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Silent hemoglobin variant during capillary
electrophoresis: A case report
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Hemoglobin (Hb) North Manchester [351(D2) Pro—His; HBB:c.155 C>A] is a rare Hb
B-globin gene variant that affects glycated Hb measurement values, such as ion-exchange

high-performance liquid chromatography, in patients with diabetes. This variant was first
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detected in the UK in 1998. Here, we describe the first case involving Hb North Manch-
ester detected incidentally in a patient with type 2 diabetes in Northern China. The Hb
variant was discovered by ion-exchange high-performance liquid chromatography, yet
capillary electrophoresis of both glycated Hb program and Hb program failed to detect it.
Subsequently, Sanger sequencing was carried out to help identify the Hb variant.
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INTRODUCTION

Glycated hemoglobin (HbAlc) is widely used to monitor glu-
cose control in patients with diabetes. Common methods avail-
able for HbAlc assays include ion-exchange high-performance
liquid chromatography (HPLC), boronate affinity binding and
HPLC, immunoassays, enzymatic assays and capillary elec-
trophoresis’. HbAlc results can be affected when hemoglobin
(Hb) variants are present, and boronate affinity methods have
been shown to be minimally affected’. Here, we report a north-
ern Chinese patient with type 2 diabetes showing abnormally
low HbAlc values by ion-exchange HPLC in whom the Hb
North Manchester variant was detected using ion-exchange
HPLC, but was not detected by capillary electrophoresis.

CASE REPORT

A 42-year-old man originally from Henan Province in northern
China visited Peking University People’s Hospital in May 2018.
He had an 11-year history of type 2 diabetes, and had followed
a diabetes-specific diet and exercised regularly. He took met-
formin, acarbose and sitagliptin for glucose control during the
previous year. Blood testing at multiple centers in February and
August 2017 yielded low HbAlc levels of 4.3 and 4.4% by ion-
exchange HPLC (TOSOH HLC-723 G8; Tosoh, Tokyo, Japan),
and 5.1% in October 2017 by ion-exchange HPLC (Variant II
Turbo 2.0 [VII-T 2.0], Bio-Rad, Hercules, CA, USA). In March
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2018, the fasting and 2-h postprandial capillary blood glucose
concentration derived from the patient’s home capillary mea-
surement ranged 6.8-7.7 and 7.1-7.5 mmol/L, respectively.
These relatively low HbAlc levels were not consistent with the
patient’s blood glucose level; in order to determine the reason
for this discrepancy, blood samples were collected to carry out
hematological and serum biochemical measurements. The pro-
ject was approved by the constituted ethics committee of the
institution, and the patient had provided written informed con-
sent. All hematological parameters and serum biochemical
parameters remained within the reference ranges. The patient’s
plasma glucose level was 597 mmol/L at fasting and
6.85 mmol/L at 2 h after breakfast with routine hypoglycemic
agents. Enzymatic testing was used to detect serum levels of
glycated albumin (Lucica GA-L; Asahi-Kasei, Tokyo, Japan)
and yielded a normal value (12.45% [11-16%]).

HbAIc was also assayed using ion-exchange HPLC (TOSOH
HLC-723 G8; Tosoh); ion-exchange HPLC (VII-T 2.0; Bio-Rad),
capillary electrophoresis (Capillarys 2 Flex Piercing [C2FP],
HbAlc mode; Sebia, Lisses, France) and the boronate affinity
HPLC method (Premier Hb 9210™; Trinity Biotech, Kansas City,
MO, USA). Capillary electrophoresis of the Hb program (Mini-
cap Flex Piercing, Phoresis Hb Variant mode V8.6.3; Sebia, Evry,
France) was used to screen Hb variants. The TOSOH G8, VII-T
2.0, C2FP and boronate affinity HPLC analyses yielded respective
HbA1lc values of 4.0% (20 mmol/mol), 3.7% (17 mmol/mol),
5.4% (36 mmol/mol) and 5.8% (40 mmol/mol). Unusual peaks
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were observed on the VII-T 2.0 (Figure 1) and TOSOH G8 chro-
matogram (Figure 2), but not on the C2FP electropherogram
(Figure 3). No unusual migration indicative of abnormal Hb was
observed on the electropherogram using capillary electrophoresis
of the Hb program.

The presence of the Hb variant was probable, as both
ion-exchange HPLC methods showed unusual peaks. Sanger
sequencing was carried out for confirmation. All exons and
intron—exon junctions of the genes encoding Hb o (HBAI and
HBA?2) and  (HBB) were polymerase chain reaction-amplified,
sequenced and compared with corresponding reference
sequences (GeneIDs: 3039, 3040 and 3043, respectively)
obtained from the NCBI GenBank (https://www.ncbinlm.nih.
gov/gene/) to identify the Hb variant.

Sanger sequencing analysis showed no HBA gene variants,
and a heterozygous HBB mutation, $51(D2) Pro—His; HBB:
c.155 C>A, was revealed and identified according to the Data-
base of Human Hemoglobin Variants and Thalassemias nucleo-
tide and amino acid numbering system®. This variant was
previously detected through electrospray mass spectrometry in
a man with diabetes from Manchester, the UK, in 1998, and
was named Hb North Manchester’. This single nucleotide sub-
stitution (C>A) at codon 51 in HBB (Figure 4) causes a change
from proline to histidine in the B-globin chain, leading to a 40-
Da increase in the p-chain mass”.

