.3a 20.7 ± 7.9 20.0 ± 7.8 18.9 ± 6.5 19.8 ± 8.1
Aerobic threshold workload (W)   53 ± 23   60 ± 29   60 ± 27   53 ± 21   62 ± 27   57 ± 25
Aerobic threshold HR (bpm) 113 ± 20 108 ± 19 112 ± 18 103 ± 16 103 ± 19 103 ± 16
Anaerobic threshold workload (W)   84 ± 30  94 ± 37    91 ± 31c   89 ± 32   97 ± 38   88 ± 36
Anaerobic threshold HR (bpm) 131 ± 21 130 ± 23  134 ± 18c 125 ± 20 125 ± 21  120 ± 19e

Knee extensors right (kg)   87 ± 38   93 ± 40   98 ± 39   55 ± 27   61 ± 26   60 ± 24
Knee extensors left (kg)   80 ± 36   93 ± 40   95 ± 42   51 ± 23   60 ± 25   58 ± 23
Plantar flexors right (kg)   70 ± 34   76 ± 29    82 ± 27c   62 ± 35   69 ± 27   65 ± 23
Plantar flexors left (kg)   70 ± 33   77 ± 29   79 ± 28   64 ± 34   71 ± 24   67 ± 24
Counter movement jump (cm)   24.0 ± 10.0   26.4 ± 10.2  25.9 ± 9.3c 21.5 ± 9.4   22.9 ± 10.2   20.9 ± 10.2
Handgrip right (kg)   30.8 ± 13.1   33.2 ± 12.2    32.3 ± 11.9c 36.3 ± 9.5 35.9 ± 9.8 34.2 ± 9.6
Handgrip left (kg)   29.3 ± 13.6   30.7 ± 11.7    30.6 ± 11.7c 35.1 ± 9.3 34.4 ± 9.7   32.7 ± 10.2
Elbow flexors Right (kg)   8.8 ± 2.7   9.4 ± 2.8   9.7 ± 2.8   8.0 ± 3.4    9.4 ± 3.1e   9.4 ± 3.5
Elbow flexors Left (kg)   8.7 ± 3.2   9.6 ± 3.4   9.6 ± 3.1   7.3 ± 3.4    8.6 ± 2.7e   8.7 ± 3.5
Elbow extensors right (kg)   5.8 ± 2.0   6.5 ± 2.3   6.9 ± 2.3   5.1 ± 2.2    6.1 ± 2.1e   6.0 ± 2.1
Elbow extensors left (kg)   5.7 ± 2.0   6.5 ± 2.4   6.8 ± 2.4   4.9 ± 2.3    5.6 ± 1.8e   5.7 ± 1.9
Shoulder abductors (kg)   5.3 ± 2.2   6.3 ± 2.5   6.4 ± 2.3   4.2 ± 2.7    5.2 ± 2.1e   5.4 ± 2.7
Creatinine (mg/dL)   1.26 ± 0.38   1.27 ± 0.41   1.21 ± 0.29   1.37 ± 0.48   1.32 ± 0.50   1.42 ± 0.47
eGFR (mL/min per 1.73 m2)   59.4 ± 19.3   58.0 ± 19.6   62.6 ± 21.8   56.3 ± 21.2   58.1 ± 17.8   52.9 ± 17.4
Proteinuria (g/24 h)   0.41 ± 0.51   0.34 ± 0.46   0.52 ± 0.63   0.45 ± 0.57   0.48 ± 0.59   0.61 ± 0.44
Haemoglobin (g/dL) 12.8 ± 1.8 12.3 ± 1.7 12.6 ± 1.6 12.1 ± 1.8 12.5 ± 1.9 12.8 ± 1.5
Triglycerides (mg/dL) 122 ± 42 117 ± 41 117 ± 47 138 ± 69 131 ± 57 132 ± 59
Cholesterol (mg/dL) 196 ± 37 186 ± 52 200 ± 43 195 ± 33 193 ± 31 188 ± 34

In Group A: aP < 0.05 between T0 and T6, cP < 0.05 between T0 and T12; In Group B: eP < 0.05 between T0 and T12. BP: Blood pressure; HR: Heart rate; eGFR: 
Estimated glomerular filtration rate. 

