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The HemoCue haemoglobin analyser consistently overestimated haemoglobin concentration
([Hb]) in the blood of all fish species (sockeye salmon Oncorhynchus nerka, Chinook salmon
Oncorhynchus tshawytscha, Pacific bluefin tuna Thunnus orientalis and chub mackerel Scomber
japonicus) by 22-50% (9-9-36:0 g 17") over a [Hb] range of 20-160 g 1~'. The systematic nature of
the overestimation, however, allowed the formulation of an accurate calibration equation that can
be used to correct values of [Hb] measured by the HemoCue in field studies.  © 2008 The Authors
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Blood haemoglobin concentration ([Hb]) can be measured on microlitre blood
samples and has been used widely with many vertebrates to provide a snapshot
of general physiological condition (Frisch & Anderson, 2005; Artacho et al.,
2007; Banbura et al., 2007; Imsland et al., 2007), and an index of such things
as oxygen carrying capacity (Ganong, 1973; Lay & Baldwin, 1999; Burness
et al., 2000) and haematophagous parasite intensity (O’Brien et al., 2001;
Dudaniec et al., 2006). The most common and arguably the most accurate
method of determining [Hb] is Drabkin’s method (Drabkin & Austin, 1935;
Balasubramaniam & Malathi, 1992), which estimates [Hb] spectrophotometri-
cally by mixing a small blood sample with a solution containing a cyanide
derivative (Drabkin’s reagent). Drabkin’s reagent haemolyses the erythro-
cytes and all haemoglobin derivatives are oxidized by ferricyanide to
produce methaemoglobin. Methaemoglobin and cyanide form a stable
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cyanomethaemoglobin complex, the absorbance of which is used to calculate
[Hb]. The Drabkin method, however, is laborious and is poorly suited to field
situations given the need for a cyanide solution and a spectrophotometer. As
such, field biologists typically store blood samples with an anticoagulant for
subsequent analysis of [Hb], precluding rapid assessment of interindividual
physiological status of perhaps large populations, such as schooling fishes.
Thus, a more portable and practical method for determining [Hb] clearly would
be beneficial to fish biologists to negate the need for laboratory-based [Hb]
analyses. The advent of hand-held [Hb] analysers for the medical industry of-
fers a possible solution to this problem.

The present study was concerned with the use of the HemoCue™ haemoglo-
bin analyser (HemoCue 201", Angelholm, Sweden) to assess fish blood sam-
ples. This analyser has been proven accurate for mammalian blood (von
Schenck et al., 1986; Lardi et al., 1998) and has been used to measure [Hb]
of birds and fishes, but without validation (Alvarez-Pellitero & Pinto, 1987,
Nyholm et al., 1995; Burness et al., 2000; Schmitt et al., 2005; Dudaniec
et al., 2006; Eklom & Lill, 2006; Simmons & Lill, 2006; Schmitt et al., 2007).
The present study examined the accuracy of the HemoCue analyser in deter-
mining [Hb] of fish blood by performing simultancous measurements using
the HemoCue and the Drabkin method as a reference standard. Four fish
species were examined: sockeye salmon Oncorhynchus nerka (Walbaum),
Chinook salmon Oncorhynchus tshawytscha (Walbaum), Pacific bluefin tuna
Thunnus orientalis (Temminck & Schlegel) and chub mackerel Scomber japonicus
Houttuyn.

Adult O. tshawytscha (2-5 kg; n = 7) and O. nerka (2-3 kg; n = 8) were
collected from the lower Fraser River and its tributaries, British Columbia,
Canada. These fishes were kept in 10 000 1 tanks for 1-4 weeks at 13-22° C
for use in experiments described elsewhere (e.g. Clark et al., 2008). Blood sam-
ples for the present study were obtained either from caudal venepuncture or
from catheters placed in the dorsal aorta and sinus venosus. Samples were
collected from live or freshly killed fishes into heparinized syringes or ethylene-
diaminetetra-acetic acid (EDTA)-coated vacutainers, and either analysed imme-
diately or after refrigeration at 4° C for <20 h.

