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Abstract

Objective: Hemoglobinopathies are a common public
health problem in Turkey. In the screening of these disor-
ders in population, cation-exchange high performance
liquid chromatography (HPLC) is accepted as the gold
standard method. In this study, the aim was to assess four
different HPLC devices used in hemoglobinopathy
screening.

Materials and methods: A total of 58 blood samples were
analyzed with four different HPLC methods (Bio-Rad
variant II, Agilent 1100, Tosoh G8 and Trinity Ultra2
trademarks).

Results: The comparison study demonstrated a good
correlation between the results of each HPLC analyzer and
the reference value obtained by averaging all the HbA,
results belonging to the methods tested in the study |
(Tosoh G8 (r=0.988), Bio-Rad variant II (r=0.993), Agilent
1100 (r=0.98) and Trinity Ultra2 (r=0.992) ]. HbA, deter-
mination in the presence of HbE was interfered in both Bio-
Rad variant II and Tosoh G8.
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Conclusion: The analyzers were found to have compatible
HbA, results but with accompanying different degrees of
proportional and systematic biases. HPLC analyzers may
be affected by different hemoglobin variants at different
HbA, concentrations, which is an important point to take
into consideration during the evaluation of HbA, results in
thalassemia screening.
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Amag: Hemoglobinopatiler Tiirkiye’de yaygin bir halk
sagligi sorunudur. Bu bozukluklarin popiilasyon tar-
amasinda, katyon degisimi HPLC, altin standart yontem
olarak Kabul edilir. Bu calismada hemoglobinopati tar-
amasinda kullanilan dort farkli HPLC cihazinin degerlen-
dirilmesi amaclanmistir.

Gere¢ ve Yontemler: Toplam 58 kan 6rnegi dort farkh
HPLC (Bio-Rad variant II, Agilent 1100, Tosoh G8 ve Trinity
Ultra2 marka) cihaz ile analiz edildi

Bulgular: Karsilastirma calismasinda, her bir HPLC ana-
lizériiniin sonuglan ile calismada degerlendirilen metot-
lara ait tiim HbA, sonuclarinin ortalamasi alinarak elde
edilen referans deger arasinda iyi bir korelasyon oldugunu
gostermistir [ (Tosoh G8 (r=0.988), Bio-Rad variant II
(r=0.993), Agilent 1100 (r=0.98) ve Trinity Ultra2 (r=0.992) |.
HbE varli§inin hem Bio-Rad Varyant II hem de Tosoh G8
cihazlarinin HbA, sonuclarinda interferansa neden oldugu
g6zlenmistir.

Sonug: Eslik eden farkli derecelerde orantili ve siste-
matik biasla birlikte analizérlerin uyumlu HbA, sonu-
clarma sahip olduklar1 gosterilmistir. Talasemi
taramalar1 degerlendirilirken, kullanilan HPLC anali-
zorlerinin farkli HBA, konsantrasyonlarinda farkli he-
moglobin varyantlarinin varligindan etkilenebilecegi g6z
Oniinde bulundurulmalidir.

Anahtar sozciikler: HbA,; HPLC; hemoglobinopati; tala-
semi; tarama.
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Introduction

Hemoglobinopathies, a common public health problem in
Turkey, comprise a diverse group of diseases including
thalassemia and hemoglobin variants. Mutations in the
genes for globin subunits causing constitutional changes
lead to hemoglobin variants whereas the mutations
impairing hemoglobin synthesis give rise to thalassemia’s
[1]. About 1.5% of the world populations are carriers of beta
thalassemia but prevalence in Turkey increases to 2.1%
[2, 3]. When the prevalence of carriers is considered, 300—
400 affected newborns are expected per year and this
causes significant emotional and economic harm to public
health. Fight against hemoglobinopathies must essentially
include the detection of thalassemia carriers, hemoglobin
variants expected to present with severe clinical manifes-
tations and clinically silent hemoglobin variants [3, 4].