Table 3  Mean ± SD of exercise capacity and blood chemistry
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group. O’Connor et al[23] in an un-supervised period 
of self-managed physical activity reported an attrition 
rate of 30% at the 12 mo time point that confirms a 
low exercise adherence without supervision.

Compliance with the treatment is a common 
barrier of health programmes based on exercise 
even if transplant recipients who have experienced a 
supervised exercise programme supported that it was 
beneficial to health and well-being[24]. Social, cognitive, 
personality, environmental, and socio-economic factors, 
unrelated to the recommended guidelines, seem to 
be of greater importance in considering behavioural 
adherence issues[25] in KTRs. To improve physical 
exercise programme compliance and longer-term 
outcomes, strategies to diversify and stimulate exercise 
training or change elements of training like introduce 
specific tracking devices designed for KTRs should be 
examined. Anyway, data from our study clearly show 
that recommendations alone are not sufficient to induce 
a change in lifestyle and physical fitness. On the other 
hand, the supervised training for long periods is costly 
and cannot be proposed for all the transplanted patients, 
so it is urgent to study new solutions, starting from the 
cooperation between transplantation, sports medicine, 
and exercise specialists.

Renal function data, expressed as creatinine, eGFR 
and proteinuria, were compatible with the framework 
of patients of a select population undergoing successful 
renal transplantation. The proposed training protocol 
had no negative effects on the renal function in the 
medium term and, more in detail, creatinine values 
tended to decrease in Group A and to increase in 
Group B at the same time, but the results were not 
significant after 12 mo. The tendency to decrease of 
creatinine and eGFR in Group A can be considered 
as positive effect of physical exercise and needs 
specific studies. Patients in Group A did not show any 
significant increase in muscle mass after 12 mo of 
resistance training such as to affect creatinine and 
eGFR, probably because of the low intensity of the 
resistance training.

To the best of our knowledge, 12 mo of observation 
period is one of the longest in the literature with 
reference to aerobic and resistance trainings; however, 
it is a relatively short-time period and further studies 

with larger populations are necessary to understand 
the long-term effects of exercise or sedentary lifestyle 
on the renal function of KTRs.

Regarding exercise capacity, in Group A we 
observed a 12% increase of V’O2 peak at T6. Similar 
results were obtained by van den Ham et al[26] in 33 
KTRs after 12 wk of combination of endurance and 
strength training in which V’O2 peak increase of 10% 
(from 21.6 ± 6.3 to 23.8 ± 6.1 mL/kg per minute). 
Riess et al[4] reported an increase of V’O2 peak (from 
20 ± 9 to 23 ± 10 mL/kg per minute) after 12 wk of 
supervised endurance training (three times/week) on 
cycle ergometer at 60%-80% of V’O2 max involving 16 
patients.

In a study of eight KTRs, Romano et al[27] utilised a 
supervised interval training technique for 10 wk, 40-min 
sessions for three times per week. They reported an 
increase of 13% of V’O2 peak.

Another intervention was published by Kempeneers 
et al[28] who trained 16 KTRs for six months in pre
paration for the National Transplant Games. Their mean 
V’O2 peak rose from 29.0 ± 7.8 to 37.5 ± 4.8 mL/kg 

per minute, with an increase of 27%. 
In the other hand, Painter et al[6] prescribed an 

individualised home-based exercise training programme 
in 54 KTRs, consisting on 30 min, four times per week 
of training at an intensity corresponding to 60%-80% 
of maximal HR. Patients were contacted every two 
weeks by phone to assess progress and adherence to 
the programme and to adjust it as needed. After six 
months, V’O2 peak increased from 24.0 ± 7.5 to 27.8 
± 11.0 mL/kg per minute (+ 16%) and to 30.1 ± 10.3 
mL/kg per minute (+ 25%) after 12 mo.

