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Introduction

Acute cellular rejection (ACR) is a frequent complication

following liver transplantation [1,2] with varying preva-

lence according to the diagnostic methods used. Although

it may be a cause of graft dysfunction, patients are usually

asymptomatic and conventional liver function tests are

not diagnostically specific [3], and are only late diagnostic

markers [4]. Thus, liver biopsy is the current gold stan-

dard for assessment and grading of ACR. The clinical sig-

nificance of ACR and its interpretation have changed over

the decades. ACR had a prominent role, such that some

centres implemented routine protocol biopsies to detect

and treat rejection promptly [5]. Currently many centres

only perform liver biopsies if there is significant derange-

ment of liver function tests, and will treat possible rejec-

tion empirically also considering that complications can

occur, even with a transjugular biopsy [6]. Avoiding

biopsy is a strategy that leads to misdiagnose ACR in

many patients [2,7,8]. As yet a consensus definition for

‘clinical’ rejection (i.e. without biopsy) does not exist. In

1992 a definition based on liver function tests was com-

pared with histological rejection [8]: the correlation was

not good and 40% of patients biopsied had histological

rejection, not encompassed by the clinical definition.

Therefore identifying noninvasive markers able to predict

Keywords

acute cellular rejection, clinical course,

eosinophil, liver transplantation, serum

biomarker.

Correspondence

Prof. Andrew K. Burroughs, Pond Street,

Hampstead, NW3 2QG, London, UK.

Tel.: 0044 207 7940500 ext 34652;

fax: 0044 207 472 6226;

e-mail: andrew.burroughs@nhs.net

Conflicts of Interest

The authors have declared no conflicts of

interest.

Received: 21 December 2011

Revision requested: 15 January 2012

Accepted: 13 February 2012

Published online: 15 March 2012

doi:10.1111/j.1432-2277.2012.01457.x

Summary

Acute cellular rejection remains an important source of morbidity after liver

transplantation, particularly if rejection is moderate or severe, as this usually is

treated. Currently liver biopsies are seldom performed, so diagnostic noninva-

sive markers would be useful. We evaluated 690 consecutive first liver trans-

plant patients to assess whether peripheral eosinophilia could predict

moderate-severe rejection and its course. A protocol biopsy was performed

6 ± 2.5 days after transplant. A second biopsy was taken 6.1 ± 2 days after the

first in 487 patients to assess histological improvement. Liver function tests,

peripheral eosinophil count and changes between first and second biopsy, were

evaluated using logistic regression. Histological rejection was present in 532

patients (77.1%), with moderate (30.6%) and severe rejection (3.9%). Periph-

eral eosinophil count was strongly associated with moderate-severe rejection

(OR = 2.15; P = 0.007), although the area under ROC curve (AUROC) was

0.58. On second biopsy, rejection improved in 119 (24.4%) patients. The delta

in eosinophil count between the first and second biopsies was the only inde-

pendent predictor of histological improvement (OR = 3.12; P = 0.001), irre-

spective of whether bolus steroids were used (OR = 2.77; P = 0.004); AUROC

was 0.72. Peripheral eosinophilia is not sufficiently predictive of moderate-

severe histological rejection. However the changes in eosinophil count over

time can accurately predict the histological resolution of rejection.
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the risk of moderate or severe ACR would lead to a more

rational decision to biopsy and/or to treat empirically.

Eosinophils are typically involved in ACR, first

reported as an association with ACR in kidney transplan-

tation [9] and subsequently in lung and heart transplants

[10]. In the liver graft, a portal tract eosinophilic infiltrate

is a typical finding of ACR which contributes diagnosti-

cally, adding to the Banff criteria [11]. As graft eosinoph-

ils come from blood, a high peripheral eosinophil count

might predict histological ACR after liver transplantation.

Absolute eosinophil count (AEC) increases in blood

2–3 days earlier than liver function tests and 3–4 days

before ACR is proven histologically [4], and there is a

positive correlation with eosinophilia in the liver graft

[12].

However the diagnostic utility of blood eosinophilia for

ACR has varied. The first report [13] found AEC (thresh-

old >0.5 · 109/l) to have a negative predictive value

(NPV) of 99% and a positive predictive value (PPV) of

44% for ACR. The only prospective study included only

20 patients [14]. Other studies [4,15,16] showed that

AEC was a specific predictor of ACR with a high negative

predictive power, but with inadequate sensitivity and low

positive predictive power. In addition the predictive abil-

ity of a reduction in AEC following treatment of ACR is

less studied [13–16].

