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Introduction

There has been recent interest in the potential value of

pre-Tx inflammatory markers as predictors of acute rejec-

tion (AR) and graft loss in adult renal-Tx patients. The

most widely studied marker of inflammation is C-reactive

protein (CRP), an acute phase reactant protein synthes-

ized by the liver in response to interleukin 6 (IL-6),

tumor necrosis factor-a and IL-1b. High levels of CRP,

therefore, are reflective of a pro-inflammatory state.

Moreover, CRP also has pro-inflammatory effects of its

own such as complement activation and stimulation of

natural killer cell activity. Although the half-life of CRP is

only 4–6 h, a high concordance in levels over extended

periods of time (>6 months) has been demonstrated [1].

In addition, CRP is easily measured in the serum, and its

level rises over a 1000-fold with inflammation, all of

which make it a good marker of chronic inflammation.

There is a substantial existing body of literature on the

predictive value of serum CRP measurements, even at a

single point in time, in adults. The CRP levels are eleva-

ted in adults with chronic kidney disease (CKD), even in

the early stages, with levels being even higher in dialysis

patients [2]. This has been attributed to the chronic

inflammation in uremic patients due to the accumulation

of ‘uremic toxins,’ from infection of vascular accesses and

from the dialysis procedure itself. High serum levels of

CRP are predictive of future cardiac disease and mortality

in dialysis patients, patients with coronary artery disease

and even in healthy individuals [3]. PreTx serum CRP

also predicts AR [4], chronic allograft nephropathy

(CAN) [5] and even death in adult renal Tx patients [6].
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Summary

Pretransplant (Tx) inflammation is linked to adverse outcomes in adult Tx

recipients but no such data exist for children. Our study evaluated the predic-

tive value of three pre-Tx inflammatory markers: serum C-reactive protein

(CRP), Neopterin (Neo) and interleukin (IL) 12, in determining outcome. Pre-

Tx serum on 51 children (mean age 11 years) transplanted between 1985 and

2000 was analyzed. Data on other variables were abstracted from patient

records. Primary end-points were graft survival and acute rejection (AR).

Kaplan-Meier and log-rank statistics compared endpoints in patients at differ-

ent quartiles for each marker. Cox regression analysis was used to determine

the independent effect of the markers on the end-points. The mean CRP, Neo,

and IL-12 were 1.3 mg/l, 1.78 ng/ml, and 123 pg/ml, respectively. The mean

CRP, Neo, and IL-12 were not different between the patients with and without

AR or graft loss (P > 0.4 for all). Neither rejection-free survival nor graft survi-

val was affected by CRP, Neo, or IL-12 quartiles. Cox-regression analysis dem-

onstrated no predictive value of any marker on outcome. Unlike adults, a

single pre-Tx determination of inflammatory markers was not predictive of AR

or graft loss in children, indicating that the pathogenesis of AR may be differ-

ent in children.
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Serial monitoring of serum CRP has also been shown to

be of value in the post-Tx period as an early marker of

some complications such as bacterial and viral infections

and AR, in both adults and children [7,8]. The CRP has

been shown to rise on postoperative days 2 and 3 as a

response to stress and then fall by days 7–10. A lack in

drop of the serum CRP by days 7–10 or a subsequent rise

are both markers of impeding complications, although it

has limited predictive value in differentiating between

infections and AR. To date, there are no data on the pre-

dictive value of a pre-Tx CRP in predicting adverse out-

comes in pediatric Tx recipients.

