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Falsely Elevated Tacrolimus Concentrations Using Chemiluminescence
Microparticle Immunoassay in Kidney Transplant Patient

Dahae Yang, M.D.", Sae Am Song, M.D.2, Kyung Ran Jun, M.D.2,
Hak Rim, M.D.> and Woonhyoung Lee, M.D.

Department of Laboratory Medicine, Kosin University College of Medicine', Department of Laboratory Medicine, Inje University
College of Medicine?, Department of Internal Medicine, Kosin University College of Medicine®, Busan, Korea

Tacrolimus is one of the effective immunosuppressive drugs used after an organ transplant procedure. However, due to its narrow
therapeutic range, its usefulness in preventing transplant rejection and minimizing nephrotoxicity is dependent on the monitoring
of whole blood trough levels of tacrolimus. A 49-year-old kidney transplant recipient presenting with cough and general weakness
was admitted to the hospital. Due to the patient's deeply compromised clinical condition, an immunosuppressive therapy was
discontinued. Tacrolimus concentrations in the patient’s whole blood samples were measured, using an automated chem-
iluminescent microparticle immunoassay (CMIA) instrument. Interference was suspected because tacrolimus concentrations after
the discontinuation of tacrolimus dose were 20.9 and 18.2 ng/mL at day 2 and 3, respectively. Tacrolimus concentrations were
11.1 and 12.6 ng/mL, respectively, when re-tested using an antibody-conjugated magnetic immunoassay (ACMIA). We evaluated
the relationship between the CMIA and ACMIA results, and calculated the expected values from the regression equation. Residuals
were -8.4 and —4 ng/mL, respectively. There have been several cases with false detection of elevated tacrolimus concentrations
using ACMIA; however, such falsely detected elevations using CMIA have rarely been reported. When unexpectedly high concen-
trations of tacrolimus are detected by CMIA in transplant patients, an immediate re-test using another technique might be necessary

to rule out falsely elevated results.
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3] HEA o7 AREE| T ItH(3). Organ Procurement and
Transplantation Network/Scientific Registry of Transplant
Recipients (OPTN/SRTR)®] H 1o w2, 20113 113
Z710]4] 22}2] 80% o]Ako]| tacrolimus X RE W Ao
2 HIEITHA).

AT tacrolimusi= 44 X BH 97} E1 24 bR
I=(trough blood concentration) 7} A 922 79 A=
3l o A7 Rk o] Lhebe 4 Qi 7 f4E A% 4l
54, DY, 4 T AAEAH 53 2L wejelA o
T ahgo] A 4 Qrlel ARA oFE HEE mU
g St Aol YAFolA wif- S asteh5,6).

§ Lut AFHAR Ol A tacrolimus©] 7 of ARE-H
R ReA

noassay (CMIA), antibody conjugated magnetic immuno-

FE = chemiluminescence microparticle immu-

assay (ACMIA), microparticle enzyme immunoassay (MEIA)
S} 2e WS AN o 85 A8ShE AAE I, A
HXAHS 0|83 liquid chromatography-tandem mass spec-
trometry (LC-MSMS) =-o] 9lc}.

AAFE-LS 20|14 BAbol A CMIARS: o] -3t tacroli-
mus AAF = 3} tacrolimus X2 S F
314} g},

5 @

Tk AR 57191 494] Wt A7} 20144 29 Fey
H G Alo]A1(ABO incompatible kidney transplantation:
o7} BHal, 4012} O+R)& A3 woke, o] F 24A17bule
tacrolimus 1.5 mg, steroid 7.5 mg, sulfamethoxazole/trime-
thoprim 80/400 mg 18] 11 12A]7+a}c}t mycophenolate mo-
fetil 250 mg G| @ o® Basty 9u 2 201449 8Y
717T AA RS AR B iR Yiedskich el
A BRe] 7 176 cm, BEAS 55 keol 2ok B A%
= &Y 110/80 mmHg, Wja} 1003)/5, 554> 203]/%, A
£ 362°Co| Q3L AA) AV 2B 3] Auto] Sz o]
S3ic.

W T A AET ARt HET S 211 X107
(Bda 52T 60.9%, YT 192%, T 11.1%, SAFE
7.9%, TH7)T 0.9%), M4 11.8 g/dL, AT} 4= 148X
10°/Lo] gt} C-reactive proteine- 20.19 mg/dL (reference
interval [RI]; 0~0.75)2 Z7} A4S E¥1 HQAHA
2o} I obel e 747} 21.0 mg/dL (RL; 5~23)9} 1.27
mg/dL. (R, 0.70~1.30)2 et #xlo] A=l
4 S AFA ol A HolAd2 TEE|X] GhottHTable 1).
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CMIA® ]l Architect 2000 (Abbott Laboratories, Abbott
Park, IL, USA) ]9} H-gAoF0 & HEHAE 0|85}
ZA3} tacrolimus H == 8.4 ng/mL (R 2HE]; 5~200%
o o= 2 A=Y ot FH HAMI HAR
A 225 3 Ayt Soo] F7ke 7ol stk