Previous studies have important limitations. Firstly, the

major endpoint was prediction of any degree of ACR.

However mild rejection is usually not treated and mainte-

nance immunosuppression is not modified [17]. Secondly

the sample size (20–167 patients) was insufficient to per-

form multivariate analyses, and inadequate to address

whether combining liver function tests and eosinophil

count could predict ACR more accurately. Finally several

biopsies were evaluated per patient without differentiating

the interval from transplantation, thus introducing sys-

tematic errors, and making results less clinically relevant.

The aims of the present study were (i) to assess

whether peripheral blood eosinophil count is predictive of

histologically proven moderate and severe ACR, together

with or without clinical parameters and liver function

tests and (ii) to evaluate the relationship between changes

in blood eosinophil count and clinical course of ACR in

both treated and untreated patients.

Materials and methods

We identified 690 patients in our prospectively collected

liver transplant database between October 1988 and Feb-

ruary 2008 during which interval protocol biopsies were

obtained 5–7 days after first liver transplantation to estab-

lish the presence and severity of ACR. There were another

75 patients in whom graft biopsy was not available in the

first 2 weeks after transplant because of early death

(n = 20), retransplant (n = 13) or other complications

and were not analyzed. Routine laboratory tests including

liver function profile were evaluated on the day of the

biopsy. AEC (normal range 0–0.46 · 109/l) was recorded

the day before and on the day of the biopsy. Relative

eosinophil count (REC) was calculated with the following

formula: AEC · 100/total white cell count (threshold

3.5%). AEC on the day of the second biopsy and DAEC

between the first and second biopsy were evaluated as

potential predictors of clinical course of ACR and

response to treatment. The threshold chosen for DAEC

was the null value (0 · 109/l) which meant no change in

eosinophil count between the first and second biopsy.

Liver biopsies were examined to assess and grade ACR

according to the Royal Free system [11] which predates

the Banff schema [18]. The Royal Free ACR system

applies the same histopathological diagnostic criteria

(mixed mainly portal inflammation, endothelitis and bile

duct damage) as the Banff schema, except that the Royal

Free system evaluation of eosinophils in the inflammatory

infiltrate is included as a separate additional axis of

assessment. The immunosuppression protocol started

immediately after transplant with intravenous methyl-

prednisolone (1 mg/kg/day until July 1997 or 16 mg daily

thereafter, followed in both cases by 20 mg oral predniso-

lone daily once gut function was restored) and azathio-

prine (1 mg/kg/day) in addition to either tacrolimus

(initially 0.1 mg/kg/day in two divided doses) or cyclo-

sporin (initially 10 mg/kg/day in two divided doses). Cal-

cineurin inhibitor doses were run on the lower side of the

therapeutic range and adjusted according to serum levels,

the presence of infection or toxicity. Between October

1996 and January 1997 a clinical trial was conducted [19]

during which patients were randomized to receive mono-

therapy with tacrolimus versus cyclosporine. From May

1997 to April 1999 patients were randomized to triple

therapy based on either tacrolimus or cyclosporine [20].

Thereafter a cohort of patients received tacrolimus mono-

therapy [21]. At all times standard treatment for ACR

consisted of 1 g of intravenous methylprednisolone given

on three consecutive days. However 28 patients (9.5%)

received two boluses and 20 patients (6.8%) received just

one bolus because of individual clinical circumstances.

In 487 patients, a second biopsy was obtained after

6.1 ± 2 days from the first one to assess the course and

response to treatment. We evaluated the whole group for

the presence of rejection, and then patients who had or

who had not received boluses of steroids in relation to

the change in eosinophil count. According to the grade of

rejection in the second biopsy, patients were classified

in three groups: (i) Improvement: when rejection

grade improved from moderate or severe to mild or no
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rejection; (ii) Deterioration: opposite of the previous; (iii)

No change: when no significant histological change was

found.

Statistical analysis

Statistical analysis was performed using SPSS 18.0 (SPSS

Inc., Chicago, USA). Variables are displayed in frequency

tables or expressed as means and standard deviations,

except those with an asymmetric distribution, which are

described with medians and interquartile ranges (IQR).