We can conclude that the aerobic training in KTRs 
leads to a substantial increase in aerobic power[29]. In 
most cases, the type of training meets the minimal 
clinically significant difference of 3.5 mL/kg per minute 
(i.e., 1 metabolic equivalent), which is associated 
with improved outcomes in CVD. However, Riess et 
al[4] after 12 wk of endurance training were unable 
to demonstrate any change in resting small or large 
arterial compliance, peak exercise systemic vascular 
resistance and Framingham Risk Assessment Score, 
indicating that exercise intensity and overall duration 
are probably the most critical factors affecting CVD risk 

Group A (n  = 44) Group B (n  = 41)

T0 T6 T12 T0 T6 T12

Physical function 84 ± 20  91 ± 11a  92 ± 12c 89 ± 10 86 ± 20 86 ± 23
Role physical 83 ± 25 88 ± 21  96 ± 15c 91 ± 19 91 ± 19 86 ± 24
Bodily pain 80 ± 24 80 ± 22 89 ± 20 86 ± 19 84 ± 22 84 ± 22
General health 63 ± 20 67 ± 21 68 ± 20 64 ± 21 67 ± 19 66 ± 17
Vitality 67 ± 16 70 ± 15 69 ± 19 67 ± 18 69 ± 14 68 ± 14
Social function 75 ± 19 80 ± 20  83 ± 17c 82 ± 19 78 ± 21 78 ± 21
Role emotional 85 ± 24 91 ± 20 90 ± 22 93 ± 16 96 ± 15 93 ± 17
Mental health 75 ± 16 75 ± 16 74 ± 19 74 ± 18 77 ± 16 74 ± 16

aP < 0.05 between T0 and T6; cP < 0.05 between T0 and T12.

Table 4  Mean ± SD of 36-Item Short Form Health Survey questionnaire scales

Roi GS et al . Effects of a supervised exercise after kidney transplantation



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

profile.
Our study did not reveal significant differences in 

blood pressure between the two groups, both showing 
normal blood pressure at rest, during and after 
maximal incremental exercise. This may be explained 
by the tightly controlled anti-hypertensive regimes in 
post-transplant care, as previously reported in other 
studies[23].

Reduced general muscular strength has been related 
to an increased risk of all-cause of cardiovascular 
mortality[30] and the handgrip test values are a 
recognised marker of health status[31]. In our study, 
the handgrip test values improved after six months 
of training and significantly improved after 12 mo, 
whereas in the Group B we found a trend in reduction 
in strength, even if it was not significant. Moreover, in 
the Group A the muscular strength of the lower limbs 
improved, and the power of the lower limbs increased 
after 12 mo. This increase in maximal strength and CMJ 
values may be associated with both neural adaptations 
and muscle trophism improvement[32]. This finding is 
consistent with prior studies[6]. 

In relation to anthropometric measures, the 
12-mo supervised programme combining aerobic and 
resistance training was effective in reducing BMI[33] and 
fat mass in Group A, with a non-significant reduction 
in fat-free mass (-2%). However, in our study, the 
lipid profile remained the same; 39% of patients were 
taking a statin or ezetimibe as a regular drug (Table 
2), which would make further improvement in the lipid 
profile unlikely. Moreover, the patients did not receive 
a diet programme.

Regarding quality of life, we found significant 
improvement in Group A in the self-perception of 
physical function, role-limitation to physical activity and 
social function. The KTRs in the usual care group (Group 
B) did not show any improvement in HRQoL scores. 
This finding confirms that supervised exercise training 
led to a better self-perception of quality of life[34].

The association of aerobic and resistance training 
was safe; no acute cardiovascular event, renal graft-
related or serious adverse events due to endurance or 
strengthening exercises were recorded. The inclusion 
in the protocol of the CMJ test did not have any 
consequence to the musculoskeletal system, indicating 
that KTRs can safely perform supervised power 
exercises[35]. The accurate selection of the patients 
and the cardiovascular assessment at T0 certainly 
contributed to these findings. 

The present study has some limitations. First, it 
is a non-randomised study; we included the patients 
in the usual care group (Group B) on logistic and 
organisational grounds. Therefore, the two groups 
were different in baseline assessments of body mass.