Juvenile T. orientalis (10-15 kg; n = 5) and adult S. japonicus (0-5-1-5 kg;
n = 5) were utilized at the Tuna Research and Conservation Centre,
Monterey Bay, U.S.A. Fishes were housed in 25 000-100 000 I tanks at
17-20° C and were sampled immediately after being sacrificed for another
series of experiments. Blood from the tail vein or from the heart was collected
into heparinized syringes or EDTA-coated vacutainers, and then analysed
immediately or after refrigeration at 4° C for <10 h.

Haemoglobin concentration was measured on whole blood of each species.
Additionally, sub-samples of whole blood were either haemo-diluted once or
twice with saline (0-6% NaCl), or haemo-concentrated by centrifuging at
10 000 g prior to removal of some plasma and subsequent re-suspension of
erythrocytes in the remaining plasma. Both Drabkin’s method and the
HemoCue method were used to analyse each blood sample (the mean of trip-
licate samples was used in all cases). Human blood (TDC) was used as a control
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to verify correct measurements of [Hb] for both methods. Human blood was
haemo-diluted and haemo-concentrated as above.

Drabkin’s reagent was made using a commercially available kit (HG 980;
Randox Laboratories, Crumlin, U.K.). Aliquots of 1 ml Drabkin’s reagent were
placed into Eppendorf tubes, covered with foil and stored in a refrigerator at 4°
C. Mixed blood samples of 10 pl were placed into the 1 ml aliquots of Drabkin’s
reagent as required, immediately mixed using a vortex and then allowed to incu-
bate at room temperature for up to 1 h with frequent agitation. Following the
incubation period, samples were centrifuged at 10 000 g for 10 min to separate
out degraded proteins. The supernatant was transferred into spectrophotometer
vials for subsequent analysis of absorbance at 540 nm. Absorbance was measured
within 30 min and several times within the following 5 h.

The absorbance of the solution was converted to [Hb] (g 17') () according
to: y = (Asso — Aprank) Wup Fp (Cg d 1000) ", where Asyg is the absorbance
at 540 nm, Agpank 1S the absorbance of pure Drabkin’s reagent at 540 nm,
Whp 1s the molecular mass of the human haemoglobin tetramer (=64 458), Fp
is the dilution factor for 10 pl blood in 1 ml Drabkin’s reagent (=101), Cg is
the millimolar extinction coefficient of tetrameric cyanomethaemoglobin at 540
nm (=44), d is the vial light path in cm (=1) and 1000 converts from mg to g
(adapted from Dacie & Lewis, 1975; ICSH, 1978). More simply, Asqo — ABLANK
was multiplied by 148.

The HemoCue Hb 201" analyser (L x W x D = 160 x 85 x 43 mm;
www.hemocue.com) weighs 350 g and can be powered by an AC power adap-
tor or type AA batteries. It has a measurement range of 0-256 g 17! and the
technical specifications report a coefficient of variance (c.v.) for human blood
of <2% in comparison with the cyanomethaemoglobin method. Its robustness
is equivalent to a cellular phone, and it can be purchased with a padded carry
case (L x W x D = 260 x 220 x 70 mm) for added protection under field
conditions. The HemoCue technique is based on an optical measuring cuvette
(L x W x D =35 x 15 x 2 mm) of small volume (10 pl) and short light path
(0-13 mm distance between the parallel walls of the optical window). Dry re-
agents are deposited on the inner walls of the cuvette cavity, and the blood
sample, drawn into the cavity by capillary action, is mixed with the reagents
spontaneously. The erythrocyte membranes are lysed by sodium deoxycholate,
sodium nitrite converts haemoglobin iron from the ferrous to the ferric state to
form methaemoglobin, and then methaemoglobin combines with azide to form
azide methaemoglobin (Vanzetti, 1966; von Schenck et al., 1986). The cuvette is
given 1-10 min at room temperature to allow chemical reactions to take place
(refer to product user manual), and then it is inserted into the HemoCue ana-
lyser where a built-in photometer measures its absorbance at 570 and 880 nm
(the use of a double wavelength measuring method compensates for blood tur-
bidity). The analyser calculates the concentration of haemoglobin in the sample
and displays the result. In the present study, all samples were run in triplicate
(i.e. three cuvettes per sample of each haemoglobin concentration), and each
cuvette was placed in the analyser 1-2, 34, 7-8 and 9-11 min after being filled
with blood, to monitor any change in the measured [Hb] with increasing
cuvette incubation time.
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Values of [Hb] for each blood sample were calculated as the mean of tripli-
cate samples. The variance in the triplicate samples measured by the HemoCue
ranged from 0-0 to 7-6% (mean 2:3%), and that of the Drabkin method ranged
from 0-4 to 15-8% (mean 4-4%). Mean values are used here. Least-squares
regression was used to formulate relationships between the Drabkin and He-
moCue methods. The Johnson—-Neyman technique (White, 2003) was used in
Fig. 1 to determine if there existed a range of x values for which there was
no difference between the regression and line of equality. Significance was con-
sidered at P < 0-05.