Testing for differences between groups were performed

using Chi square test for frequencies, student’s t test or

anova tests for quantitative variables and Mann–Whit-

ney’s U test or Kruskal-Wallis for variables with an asym-

metric distribution. The optimal threshold value for

peripheral eosinophil count with respect to moderate/

severe ACR was established by receiver operating charac-

teristic (ROC) curves. We used multiple logistic regres-

sion to control for possible confounding factors and to

evaluate the combination of eosinophil count and other

routine laboratory tests, which have also been used in

previous papers, (AST, ALT, AST/ALT ratio, ALP, GGT,

bilirubin, albumin, urea and creatinine) in predicting

moderate/severe ACR. The same method was used to

identify those variables independently related with histo-

logical improvement of ACR. Every hypothesis tested was

two tailed and considered statistically significant if

P < 0.05.

Results

Descriptive evaluation

There were 690 patients of whom 425 (61.6%) were men.

Major aetiologies were alcoholic liver disease (17.1%),

hepatitis C (13.3%), or their combination (5.1%), hepato-

carcinoma (11.4%), primary biliary cirrhosis (13%), acute

liver failure (8%), primary sclerosing cholangitis (7%),

hepatitis B (5.8%) and cryptogenetic cirrhosis (5.1%). A

protocol liver biopsy was obtained 6 ± 2.5 days after liver

transplantation. ACR was found in 532 patients (77.1%)

which was mild in 294 (42.6%), moderate in 211 (30.6%)

and severe in 27 (3.9%) biopsies respectively and 158

patients (22.9%) had no histological rejection. In 294

cases (42.6%) boluses of corticosteroids were given after

the first biopsy, with 90 (30.6% treated) patients having

mild rejection, 178 (84.4% treated) moderate rejection

and 26 (96.3% treated) severe rejection.

A second biopsy was taken 6.5 ± 2 days after the first

one in 487 patients (70.6%). The group who had a sec-

ond biopsy had more severe ACR on the first biopsy

(moderate-severe rate 42.3% vs. 15.8%; P < 0.001) and

subsequently received more corticosteroid boluses and

azathioprine (Table 1). In the group that had received

bolus steroids, an improvement was seen in 102 (40.6%)

patients, 23 (9.2%) showed deterioration and 126

(50.2%) remained unchanged. With regard to the patients

who did not receive bolus of steroids initially, only 17

(7.2%) improved while 56 (23.7%) showed deterioration

and 163 (69.1%) remained unchanged. Considering sub-

groups according to the grade of ACR on the first biopsy,

of 99 patients initially classified as ‘no rejection’ 37

(37.4%) remained unchanged while 62 patients worsened

(45.5% to mild rejection and 13.1% to moderate-severe

rejection). From 182 patients with mild rejection on the

first biopsy, improvement to no rejection was seen in 30

patients (16.5%) and deterioration to moderate-severe

rejection occurred in 66 patients (34%). Finally from 206

patients with moderate-severe rejection at baseline,

improvement was detected in 119 cases [97 (47.1%)

passed to mild rejection, and 22 (10.7%) to no rejection].

Laboratory variables as predictors of moderate or severe

rejection in the first biopsy

The univariate analysis showed that both AEC and REC

were higher in ACR patients especially when moderate-

severe ACR occurred (Fig. 1). In the ROC analysis, the

area under curve was 0.58, 0.59 and 0.57 for AEC, AEC

(day-1) and REC respectively. Values of sensitivity, speci-

ficity, PPV and NPV tested for several cut-off points

related to moderate or severe rejection are shown in

Table 2. It is noteworthy that, although sensitivity and

specificity vary (occasionally exceeding 90%) depending

on the cut-off point chosen, predictive values for moder-

ate-severe rejection are relatively constant and lower than

70% for most scenarios.

The initial immunosuppression regimen used immedi-

ately after transplantation, and the indication for liver

Table 1. Baseline characteristics in patients who had a protocol first

liver biopsy after transplantation (days 6 ± 2.5) who then had or did

not have a second biopsy.

Group with

2nd biopsy

(n = 487)

Group without

2nd biopsy

(n = 203) P

Grade of ACR in

first biopsy

(moderate-severe)

206 (42.3%) 32 (15.8%) <0.001

Tacrolimus 343 (70.4%) 155 (76.4%) 0.11

Ciclosporine 113 (23.2%) 38 (18.7%) 0.19

Azathioprine 214 (43.9%) 69 (34%) 0.015

Mycophenolate 50 (10.3%) 19 (9.4%) 0.71

Prednisone 226 (46.4%) 93 (45.8%) 0.88

Steroid boluses 251 (51.5%) 43 (21.2%) <0.001

ACR, acute cellular rejection.
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transplant did not influence either AEC or grade of rejec-

tion (data not shown). Nevertheless those patients with

primary sclerosing cholangitis showed higher levels of

AEC (0.6 · 109/l; IQR 0.14–1.3) at first biopsy than other

indications (0.3 · 109/l; IQR 0.16–0.52) (P = 0.01).