Quantitative detection of HbA, and HbF levels and also
usage of red cell indices are the main methodologies in he-
moglobinopathy screening [5]. HbA, determination has a
major role in carrier detection but always must be evaluated
with other parameters like erythrocyte indices, iron status
and also be connected with family history [5, 6]. Several
electrophoresis types like cellulose acetate, immunofixation
(IFE), capillary electrophoresis and chromatographic
methods using micro-columns and cation-exchange high
performance liquid chromatography (HPLC) are the methods
mostly preferred for analysis of HbA, [7]. However intro-
duction of automated techniques for Hb fractionation
improved the laboratory efficiency and quality of results [1].
For being fully automated and allowing both qualitative and
quantitative analysis of Hb fractions, cation exchange HPLC
is accepted as the gold standard for population screening of
hemoglobinopathies [5, 8].

The main advantage of HPLC is the quantification of
HbA, along with other variants within a single screening
test. The strength of HPLC is being sensitive, reproducible,
fast and also it requires less effort during analysis. There-
fore, it seems to be ideal for routine clinical laboratories
with high workload. HPLC allows accurate quantification
of the most common hemoglobin variants with the excep-
tions of glycated or modified HbS slightly elevating HbA,
level (3.8-4.5%) [1, 9] and Hb Lepore and HbE artificially
increasing HbA, levels by 10-15% and 22-28%, respec-
tively due to co-elution [1]. Accordingly, these potential
error sources should be taken into consideration in order to
reduce or eliminate false results.

Premarital screening of hemoglobinopathy helps to
reduce affected births in endemic countries like Turkey.
Therefore efforts are made in the clinical laboratory to
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enhance the efficiency of screening process via imple-
mentation of the most appropriate analytical method.

In this study our aim was to assess the performance of
four different HPLC devices used in hemoglobinopathy
screening and produce data in order to help the evaluation
of HbA, results in thalassemia screening laboratories.

Materials and methods

Samples and analyzers

The study included 58 subjects who admitted to Public Health Labo-
ratory for hemoglobinopathy screening. Approximately two 3 ml
blood samples were taken from each participant into EDTA containing
tubes. Complete blood count was performed on ABX Pentra 60 (Horiba
Medical, France) by cytochemistry, focused flow impedance and light
absorbance methods. For hemoglobinopathy detection, specimens
were split into 4 small aliquots and analyzed within one day on Bio-
Rad variant II (Bio-Rad Laboratories, Hercules, CA, USA), Agilent 1100
(Agilent Technologies, Waldbronn, Germany), Tosoh G8 (Tosoh
Bioscience, Tokyo, Japan) and Trinity Ultra2 HPLC (Trinity Biotech,
Wicklow, Ireland) analyzers. Measurement principle depended on ion
exchange chromatography. Chromatograms were interpreted by
determining HbA, concentration for beta-thalassemia with also eval-
uating retention times, area percentages and windows of all the other
structural variants. In each chromatogram, there were peaks for HbA,
HbA,, and HbF along with a window for other variants (Hb S, C and D)
Agilent 1100 and Trinity Ultra2 also detected HbE. HbE co—eluated
with HbA, on Bio-Rad variant I and Tosoh G8 which was indicated by
an error flag. The analyzers were calibrated for quantifying HbA, ac-
cording to the manufacturer’s recommendations with the exception of
Agilent 1100 HPLC analyzer which did not require a calibration pro-
cess. HbA, cut-off values were 3.5, 3.5, 3.2 and 3.3% for Tosoh G8,
Trinity Ultra2, Bio-Rad variant II and Agilent 1100, respectively. With-
in run coefficient of variation (CV%) values of HbA, for Tosoh G8,
Trinity Ultra2, Bio-Rad variant II and Agilent 1100 according to man-
ufacturers’ certificates were 1.5, 0, 1.88 and 1.09% for level 1 control
samples and 1.8, 0.8, 0.88 and 0.02% for level 2 control samples,
respectively.