Using Drabkin method as the reference standard, the HemoCue analyser
accurately measured [Hb] of human blood (Fig. 1). A strong linear relationship
existed between the results for the HemoCue ([Hblygmo) and Drabkin
([Hblprag) methods, but the HemoCue analyser significantly overestimated
[Hb] for fishes of all species at all haemoglobin concentrations (P < 0-05;
Johnson—Neyman technique). The overestimation ranged from 50% (99 g
17" at [Hb]prag of 20 g 17! to 22% (36:0 g I™") at [Hb]prap of 160 g 17'.
For fish blood, [Hb] measured by the Drabkin method was linearly related
to [Hb] measured by the HemoCue method (Fig. 1), where P < 0-001 and *
= 0-967. Thus, the second equation in the legend to Fig. 1 can be used to cor-
rect fish [Hb] measured with the HemoCue.

Although the measurement of [Hb]gygmo for the blood of human, S. japoni-
cus and T. orientalis varied little with increasing cuvette incubation time (<3%
change; Fig. 2), that of O. nerka and O. tshawytscha typically increased by 7%
throughout the 11 min incubation period (Fig. 2). In contrast, measurements
obtained using the Drabkin method remained stable for up to 5 h while the
solutions in the spectrophotometer vials incubated at room temperature.

200

180
160
140
120
100
80
60
40 4

Haemoglobin concentration
measured by Drabkin’s method (g 171)

20 1

0 20 40 60 80 100 120 140 160 180 200
Haemoglobin concentration
measured by HemoCue method (g l‘l)

Fic. 1. Comparison of haemoglobin concentrations measured by the Drabkin ([Hb]prap) and HemoCue
([Hb]gemo) methods for the blood of Oncorhynchus nerka ((J), Oncorhynchus tshawytscha (ll), human
(W), Thunnus orientalis (O) and Scomber japonicus (@). Data for [Hblygmo are following a cuvette
incubation period of 9—11 min. The curve for human blood (—--) is described by y = 1:013 x + 1-503
(? = 0-994) and is not different from the line of equality (——). The curve for the combined fish species
(solid line) is described by y = 0-815 x — 2-198 (—--, either side of the regression are 95% CI).
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FiG. 2. Relative changes in the haemoglobin reading from the HemoCue analyser during the first 11 min
following filling the HemoCue cuvette with blood (means =+ s.E.): pooled data for Oncorhynchus
tshawytscha and Oncorhynchus nerka (), pooled data for Thunnus orientalis and Scomber japonicus
(@) and human blood (¥). Note the large fluctuation in measurements for O. tshawytscha and
O. nerka blood compared with measurements from all other species. *, significant differences from
the initial value at 1 min (repeated measures ANOVA with Dunnett’s post hoc test).

This study demonstrated that the HemoCue correctly measured [Hb] of
human blood but not fish blood. Because of the systematic nature of the
overestimation for fish blood, however, it is possible to accurately calibrate
the HemoCue device with the Drabkin method and subsequently use the
HemoCue for field studies.

The reason for the discrepancy between the HemoCue and Drabkin methods
is unclear. In humans, carboxyhaemoglobin has been reported to cause
incorrect measurements of [Hb] from the HemoCue, possibly because carboxy-
haemoglobin may be relatively resistant to conversion into azidemethaemoglo-
bin (Shepherd et al., 2000), which is the required endpoint of the reaction
occurring in the HemoCue cuvettes. It is unlikely that the presence of
carboxyhaemoglobin was the cause of the overestimation of fish [Hb] by the
HemoCue in the present study. Levels of carboxyhaemoglobin in fishes are
generally negligible except when exposed to environments of high carbon
monoxide, such as those with intense motorboat traffic (Kempinger et al.,
1998). The fishes used in the present study were obtained from vastly different
locations, including from fresh water and sea water, none of which were
exposed to significant motorboat traffic or carbon monoxide emissions.