Patients with moderate to severe rejection were also

characterized by higher bilirubin and cholestasis parame-

ters with lower AST, AST/ALT ratio, albumin, urea and

creatinine (Table 3) than those with mild or no ACR.

Serum bilirubin, GGT, albumin, urea and AEC on the

day of biopsy were independently related with the degree

of rejection in the multivariate analysis (Table 3). The

combination of these serum parameters in the logistic

regression analysis had 73% sensitivity and 52.9% speci-

ficity which was only a marginal improvement compared

with AEC alone (global precision improved from 0.62 to

0.65). ALP and creatinine were tested within the model

instead of GGT and urea respectively but they did not

reach statistical significance. It is noteworthy that the

ALT value, which is widely used as a marker of rejection

in clinical practice, was not related to the presence or

grading of ACR (Fig. 2). The ALP was related to rejection

but because of the wide overlap it cannot be used as a

marker of rejection nor its severity (Fig. 2). The immuno-

suppression regimen and the indication for liver trans-

plant (primary sclerosing cholangitis) were both included

and then excluded as possible confounding factors for the

association between AEC and grade of rejection (Table 3).

Peripheral eosinophil count as a surveillance tool

for rejection

In the second biopsy, 89 cases (18.3%) showed no rejec-

tion, 232 (47.6%) had mild rejection, 135 (27.7%) mod-

erate rejection and 31 (6.4%) severe rejection. Compared

with the first biopsy, there was an improvement for 119

patients (24.4%) and a deterioration for 79 (16.2%) while

289 (59.3%) remained unchanged. The AEC on the day

of the second biopsy and the change in AEC between the

first and the second biopsy were closely related with the
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Table 2. Accuracy of AEC and REC to predict histological moderate

or severe rejection in the first (protocol) biopsy after liver transplanta-

tion (days 6 ± 2.5).

Cut-off

point Sensitivity Specificity PPV NPV

AEC (·109) 1 8.2% 93.6% 44.4% 62.7%

0.46 43.8% 73% 49.7% 68.1%

0.2 70.6% 39.5% 41.5% 68.9%

0.1 86.6% 21% 40% 72%

AEC (day-1)

(·109)

1 2.7% 96.7% 33.3% 61.9%

0.46 27.3% 79.4% 44.7% 64.1%

0.2 62.6% 52.6% 44.7% 69.7%

0.1 78.1% 37.9% 43.5% 70.9%

REC (%) 6 25.7% 76.2% 40% 62.4%

3.5 57.2% 55.4% 44.2% 66.7%

2.5 70.1% 45.5% 44.3% 71.1%

1.2 81.8% 29.4% 41.7% 72.4%

Normal range of AEC: 0–0.46 · 109/l where 0.46 · 109/l is the upper

limit of the normal range.

AEC, absolute eosinophil count; NPV, negative predictive value; PPV,

positive predictive value; REC, relative eosinophil count.
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histological course of ACR (see Fig. 3). A decrease in

AEC was associated with an improvement of the histolo-

gical grade of rejection. In the ROC curve the AUC for

DAEC was 0.72 (95% CI 0.66–0.78) while for AEC on the

day of the second biopsy it was 0.34 (95% CI 0.27–0.40).

The best threshold for DAEC was no increase i.e. 0 · 109/

l (Sensitivity = 75%; Specificity = 64%). In the subgroup

of patients with moderate-severe ACR on the first biopsy,

AEC decreased in those patients who achieved histological

improvement (DAEC = 0.19 · 109/l; IQR 0.007–0.46)

while a trend to rise in AEC was seen in patients who

remained unchanged (DAEC = )0.06 · 109/l; IQR )0.23–

0.27), with statistically significant differences between

them (P < 0.001). With regard to liver function tests,

there was a trend to a rise in parameters of cholestasis

(GGT and ALP) between the first and the second biopsy,

Table 3. Relationship between laboratory variables and histological grade of rejection in the first protocol liver biopsy after liver transplantation

(days 6 ± 2.5). Univariate analysis and multiple logistic regression (n = 690 patients).