A wgol o4Elo] B ARE AT F
3 ARE BEFA A4 Ao o] eluEL
7o) wolon A5 W ol eFAAMA Kietsiella preu-
moniae?} A% H k. 0% AT A B Bl
2227} 383 mg/dL, Z#obe|do] 1.84 mg/dLE Z7}3}
Stk Baho] 94k a4l erabElol weh aerolimus ek
Sofo upe R8-S 41510 tcrolimuse] EeRS Foh
sl o A] tacrolimus®] HE= 162 ng/mLO 2 X7
WSl ol gk FoF 57 295 209 ngmL, FoF 5
323} tacrolimus E% = 182 ng/mLE =AUt o]
730l olgt 157 Salstke] e AAIE ACMIARGL
RxL Dimension analyzer (Siemens Healthcare Diagnostics,
Deerfield, IL, USA) & tacrolimus =% o| 7}53F Q& AA}
Aol vlnPALE oFetich FoF FH 22U A
(CMIA 20.9 ng/mL)¢} 32} AA(CMIA 18.2 ng/mL)E
ACMIAK] & o]g3lo] =A3t A7} tacrolimus E+= ZF
ZF 11.1 ng/mL3} 12.6 ng/mLo] ) tH(Fig. 1).

Table 1. Initial test results of the patient

Test Result Reference interval
Na" (mmol/L) 131 136~150
K" (mmol/L) 3.0 3.5~53
Cl" (mmol/L) 106 98~110
AST (IU/L) 12 5~40
ALT (IU/L) 28 5~40
LDH (IU/L) 671 200~450
Total protein (g/dL) 7.7 6.3~8.3
Albumin (g/dL) 3.0 35~50
CRP (mg/dL) 20.19 0~0.75
BUN (mg/dL) 21 5~23
Creatinine (mg/dL) 1.27 0.70~1.30

Abbreviations: AST, aspartate aminotransferase; ALT, alanine
aminotransferase; LDH, lactate dehydrogenase; CRP, C-reactive
protein; BUN, blood urea nitrogen.
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- Hb (g/dL)
--=- BUN (mg/dL)
—»— Tacrolimus (ng/mL), CMIA
—e— Tacrolimus (ng/mL), ACMIA
45 7 --a-- Creatinine (mg/dL) r 2.0

1 2 3 4 5 6 7 8 9 10 N
Days after admission

Fig. 1. Clinical course showing hemoglobin (Hb), blood urea
nitrogen (BUN), tacrolimus concentration (left y axis), and serum
creatinine level (right y axis). Patient took last dose of tacrolimus
on day 5 and was withheld on day 6. Abbreviations: CMIA, che-
miluminescence microparticle immunoassay; ACMIA, antibody con-
jugated magnetic immunoassay.
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A9 wkek 3547014 405A77HA] W v} 9t
(D). spA|9E, & Fe 9] A9, Fof S & 48A17F o] %
AR BANA 295 Aotz ol Hnm ) W
Q1 40.5A|1 7Rt} Zof| =43t Ao = tacrolimus?] &
=7} Bokut AR =9kt) Tacrolimus®] #4890
FHE WA 5 G W AREo] EAA, B

Z &R 9] tacrolimus 1% AFSHS

=1 o o
Swol AP o Qo] diel & dAES AT
KN o]
= AA

LC-MSMS H}FH. L tacrolimus?] =55 =A3l= 37
APRiol A AREEIEH(12). SRRt o] 23} 3 Bl o] &A1
oA WA S Gl HAIH e A S0l g Bt
ozl @A 442 LC-MSMS 7] ERto] AF-g-3}s|o] 9l

3 tEE O] LC-MSMS HfHH o] AHAA A 7 A=
M A] QRS ] oA AlRE AL Qlof Rl &
o Aafol| gt AgAdo]l RESHE oo &¥lE= HIt
(proficiency testing) o] Al A =7} Holx| 11 HEA3st Ay}
E 238 7psAlo] 9JtH(13,14). 18]3l LC-MSMSE A]
b anrh An, 2F gopz o]l Hiay] diZo] ACMIA,
CMIA, MEIA T3} 2 tioh4Ql WAl S A &
o] o|g3}ar QrH(15,16).

Tacrolimus®] Z| A3} ¢J$F 2007 European Consensus
Conferenceo| A= o] &3t AA} PHE = =34 (limit
of quantitation, LOQ) 2] Zko] 1 ng/mL ©]3}e] A HL
o8 AL AT rl(17), WeAAAEE ol 3t
HAIAIE CMIA & o] 8 AA7E LOQgH] 1 ng/mL
o5tz 24 En], LO-MSMSH} ¥ @ste] uj - Hushn
UAE=7F E=7]0(18), B2 FX9| tacrolimus =7 A
ACMIAY o B3] ety Aol HALZ AZ=ECH19). 181
CMIAL: 84k F5hal, Z420, Fo 28/ E, 1231 25%~
55% Wsle] slnhEael st 2L Uj1H assol ot
ofapo] glof LO-MSMS7E 157 ghe A4 dhet
o] ¥l FAAbgo R FIEACH17,2021).