Other inflammatory markers such as Neopterin (Neo),

which is derived from c-interferon stimulated monocytes,

and IL-12, which stimulates the development of the Th1

subset of CD4 positive T cells, have been less well studied

in the Tx population. Serum Neo levels are elevated in

adult dialysis patients, and fall after successful renal Tx

[9]. A persistently elevated serum Neo after Tx is believed

to be a sensitive marker of AR, although its specificity for

AR is very low since elevations in Neo can also be seen in

the setting of infectious processes [9–11]. A recent study

evaluated the predictive value of pre-Tx IL-12 elevations

in adult renal Tx recipients and found that it was an

independent predictor of AR [12]. This is understandable

since IL-12 is the most important cytokine promoting

polarization of CD4 positive T cells towards a pro-inflam-

matory Th1 phenotype, eventually leading to activation of

CD8 T cells and also natural killer cells, all of which act

as effectors of graft damage [13].

There are very few studies that have looked at any of

the aforementioned inflammatory markers in children

with CKD and none, to our knowledge, that have evalu-

ated the predictive value of these markers, measured in

the pre-Tx period, in determining post-Tx outcomes.

Clearly children have much more to gain from preventing

AR, CAN and cardiovascular morbidity. Identifying high-

risk children pre-Tx would allow optimal tailoring of

therapy to improve graft outcome, and perhaps even

reduce cardiac disease in the long-term.

The objective of our study was to measure three

inflammatory markers (CRP, Neo, and IL-12) in the pre-

Tx period in children with CKD who subsequently

received a renal Tx and to determine if a single pre-Tx

serum CRP, Neo, or IL-12 predicted AR or long-term

graft loss in this cohort.

Patients and methods

Stored pre-Tx sera from all pediatric renal Tx recipients

cared for at the University of California, Davis Medical

Center, from October 1985–2000 were retrieved. An ali-

quot from the serum collected from patients for their

final crossmatch was used for measurement of the inflam-

matory markers: serum CRP, Neo, and IL-12 levels all of

which were measured using a commercially available

ELISA kit (BioSource International Inc., Camarillo, CA,

USA). Normal values for these markers were: <5 mg/l for

CRP, <2.48 ng/ml for Neo and <175 pg/ml for IL-12.

Specimens had been kept frozen at )70 �C after collec-

tion until the time of the assays of the inflammatory

markers. All assays were run in duplicate. Demographic

data and data pertaining to the cause of CKD, need for

and duration of dialysis, and events around the time of

Tx [such as ischemia times, organ donor source, Human

Leukocyte Antigen (HLA) match, and delayed graft func-

tion (DGF)] were abstracted from the patient medical

records by a single investigator (LB). Medical records

from follow-up visits were reviewed for determining the

occurrence of AR, and to evaluate long-term graft survi-

val. The primary outcomes were rejection-free graft survi-

val and overall graft survival. The diagnosis of AR was

based on the renal pathologist’s interpretation of renal

biopsy findings. Early rejection was defined as the occur-

rence of AR within the first 3 months after Tx. Graft loss

was defined as return to long-term dialysis or a re-Tx.

Immunosuppressive protocols were quite diverse. Until

1995 maintenance immunosuppression consisted of corti-

costeroids, cyclosporine/tacrolimus and azathioprine.

After August 1995, mycophenolate mofetil replaced

azathioprine. Induction therapy consisted of OKT3, anti-

thymocyte globulin, daclizumab or none.

Statistical analyses

The Student’s t-test and the Fisher’s exact test were used

to investigate univariate associations between outcomes

and the continuous and categorical variables, respectively.

Kaplan-Meier survival curves with the log-rank test were

used to evaluate differences in rejection-free and overall

graft survivals between patients at different quartiles of

CRP, Neo, and IL-12. The Cox proportional multivariable

analysis was used to evaluate the independent effect of

each of the markers on the primary outcomes. The cova-

riates used included the need for dialysis, number of HLA

mismatches, cold ischemia time (CIT), DGF, and organ

donor source.

All analyses were carried out using the SPSS software

(Chicago, IL, USA), Version 11.5.0 for Windows. Statisti-

cal significance was set at P < 0.05.