Univariate analysis

Histological rejection

Multivariate analysis

Moderate-severe rejection

None-mild Moderate-severe P OR 95% CI P

AEC (·109/l) 0.28 (IQR 0.13–0.50) 0.40 (IQR 0.18–0.64) <0.001 2.15 1.2–3.8 0.007

Bilirubin (lmol/l) 92 ± 82 97.5 ± 76.2 0.39 1.003 1.001–1.006 0.043

AST (IU/l) 88 (IQR 50–206) 74 (IQR 48–129) 0.01

ALT (IU/l) 279 (IQR 136–565) 250 (IQR 132–531) 0.65

AST/ALT 0.53 (IQR 0.32–0.80) 0.43 (IQR 0.26–0.68) <0.001

ALP (IU/l) 106 (IQR 70–161) 133 (IQR 87–213) <0.001

GGT(IU/l) 189 (IQR 105–328) 284 (IQR 167–412) <0.001 1.002 1.001–1.003 0.003

Albumin (g/l) 30 ± 8.2 27.4 ± 7.7 <0.001 0.96 0.93–0.99 0.019

Urea (mg/dl) 13.5 ± 8.8 10.6 ± 7.4 <0.001 0.96 0.93–0.99 0.041

Creatinine (lmol/l) 133 ± 73 120.3 ± 72.2 0.034

Confounding factors controlled for

Aetiology (Primary sclerosing cholangitis) 1.41 0.69–2.86 0.33

Immunosuppression (cyclosporine versus tacrolimus) 1.14 0.66–1.99 0.62

Immunosuppression (maintenance prednisone) 0.94 0.65–1.35 0.74

Immunosuppression (maintenance azathioprine) 0.83 0.57–1.22 0.35

Multiple logistic regression data: R2 = 0.12, partial F = 16.96, Freedom Degrees = 6, P = 0.18.

AEC, absolute eosinophil count; IQR, interquartile ranges.
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which was significantly greater for ALP in those cases

without improvement in the second biopsy (Table 4).

Nevertheless in the multiple logistic regression, the only

independent predictors of good histological course were

DAEC and treatment with boluses of steroids (Table 4).

In the present cohort, 108 patients at the first biopsy

had ALT levels lower than 100 IU, and among these 39

patients (36.1%) showed moderate or severe ACR. In this

subgroup of patients, the DAEC was more accurate in

predicting clinical course of ACR. In the ROC curve, the

area under the curve was 0.81 and, with a threshold of no

increase i.e. 0 · 109/l, the sensitivity was 82% and speci-

ficity was 69%.

Blood eosinophils and histological improvement

of ACR. Evaluation in the group who had received

boluses of corticosteroids and the group who had not

AEC on the day of the first biopsy was comparable

between patients who had a second biopsy and patients

without a second biopsy (0.33 · 109 IQR 0.17–0.58 vs.

0.30 · 109 IQR 0.14–0.5; P = 0.44). Among the patients

with a second biopsy, the subgroup who received boluses

with steroids achieved improvement in the biopsy grade

of ACR (102/251; 40.6%), more frequently than the sub-

group who did not receive bolus steroids (17/236; 7.2%)

(P < 0.001). This may be explained in part because of dif-

ferences in the grade of ACR in the first biopsy (Fig. 4).

In the subgroup of 251 patients who were given corti-

costeroids boluses, AEC on the day of the second biopsy

and DAEC between the first and the second biopsy were

related to the likelihood of treatment response (P = 0.001

and P < 0.001 respectively) (Fig. 5). In the ROC curve,

the area under curve for DAEC was higher (0.66) than

for AEC on the day of the second biopsy (0.35). An AEC

rising higher than 0.3 · 109/l between the first and second

biopsy was associated with a high likelihood of no

response to bolus steroids (78.3%), with a sensitivity for

this threshold of 94.8%. Among patients with moderate-

severe ACR on the first biopsy who received bolus ste-

roids, the AEC decrease was greater in those cases with

improvement (DAEC = 0.19 · 109/l; IQR 0–0.48) com-

pared with those who did not (DAEC = )0.04 · 109/l;

IQR )0.23–0.38) (P = 0.001). Improvement in grade of

ACR was also more frequent in patients who received 3

boluses of steroids (97/212; 45.8%) than in those who

received a lower dose (5/39; 12.8%) (P < 0.001); never-

theless the number of boluses did not influence AEC on

Table 4. Variables related to histological improvement of acute cellular rejection in the second biopsy performed to assess course of rejection

(6.1 ± 2 days after first biopsy). Univariate analysis and multiple logistic regression (n = 487 patients).