Perhaps the most logical explanation for the overestimation of fish [Hb] by
the HemoCue is that fish erythrocytes are nucleated. The HemoCue was de-
signed for use on the mammalian erythrocyte that lacks a nucleus. The pres-
ence of a nucleus and associated proteins in fish erythrocytes may result in
light scattering and thus may be responsible for the disparity in the HemoCue
measurements. As far as is known, the role of cell nucleation on HemoCue
functionality has not been considered. Even so, this suggestion is consistent
with unpubl. obs. on nucleated avian erythrocytes; a 153% or 25 g 17!
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overestimation of [Hb] was reported for the budgerigar Melopsittacus undulatus
using the HemoCue (Eklom & Lill, 2006), with a range of 0-25% or 0-54 g 1
for an unspecified range in [Hb]. Over the range in fish [Hb] of 20-160 g 17!
examined in the present study, overestimates by the HemoCue of 22-50% or
9:9-36:0 g 1! were demonstrated.

Assuming that the four fish species examined in the present study are repre-
sentative of fishes in general, it is possible to use the equation in Fig. 1 to inter-
polate the possible errors in [Hb] that have been reported for previous studies
of fishes that have used the HemoCue (Table I). Overestimations in [Hb] of 10—
23 g 17" (21-24%) are predicted across these studies (Alvarez-Pellitero & Pinto,
1987; Schmitt et al., 2005, 2007; Ek et al., 2006). Furthermore, [Hb] is often
used to calculate other haematological variables, like mean cell haemoglobin
concentration (MCHC), and so these will also be reduced by a similar percent-
age. For example, [Hb] measured by the HemoCue and haematocrit (Hct) for
European flounder Platichtys flesus (L.) were reported as 73 g 17! and 25%,
respectively (Ek er al., 2006), which would generate a MCHC of 292 g 1!
[MCHC = [Hb] - (Hct - 100~")""]. After correcting [Hb] to 57 g 1”! (Fig. 1;
equation), MCHC is reduced to 228 g 17'.

It is not evident what caused the unusual variance in [Hb]ggmo for O. nerka
and O. tshawytscha for the same blood sample with increasing cuvette incuba-
tion time (Fig. 2). The fishes were sexually mature and were migrating to their
spawning grounds at capture. Salmonids at this stage of their life cycle undergo
many profound haematological changes, including elevated levels of thyroid
hormone, gonadal steroid hormone, plasma insulin and cortisol (Leatherland
et al., 1989; Kakizawa et al., 1995). The use of a double wavelength measuring
method by the HemoCue appropriately accounts for changes in turbidity that
may arise from such things as hyperlipemia and the presence of large immuno-
globulins (von Schenck er al., 1986; Oeseburg & Kwant, 1989), yet there are
clearly characteristics of sexually mature salmonid blood that cause aberrations
in the HemoCue measurements. To minimize variability under these circum-
stances, it is necessary to monitor and regulate the incubation period allowed
for each HemoCue cuvette prior to its measurement. The present study sug-
gests that cuvette incubation periods of 811 min are required for the most
consistent results, presumably because it allows complete conversion of haemo-
globin into azidemethaemoglobin.

The present findings should encourage the use of hand-held [Hb] analysers
under field conditions to provide a rapid indication of the physiological status
of individual fishes. With regards to the HemoCue, the calibration equation for
fishes (Fig. 1) may be appropriate for most fish species, but prior calibration of
the [Hb] values against the Drabkin method when a new fish species is to be
examined is encouraged. Indeed, there were signs of interspecific variability
in the present study, with the overestimate of [Hb] by the HemoCue tending
to be less for T. orientalis than for the other fish species, but this requires fur-
ther investigation. There are several medical [Hb] analysers on the market. If
the results for the HemoCue apply to other models, then these analysers could
similarly be calibrated for use on fish blood, but given the diversity in the
methods used by these analysers to calculate [Hb], calibration equations may
well be brand-specific.
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