Results

Demographic data

Between October 1985–2000, 61 Tx were performed in 56

pediatric recipients at our center. Of these 61 Tx, 7 were
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lost in the immediate post-Tx period from technical com-

plications and were excluded from the study. In an addi-

tional two patients, medical records could not be retrieved,

leaving a total of 52 Tx in 51 patients for our study. Basic

demographic data on the patients is presented in Table 1.

The mean/standard deviation (SD) follow-up time for the

study group was 4.9 (3.4) years. At the time of last follow

up, 15 (29%) grafts had been lost and 26 (50%) had experi-

enced at least one episode of clinical AR.

Inflammatory markers

The mean (SD) and median values of the three inflamma-

tory markers were as follows: CRP 1.3 (2.2) mg/l and

0.5 mg/l, Neo 1.8 (0.9) ng/ml and 1.5 ng/ml, and IL-12

123 (67) pg/ml and 112 pg/ml, respectively. The percent-

age of patients who had elevated values for these markers

were 7.7% for CRP, 19% for Neo, and 21% for IL-12.

There was a very strong correlation between all three

inflammatory markers, the strongest correlation being

between Neo and IL-12 (r ¼ 0.85, Pearson correlation

statistic). There was no correlation between any of the

markers and either dialysis vintage (r ¼ 0.02 for CRP,

P ¼ 0.9) or age at Tx (r ¼ 0.14 for CRP, P ¼ 0.3).

Univariate analyses

There were no statistically significant differences in the

mean levels of CRP, Neo and IL-12 between patients who

did and did not experience graft loss, AR, steroid-resistant

AR, and those whose original disease was glomerular versus

nonglomerular (Table 2). As seen in Table 2, children who

were receiving dialysis pre-Tx had a significantly higher

mean CRP and Neo level, compared to those who were not

receiving dialysis. In fact, all four children who had an ele-

vated CRP, 9 of the 10 children (90%) who had an elevated

Neo, and 10 of the 11 children (91%) with an elevated IL-

12 level, were receiving some form of dialysis pre-Tx. There

was no significant difference in the mean value of any indi-

Table 1. Pre-Tx demographic data of the 51 patients.

Gender (% female) 41%

Cause of CKD

Reflux/dysplasia 19 (37%)

Glomerulonephritis (GN) 19 (37%)

Obstructive uropathy 9 (18%)

Other 4 (8%)

Mean (SD) age at Tx (years) 11.2 (4.8)

Median age 12.5

Mean (SD) duration of dialysis (years) 2.0 (1.5)

Median duration 1.6

Number of patients receiving dialysis 36 (71%)

Peritoneal dialysis 22

Hemodialysis 11

Both 4

Donor source (% Cadaveric) 50%

Mean (SD) CIT (h) 15.5 (11)

Median time 16

Mean (SD) number of HLA mismatches 3.1 (1.6)

Median HLA mismatches 3

Mean (SD) number of HLA DR mismatches 1 (0.6)

Median HLA DR mismatches 1

Mean (SD) final PRA 8.5 (19.5%)

Median PRA 0%

DGF (%) 2%

Pre-Tx, pretransplant; CKD, chronic kidney disease; CIT, cold ischemia

time; HLA, human leukocyte antigen; PRA, panel reactive antibody;

DGF, delayed graft function.

Table 2. Univariate analyses of the inflam-

matory markers and outcome variables. Mean (SD),

CRP (mg/l) P value

Mean (SD),

Neo (ng/ml) P value

Mean (SD),

IL-12 (pg/ml) P value

Etiology of CKD

GN 1.9 (2.9) 1.9 (1.0) 137.8 (63)

Others 1.0 (1.7) 0.20 1.7 (0.9) 0.64 114.5 (69.3) 0.2

AR 1.4 (2.3) 1.9 (1) 131.6 (71)

No AR 1.3 (2.3) 0.95 1.7 (0.8) 0.57 114.4 (63.8) 0.36

Steroid-resistant AR 1.0 (2.1) 1.6 (0.9) 115.8 (58.9)