Univariate analysis Multivariate analysis (Improvement)

Improvement No change/deterioration P OR 95% CI P

Bolus steroids (%) 102/119 (85.7%) 149/368 (40.5%) <0.001 10.09 4.7–21.4 <0.001

DAEC (·109/l) 0.25 (IQR 0.05–0.5) )0.04 [IQR ()0.27)–0.19] <0.001 3.12 1.5–6.2 0.001

DBilirubin (lmol/l) 10.5 [IQR ()25)–38] 5 [IQR ()40)–28] 0.16

DAST (IU/l) 15.5 [IQR ()26)–54] 18 [IQR ()28)–73] 0.41

DALT (IU/l) 98.5 (IQR 11–382) 143 (IQR 18–362) 0.97

DALP (IU/l) )80 [IQR ()241)–()7.5)] )130 [IQR ()269)–()17)] 0.036

DGGT (IU/l) )38 [IQR ()318)–74] )138 [IQR ()342)–0] 0.095

Confounding factors controlled for

Aetiology (primary sclerosing cholangitis) 0.86 0.30 0.78

Immunosuppression (cyclosporine versus tacrolimus) 1.63 0.63 0.30

Immunosuppression (maintenance prednisone) 1.37 0.77 0.28

Immunosuppression (maintenance azathioprine) 0.70 0.38 0.24

Multiple logistic regression data: R2 = 0.33, partial F = 94.9, Freedom Degrees = 9, P = 0.08.

AEC, absolute eosinophil count; IQR, interquartile ranges.

7.6%

20.7%

61.4%

10.4%

No rejection Mild Moderate Severe

STEROID BOLUS GROUPNO STEROID BOLUS GROUP

33.9%

55.1%

10.6%
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n = 236 n = 251

Figure 4 Grade of acute cellular rejection in the first protocol biopsy

after liver transplantation depending on whether boluses of steroids

were subsequently given. The proportion of moderate-severe rejection

was higher at baseline in steroid group (P < 0.001).
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the day of the second biopsy (P = 0.63) and neither

DAEC between the first and second biopsies (P = 0.21).

The delta value of liver function tests (bilirubin, AST,

ALT, AST/ALT ratio, ALP and GGT) did not correlate

with the likelihood of treatment response (P = 0.22,

P = 0.89, P = 0.31, P = 0.34 and P = 0.11 respectively).

The multivariate analysis (which included DAEC, steroid

dose, immunosuppression protocol and delta of liver

function tests) identified DAEC as the only independent

variable able to predict the histological response of ACR

after treatment with boluses of steroids (OR = 2.77;

95%CI = 1.4–5.5; P = 0.004) although the association was

marginally less than in the group overall (OR decreased

from 3.12 to 2.77).

With regard to the subgroup of 236 patients who had

not received steroids, the DAEC, but not the AEC, on the

day of the second biopsy was related to the likelihood of

ACR improvement (P = 0.009 and P = 0.11 respectively)

(Fig. 5). Delta values of bilirubin, AST, ALT, and GGT

between the first and the second biopsies were not related

to the likelihood of ACR improvement in the second

biopsy (P = 0.19, P = 0.91, P = 0.23 and P = 0.08 respec-

tively). As described previously in the whole cohort, a lar-

ger difference in DALP was seen in the group who did

not improve (106 vs. 23 IU/l; P = 0.015). Among patients

in this group with moderate-severe ACR on the first

biopsy, the AEC decreased in those patients who

improved (DAEC = 0.21 · 109/l; IQR 0.02–0.24) while it

increased in those who did not (DAEC = )0.11 · 109/l;

IQR )0.37–0) (P = 0.008). Multivariate analysis could

not be performed in this subgroup because of the small

number of patients that improved the grade of ACR in

the second biopsy (n = 17).

Discussion

This study evaluated the clinical usefulness and accuracy

of peripheral blood eosinophil count for predicting mod-

erate and severe ACR, as well as its clinical course and

response to treatment with steroids in a large cohort of

liver transplant patients. Since there is no consensus on

the definition of ACR based on liver function tests, which

are also poorly correlated with its grade, histological ACR

was used as the gold standard to evaluate the accuracy of

eosinophils.

