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ABSTRACT
Previous studies have identified occasional cases of heterozygous Hb Tacoma in areas that have
attracted Finnish immigrants, especially in Sweden and North America, but large studies of this slightly
unstable beta variant in vitro have not been carried out. Here we determined the prevalence of hemo-
globin variants across Finland. A total of 5059 samples from 11 different hospital districts were ana-
lyzed using HbA1c capillary electrophoresis and reviewed for atypical profiles (HbA1c, Capillarys 3
Tera, Sebia). 38 heterozygous Hb Tacoma cases were found (0.75%). The prevalence was highest in
South Ostrobothnia (2.0%), located in western Finland, and second highest in the neighboring provin-
ces (1.0–1.4%), but only two districts were devoid of variants. Heterozygous Hb Tacoma was confirmed
by genetic testing (NM_000518.5(HBB):c.93G> T (p.Arg31Ser)). In addition, five other variants were
found, suggestive of HbE, Hb Helsinki (two cases) and an alpha variant, as interpreted from the elec-
tropherograms. The fifth variant, belonging to the South Ostrobothnian cohort, remained unknown at
the time of the initial analyses, but was later interpreted as homozygous Hb Tacoma and confirmed
by hemoglobin fraction analysis (Hemoglobin(E), Capillarys 3 Tera). In a subsequent retrospective study
of the electropherograms of routine HbA1c diagnostics, altogether nine homozygous Hb Tacoma cases
were identified in South Ostrobothnia. While heterozygous Hb Tacoma is usually an incidental finding,
it interferes with several HbA1c assays. The present study is the first demonstration of homozygous
Hb Tacoma. The clinical presentations of homozygous Hb Tacoma are not known and need to be
addressed in future studies.
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Introduction

Hemoglobin is a universal name for a wide variety of mole-
cules. Hemoglobin A (HbA) is the main form of hemoglobin,
comprising 95–98% of total adult hemoglobin. It consists of
two alpha and two beta subunits. Two other forms are HbA2
and fetal hemoglobin (HbF), which comprise 2–3% and 0–
2%, and are formed of two alpha and two delta subunits, and
two alpha and two gamma subunits, respectively. In medi-
cine, glycated hemoglobin (HbA1c) is utilized both in the
monitoring and diagnosis of diabetes [1]. HbA1c is formed
when glucose attaches to the N-terminus of the beta chain of
hemoglobin A, and the more glucose in the surrounding
fluid, the more HbA1c is formed [2]. The reference range for
HbA1c is 20–42mmol/mol, which is about 4–6% of hemoglo-
bin A. The N-terminus is also glycated by other sugar moi-
eties, but to a lesser extent [3].

More than 1400 genetic hemoglobin variants have so far
been reported [4]. Most variants have one single nucleotide
point mutation but also double mutations, insertions, dele-
tions and hybrids occur. The majority of heterozygote var-
iants do not cause clinical symptoms, whereas homozygous
and compound heterozygote forms of some variants cause
high morbidity and mortality [5]. In addition to direct
health effects, variants may also cause analytical interference
on HbA1c methods [6,7], and interference on the diagnosti-
cal principle, which assumes a mean red blood cell life span
of 120 days [8–11]. Thalassemias are defects in the quantity
of globins, and may also co-occur with variants.

Hemoglobin Tacoma is a single nucleotide point muta-
tion of the beta subunit at position 93, where guanine is
replaced with thymine causing arginine to serine change
at the amino acid level (NM_000518.5(HBB):c.93G>T
(p.Arg31Ser), HGVS nomenclature) [4]. The same amino
acid change may also be due to guanine to cytosine
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mutation, namely Hb Tacoma II (NM_
000518.5(HBB):c.93G>C (p.Arg31Ser)) [4]. These variants
can be identified based on a characteristic electropherogram
in a routine HbA1c analysis on capillary electrophoresis.
The method separates molecules based on their electrophor-
etic mobility (size and charge), which also depends on the
pH and ionic strength of the buffer. HbA1c is separated due
to a change in net charge caused by the N-terminal glyca-
tion and, simultaneously, the method allows for the detec-
tion of some of the variant hemoglobins. Hemoglobin(E) is
a capillary electrophoretic method designed more specifically
for the detection of hemoglobin variants, without the separ-
ation of glycated hemoglobins.