During the analysis, four devices were configured side-by-side in
order to maintain the same environmental conditions. Quality control
assessment was performed for all the systems. Within-run imprecision
of HbA, measurements were obtained by analyzing two levels of
serum pool specimens 20 times consecutively during the study day.

The study protocol was approved by the ethics committee of
Harran University Faculty of Medicine (Ref number: 201010).

Statistical analysis

The findings of this study were analyzed using statistical software pro-
grams, SPSS v20 (IBM, NY, USA) and MedCalc v18.11.6 (Ostend,
Belgium). The conformity of continuous variables to normal distribution
was tested with the Kolmogorov—Smimov test. The descriptive statistics
of continuous variables were expressed as mean + standard deviation or
median (min-max was used for abnormal hemoglobin, 25th-75th
quartile was used for age) The presence of a statistically significant
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difference between the groups in terms of continuous variables was
examined with ANOVA or Kruskall-Wallis tests. Post-hoc testing was
performed where the overall significance of the ANOVA or Kruskall-
Wallis test. Imprecision was calculated using the coefficient of variation.
Correlation between methods was evaluated with Deming regression
analysis and illustrated using Bland-Altman plots with the differences in
HbA, values (thalassemia and control group). Since a reference method
for comparison (x-axis) was missing, the value obtained by averaging
the HbA, results of all the tested methods was used. p-value of <0.05 was
considered statistically significant.

Results

We separated 58 individuals into three groups according
to their results. Group 1 (n=20) consisted of B- thalassemia
carriers, group 2 (n=24) consisted of healthy subjects and
group 3 (n=14) consisted of individuals with various he-
moglobinopathies. Gender distributions were similar
among the groups (Female/Male; 10/10; 7/17; 7/7,
respectively). No significant difference was found among
the groups in the terms of age [medians (25th—75th
quartile); 28(26-34), 27(24-29) and 27(22-37), respec-
tively)] and Hematocrit (HCT) (p=0.449 and p=0.078,
respectively). In the subgroup analysis, Mean corpus-
cular volume (MCV) and Mean corpuscular hemoglobin
(MCH) levels were found to be significantly different be-
tween group 1-group 2 (p<0.001) and group 1-group 3
(p<0.001). Statistically significant difference was detec-
ted for Hemoglobin (Hb) levels between group 1 and 2
(p=0.003). Hb (g/dL) levels were 12.20 + 2.17, 14.09 + 1.40,
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12.98 + 2.10; Hematocrit (%) levels were 38.36 + 5.56,
41.49 + 3.99, 39.65 + 5.52; MCV (fL) levels were
70.95 + 6.53, 86.08 + 5.53, 84 + 9.13, and MCH (pg) con-
centrations were 22.47 + 2.42, 29.24 + 2.36 and 26.54 + 3.79
(Mean + SD) for the groups, respectively. Within-day
reproducibility studies determined that CV% results on
the Biorad-Variant II, Agilent 1100, Tosoh G8 and Trinity
Ultra2 devices for level 1 (mean HDbA, concentra-
tion: <3.5%) were 2.01, 2.64, 2.62, 1.92% and level 2 were
(mean HbA, concentration: >3.5%) 3.70, 5.50, 5.01, 1.10%
from the serum pools analyzers. It was observed that our
serum pools have higher CV% values compared to within-
run CV% values of the manufacturers. Detection of
abnormal hemoglobin variants and HbA, results of these
samples varied at different degrees according to the
method used as shown in Table 1.

Method comparison included regression analysis,
correlation analysis and Bland-Altman difference analysis
for HbA,% on Tosoh G8, Trinity Ultra2 HPLC, Bio-Rad
variant II and Agilent 1100 analyzer illustrated in Table 2
and in Figures 1 and 2

Discussion

In the present study, proportional and systematic biases
were found among four different HPLC devices used in
thalassemia screening for HbA, measurement. However
in the correlation analysis excellent correlations were

Table 1: HbA, (n=14) values of the patients with various hemoglobin variants on each analyzer.