Absolute eosinophil count measured on the day before

or on the day of the biopsy was higher in patients with

ACR, which is in agreement with previous reports [12–

16], and was related to the histological grade of rejection

confirming our previous observations in 275 liver biopsies

from 101 patients [15]; this correlation is more likely as

eosinophils in the histological infiltrate are an indepen-

dent marker of ACR [11]. However using the upper limit

of normal range (0.46 · 109/l) the PPV and NPV were

only 66.5% and 51.9% respectively. Even when thresholds

with a higher sensitivity and specificity were tested, the

predictive values did not exceed 70% in any situation, so

this parameter is not itself sufficiently predictive to guide
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Figure 5 Delta of absolute eosinophil

count (DAEC) between the first protocol

biopsy and second biopsy after liver

transplantation and absolute eosinophil

count on the day of the second biopsy

(AEC 2ndbx) related to histological

course of rejection whether boluses of

steroids were used (n = 251) or not

(n = 236). Medians and IQR are shown.
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therapeutic decisions. Our results do not confirm the

high NPV in 51 patients [4], and in 60 patients [13], nor

high specificity in 167 patients [16] of a raised AEC,

found in previous studies.

Other studies have shown that several routine bio-

chemical laboratory tests are related to the presence of

ACR [22–24]. When we assessed these parameters in

association with the AEC in predicting moderate-severe

ACR, the AEC was the strongest related parameter

(OR = 2.15) and a higher bilirubin and GGT with a

lower albumin and urea, independently predicted moder-

ate-severe ACR. However, the combination of these tests

only marginally improved the global precision of AEC

(0.62 to 0.65). Thus the benefit of combining AEC with

routine biochemical laboratory tests was limited.

Previous studies [13,15] did not evaluate relationships

between peripheral eosinophil counts and histological

changes. A higher AEC or REC before treatment pre-

dicted biochemical response to bolus corticosteroids with

a sensitivity and specificity ranging from 45% to 50% in

one study of 140 paired biopsies [16]. In our study, only

the DAEC between the first and second biopsy and treat-

ment with bolus steroids were independent predictive fac-

tors for histological improvement in the multivariate

analysis. In the group overall the sensitivity and specificity

of DAEC for predicting improvement was 75% and 64%

respectively (threshold 0 · 109 which meant no difference

in DAEC between the first and second biopsies). These

results were consistent among the group of patients with

moderate-severe rejection on the first biopsy. Importantly

when transaminases were low (ALT < 100 IU/l), the

accuracy of DAEC was improved (sensitivity 82% and

specificity 69%). Thus DAEC is a simple noninvasive

parameter that helps to assess the course of ACR, whereas

differences in standard liver function tests were not help-

ful.

In patients treated with boluses of corticosteroids, it is

reasonable to expect a lower predictive power for DAEC

because steroids lower blood eosinophil counts. However

this was not a major issue: OR for DAEC in the multivar-

iate analysis decreased from 3.12 in the group overall to

2.77 in the bolus corticosteroid group. The DAEC was

not affected by type of maintenance immunosuppression

including steroids which were used at much lower doses

compared with bolus doses.

In conclusion, we found that, although the AEC is

independently related to moderate and severe ACR, its

predictive power is not accurate enough to make thera-

peutic decisions using this parameter alone. The combi-

nation of AEC with other ACR independently associated

variables (i.e. bilirubin, GGT, albumin and urea) only had

a marginal benefit in terms of diagnostic precision. How-

ever, the changes in AEC used as a monitoring test can

provide valuable information about the histological

course and the likelihood of response to boluses of ste-

roids for treatment of moderate-severe rejection. This

finding is particularly useful if biopsies are not routinely

performed to diagnose acute cellular rejection and assess

response to therapy. Nevertheless it would be useful to

have a consensus definition for clinical rejection, which

might include peripheral eosinophil count and would

need a correlation with protocol biopsies.
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Spain (IMIBIC). The authors of this manuscript have no

conflicts of interest to disclose.

References

1. Fisher LR, Henley KS, Lucey MR. Acute cellular rejection

after liver transplantation: variability, morbidity, and mor-

tality. Liver Transpl Surg 1995; 1: 10.

2. Shaked A, Ghobrial RM, Merion RM, et al. Incidence and

severity of acute cellular rejection in recipients undergoing

adult living donor or deceased donor liver transplantation.

Am J Transplant 2009; 9: 301.

3. Nagral A, Butler P, Sabin CA, Rolles K, Burroughs AK.

Alpha-glutathione-S-transferase in acute rejection of liver

transplant recipients. Transplantation 1998; 65: 401.

4. Hughes VF, Trull AK, Joshi O, Alexander GJ. Monitoring

eosinophil activation and liver function after liver trans-

plantation. Transplantation 1998; 65: 1334.

5. Burroughs AK, Patch DW, Stigliano R, Cecilioni L. Proto-

col biopsies in liver transplantation. Liver Transpl 2003; 9:

780.

