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This study aimed to evaluate the utility of the Sebia Capillarys 2 Flex-Piercing (C2FP) system for the quantification of the major
caprine beta chain haemoglobin (Hb) variants, i.e. foetal Hb, neonatal Hb, and adult Hb. Blood samples were collected from
six Angora kids at one, 11, and 20 weeks after birth, and analysed using the C2FP instrument and Capillarys Hemoglobin(E) kit.
Electropherograms displayed three major peaks which showed consistent changes in relative magnitude as kids aged. At one
week old, a peak at position ~75 was identified as foetal Hb, while in older animals, peaks at ~150 and ~170 were identified as
neonatal Hb and adult Hb, respectively. In conclusion, this study has confirmed the utility of the Sebia C2FP system for the simple,
rapid, and standardised quantification of the major beta chain Hb variants of Angora goats.
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Adult Angora goats display a remarkable red cell poikilocytosis,
with individual animals exhibiting the phenomenon to a
lesser or greater degree (Jain et al. 1980; Parsons et al. 2023).
The condition has been likened to “sickling” of red cells of
humans and deer, which is associated with specific beta chain
haemoglobin (Hb) variants (Jain et al. 1980). Notably, Angora
goats are born with rounded red cells, and poikilocytosis
becomes progressively more pronounced during the first five
months after birth (Parsons et al. 2023), a period during which,
in goats, Hb expression switches sequentially and predictably
between non-allelic beta chain variants, i.e. from foetal Hb, to
neonatal Hb, and then adult isoforms (Huisman et al. 1969). In
adult goats, experimental anaemia is associated with both the
resolution of poikilocytosis and the upregulation of neonatal
Hb expression, and a causal link between these phenomena has
been postulated but not confirmed (Huisman et al. 1967; Jain et
al. 1980).

A limitation to the further investigation of this hypothesis is
the lack of standardised or validated indirect chromatographic
or electrophoretic assays for the quantification of caprine Hb
variants. Few published studies have confirmed the validity of
these methods when compared to definitive Hb protein analysis,
and noteworthy amongst these are studies that were undertaken
in the 1960s using DEAE-Sephadex chromatography, which
showed that the mobility of foetal Hb was distinct from that of
the more similar neonatal and adult variants (Huisman et al. 1967;
Huisman et al. 1969). Capillary electrophoresis (CE) has recently
become widely used for routine identification of human Hbs
(Riou et al. 2018) and this study aimed to investigate the utility
of a commercial automated human Hb CE system, the Capillarys
Hemoglobin(E) kit used with the Capillarys 2 Flex-Piercing (C2FP)
instrument (Sebia, Lisses, France), for the quantification of the
major non-allelic caprine beta chain Hb variants.

Six Angora goat kids were sampled at one, 11, and 20 weeks
after birth (Parsons et al. 2023). On each occasion, 4 ml blood
was collected into Vacutainer tubes containing dipotassium
ethylenediaminetetraacetic acid (BD, Franklin Lakes, NJ, USA).
Whole blood samples collected from kids in the first week after
birth were stored at -80 °C before further processing, while all
subsequent samples were kept at 4 °C and analysed within
four days of collection (lhedioha & Onwubuche 2007; Sebia
2013). Capillary electrophoresis was done at a commercial
diagnostic laboratory using the Capillarys Hemoglobin(E) kit and
a C2FP instrument and the relative quantification of individual
haemoglobin fractions was performed automatically (Sebia
2013). Electropherograms generated by this instrument include
an arbitrary scale on the x-axis, from 0 to 300, that represents
the relative migration of Hb variants, and reference to this scale
to identify human Hb variants is highly reproducible (Riou et al.
2018). Migration characteristics of individual Hbs were described
with reference to this scale, and for the group of six kids, the
relative abundance of each Hb variant at each time point was
summarised using descriptive statistics.

In the first week after birth, electropherograms displayed a major
slowly migrating Hb fraction at position ~75 on the x-axis (Figure
1a). This fraction had a median relative abundance of 87% (85—
94%), was absent from electropherograms of the same animals
at 11 and 20 weeks after birth and was identified as foetal Hb.
Individual electropherograms displayed either one or two
poorly defined minor peaks at positions ~35 and ~45 (e.g. Figure
1a). These may represent artifacts of freezing and thawing, as
degraded Hb migrates more slowly than the parent molecule
(Sebia 2013) and blood samples stored at -20 °C displayed an
additional minor anodic fraction that was not present in freshly
analysed samples (data not shown). A second major peak at
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Figure 1: Representative Sebia Capillarys 2 Flex-Piercing system haemoglobin electropherograms of blood samples from an Angora kid at one (a), 11

(b), and 20 weeks (c) after birth.

position ~170 had a median relative abundance of 8% (4-12%)
and was identified as neonatal Hb (Figure 1a).

At 11 and 20 weeks old, kids displayed two major peaks at
positions ~150 and ~170 (Figures 1b and 1c). The more slowly
migrating fraction decreased in relative abundance over time
from a median of 36% at week 11 (17 to 45%) to 4% at week 20
(2-17%) and was identified as neonatal Hb. The faster fraction
increased in relative abundance over this time from a median of
63% (54-83%) to 96% (83-98%) and was identified as adult Hb.
The shift in the position of neonatal Hb from ~170 at one week
old to ~150 at 20 weeks is not unexpected, as these values do not
represent the absolute migration characteristics of neonatal Hb,
but reflect the relative separation of this variant from the foetal
and adult Hbs, respectively (Sebia 2013; Riou et al. 2018). Notably,
the greater sequence similarity of the neonatal and adult Hbs is
reflected in their more similar migration characteristics when
compared to foetal Hb, as has been previously shown (Huisman
et al. 1969).

A limitation of our study is that the analytical method used here
has not been validated for Angora goats and that estimates of
analytical imprecision and the effect of interferences are not
known. A further limitation is that we have not validated the
identity of the CE peaks by comparative analysis with a definitive
assay, such as mass spectrometry. However, our analysis of
biologically relevant blood samples confirms the utility of the
C2FP system to distinguish between the major caprine beta
chain Hb variants. The system allows for simple, rapid, and
standardised analysis of whole blood samples and will aid in the
further investigation of red cell poikilocytosis of Angora goats.
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