Previous studies have identified occasional cases of het-
erozygous Hb Tacoma in areas that have attracted Finnish
immigrants, especially in Sweden and North America [12–
16]. As yet, the prevalence of hemoglobin Tacoma in
Finland has not been known, since the majority of laborato-
ries use immunological and enzymatic HbA1c methods that
cannot identify the presence of Hb variants. The aim of this
study was to determine the prevalence of heterozygous Hb
Tacoma and other possible variants across Finland using
HbA1c capillary electrophoresis. Regarding homozygous Hb
Tacoma, this is also the first report on the occurrence of
such cases.

Materials and methods

HbA1c from a total of 5059 samples was analyzed by capillary
electrophoresis method and reviewed for atypical profiles
(HbA1c method, Capillarys 3 Tera, Sebia, Evry, France).
Samples referred for HbA1c analysis were collected in a con-
secutive manner from 11 different hospital districts, around
500 samples each, and stored for analysis under temperature
control (2–8 �C). The majority of samples were analyzed in the
next two days after the sample was drawn and all of them
within a week. The analyses were performed in the FINAS
accredited (SFS-EN ISO 15189) Clinical Chemistry Laboratory
of Sein€ajoki Central Hospital (South Ostrobothnia, Finland) in
2018–2019. The expected fractions for a non-variant sample
were HbA1c, other HbA (other N-terminal glycations than
HbA1c), HbA0 (the remaining HbA), HbF (not all patients)
and HbA2, and a zero baseline between separate fractions.
Confirmatory genetic testing was carried out for five heterozy-
gous Hb Tacoma samples, each originating from a different
district (HBB single gene test, Blueprint Genetics, Espoo,
Finland) [17]. Previously 20 samples from South Ostrobothnia
with similar atypical electropherograms have been genetically
identified by Lenters-Westra et al. [6], all being heterozygous
Hb Tacoma. The other variants were interpreted from the elec-
tropherograms based on the material provided by the assay
manufacturer. The study utilized anonymized left-over samples
of routine diagnostics, and therefore no informed consent
from the patients was obtained. No data was collected about
the patients. The study was approved by the Regional Ethics
Committee of Tampere University Hospital, Tampere, Finland.

In 2021, a sample with HbA1c electropherogram suggest-
ive of possible homozygous Hb Tacoma (the index case)

was discovered among routine HbA1c diagnostics in South
Ostrobothnia and sent for hemoglobin fraction analysis at
Huslab, Helsinki, Finland (Hemoglobin(E) method, Capillarys
3 Tera, Sebia, Evry, France) along with one Hb Tacoma het-
erozygote sample. In general, the expected fractions for non-
variants are HbA, HbF (not all patients) and HbA2, and a
zero baseline between separate fractions. Both samples were at
first analyzed as native and then mixed 1þ 1 with Hb AFSC
control (Sebia, Evry, France). The control contains HbA, HbF,
HbS and HbC and is used to achieve more precise migration
positions of variant hemoglobins in the absence of HbA. The
samples were stored frozen (–70 �C) until the analyses. A
retrospective study on the analyzers database was performed in
South Ostrobothnia to re-evaluate unidentified cases for pos-
sible Hb Tacoma homozygosity.

Results

The numbers and percentages of heterozygous Hb Tacoma
cases found from the 11 different hospital districts are
shown in Table 1 (column A). In the total population, 38
cases (0.75%) were found. Regionally, the occurrence of var-
iants was clustered in South Ostrobothnia (2.0%), but not-
able percentages of cases were also found in Ostrobothnia
(1.4%), Pirkanmaa (1.0%), North Ostrobothnia (0.80%),
North Savo (0.80%) and Southwest Finland (0.80%). Only
two districts were devoid of variants. Genetic testing con-
firmed heterozygous Hb Tacoma.

The findings on other variants are also summarized in
Table 1 (column B). A total of five other cases were found:
one from Uusimaa, two from Southwest Finland, one from
Kainuu and one from South Ostrobothnia. The South
Ostrobothnian sample remained unknown at the time of the
initial analyses but was later identified as homozygous Hb
Tacoma. The other cases were interpreted from HbA1c elec-
tropherograms as heterozygote HbE (Uusimaa), heterozy-
gote Hb Helsinki (two cases, Southwest Finland), and an
alpha hemoglobin variant (Kainuu).