All others 1.5 (2.3) 0.52 1.9 (1.0) 0.29 125.7 (70.8) 0.64

Steroid-resistant AR 1.0 (2.1) 1.6 (0.9) 115.8 (58.9)

Steroid-responsive AR 1.8 (2.5) 0.40 2.2 (1.2) 0.65 150.2 (81.6) 0.23

Graft Loss 0.9 (2.0) 1.6 (0.8) 126 (50.1)

No graft loss 1.5 (2.4) 0.43 1.9 (1.0) 0.26 121.8 (73.8) 0.84

Dialysis yes 1.6 (2.6) 1.9 (1.0) 131 (72)

Dialysis no 0.6 (0.8) 0.046 1.5 (0.6) 0.048 103 (52) 0.13

Hemodialysis 1.6 (2.3) 1.9 (1.1) 124 (98)

Peritoneal dialysis 1.5 (2.4) 0.9 1.9 (1.0) 0.9 132 (55) 0.8

CRP, C-reactive protein; Neo, neopterin; IL, interleukin; CKD, chronic kidney disease; GN, glome-

rulonephritis; AR, acute rejection.
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vidual inflammatory marker among patients receiving dif-

ferent dialysis modalities.

Kaplan-Meier and log-rank tests

Kaplan-Meier survival curves for rejection-free and overall

graft survival were not statistically different for children

at different quartiles of CRP, Neo, or IL-12 even when

grouped quartiles were used (e.g. first quartile versus all

others, fourth quartile versus all others and first two

quartiles versus last two quartiles; data not shown).

Multivariate analysis

On multivariable analyses, none of the inflammatory

markers had a predictive role in determining graft loss or

AR (neither early nor late rejection).

Discussion

Unlike in adult renal Tx recipients, our study did not find a

predictive value of any the pre-Tx inflammatory markers

CRP, Neo, and IL-12 for AR or graft loss in the pediatric

population. This could indicate that the pathogenesis of

AR and CAN are different in children and in adults, or at

least that factors other than subclinical inflammation are

more important in determining graft outcomes in children.

On one level this is intuitive when one explores the ‘source’

of inflammation in healthy adults and also adult CKD

patients. While this question has yet to be answered definit-

ively, it has been postulated that in otherwise healthy

adults, factors such as chronic smoking, gastritis, periodon-

titis, bronchitis, obesity or even oxidative stress from aging

itself lead to an inflammatory response manifesting as an

elevated CRP, which then can cause adverse events such as

atherosclerosis. Another school of thought is that inflam-

mation within the atherosclerotic plaque per se is the

source of the CRP. Since neither atherosclerosis nor the

aforementioned extra-vascular factors (such as chronic

bronchitis) are as common or advanced in most children,

it is understandable that children would be expected to

have a lower inflammatory burden [14]. Even when one

looks at the CKD population, the factors postulated to pro-

mote a pro-inflammatory state, such as occult vascular

access infections, use of bio-incompatible dialyzers and the

hemodialysis procedure itself [2], may be expected to affect

children less, since most children are on dialysis for a much

shorter period of time, in part due to the pediatric prefer-

ence given on them on the cadaveric donor organ wait list

(the pre-Tx median duration of dialysis in our study cohort

was only 1.6 years). This hypothesis is supported by the

observation in our study that the majority of the children

had normal levels of pre-Tx CRP, IL-12 and Neo, which is

in striking contrast to the study in adult renal Tx recipients,

in which the mean and median CRP levels were 14.5 and

9.0 mg/l, respectively [4] compared to 1.3 and 0.5 mg/l,

respectively, in our study population. That dialysis is

undoubtedly a pro-inflammatory state is also supported by

our observation that the majority (91–100%) of the chil-

dren with abnormally elevated values of CRP, Neo, and IL-

12 were receiving dialysis pre-Tx. Moreover, although not

in our study, others investigators have shown that serum

CRP levels in children are positively correlated with how

long children had been on dialysis [15]. Unlike Goldstein et

al. [15], only 11% of our patients who were receiving dialy-

sis pre-Tx had an elevated CRP, compared to 77% of their

population. This difference may be explained by two fac-

tors. First, the children studied by Goldstein et al. were on

dialysis for a considerably longer time than ours (median

duration of dialysis 2.3 years). And second, there may likely

have been differences in the dialysis prescription and dia-

lyzer selection, both of which could affect the CRP level.

