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A recently diagnosed diabetic patient with homozygous HbE
presented for HbA | _estimation. The sample was first analyzed
using ion-exchange chromatography on a Bio-Rad Variant
V-II (Bio-Rad, Hercules, CA, USA) using the V2_A, _NU
program and it did not produce a HbA, _result but showed
an A area peak of 84.4%. The sample was then analyzed
on a second ion-exchange chromatography system, Bio-
Rad D-10 analyzer using software version 3.60, and it also
failed to provide a HbA  result. The D-10 variant-window
peak area was 92.8%, and the A area peak of 1.9%. The HbF
fractions by the two different analyses were 3.3% and 3.5%,
respectively. The results are shown in Figure 1. The sample
was then analyzed on a boronate affinity method, In2it ana-
lyzer (Bio-Rad) and the result was 9.7%. An aliquot of the
sample was also analyzed on a COBAS Integra 800 (Roche
Diagnostics, Germany) immunoassay method and the result
was 6.9%. This was the first HbA, request received on this
patient. There were three non-fasting glucose results for this
patient, one with the HbA,  request which was 11.8 mmol/L,
and the two prior over a 2 week period were 14.4 mmol/L
and 8.2 mmol/L. The 9.7% HbA, result is equivalent to an
approximately average glucose concentration of 12.8 mmol/L
whereas the 6.9% HbA | result equates to 8.4 mmol/L. The
measured glucose results do not represent a large enough time
period to provide more accurate approximation of the aver-
age glucose result. A fourth sample collected 2 months later
had a glucose of 9.0 mmol/L. We measured the fructosamine
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(#11930010, Roche Diagnostics) on a Beckman DxC800
(Beckman Coulter, Brea, CA, USA) and the result was 349
pmol/L (RI: 190-285). This suggests the HbA,  In2It result
reflects the glycemic status more accurately than the Integra
immunoassay result.

The patient had been confirmed 6 days prior to the HbA
request as HbE homozygous with HbA, of 3.6%, which is
lower than usually seen in this condition (expected >4.0%)
(I). The total HbA, HbA, and HbE area using the VII
B-thalassemia short program was 93.6%. The requesting doc-
tor was not aware how such a variant may affect HbA _ esti-
mations and the laboratory was not informed of the condition.
HbE homozygote patients may present with mild hemolysis,
normal or low hemoglobin and MCYV and the blood film may
show target cells (2). The hematology results for this patient
were in line with published literature: total Hb 110 (RI:
115-160 g/L), RBC 5.5 (RI: 3.8-5.2x10'%/L), MCV 56 (RI:
80-100 fL) and MCH 20.0 (RI: 27.5-33.0 pg) (Sysmex
XE-5000, Roche, Australia), and the blood film showed
target cells.

HBbE is primarily found in people originating from South-
East Asia, with a prevalence of 30%—40% in some parts of
Thailand, Cambodia and Laos. This varies across the remain-
ing South Asian nations, but falls off to much lower levels
across Southern Europe, the Middle East, and West Africa
(1). However, with global migration HbE is likely to pres-
ent more frequently in developed nations. Worldwide, HbE
is the second most common hemoglobin variant, and has a
single amino acid substitution, lysine for glutamic at position
26 in the B chain (3). It is estimated 30 million South-East
Asians are carriers of HbE and one million are HbE homozy-
gous (1).

The four analyzers we evaluated gave different results
due to different methodologies used to detect the glycated
hemoglobin. HbA accounts for approximately 60% of the
glycated hemoglobins in a normal patient. HbA is glycated
at the N-terminal valine residues of the 3 chain (4). The two
ion-exchange HPLC methods correctly showed that there was
no HbA , as the patient has no HbA. We recognize that ion-
exchange HPLC methods can be powerful tools in detecting
and identifying the presence of some Hb variants. Incidental
discovery of an index case can identify a family with a vari-
ant, prompting medical advice.

The Integra 800 immunoassay method, like many other
immunoassay methods utilize an antibody that recognizes
the glycated N-terminal four amino acids of the B chain (5).
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Figure 1

Since these amino acids are the same for HbA and for HbE,
one would expect that the Integra result would be accurate.
The Integra method has been shown not to be affected by
heterozygous HbE variants (3). However, our other patient
data suggests that the immunoassay underestimated the
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patient’s glycemic status, perhaps due to a decreased affinity
of the antibody to HbE. Therefore, we recommend that each
immunoassay be examined for accuracy with homozygous
HbE samples. Boronate affinity measures all glycated hemo-
globins, and it has been reported to be unaffected by variant
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Figure 1 (continued)
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Figure 1 Chromatograms from Bio-Rad HPLC systems.
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(A) Variant I V2_A  _NU program; (B-D) 10 software version 3.60 of a sample with homozygous HbE variant and normal patient samples.

hemoglobin forms, although it cannot detect the presence of
variants (6). Based on published data and the lack of interfer-
ence from Hb variants on affinity chromatography systems, it
seems likely that the In2it result provides the best reflection
of the patient’s glycemic status. Availability of more glucose
and fructosamine data for this patient would have provided
a better guide as to whether this is actually true. To our
knowledge there is no data comparing the In2it method to
a more sophisticated affinity chromatography method with
homozygous HbE samples.

In South-East Asian countries particularly where the
homozygous HbE variant is prevalent the affinity chromato-
graphy methods are the methods of choice if diabetic patients
are to be managed appropriately. Additionally, in cases where
hemolytic anemia is present, appropriate management to
achieve good glycemic control will need to be supplemented
by fructosamine estimates.

In summary, to provide reliable and useful glycated
hemoglobin results when variants or chromatograms with
potential variants are identified on HPLC systems, results
should be checked with an affinity chromatography method
that has been shown not to have interference from the

particular variant. Affinity chromatography systems as point
of care systems are now readily available (and relatively
inexpensive). Therefore, laboratories running HPLC systems
should invest in such analyzer combinations, specifically
in a point of care method that has been thoroughly evalu-
ated for interferences. Another possibility would be to send
out the sample for analysis by an affinity chromatography
method to enable accurate results to be obtained to best
guide patient care. Fructosamine also must be considered
as an alternative method for monitoring glycemic control
in such patients, especially if the erythrocyte lifespan may
be altered.

Conflict of interest statement

Authors’ conflict of interest disclosure: The authors stated that
there are no conflicts of interest regarding the publication of this
article.

Research funding: None declared.

Employment or leadership: None declared.

Honorarium: None declared.



1482 Dimeski et al.: Measurement of glycated hemoglobin in homozygous HbE

References glycated hemoglobin (HbAlc) measurements by twenty-three
methods. Clin Chem 2008;54:1277-82.
1. Colah R, Gorakshakar A, Nadkarni A. Global burden, distribution 4. Little RR, Roberts WL. A review of variant hemoglobins interfer-

and prevalence of b-thalasaemia and hemoglobin E disorders. ing with hemoglobin Alc measurement. J Diabetes Sci Technol
Expert Rev Hematol 2010;3:103-17. 2009;3:446-51.

2. Bain B. Haemoglobinopathy diagnosis. Ist ed. Melbourne, 5. Fleming JK. Evaluation of HbAlc on the Roche COBAS Integra
Australia: Blackwell Science, 2001:165. 800 closed tube system. Clin Biochem 2007;40:822-7.

3. Little RR, Rohlfing CR, Hanson S, Connolly S, Higgins T, 6. Sacks DB. Hemoglobin variants and hemoglobin Alc analysis:
Weykamp C, et al. Effects of hemoglobin E and D traits on problem solved? Clin Chem 2003;8:1245-7.



