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1   |   INTRODUCTION

In clinical chemistry, pre- and post-analytical factors are the 
main and the most important sources of errors compared 
with analytical aspects. Pre-analytical errors are even more 
common than the post-analytical ones; thus, prompt detec-
tion and effective correction of pre-analytical interferences 
are necessary to achieve reliable results. In laboratory tests, 
interference is the effect of substances other than the pro-
posed analyte, which reacts with the analytical method's re-
agents or detection system. The interference by hemolysis, 
icterus, paraproteinemia, and lipemia is of great concern 
in laboratory tests. Laboratory results that are unacceptable 
can indicate the presence of an interfering factor.1–3

2   |   CASE PRESENTATION

Before obtaining routine biochemistry results from a 
DIRUI 1200 autoanalyzer, we observed an unacceptable 

bilirubin result; surprisingly, the conjugated/direct biliru-
bin was significantly greater than the total bilirubin. This 
problem was limited only to 1 patient. Since conjugated 
bilirubin is just a component of total bilirubin, the result 
was unacceptable. The test was repeated, and further in-
vestigation was conducted. Considering satisfactory in-
ternal quality control findings for both conjugated and 
total bilirubin at 2 levels (normal and high), we focused 
on the same sample. The same results were obtained after 
repeating the test. Visually, the serum sample was icteric 
without definite evidence of lipemia or hemolysis. After 
taking the patient's history, we learned that the speci-
men belonged to a 41-year-old woman, a new case of hilar 
cholangiocarcinoma (according to liver trucut biopsy), 
referred for preoperational hematologic and biochemis-
try evaluation. Table 1 shows the initial laboratory results 
of the patient. We suspected excess paraproteins in the 
serum because of the high serum total protein and high 
erythrocyte sedimentation rate (ESR), which could inter-
fere with clinical assessments. To eliminate the effect of 
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Abstract
Analytical interferences (hemolysis, icterus, paraproteinemia, and lipemia) are 
of great concern in laboratory tests. In our case report, the conjugated bilirubin 
result of a patient was significantly higher than the total bilirubin. We recom-
mend being more cautious with samples that produce indistinguishable results 
and attempting to resolve the issues before releasing them.
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possible interference, we repeated the total and conju-
gated bilirubin tests on a diluted patient sample (1/2, 1/4, 
1/8, 1/10) with distilled water. As shown in Table 2, from 
1/2 to 1/8 dilution, there was a gradual decline in conju-
gated bilirubin without any significant change in the total 
bilirubin value. Finally, there was no significant change 
between 1/8 and 1/10 dilution; therefore, those results 
were considered as a reliable value. Further analysis of 
the specimen by serum protein electrophoresis revealed 
IgG polyclonal gammopathy, which could be explained 
by chronic inflammation due to liver malignancy. On 
follow-up laboratory testing (6  months following surgi-
cal treatment and chemotherapy), the serum total protein 
and ESR were in normal ranges, and there was no evi-
dence of a problem in bilirubin measurement. The insti-
tutional review was not required for this study because 
the study was performed using deidentified discarded 
blood samples obtained for patient care and not for re-
search purposes.

3   |   DISCUSSION

Total and conjugated bilirubin concentrations are rou-
tinely measured by automated chemistry analyzers based 
on the endpoint chromogenic Jendrassik–Grof method. In 
this method, diazotized sulfanilic acid reaction with 2 pyr-
role rings of bilirubin produces phenyl azo at low pH, with 
the difference that in the total bilirubin assay, a protein-
stabilizing detergent is used to stabilize unconjugated 
bilirubin and accelerate the reaction. The concentration 
of bilirubin is directly proportional to the formation and 
absorption of phenyl azo at 540/600 nm. According to the 
manufacturers' instructions, hemolysis and lipemia, in high 
concentrations, can interfere with the bilirubin test, but 
there are no documented data about excess protein. Proteins 
can cause several effects in the clinical biochemistry analy-
sis. These analytical interferences may result from sample 
turbidity, chemical or immunological reaction with assay 
constituent, hook effect, and hyperviscosity. Some chemi-
cal analytes, including conjugated bilirubin, are sensitive 
to proteins' interference.4,5  While there are many reports 
on monoclonal paraproteins' interference in biochemistry 
autoanalyzers' results, the interference by polyclonal im-
munoglobulin is not yet well known.6 Individual proteins 
have unique amino acid sequences and different set points 
for conformational changes in response to changes in pH 
and ionic strength. So, each specific protein may precipi-
tate under a particular and unpredictable assay condition, 
whether basic or acidic, or even neutral pH.7 Thus, the con-
sequent false results appear to be instrument-, method-, 
kit-, and protein concentration-dependent, and maneuvers 
for elimination (such as serial dilution, precipitation, and 
ultrafiltration) may not always be practical.4,8

Conjugated bilirubin is a part of the total bilirubin and 
should never exceed the total bilirubin concentration. 
In our case, unacceptable elevated conjugated bilirubin 
(higher than the total bilirubin) might be caused by a high 
level of protein.6 It seems that with the use of the Biorex 
kit on a DIRUI 1200 analyzer, high protein concentrations 
could interfere with the conjugated bilirubin assay, even in 
the absence of a monoclonal protein and surfactant, which 
is used for total bilirubin measurement, and could prevent 
protein precipitation in the total bilirubin assay. In this case, 
there was no evidence of hemolysis and lipemia, and the 
high total protein, ESR, and serum protein electrophoresis 
pattern were in favor of excess proteins. In addition, icterus 
has no effect on bilirubin measurement. So, the problem 
could be attributed to excess protein. We could eliminate the 
interference by sample dilution and achieve reproducible 
results for both total and conjugated bilirubin concentra-
tions. In addition, after treatment of the underlying disease, 
the ESR and total protein returned to normal, and no simi-
lar problem was observed in the bilirubin measurement. To 