Levels and the biological activity of many of the

inflammatory markers in the body are known to be under

significant genetic control. The same has been shown in

the case of CRP, IL-12, and Neo [16–18]. Polymorphisms

in the genes controlling these inflammatory markers were

not studied by us and could certainly have confounded

our study results.

Due to the small number of subjects, our study was also

likely very underpowered to detect significant differences in

the primary outcomes between patients in the four separate

quartiles of each of the inflammatory markers. However,

even when children were analyzed after being grouped

together (e.g. first quartile versus fourth quartile, first two

quartiles versus last two quartiles), no differences were seen

in outcomes. What is more important is that no trends were

seen for differences in the outcomes either.

Our data underscore the importance of focusing on

other factors that have been associated in the past with

an increased risk of rejection and CAN in children such

as DGF, HLA-DR mismatching, absence of induction

immunosuppression, and calcineurin-inhibitor toxicity.

Another area that needs investigation is the reason why

adolescents have poorer graft survival compared to all

other age groups. This has been attributed in the past to

medication noncompliance [19,20], and may have been a

contributor to the high incidence of graft loss in our popu-

lation, most of whom were adolescents. Nonadherence to

medication regimes is such a pervasive problem in

pediatric and adolescent recipients, that its effect is likely

to overwhelm other factors, such as occult inflammation,

which may also contribute to graft loss.

In conclusion, while our study does have some limita-

tions, those being its retrospective nature, small sample

size and the lack of uniform immunosuppression in the
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subjects (due to the long study duration) our pilot data

do raise the issue that alloantigen independent factors

(such as chronic inflammation) that are a significant

determinant of the serum CRP, Neo, and IL-12 level may

play a much smaller role in the pathogenesis of graft rejec-

tion in children compared to adults. Children and especi-

ally adolescents are at high risk of AR and graft loss

related largely to nonadherence to medical regimens, the

effect of which might supersede any impact of an underly-

ing inflammatory state. While the stability of serum speci-

mens frozen for such long periods of time also needs to be

questioned, similarly collected, stored and processed speci-

mens from adult renal Tx recipients at our center have

been studied by us and consistently shown to have a pre-

dictive value in identifying adults at risk of rejection and

graft loss [4,12,21]. Clearly, larger prospective studies are

needed to elucidate the predictive value of chronic inflam-

mation in outcomes after pediatric renal Tx. Serial monit-

oring of inflammatory markers in larger numbers of

children in the post-Tx period and analysis of gene poly-

morphisms may lead to a better understanding of the role

of inflammation in graft function and survival in children.

Acknowledgements

The authors would like to acknowledge the invaluable

assistance of Mr Christopher Hartung in reviewing and

editing the manuscript.

References

1. Macy EM, Hayes TE, Tracy RP. Variability in the measure-

ment of C-reactive protein in healthy subjects: implications

for reference intervals and epidemiological applications.

Clin Chem 1997; 43: 52.

2. Kaysen GA, Eiserich JP. Characteristics and effects of

inflammation in end-stage renal disease. Semin Dial 2003;

16: 438.

3. Ridker PM, Rifai N, Rose L, Buring JE, Cook NR. Com-

parison of C-reactive protein and low-density lipoprotein

cholesterol levels in the prediction of first cardiovascular

events. N Engl J Med 2002; 347: 1557.

4. Perez RV, Brown DJ, Katznelson SA, et al. Pretrans-

plant systemic inflammation and acute rejection after renal

transplantation. Transplantation 2000; 69: 869.

