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1. Introduction 

The oxygen carrying-capacity of the blood can give essential information about 

the well-being of an organism. If deteriorated, successful oxidative metabolism 

cannot be maintained, leading to muscle groups not being able to perform their 

function (Simmons and Lill, 2005). To have knowledge about haematological 

parameters can be essential to be able to diagnose pathological and metabolic 

disorders. This can be applied in health care but also to draw conclusion about 

how anthropogenic disturbances affect animal life. Further applications are in 

veterinary science and also to monitor health status of animals in captivity.  

     Mapping of the oxygen carrying-capacity is primarily achieved by measuring 

the oxygen carrying molecule, haemoglobin, in the blood. Today a well-

established method for measuring haemoglobin concentration exists. The 

method is Drabkin´s and is referred to as the gold-standard (Sari et al., 2001). 

Drabkin´s allows for quantitative determination of haemoglobin concentration. 

This however often requires the use of large laboratory equipment not suitable 

for field work. When performing comparative physiological studies 

measurements in the field it is beneficial to avoid transport of blood. 

Confounding factors which might affect the quality of the blood can then be 

avoided and also permit for rapid assessment of physiological condition of 

larger population in the field. A smaller device for measurement of the 

informative parameter haemoglobin is therefore highly desirable. 

     The health care industry provides a possible solution. Diagnostic point-of-

care testing is a procedure with increasing importance in diagnostic care today 

(Bissonnette and Bergeron, 2007). The definition of point-of-care testing states 

that the test must be done at or near the patient and further that the results must 

be received immediately (Ehrmeyer and Laessig, 2007). The field of 

haematology states a clear example of how point-of-care testing can provide 

accurate and rapid information about a patient’s condition. The primary 

diagnostic tool for anaemia is the HemoCue Hb 201 +, a portable device 

developed by the Swedish company HemoCue, which measures haemoglobin 

concentration in the blood (Monárrez-Espino and Roos, 2008).This device 

fulfils the requirement to be considered a point-of-care testing device. A non-

profit organization, International Council for Standardization in Haematology, 

provides a standard for point-of-care instrument to be calibrated against (Davis 

and Jungerius, 2010).This calibration procedure enable comparison of values 

obtained by different users.   

     HemoCue Hb 201+ is already, to some extent, used in comparative 

physiological field studies (Simmons and Lill, 2005; Minias et al., 2013; 

Velguth et al., 2010). However, validation studies confirming accuracy when 

this device is applied on other vertebrates, whose blood contain other 

physiological properties than what it was designed for, are few. But those 

validation studies that have been performed, on such blood, have shown a 

tendency for the HemoCue Hb 201 + to overestimate the actual haemoglobin 
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concentration in some species. This highlighting the need for more validation 

studies (Clark et al., 2008). Studies in which HemoCue Hb 201 + has been used, 

to gather and analyse blood in field, tend to overlook the falsely generated value 

due to the systematic nature of the error (Clark et al., 2008). 

     Common for vertebrates in which an overestimation has been noted is the 

possession of nucleated erythrocytes. The presence of nucleus and additional 

proteins associated with this structure has been suggested as a possible cause to 

overestimation in haemoglobin concentration, this due to the larger cell size 

resulting from possession of a nucleus. In mammals, which lack nucleated 

erythrocytes, the erythrocytes are abundant but small in size. This is in contrast 

to reptiles, where the concentration of erythrocytes are far less but the largest 

erythrocytes in vertebrates are found within this group (Hawkey et al., 1991). 

The negative relationship between number of erythrocytes and their size has 

long been known (Hawkey et al., 1991). That is, if erythrocytes are abundant in 

number this will correspond to a small cell size. A large number of erythrocytes 

in combination with a large cell size would increase blood viscosity and cause 

reduction in oxygen supply to tissues. In contrast a low number of erythrocytes 

in combination with a small cell size would prevent adequate oxygen transport.  

       Cell size is not the only physiological difference that is worth of 

investigation when considering the cause to overestimation in haemoglobin 

concentration. The ability to store energy, which can be utilized in a situation of 

need, is of great importance for many organisms. For the class Aves this ability 

is of particular importance. Long migration distance and lack of food intake 

after dark sets high demands on ability to store energy. Abundant amount of 

energy is stored as lipids (Blem, 1976). The high plasma lipid content in avian 

species is well documented and might be the cause to high prevalence of 

atheroťsclerosis in some avian species (Belcher, 2013).  

     The aim of this study was to investigate the applicability of HemoCue Hb 

201 + on avian blood. The species used in this study were chicken, ostrich and 

tinamou. To validate the accuracy of measurements retrieved with HemoCue Hb 

201 + the Drabkin´s method was used as a reference. Further, to account for 

experimental error human blood was used as a control. Both cell size of 

erythrocytes and lipid levels in blood plasma was investigated to see if they 

interfered with the measurements. 