Figure 1(A,B) show the representative HbA1c electrophero-
grams of non-variant and heterozygous Hb Tacoma samples.
In non-variant cases, peaks of HbA1c, other HbA, HbA0 and
HbA2, respectively, are clearly separated from the baseline and
from each other. In heterozygous Hb Tacoma samples, two

Table 1. Numbers (n) and percentages of hemoglobin variants in Finland
by region.

A B C

Region n

Hb Tacoma
heterozygotes

% (n)

Other
variants
% (n)

Hb variants
total
% (n)

South Ostrobothnia 500 2.00 (10) 0.20 (1) 2.20 (11)
Ostrobothnia 499 1.40 (7) 0.00 1.40 (7)
Pirkanmaa 496 1.01 (5) 0.00 1.01 (5)
North Ostrobothnia 500 0.80 (4) 0.00 0.80 (4)
North Savo 500 0.80 (4) 0.00 0.80 (4)
Southwest Finland 500 0.80 (4) 0.40 (2) 1.20 (6)
Uusimaa 499 0.40 (2) 0.20 (1) 0.60 (3)
Kainuu 331 0.30 (1) 0.30 (1) 0.60 (2)
North Karelia 500 0.20 (1) 0.00 0.20 (1)
Lapland 234 0.00 0.00 0.00
Satakunta 500 0.00 0.00 0.00
Total 5059 0.75 (38) 0.10 (5) 0.85 (43)
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flat peaks below the non-variant peaks are observed, the first
one extending from point 40 to 140, and the other one from
point 180 to 280. At point 280, a peak characteristic of
degraded hemoglobin is observed (marked 5), and the percent-
age of HbA2 (colored peak area) is above normal, in the
example in Figure 1(B) 3.4% (HbA2> 3% is considered ele-
vated with Capillarys 3 HbA1c method).

Figure 2(A,B) demonstrate HbA1c electropherograms of
the index case of homozygous Hb Tacoma and the homozy-
gote of the South Ostrobothnian cohort. In both cases, non-
glycated Hb Tacoma is falsely interpreted as HbA0. The false
recognition of Hb Tacoma to HbA shifts scale to left causing
the unaffected fractions, HbF and HbA2, to be misplaced and
located around points 205 and 260 (marked 4 and 5), respect-
ively. Figure 2(A) also shows the absence of HbA1c, which
may be considered unlikely if HbA0 were present. Instead,
glycated Hb Tacoma elutes as a flat peak, similar to heterozy-
gote cases. In Figure 2(B), the HbA1c area is masked by the
white area (unstable hemoglobin). In a retrospective study on
the analyzers database in South Ostrobothnia altogether nine
homozygous cases were identified.

Figure 3(A,B) show Hemoglobin(E) electropherograms of
heterozygote and homozygote Hb Tacoma. Hb Tacoma
elutes at zone Z11 in the heterozygous case, and in the
homozygous case, the major peak is seen at the same zone
but to a little left. Migration in the latter is imprecise due to
lack of any HbA. In analyses mixed with Hb AFSC control,
the migration position of Hb Tacoma hemoglobin between
heterozygote and homozygote cases was equivalent (figures
not shown). The amount of Hb Tacoma hemoglobin in the
heterozygote case is 37%. The amount of HbA2 in the het-
erozygous and homozygous cases are 3.1% and 3.0%,
respectively (2.2–3.2% being considered as a normal range
with Capillarys 3 Hemoglobin(E) method). No baseline ele-
vation is observed, except for the heterozygote below Hb
Tacoma and HbA due to their proximity. In the homozy-
gous case, HbH and Hb Bart (which denote the hemoglobin
of four beta and four gamma subunits, respectively) are
falsely suspected and are considered as degradation products
together with peaks Z13 and Z1.