6. Kalambokis G, Manousou P, Vibhakorn S, et al. Transju-

gular liver biopsy – indications, adequacy, quality of speci-

mens, and complications – a systematic review. J Hepatol

2007; 47: 284.

7. Neuberger J, Wilson P, Adams D. Protocol liver biopsies:

the case in favour. Transplant Proc 1998; 30: 1497.

8. Schlitt HJ, Nashan B, Krick P, et al. Intragraft immune

events after human liver transplantation. Correlation with

clinical signs of acute rejection and influence of immuno-

suppression. Transplantation 1992; 54: 273.

Eosinophils and rejection after liver transplantation Rodrı́guez-Perálvarez et al.

ª 2012 The Authors

562 Transplant International ª 2012 European Society for Organ Transplantation 25 (2012) 555–563



9. Weir MR, Hall-Craggs M, Shen SY, et al. The prognostic

value of the eosinophil in acute renal allograft rejection.

Transplantation 1986; 41: 709.

10. Trull A, Steel L, Cornelissen J, et al. Association between

blood eosinophil counts and acute cardiac and pulmonary

allograft rejection. J Heart Lung Transplant 1998; 17: 517.

11. Datta Gupta S, Hudson M, Burroughs AK, et al. Grading

of cellular rejection after orthotopic liver transplantation.

Hepatology 1995; 21: 46.

12. Nagral A, Quaglia A, Sabin CA, et al. Blood and graft

eosinophils in acute cellular rejection of liver allografts.

Transplant Proc 2001; 33: 2588.

13. Foster PF, Sankary HN, Hart M, Ashmann M, Williams

JW. Blood and graft eosinophilia as predictors of rejection

in human liver transplantation. Transplantation 1989; 47:

72.

14. de Groen PC, Kephart GM, Gleich GJ, Ludwig J. The

eosinophil as an effector cell of the immune response dur-

ing hepatic allograft rejection. Hepatology 1994; 20: 654.

15. Barnes EJ, Abdel-Rehim MM, Goulis Y, et al. Applications

and limitations of blood eosinophilia for the diagnosis of

acute cellular rejection in liver transplantation. Am J

Transplant 2003; 3: 432.

16. Kishi Y, Sugawara Y, Tamura S, et al. Is blood eosinophilia

an effective predictor of acute rejection in living donor

liver transplantation? Transpl Int 2005; 18: 1147.

17. Bartlett AS, Ramadas R, Furness S, Gane E, McCall JL.

The natural history of acute histologic rejection without

biochemical graft dysfunction in orthotopic liver trans-

plantation: a systematic review. Liver Transpl 2002; 8:

1147.

18. Demetris AJ, Batts KP, Dhillon AP, et al. Banff schema for

grading liver allograft rejection: an international consensus

document. Hepatology 1997; 25: 658.

19. Rolles K, Davidson BR, Burroughs AK. A pilot study of

immunosuppressive monotherapy in liver transplantation:

tacrolimus versus microemulsified cyclosporin. Transplan-

tation 1999; 68: 1195.

20. O’Grady JG, Hardy P, Burroughs AK, Elbourne D. Ran-

domized controlled trial of tacrolimus versus microemulsi-

fied cyclosporin (TMC) in liver transplantation: poststudy

surveillance to 3 years. Am J Transplant 2007; 7: 137.

21. Cholongitas E, Shusang V, Germani G, et al. Long-term

follow-up of immunosuppressive monotherapy in liver

transplantation: tacrolimus and microemulsified cyclospo-

rin. Clin Transplant 2011; 25: 614.

22. Dickson RC, Lauwers GY, Rosen CB, Cantwell R, Nelson

DR, Lau JY. The utility of noninvasive serologic markers

in the management of early allograft rejection in liver

transplantation recipients. Transplantation 1999; 68: 247.

23. Trull AK, Facey SP, Rees GW, et al. Serum alpha-glutathi-

one S-transferase – a sensitive marker of hepatocellular

damage associated with acute liver allograft rejection.

Transplantation 1994; 58: 1345.

24. Hughes VF, Melvin DG, Niranjan M, Alexander GA, Trull

AK. Clinical validation of an artificial neural network

trained to identify acute allograft rejection in liver trans-

plant recipients. Liver Transpl 2001; 7: 496.

Rodrı́guez-Perálvarez et al. Eosinophils and rejection after liver transplantation

ª 2012 The Authors

Transplant International ª 2012 European Society for Organ Transplantation 25 (2012) 555–563 563