Analyzer Biorad-Variant Il Agilent 1100 Tosoh G8 Trinity Ultra2

Hb S(n) 3 6 3 3
Hb A>% 3.3 2.9 3 4.1
Median (Range) (1.70-4) (2.38-3.32)° (2.90-3.10)° (4.10-4.20)°

Hb D(n) 4 5 5 5
Hb A>% 1.50 2.79 2.80 2.20
Median (Range) (1.40-1.80)° (1.42-4.13)° (2.30-3.80) (1.70-2.50)

Hb C(n) 0 1 2 0
Hb A>% 2.15 1.45
Median(Range) - (0.90-2)

Hb E(n) 2 2 2 0
Hb A>% 39 2.98 50.7
Median (Range) (38.4-39.6) (2.84-3.12) (49.40-52)°

Hb O(Arab)(n) 0 0 0 1
Hb A;% 3.4
Median (Range) -

Unknown variant(n) 5 0 2 5
Hb A>% 2.25 2.15 1.85
Median (Range) (0.40-3.30)° (1.4-2.9) (1-2.50)°

*Median(min-max).
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Table 2: Comparison of HbA, results of methods with target % HbA, (average of all HbA, measurement results).

Method HbA,% (n=44) Bland-altman Correlation analysis Passing-Bablok regression analysis
analysis
Group 1 (n=20) Group 2 (n=24) natyst
Mean + SD Mean + SD Bias R Slope (95% CI) Intercept (95% CI)
Trinity Ultra2 4.82 + 0.66 2.38 £ 0.25 0.25 0.992 1(0.95t0 1) -0.3 (0.3 to -0.08)
Tosoh G8 5.52 +0.76 2.41 +0.40 -0.08 0.988 1.25(1.19t0 1.30) -0.77 (-0.95 to -0.60)
Agilent 1100 5.07 +0.76 2.83+£0.31 -0.10 0.980 0.94(0.87 to 1.01) 0.38 (0.11 to 0.60)
Biorad-Variant Il 5.01 £ 0.57 2.78 £0.20 -0.05 0.993 1.11(1.03to0 1.17) 0.45 (0.29 to 0.56)

Group 1: B-thalassemia carriers, Group 2: Healthy Subjects, Cl:Confidence intervals.

detected for Tosoh G8 (r=0.988), Bio-Rad variant II
(r=0.993), Agilent 1100 (r=0.98) and Trinity Ultra2
(r=0.992) when the average HbA, results were taken as
the reference. Also when HbA, cut off value was set as
3.5%, it was seen that the individuals could be separated
either as carrier or as normal by all the systems, in
accordance with each other. Bland-Altman plots showed
that bias ranging between 0.25% and -0.10% for the
results of samples (n=44) when variant hemoglobin
containing samples were excluded. For most of the
methods, HbA, values did not distribute at a constant
interval the bias tend to be positive with exception Tosoh
G8. Trinity Ultra 2, Biorad Variant II HPLC and Agilent
1100 revealed higher results in low values of HbA,, in
terms of target HbA,. However it was in the opposite
direction for Tosoh G8.

Our results of within-day reproducibility study were
similar to the results (1.10-5.50% for four different HPLC
analyzers) of a previous study published in 2012 which
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for HPLC analyzers [10]. In another study which was con-
ducted in 2018, CV% values were between 0.6 and 10.1%
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Figure 2: Passing-Bablok regression
graphics for HbA2% on Tosoh G8, Biorad