Figure 1. HbA1c electropherograms of (A) non-variant and (B) heterozygous Hb Tacoma. In (B) two very flat peaks (points 40–140 and 180–280, marked by arrows)
below the normal peaks are observed and a peak characteristic of degraded hemoglobin (marked 5). HbA2 percentage is 3.4% (colored area).
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Discussion

The present study provides important insights into the
prevalence of Hb Tacoma in Finland. The findings under-
score notable regional differences in the prevalence of Hb
Tacoma variant across the country, the highest prevalence
being observed in the area of the South Ostrobothnia
Hospital District, located in western Finland. The study also
describes, for the first time, cases with homozygous Hb
Tacoma.

So far, there are less than 20 case reports on Hb Tacoma
variant [12–16,18–27]. It was described for the first time in
1965 [12,28]. The characterizations were carried out at the
amino acid level until 1993 when the nucleotide substitution
was identified as (HBB):c.93G>T [14]. Interestingly, many
of the cases have been reported with Finnish ancestry [14–
16,19,23], and it seems that Finnish emigration in the past
has played role in the spreading of this variant. The emigra-
tion has been greatest from South Ostrobothnia and
Ostrobothnia and with the highest attraction to Sweden and
North America [29–32]. Occasional cases of Hb Tacoma
have been reported in these areas [12–16], and thus the

prevalence of Hb Tacoma may deserve large studies in their
current populations as well. Nevertheless, it is not probable
that all the Hb Tacoma patients share the same ancestor.
The overall ethnic variety of cases suggests multicentric ori-
gin and it is also supported by the findings of the same
amino acid substitution caused by a c.93G>C change
[4,27,33]. This variant has recently been named Hb Tacoma
II [4,27].

Clinically, heterozygous Hb Tacoma is usually an inci-
dental finding. Mild anemia has been observed in some of
the patients [14,16,18,21,25,27], whereas some have shown a
normal blood count [12,14,16,18,19,23]. History of slight
hemolysis has been described only once [14]. The percent-
age of Tacoma hemoglobin has been estimated between
27–43% of total hemoglobin [12,14,15,21,34]. In capillary
electrophoretic studies, including ours, the percentage has
been 36–40% [16,25,27]. To explain the relatively lower
level, as compared to HbA, precipitation in vivo [16,19] and
due storage [15], continuous selective intracellular degrad-
ation [20], and effects through impacts on splicing (codon 31
is divided by an intron) [15,27] has been suggested. On the

Figure 2. HbA1c electropherograms of (A) the index case of homozygous Hb Tacoma, and (B) the homozygote Hb Tacoma observed among the South
Ostrobothnian cohort. Non-glycated Hb Tacoma is falsely interpreted as HbA0, which shifts scale to left and misplaces HbF (at x-axis around 205, marked 4) and
HbA2 (at x-axis around 260, marked 5). Peak 6 is characteristic of degraded hemoglobin. In (A) HbA1c is absent, and in (B) the corresponding area is masked by
the white area (marked by arrows).
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other hand, if not ruled out, thalassemias may also co-occur
and confound the percentages. Both normal [14,19,21], and
elevated HbA2 have been reported [12,14,34]. With the capil-
lary electrophoretic HbA1c method, elevated HbA2 is a con-
stant finding, but may also be due to Hb Tacoma’s instability
in the assay, which causes biased total hemoglobin as only
colored area is quantitated. Hemoglobin fraction method here
and previously has shown borderline to slightly elevated
HbA2 proportions [16,27], but has white area and bias
caused by peak proximity of Hb Tacoma to HbA.

Analytically, heterozygous Tacoma hemoglobin poses sig-
nificant problems with HbA1c methods. In a study by
Lenters-Westra et al. [6] results with Tina-quant Gen.2
(immunoassay, Roche Diagnostics), Premier Hb9210 (affinity
chromatography HPLC, Trinity Biotech), Tosoh G8 (cation
exchange HPLC, Tosoh Bioscience) and Afinion (affinity
chromatography point-of-care test, Abbott) were all at differ-
ent level. In addition, the correlation between Tosoh G8 and
others was weak. Conclusions can’t be made as to which
method (Tina-quant Gen.2 or Premier Hb9210, which differed
by 17%) is analytically correct. In the capillary electrophoretic

HbA1c method, the flat peak interferes with HbA1c and the
result is unreliable. Non-glycated Hb Tacoma may also par-
tially elute with and interfere with HbA0. We have found that
results from HbA1c on capillary electrophoresis and from
DCA Vantage (immunological point-of-care test, Siemens
Healthineers) usually differ and that the difference is not uni-
form but varies from sample to sample (personal experience).
Many methods measure numerous variants correctly, in ana-
lytical means, but this appears not to apply Hb Tacoma.