T A B L E  1   Initial laboratory results of the patient

Test
Reference 
range (unit)

Total bilirubin 11.29 0.2–1(mg/dl)

Direct bilirubin 15.35 0.1–0.3(mg/dl)

Total protein 10.1 6.5–8.5(mg/dl)

Albumin 4.1 3.5–5.5(mg/dl)

BUN 6 6–20(mg/dl)

Cr 0.8 0.5–1.3(mg/dl)

AST 72 3–40(IU/L)

ALT 45 3–40(IU/L)

ALP 1313 80–306(IU/L)

LDH 536 200–400(IU/L)

ESR 111 0–30(mm/hr)

TSH 3.96 0.3–5(mIU/L)

WBC 15.6 4.5–11(×103/μl)

RBC 2.71 4.5–5.5(×106/μl)

HB 10.0 12–16(g/dL)

HCT 30.4 36–48(%)

MCV 112.2 80–96(f)

MCH 36.9 27–33(pgr)

MCHC 32.9 32–36(g/dL)

PLT 534 150–450(×103/μl)

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; BUN, blood urea nitrogen; Cr, creatinine; 
ESR, erythrocyte sedimentation rate; HB, hemoglobin; HCT, hematocrit; 
LDH, lactate dehydrogenase; MCH, mean corpuscular hemoglobin; MCHC, 
mean corpuscular hemoglobin concentration; MCV, mean corpuscular 
volume; PLT, platelet; RBC, red blood cell; TSH, thyroid-stimulating 
hormone; WBC, white blood cell.
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our knowledge, this is the first report of polyclonal immu-
noglobulin interference with a conjugated bilirubin assay, 
which was successfully removed by dilution.

4   |   CONCLUSION

In the clinical laboratory, irrational results can signal the 
presence of analytical interferences. In these situations, 
monitoring reaction curves and measuring free hemo-
globin, bilirubin, triglyceride, and total protein levels 
could aid in identifying the culprit. Although specimen 
dilution or the use of various measurement methods may 
not totally resolve the interference, they can assist in di-
minishing it and obtaining a reproducible result.

AUTHOR CONTRIBUTION
Sahand Mohammadzadeh and Neda Soleimani contrib-
uted to the writing and revision of article. Dr. Saeideh 
Khaleghpanah contributed to data collection.

ACKNOWLEDGEMENTS
None.

CONFLICT OF INTEREST
The authors declare that they have no competing interests.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are avail-
able from the corresponding author upon reasonable 
request.

ETHICAL APPROVAL
The research has been carried out by the World Medical 
Association Declaration of Helsinki. The study was ap-
proved by the Ethics Committee of Shiraz University of 
Medical Science.

CONSENT
Written informed consent was obtained from the patient 
to publish this report in accordance with the journal's pa-
tient consent policy.

ORCID
Neda Soleimani   https://orcid.org/0000-0001-5769-8452 
Sahand Mohammadzadeh   https://orcid.
org/0000-0001-6974-1323 

REFERENCES
	 1.	 McPherson RA, Pincus MR. Henry's clinical diagnosis and man-

agement by laboratory methods, 23rd ed. Elsevier; 2017.
	 2.	 Kroll MH, Elin RJ. Interference with clinical laboratory analy-

ses. Clin Chem. 1994;40(11):1996-2005.
	 3.	 Soleimani N, Mohammadzadeh S, Asadian F. Lipemia interfer-

ences in biochemical tests, investigating the efficacy of different 
removal methods in comparison with ultracentrifugation as the 
gold standard. J Anal Methods Chem. 2020;2020(12):9857636.

	 4.	 King RI, Florkowski CM. How paraproteins can affect labora-
tory assays: spurious results and biological effects. Pathology. 
2010;42(5):397-401.

	 5.	 García-González E, Aramendía M, González-Tarancón R, 
Romero-Sánchez N, Rello L. Detecting paraprotein interference 
on a direct bilirubin assay by reviewing the photometric reac-
tion data. Clin Chem Lab Med. 2017;55(8):1178-1185.

	 6.	 Song L, Kelly KA, Butch AW. Monoclonal and polyclonal im-
munoglobulin interference in a conjugated bilirubin assay. 
Arch Pathol Lab Med. 2014;138:950-954.

	 7.	 Alberti MO, Drake TA, Song L. The pH of chemistry assays 
plays an important role in monoclonal immunoglobulin inter-
ferences. Pract Lab Med. 2015;9(3):8-16.

	 8.	 Yang Y, Howanitz PJ, Howanitz JH, Gorfajn H, Wong K. 
Paraproteins are a common cause of interferences with 
automated chemistry methods. Arch Pathol Lab Med. 
2008;132:217-223.

How to cite this article: Soleimani N, 
Khaleghpanah S, Mohammadzadeh S. A 
component could not be larger than the whole, 
polyclonal immunoglobulin interference in 
conjugated/direct bilirubin assay and elimination: 
A case report. Clin Case Rep. 2022;10:e05870. 
doi:10.1002/ccr3.5870

Test name (unit)
Native 
specimen

1/2 
dilution

1/4 
dilution

1/8 
dilution

1/10 
dilution

Total bilirubin (mg/dl) 11.29 11.34 11.54 11.02 11.20

Direct bilirubin (mg/dl) 15.35 13.24 11.58 7.32 7.07

T A B L E  2   Results of total and 
conjugated/direct bilirubin concentrations 
on the diluted specimen
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