Another limit is due to the workloads chosen for 
the aerobic and strength trainings. We adopted a 
steady state aerobic exercise protocol at intensity 
corresponding to the lactate aerobic threshold. Different 

training protocols, i.e., interval training, or different 
duration of the sessions could be more effective. 
Furthermore, it is possible that with a higher percentage 
of 1RM and with a different progressive strengthening 
protocols the improvements would be higher, especially 
when training the upper limbs. The fact that the upper 
limb with the arteriovenous fistula was not trained, 
for safety precautions, also affected the final strength 
results. Furthermore, we checked both groups after 6 
mo of training, so probably a more frequent adjustment 
in the prescription of the relative intensity of trainings 
would lead to better functional outcomes in Group A or 
would give further motivations in Group B.

The anthropometric assessment by the skinfolds 
technique has some limitations and probably it would be 
possible to detect significant changes with more precise 
methods (i.e., dual energy X-ray absorptiometry). 
Another limit is that we administered the IPAQ only to 
Group B to reduce the bias between the two groups, 
but it was impossible to make any direct comparison 
with Group A.

Finally, patients included in our study were carefully 
selected and were thus not representative of the 
entire KTRs population. Furthermore, the prescribed 
exercise program was based on blood tests and other 
measurements that are not routinely performed 
in gyms and cannot be universally applied, so the 
generalizability of the results is limited.

Despite some limitations, this paper shows that 
developing a supervised exercise protocol for KTRs is 
a useful and safe non-pharmacologic contribution to 
usual after-transplant treatments, which can improve 
the physiological variables related to physical fitness 
and cardiovascular risks without consequences on 
renal function. Our study is an example of collaborative 
working between transplant centres, sports medicine 
and exercise facilities, aimed to apply the concepts of 
“exercise is medicine”.

Further studies with longer follow-up and larger 
populations are necessary to understand the strategies 
that will improve adherence to training programmes, 
control costs and lead to steady and durable lifestyle 
changes in KTRs.

ARTICLE HIGHLIGHTS
Research background
Kidney transplant recipients (KTRs) are characterised by long term clinical 
complications and high risk of cardiovascular disease. After transplantation, 
physical activity is considered a key element in the prevention and management 
of chronic diseases, however the majority of KTRs maintain a sedentary 
lifestyle, often associated with an increase of body fat and weight gain. Whether 
exercise can positively affect outcomes in KTRs has only been addressed in 
few studies, with a small number of subjects and with different types, intensity 
and durations of interventions lasting almost always not more than six mo. 
Furthermore, few studies have investigated the effect of a combined aerobic 
and resistance training, and the effect of these protocols on kidney function is 
rather unknown. In this paper, we present some clinical and fitness outcomes 
of a 12-mo study conducted on KTRs, with the aim to evaluate the potential 
effects of supervised exercise combining aerobic and resistance training.
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Research frontiers
Developing a supervised exercise protocol for KTRs is a useful and safe 
non-pharmacologic contribution to usual after-transplant treatments, which 
can improve the physiological variables related to physical fitness and 
cardiovascular risks without consequences on renal function. Further studies 
with longer follow-up and larger populations are necessary to understand the 
strategies that will improve adherence to training programmes, control costs 
and lead to steady and durable lifestyle changes in KTRs.

Innovations and breakthroughs
Selected KTRs can safely perform training protocols lasting 12 mo, with 
association of aerobic and resistance exercises. 

Applications
The collaboration between transplant centres, sports medicine centres and 
exercise facilities is effective to prevent the low adherence to suggested and/or 
prescribed physical activity.

Terminology
Oxygen uptake (V’O2) at the highest tolerated workload was referred to as V’O2 

peak (mLO2/kg per minute).
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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. 

Key words: Intracellular cytokine; Liver transplantation; 
Kidney transplantation; Opportunistic infection
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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.

Boix F, Llorente S, Eguía J, Gonzalez-Martinez G, Alfaro 
R, Galián JA, Campillo JA, Moya-Quiles MR, Minguela A, 
Pons JA, Muro M. 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; 8(1): 23-37  Available from: URL: http://www.
wjgnet.com/2220-3230/full/v8/i1/23.htm  DOI: http://dx.doi.
org/10.5500/wjt.v8.i1.23

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, 

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

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



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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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 
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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 
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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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