Diagnostically, heterozygous Tacoma hemoglobin may
cause some misinterpretation on HbA1c results through the
assumption of RBC life span of 120 days. There is very little
data about the variant, but almost all predicting tools suggest
that Tacoma mutation makes hemoglobin more vulnerable to
damage [35]. Accordingly, Hb Tacoma has been characterized
as an unstable variant in vitro [12,14,19,21,34,36,37] and the
baseline elevation observed here in the HbA1c method and
degradation products in the fraction method are also in line
with this. According to assay descriptions, degradation prod-
ucts in the HbA1c method migrate particularly to HbA2 pos-
ition or more anodically than HbA0, i.e. in the Other HbA

Figure 3. Hemoglobin(E) electropherograms of (A) heterozygote Hb Tacoma, and (B) homozygote Hb Tacoma. Hb Tacoma elutes at zone Z11. The amount of Hb
Tacoma hemoglobin in (A) is 37%, and of HbA2 in (A) and (B) is 3.1% and 3.0%, respectively. HbH and Hb Bart are falsely suspected and are degradation products
together with peaks Z13 and Z1.
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position. In the hemoglobin fraction method degradation
products typically migrate one or two zones (depending on
the zone width) more anodically than the original fraction.

The fact that Hb Tacoma shows more instability in the
HbA1c method than in the hemoglobin fraction method is
interesting. The reason for this may only be speculated at this
point. The HbA1c method is not specifically designed for vari-
ant detection, and according to the manufacturer, especially
the hemolysing solutions between methods differ. Both meth-
ods have assay buffer pH 9.4. It is known that the replacement
of positive arginine by neutral serine results in a conform-
ational change of a single amino acid side chain and the loss
of several hydrogen bonds at the a1b1 contact surface, and
the latter is thought to cause increased dissociation into free
alpha and beta subunits by various agents [37]. However, sta-
bility does not preclude effects on RBC lifespan either. Two of
the most common beta variant hemoglobins worldwide, HbS
and HbC, are stable variants and heterozygotes usually have
normal hematological and clinical presentation, but their RBC
life span is shortened [8–10]. Until the characteristics of Hb
Tacoma are better understood, every patient should only
become his/her own reference for follow-up, and not to be
compared against common reference limits.

Finally, it should be noted that the present work is the first
report on homozygous Hb Tacoma cases. The recognition of
an index patient in routine diagnostics in South Ostrobothnia
prompted a re-evaluation of HbA1c electropherograms on ana-
lyzer’s database, and a total of nine cases were found. Based
on the high prevalence of heterozygosity, this finding of homo-
zygosity is not surprising. The white area, which refers to
degenerated hemoglobin, was multiplied in HbA1c electro-
pherograms of homozygous cases as compared to heterozygote
cases. Previously, two compound heterozygote beta
thalassemia/Hb Tacoma cases have been reported [15,33], the
severity in the other exceeding what would be expected from
patient’s thalassemia alone [33]. It should however be noted,
that this case was of type Tacoma II, which may have slightly
lower expression levels than Hb Tacoma [27].

Each study has its limitations. In this study, the samples
were analyzed without any data about the age, sex, reason
why the sample was taken and so on, i.e. about the represen-
tativeness of the Finnish general population, and therefore
the prevalences reported should be considered indirect
approximates. In Finland, HbA1c may be ordered based on
monitoring or suspicion of diabetes, but also as part of a gen-
eral health check-up. The study also included 11 but not all
19 special health care areas in Finland, although it extended
to all five university hospital districts. Not all variants were
genetically confirmed. Hb Tacoma has obvious interference
on capillary electrophoretic HbA1c, but this was not studied
in enough detail to draw conclusions. Studies on this and the
clinical and laboratory findings of homozygous Hb Tacoma
are needed, and are currently ongoing in our laboratory.
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