In a comparison study, Higgins et al. found a good
correlation between Bio-Rad and Capillarys 2 devices on
207 samples with and without B-Thalassemia Trait [16].
Merono et al. revealed that results on Tosoh G8 had a good
correlation with both Bio-Rad Variant II HPLC system and
Sebia Capillary’s system [13]. Paleari et al. showed good
correlation among five different HPLC systems (without
assuming a reference method, comparison method
depended on averaging the HbA, results of all five HPLC
systems) [10]. On the other hand, the performance of Tosoh
G8 analyzer was reported to be insufficient despite enough
separation of thalassemia carriers [17]. Similar to previous
studies, we used Deming regression analysis and our re-
sults showed a good correlation between the devices. In the
literature, studies comparing different analyzers for
abnormal hemoglobin variants and HbA,% measurement
had different results for coefficient of correlation ranging
between 0.55 and 0.999 [10-14, 17]. Possible sources of
difference in the correlation coefficient results may be the
presence of carry-over, abnormal hemoglobin variant
(known and unknown), erroneous calibration, inter-batch
differences, column changes within the same batch, sam-
ple concentration, estimation of elution time, external
temperature, chromatogram estimations, and waiting time
of the samples.

Coefficient of variation of a method can be a major
factor affecting HbA, results. The Italian Society for He-
moglobinopathy has launched a control quality program
(VEQHDA,) for the evaluation of intra- and inter-laboratory
variations and accurate determination of HbA, by
using HPLC analyzers [1, 18]. In this pilot study, normal,
pathological and borderline HbA, samples were clearly

x Variant Il, Agilent 1100 and Trinity Ultra2
analyzer.

differentiated by all participant laboratories. But the
overall interlaboratory CV% was between 4 and 8.2% for
three levels of samples. Consequently, HbA, analytical
quality measurement should be improved according to
IFCC Working Group Standardization of HbA2 committee.

The accurate quantitation of HbA, may be deterio-
rated in the presence of Hb variants. In order to evaluate
this effect we performed a preliminary investigation with
a few samples (n=14) containing Hb variants. Literature
previously indicated that HPLC methods had a limitation
in determining each hemoglobin variant synchronously
among instruments. Gosselin et al. reported that the
major problem of this technique was co-elution of he-
moglobin fractions. They suggested that when patient
samples having co-elution issues were eliminated from
data set, there was markedly improved correlation be-
tween HPLC devices [19]. In a study, Dina et al. evaluated
the sources of interference for HbA, and found that HPLC
systems were interfered in the presence of HbS and HbE
while capillary flex system was affected with the presence
of HbC [20]. They suggested that HPLC analyzers were
shown to quantify HbA, accurately in the presence of
HbC, but not in the presence of HbE or glycated HbS [20].
In our study, in the presence of HbS variant, there was a
slight increase in HbA, levels on only Trinity Ultra2
analyzer. When HbD variant was detected, only HbA,
levels on Biorad Variant II analyzer were found to
be lower. The effect of HbC variant was lowering HbA,
results on both Agilent 1100 and Tosoh G8 analyzers. On
two instruments, Bio-Rad-Variant II and Tosoh
G8, determined HbA, values were higher when HbE
was detected. Since presence of HbE variant had no
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interfering effect with HbA, measurement on Agilent 1100
analyzer, we thought that the analyzer had ability to
discriminate HbE from HbA, window. Only one variant
(HbO) was detected on Trinity Ultra2 analyzer. As pre-
sented in Table 1, it was seen that unknown variants
detected with varying numbers on dedicated HPLC ana-
lyzers did not interfere with HbA, results.

There were some limitations of the present study. The
most important one was our inability for conducting
advanced genetic testing to establish the final diagnosis of
the study group. As a result, we could not determine the
possible false positive or negative results of HbA, for the
patients discriminated according to our cut-off point.

As a conclusion, the HPLC analyzers tested in this
study were found to be compatible (four different HPLC
analyzers showed excellent correlation) in terms of HbA,
measurement, which is an important marker of hemoglo-
binopathy. Evaluation of HbA, results should be done
carefully when warning flags are present on the instrument
which may be related with hemoglobin variants and cause
erroneous results. HPLC analyzers could be affected at
varying levels with the presence of different hemoglobin
variants for HbA, measurement, which is an important
point to take into consideration during the evaluation of
HbA, results in Thalassemia screening.
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