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【 CASE REPORT 】

False Elevation of the Blood Tacrolimus Concentration, as
Assessed by an Affinity Column-mediated Immunoassay

(ACMIA), Led to Acute T Cell-mediated Rejection
after Kidney Transplantation

Momoko Kono 1, Jumpei Hasegawa 1,2, Hina Ogawa 1, Kanae Yoshikawa 1, Ayumi Ishiwatari 1,

Sachiko Wakai 1, Kazunari Tanabe 2 and Hiroki Shirakawa 3

Abstract:
Tacrolimus is the most commonly used immunosuppressant. Because of its narrow therapeutic range, it is

necessary to frequently monitor its concentration. We report the case of a 25-year-old man who underwent

kidney transplantation whose tacrolimus concentrations, as measured by an affinity column-mediated immu-

noassay, were falsely elevated. As we reduced the dose of tacrolimus, the recipient developed T cell-mediated

rejection. Using the same blood samples, an enzyme-multiplied immunoassay technique showed that the pa-

tient’s levels of tacrolimus were extremely low. A further examination indicated that the false increase in the

tacrolimus concentration was likely due to an unknown interfering substance. We administered methylpredni-

solone and antithymocyte-globulin. The patient’s serum creatinine level decreased and remained stable after

these treatments.
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Introduction

Tacrolimus is the most frequently prescribed immunosup-

pressive drug for kidney transplantation. The accurate meas-

urement of whole-blood tacrolimus concentration is essential

for achieving therapeutic immunosuppression and minimiz-

ing toxicity in kidney transplant recipients. An affinity

column-mediated immunoassay (ACMIA) is one of the most

common methods for tacrolimus measurement and does not

require the pretreatment extraction of whole blood samples,

thereby reducing both the assay time and the individual im-

munoassay techniques that must be applied (1). However,

interference has been reported to affect the accuracy of

measurements by the ACMIA method, with falsely elevated

tacrolimus concentrations reported in both laboratory and

clinical settings (1-6).

In this report, we describe a case in which a kidney trans-

plant patient’s blood tacrolimus concentration, as measured

by the ACMIA method, was falsely elevated. As a conse-

quence, the patient developed acute rejection. Several exami-

nations suggested that an unknown substance had caused in-

terference in the tacrolimus assay; however, we were unable

to identify the substance.

Case Report

The patient was a 25-year-old man who developed end-

stage renal disease due to mesangial proliferative glomeru-

lonephritis. He had no past history of autoimmune disease,

including rheumatoid arthritis, and no history of blood trans-

fusion. He underwent ABO-incompatible living kidney
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Figure.　The clinical course, tacrolimus concentration, and tacrolimus dosage. ACMIA: affinity col-
umn mediated immunoassay, ATG: anti-thymocyte globulin, Bx: biopsy, EMIT: enzyme-multiplied 
immunoassay technique, MP: methylprednisolone, TAC: tacrolimus

Table.　Comparison of Tacrolimus Concentrations Assessed 
Using ACMIA and EMIT.

Sample 1

(POD 20)

Sample 2

(POD 22)

Whole blood by ACMIA (ng/mL) 8.3 7.2

Plasma by ACMIA (ng/mL) 7.4 7.7

EMIT (ng/mL) undetectable undetectable

ACMIA: affinity column mediated immunoassay, EMIT: enzyme-multiplied 

immunoassay technique, POD: postoperative day

transplantation one year after the initiation of hemodialysis

therapy. The donor was his mother. The patient received in-

duction immunosuppressive therapy, which included basilixi-

mab and rituximab, followed by maintenance immunosup-

pression with tacrolimus (GraceptorⓇ; Astellas Pharma, To-

kyo, Japan), mycophenolate mofetil (CellCeptⓇ; Roche,

Basel, Switzerland), and methylprednisolone (MedrolⓇ;

Pfizer, Tokyo, Japan). Tacrolimus was administered at an in-

itial dose of 0.1 mg/kg/day. The blood concentration levels

were subsequently monitored by an ACMIA with the Di-

mension Xpand Plus, Flex Cartilage TACR (Siemens Health-

care Diagnostics, Munich, Germany) to adjust the tacrolimus

dose. The target trough levels were 8-10 ng/mL within one

week, 6-8 ng/mL between two and three months, and 4-6

ng/mL at four months after transplantation. The operation

was successfully performed without complications, and the

patient’s serum creatinine (Cr) level was stable at approxi-

mately 1.1 mg/dL. After starting tacrolimus treatment, the

patient’s serum trough levels of tacrolimus, as measured by

ACMIA, were high (10-16 ng/mL), despite the low dosage

(Figure). We attempted to adjust the dosage of tacrolimus

according to the patient’s high trough levels, but 12 days af-

ter transplantation, the patient’s serum Cr increased from 1.2

mg/dL to 1.6 mg/dL. An allograft biopsy showed acute T

cell-mediated rejection, type IIA (Banff 2013; i2, t2, v1, g0,

ptc0, ci0, ct0, cv0, cg0, ptcbm0, ah0, aah0, c4d0) (7), and

the patient was treated with high-dose methylprednisolone

and rabbit antithymocyte globulin. We reanalyzed his blood

samples by the enzyme-multiplied immunoassay technique

(EMIT) using a Viva-EⓇ system, EMIT 2000 Tacrolimus As-

say (Siemens Healthcare Diagnostics). The tacrolimus con-

centration was under the detection limit when measured by

the EMIT, while the ACMIA still showed a concentration as

high as 10.8 ng/mL. The rejection was apparently caused by

abnormally low tacrolimus concentrations, and it was sus-

pected that an unknown factor had interfered with the AC-

MIA.