DISCUSSION

The patient’s plasma glucose, glycated albumin and the HbAlc
level detected using the boronate affinity HPLC method were
all within the normal range. However, those HbAlc values
obtained using ion-exchange HPLC methods were abnormally
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Figure 1 | The chromatogram of ion-exchange high-performance
liquid chromatography (Variant Il Turbo 2.0; Bio-Rad, Hercules, CA, USA).
The arrow indicates an unusual peak corresponding to the hemoglobin
North Manchester variant. Alc, glycated hemoglobin.
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NAME % TIME AREA
FP 0.0 0.00 0.00
ATA 04 0.24 5.10
A1B 06 0.29 827
F 0.8 0.38 11.13
LATCH+ 0.8 047 10.67
SA1C 4.0 0.58 3815
A0 926 0.79 1220.87
TOTAL AREA 1319.12
HbA1C 4.0%
HbA1 5.0% HbF 0.8%
0% 15%
O'O P
0.5 [E
1.0
P00 1.9 0.69 2492

Figure 2 | The chromatogram of ion-exchange high-performance liquid
chromatography (TOSOH G8; Tosoh, Tokyo, Japan). The arrow indicates
an unusual peak corresponding to the hemoglobin North Manchester
variant. ATA, HbA1a, glycated hemoglobin with fructose-1,6-diphosphate
or glucose-6-phosphate to the amino terminus of the HbA B chain; A1B,
HbA1b, glycated hemoglobin with a pyruvate to the amino terminus of
the HbA B chain; AO, HbAO, non-glycated hemoglobin of the HbA
chain; FP, front peak; F, HbF, fetal hemoglobin; HbAT1, total glycated
hemoglobin, include HbAla and HbATb and HbA1c; HbA1C, glycated
hemoglobin (HbA1c), nonenzymatic addition of glucose to the amino-
terminal valine residues of the HbA B chains; HbF, fetal hemoglobin;
LA1CH, labile glycated hemoglobin; SA1C: stable glycated hemoglobin;
P00, Hb variant.

low. Because the boronate affinity HPLC method is generally
least likely to be affected by Hb variants, it directly measures
total HbAlc as a fraction of total Hb. According to the Stan-
dards of Medical Care in Diabetes of 2018, discordance
between the HbAlc and plasma glucose values might suggest
an Hb variant®.

Here, the unusual peaks on the VII-T 2.0 and TOSOH G8
chromatograms, but not the C2FP electropherogram, indicate
the differing specificities of ion-exchange HPLC and capillary
electrophoresis for the Hb variant. The ion-exchange HPLC
method separates HbAlc based on charge differences; many
variant molecules carry different charges and thus move at dif-
ferent speeds, yielding different retention times and aberrant
chromatography peaks’. Accordingly, it might be helpful to
review the chromatogram for additional peaks, especially when
the HbAlc level is abnormally low or high. In the present
patient, the Hb North Manchester variant led to a falsely low
HbAlc result on ion-exchange HPLC. Additionally, the chro-
matogram contained an unusual peak close to the HbAO peak.
It could be inferred that because the Hb variant has a different
retention time with HbAO, the Hb variant could be separated
from the HbAO peak.
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Figure 3 | The electropherogram derived from capillary electrophoresis (C2FP; Sebia, Lisses, France). HbATc, glycated hemoglobin.
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Figure 4 | Sanger sequencing results of the HBB gene. The arrow
indicates the hemoglobin North Manchester variant, B51(D2) Pro—His;
HBB:c.155 C>A.

Capillary electrophoresis is a precise and robust HbAlc mea-
surement method that can screen most common Hb variants®.
Capillary electrophoresis of the Hb program, can screen Hb
variants, and detect most common and some clinically silent
Hb variants. In the present case, the HbAlc value determined
through capillary electrophoresis with the HbAlc program was
slightly lower than that obtained with the boronate affinity
HPLC method. It is difficult to tell the HbAlc value using cap-
illary electrophoresis method would not be interfered, unless a
sample with the same Hb variant in the higher glucose level
shows an abnormal HbAlc range. However, a review of the
electropherograms of both the HbAlc program and Hb pro-
gram did not show additional Hb peaks. As capillary elec-
trophoresis separates Hb molecules according to electrophoretic
mobility in an electric field’, we speculated that the Hb variant
in this case would show similar or identical electrophoretic
mobilities and co-migrate with HbAO, so that additional Hb
peaks did not appear on the electropherograms of both the
HbAlc program and Hb program. It has been reported that
the Hb Silver Springs variant similarly yielded an unusual peak
on the ion-exchange HPLC chromatogram, but was not
detected by capillary electrophoresis of the HbAlc program®.
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By contrast, the Hb New York variant was detected by capillary
electrophoresis of the Hb program, but not ion-exchange
HPLC, indicating that the latter could not separate the variant
from HbA®. Furthermore, Hb Melusine yielded normal HPLC
and capillary electrophoresis of Hb program profiles, and only
yielded an unusual peak through capillary electrophoresis of the
HbAlc program'’. In summary, a normal capillary electro-
pherogram by HbAlc or Hb program or chromatogram by
ion-exchange HPLC cannot exclude the presence of an Hb
variant.

In conclusion, this is the first reported case involving the Hb
North Manchester variant in a Chinese patient. The present
results show that the Hb North Manchester variant can affect
the results of HbAlc analysis through ion-exchange HPLC, but
not that obtained from the boronate affinity HPLC method.
The inclusion of plasma glucose and glycated albumin levels
can assist with the interpretation of the HbAlc values. Further-
more, only ion-exchange HPLC suggested the presence of the
Hb variant in this case, suggesting that a careful review of the
resulting chromatogram might reveal a potential variant.
Finally, a genetic evaluation, such as Sanger sequencing, can
confirm an Hb variant.
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