5. Fink JC, Onuigbo MA, Blahut SA, et al. Pretransplant

serum C-reactive protein and the risk of chronic allograft

nephropathy in renal transplant recipients: a pilot

case-control study. Am J Kidney Dis 2002; 39: 1096.

6. Varagunam M, Finney H, Trevitt R, et al. Pretransplanta-

tion levels of C-reactive protein predict all-cause and car-

diovascular mortality, but not graft outcome, in kidney

transplant recipients. Am J Kidney Dis 2004; 43: 502.

7. Oyen O, Wergeland R, Bentdal O, Hartmann A, Brekke IB,

Stokke O. Serial ultrasensitive CRP measurements may be

useful in rejection diagnosis after kidney transplantation.

Transplant Proc 2001; 33: 2481.

8. Their M, Ronnholm K, Sairanen H, Holmberg C, Jalanko H.

Serum C-reactive protein in pediatric kidney and liver

transplant patients. Pediatr Transplant 2002; 6: 153.

9. Schafer AJ, Daniel V, Dreikorn K, Opelz G. Assessment of

plasma neopterin in clinical kidney transplantation.

Transplantation 1986; 41: 454.

10. Sadeghi M, Daniel V, Weimer R, Wiesel M, Hergesell O,

Opelz G. Pre-transplant Th1 and post-transplant Th2

cytokine patterns are associated with early acute rejection

in renal transplant recipients. Clin Transplant 2003; 17:

151.

11. Fischbach M, Desprez P, Mengus L, et al. Evaluation of

combination of biologic markers (C-reactive protein,

neopterin, and microalbuminuria) in the follow-up of

kidney transplantation in children: four years of clinical

experience. Transplant Proc 1994; 26: 72.

12. Fitzgerald JT, Johnson JR, Perez RV. Pre-transplant eleva-

tions of interleukin-12 and interleukin-10 are associated

with acute rejection after renal transplantation. Clin

Transplant 2004; 18: 434.

13. Abbas AK, Murphy KM, Sher A. Functional diversity of

helper T lymphocytes. Nature 1996; 383: 787.

14. Munford RS. Statins and the acute-phase response. N Engl

J Med 2001; 344: 2016.

15. Goldstein SL, Currier H, Watters L, Hempe JM, Sheth RD,

Silverstein D. Acute and chronic inflammation in pediatric

patients receiving hemodialysis. J Pediatr 2003; 143: 653.

16. Pankow JS, Folsom AR, Cushman M, et al. Familial and

genetic determinants of systemic markers of inflammation:

the NHLBI family heart study. Atherosclerosis 2001; 154:

681.

17. Zwiers A, Seegers D, Heijmans R, et al. Definition of poly-

morphisms and haplotypes in the interleukin-12B gene:

association with IL-12 production but not with Crohn’s

disease. Genes Immun 2004; 5: 675.

18. Rauchschwalbe SK, Maseizik T, Mittelkotter U, et al. Effect

of the LT-alpha (+250 G/A) polymorphism on markers of

inflammation and clinical outcome in critically ill patients.

J Trauma 2004; 56: 815.

19. Jarzembowski T, John E, Panaro F, et al. Impact of non-

compliance on outcome after pediatric kidney transplanta-

tion: an analysis in racial subgroups. Pediatr Transplant

2004; 8: 367.

20. Shaw RJ, Palmer L, Blasey C, Sarwal M. A typology of

non-adherence in pediatric renal transplant recipients.

Pediatr Transplant 2003; 7: 489.

21. Perez RV, Huang CQ, Johnson JR, et al. Pretransplantation

soluble adhesion molecule expression predicts outcome

after living donor renal transplantation. Arch Surg 2003;

138: 1113.

Butani et al. Inflammation in transplantation

Transplant International 18 (2005) 949–953 ª 2005 European Society for Organ Transplantation 953