First, as tacrolimus is mainly distributed in erythrocytes

and is normally not detected in the plasma (8-12), we meas-

ured the levels of tacrolimus in two samples of whole blood

and plasma using the ACMIA and EMIT (Table). The AC-

MIA suggested that the plasma tacrolimus concentration was

elevated. These results indicate that some interfering sub-

stances were present in the patient’s plasma.

To determine whether the false positive results were due

to the presence of heterophilic antibodies, such as human

anti-mouse antibody (HAMA), we incubated the blood sam-

ples with heterophilic blocking tubes (HBT, Scantibodies

Laboratory, Santee, USA) and reanalyzed them on a Dimen-

sion Xpand Plus (13). The titer of the tacrolimus would de-

crease after the use of HBT if interfering heterophilic anti-

bodies were present; however, the patient’s tacrolimus con-

centration was 7.6-7.7 ng/mL (after this pretreatment),

which suggested that it was unlikely that a heterophilic anti-

body had interfered with the assay.

We also measured the blood level of cyclosporine A on a

DimensionⓇ RxL system (Siemens Healthcare Diagnostics)

to exclude interference due to the presence of endogenous

β-galactosidase or antibodies directed toward β-
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galactosidase, since these can also interfere with the AC-

MIA (5). If anti-β-galactosidase antibodies are present in a

sample, a false-positive cyclosporine A signal can occur, de-

spite the fact that the patient never received the drug. How-

ever, no β-galactosidase activity was detected in the patient’s

samples, which showed that the falsely elevated tacrolimus

concentration was not caused by anti-β-galactosidase anti-

bodies (or endogenous β-galactosidase activity). Rheumatoid

factors (i.e., IgG, IgM, and IgA) are also reported to cause

falsely elevated tacrolimus levels (14), but they were all

within the normal ranges. Although we were unable to de-

tect the specific factor using several assays, we concluded

that an unknown substance had interfered with the ACMIA.

We immediately increased the dose of tacrolimus and be-

gan monitoring the patient’s tacrolimus concentration with

the EMIT; thereafter, the patient’s tacrolimus concentration

remained stable. His serum Cr level gradually increased to

6.1 mg/dL by twenty days after transplantation. A single

emergency hemodialysis treatment was required; however,

his Cr subsequently decreased and remained stable at ap-

proximately 1.5 mg/dL. He was discharged from the hospi-

tal at three months after transplantation. At five years after

transplantation, his kidney functions and tacrolimus concen-

trations were stable and a protocol biopsy showed no evi-

dence of rejection.

Discussion

We reported a case in which a kidney transplant recipi-

ent’s whole-blood tacrolimus concentrations were falsely

elevated due to interference in the ACMIA. We hypothesized

that this was caused by unknown interfering substances.

Several reports have indicated that the tacrolimus concentra-

tions in kidney and liver transplant recipients were falsely

elevated when measured using the ACMIA (1-6). The moni-

toring of the blood tacrolimus concentration is important be-

cause of its narrow therapeutic and toxic ranges and its vari-

able pharmacokinetics (8). The most accurate technique for

measuring the tacrolimus concentration is liquid chromato-

graphy coupled with mass spectrometry (LC-MS). Since

LC-MS is time-consuming, immunoassay-based methods (1)

[i.e., ACMIA, EMIT, and chemiluminescence immunoassay

(CLIA)], are most frequently used in clinical settings due to

their convenience. The ACMIA and EMIT are both enzyme

immunoassays that utilize antigen-antibody reactions, meas-

uring the absorbance of the resulting color reaction (15).

ACMIA requires no sample pretreatment procedures; thus,

the time that is required to perform the assay is significantly

reduced (16). At present, the ACMIA is widely used. The

EMIT, however, requires the pretreatment of samples (i.e.,

deproteinization) and takes more time than the ACMIA; the

results of EMIT are also dependent on the laboratory techni-

cian’s manipulation. However, extraordinarily elevated con-

centrations of tacrolimus have not been reported with the

EMIT, and it is thought to have sufficient precision to be

used in the clinical setting (1). The CLIA is the most pre-

cise of the three immunoassays and shows good perform-

ance in measuring low concentrations of tacrolimus; it is

currently replacing the ACMIA and EMIT in the clinical

field (17).

Several studies have reported that falsely elevated whole-

blood tacrolimus concentrations could be attributed to the

presence of an endogenous antibody that interacts with the

reagent. Anti- β-galactosidase antibody (4), anti-tacrolimus

monoclonal antibody (3), HAMA, and rheumatoid fac-

tor (14) have been reported to cause false elevation. These

antibodies are produced in response to infection, blood

transfusion, biological drugs, and autoimmune disorders.

Most of the cases involving tacrolimus interference are pre-

sented in sporadic case reports and the overall frequency is

unclear. In our case, the patient was not positive for rheuma-

toid factor, HAMA, or β-galactosidase. However, the anti-

bodies that can interfere with the reagent have not all been

identified (2, 3). As tacrolimus is mainly distributed in

erythrocytes and is normally not detected in the plasma,

measuring the samples of whole blood, plasma and washed

erythrocytes is useful for determining whether or not the

titer is falsely elevated (8-12). Furthermore, area under the

blood concentration-time curve monitoring before transplan-

tation could be a clue to diagnosing this phenomenon.

The elevation of tacrolimus trough concentrations in kid-

ney transplant recipients has major implications. The thera-

peutic window for tacrolimus is narrow, and high concentra-

tions can result in adverse effects, such as renal toxicity.

When a high concentration of tacrolimus is detected by an

ACMIA for no apparent reason in a patient without toxic

symptoms, laboratory staff and physicians should consider

the possibility of interference by an antibody interacting

with the reagent. Misinterpretation of the result, as we have

demonstrated, can lead to acute rejection.
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