ACMIA®] & WHolA4E= Hyt tacrolimus FE7} 5.1,
11.2, 15.5, 23.3 ng/mLY o} Z+Z} 12.8%, 9.0%, 6.7%, 5.0%

Ao 3.1 ng/mLoj| A 35.4 ng/mL7}A] 9] ==
oo A A AAL Bo|3(R*=0.9994), LC-MSMS&} 1] w5}
o —14.9%2] ntolo] A5 ®HIth(22). CMIAL] 7% 6719
712o] Al3¥st HARYA] tacrolimus %7} 3.0, 8.6, 15.5 ng/mL
A u] & HolAlp= 22 4.9%~7.6%, 2.9%~4.6%, 3.1%~
8.20%% Al on 2.8 ng/mLoj A 29.4 ng/mL7}| ] -
=4 AAAL B3 (R*=0.998~1.000), LC-MSMS
2} v ste] HF 14% (11%~17%) 2] vfojo]AE5 H el



(20). E9] Architect 120002 ©]8-3F CMIAH tacrolimus %
=9l & WolA 4= 5.1, 102, 163 ng/mLel S 24zt
6.2%, 2.4%, 3.8%= Te|=|1 Qlct.

ACMIAMT} CMIAY 7ko] AFFAlS CMIA=1.15X
ACMIA-0.25 (r=0.988)& R.1%¥ v} QIth21). & Zdo
A e Al ofs F=4E CMIAZEY CMIAR] o] fsf
S 4 39 Abol= 242t —8.4 ng/mLe} —4 ng/mLE =
A=, weba CMIAR o ofsf S gho] 7ot &
A 9l F7HE AoR wekEh

Tacrolimus =7} 9157FH8 HQl 2750l sl ¥4
H1E v} QIth23-25). o] 5& ACMIAHZ 0] &3+ AA}
of| Al WAYsF e, tacrolimus®] F=E HAEo] opd &
oA ZSAsHAU, AHAE TN Sdsh= A5 HAdE
ol AAEe TEste] o] Ff p-galactosidaseo] 25
Aoz z2hgohs WA =2 o3 1] 849k AloF
o] 52 s dder FAT HiEo] Sl
(2324). o]FX s A=l ot MRS = HarE vf Q)
Rom o] F o]FX3FHA Akt G HA A= HE
3 ol 9IcH0S). Ea A7bEe] FUALS Bof DNA A7
FA|7} tacrolimus 9157} folol2tal 27 Hilk Q9]
TH26). rfjo| A= 20159 ACMIAE o] &3 AAMY 95
7F &4l Bargh v glont I 0l I shAlE HEkL
oh(27).

oFg] 4 7]def o3t tacrolimus®] 91571 A 7HsA E
3l Zx) 31t} Wallemacq 5(20)& AJ3 2] 3}-tacrolimus &
AloF Ao oA &7t tacrolimus®] thAHEQD 31-me-
thyltacrolimus2} 15-O-demethyltacrolimus 7+e] wx}Hh-2-2
radioreceptor assay (RRA)Z =A35}o] &eldl v} 9Jth?20).
o|5 tAMIEE 37/ Hi(steady state) O] Alo]A] ghzto]]
A moFE(parent drug)¥} B dlo] Z71HE o= (mean
blood concentration) 7} ZFzZF 15% 12]1l 6%= =X = CH
(28). watA] o]=& 2 2 31-methyltacrolimuse} 15-O-de-
methyltacrolimuso]| 2]t tacrolimus %=2] @ F wWAjo] 7}
S ST L g o A

SEAIRE CMIA HAF A Ao A 9] @ Fi= oF2] Bl
HE QUG 2 FElolAe AAY] Lo g o] SHE
AE F7H SR AT o gl

H| & Zho] HA|Fe] F51) 2hapo] Abo 2 Q15}e] ta-
crolimus®] 9|57t Y& &S| FHsHA = X HA
T 2 Sl Aol gAtol|A] tacrolimus ] 9157HE HQl
U F WA Hao]x CMIAYE o83 Aol A & A
A Fdl =N oJn|7t Qlokar gzgich ofo] & AAE
o Al0]4] gAolA] QJApopabol e QS tacrolimus
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of Auph HYSEE W) 4143 BE 71U ol A
AHOR AAATME AT AL Akstud drt

AEAHOR HAM A A 4= gl tacrolimus®] &
717t e, @iy AIHAELE o83 HAL S
o] FXTIA At AT AAE olg3 HAAE
Sl 1o e e I Ae dugith aea ohE
7L ol&she HARE Aldste] Aol 54 711
off =gt Weld & oJgt AIA] H7HE slfofst
L, RRA & o]-83to] tiabibzol o3t wapihg-2 2l
o S ARt agste] S0l O3t 157 s
4 dAstaL ARE At sj o s BAASA o] 4g
o] Az als WA Y=g Fodljof & Aoz A
ZrEl k. CMIAR-S: 0|83k tacrolimus AR A 1571
Q2 mhotstr] flelf Hlszgh ek o] Aol it 5
7HAQL Ao 2o Aos AZHELh
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