2. Material and methods  

 

2.1.  Collection of blood 

Blood from three avian species was used in this study. Chicken blood was 

obtained from three individuals held at Linköping University (ethical permit 

Dnr.9-13). Blood was collected in Falcon tubes, precoated with 100 μl heparin 

to prevent coagulation, at the time the animals were euthanized. Ostrich blood 
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was obtained from Vikbolandsstruts in Norrköping at the time of slaughter for 

meat processing purposes, which required no ethical permission. Blood was 

collected in the same way. The analysis of tinamou blood was conducted in 

Chile using the same procedures and the data was included in the study. Human 

blood collected on EDTA coated tubes was obtained from an anonymous donor. 

Collection of chicken work was done under ethical permit Dnr.9-13 

 

2.2. Preparation of blood sample 

After collection, blood samples were first prepared with plasma still present in 

sample. Haemoglobin concentration covering a broad physiological range was 

achieved by dilution or concentration of samples, which was done by either 

adding plasma respectively removing plasma from sample. Proper adjustment of 

the haemoglobin concentration was based on the measurement of the start 

haemoglobin concentration in the sample which was retrieved by the HemoCue 

Hb 201 + portable device. The following target concentrations were prepared in 

eppendorf tubes (in g/l): 50, 70, 100, 120, 140, 150, 160, 180  and 200. 

Eppendorf tubes in which plasma had to be removed to achieve higher 

concentration was centrifuged in a table centrifuge at 5000 rpm for 5 minutes. 

Original blood sample was centrifuged at 4500 rpm for 5 minutes at 20 degrees 

to separate plasma. Yield plasma was then used to dilute samples in which 

haemoglobin concentration had to be lowered. To check if high lipid content in 

plasma, or other factors in plasma, affected the haemoglobin measurement by 

HemoCue Hb 201 +, plasma was replaced with phosphate buffered saline (PBS) 

after centrifugation. This procedure was only performed on chicken blood 

samples. The original sample was centrifuged at 4500 rpm for 5 minutes at 20 

degrees and the supernatant in form of plasma was then removed and replaced 

with the same amount of PBS. The same concentration as above was then 

prepared following the same procedure.  

 

2.3. Measurement of haemoglobin concentration with Drabkin´s 

method 

Drabkin´s method is acknowledged as the gold standard method for 

measurement of haemoglobin concentration and was therefore used as 

references method (Sari et al., 2001). 5 ml of Drabkin´s solution (Sigma, 

product code D 5941), was placed in 20 plastic tubes. 20 μl blood, from the 

different concentration was added to the tubes. Every concentration was run in 

duplicate. The tubes were vortexed and then incubated for at least 15 minutes. 

The incubation time allow the chemical reaction, when Drabkin´s solution 

comes in contact with blood, sufficient time to occur. Three different chemicals 

are present in Drabkin´s solution which will allow for subsequent absorbance 

measurements. Sodium bicarbonate prevent turbidity in sample which otherwise 



 5 

could give false positive result upon absorbance measurements. To allow for the 

actual reaction two chemicals are needed. Potassium ferricyanide that will 

stimulate oxidation of haemoglobin to methaemoglobin. When methaemoglobin 

reacts with the second chemical, potassium cyanide, the product produced will 

emit light at a wavelength of 540 nm. The colour intensity produced by the 

product formed, cyanmethaemoglobin, will be proportional to the haemoglobin 

concentration in the sample (Vanzetti, 1965).  

     Absorbance was then measured at 540 nm with use of a spectrophotometer 

and absorbance was later converted to haemoglobin concentration using 

standard formals (Clark, 2008).   

 

2.4. Measurement of haemoglobin concentration with HemoCue Hb 

201+  

10 μl was pipetted, of every concentration respectively, into the supplied cuvette 

from HemoCue and was thereafter incubated for 1 minute to allow for the 

chemical reaction to occur. The cuvette was placed in the HemoCue Hb 201 + 

portable device and haemoglobin concentration in g/l was read. Every sample 

was run a second time after 10 minutes to ensure consistency in the values 

reported. 

     The HemoCue Hb 201 + device exploit a modified azide reaction. Dry 

reagents, deposit by manufacture, in the walls of the cuvette reacts with blood 

post injection. Sodium deoxycholate disrupt the integrity of erythrocyte and free 

haemoglobin. Oxidation of haemoglobin is made possible by nitrate and result 

in conversion of haemoglobin to methaemoglobin. Methaemoglobin will 

combined with azid and this complex will emit light at a wavelength of 540 nm. 

Absorbance will then be measured by an in build optical cuvette. The HemoCue 

Hb 201 + portable device uses two wavelength, 540 nm and 880 nm. The second 

wavelength compensate for turbidity (Monárrez-Espino and Roos, 2008). 

 

2.5. Haematology parameters   

To allow for calculation of mean corpuscular volume of erythrocytes two factors 

needed to be known. Red blood cell count (number of erytrocytes per μl) and 

also their relative volume (haematocrit) were obtained. Blood was diluted 800 

times with PBS to enable cell counting. 8 μl blood was drawn in to a Neubauer 

counting chamber by capillary action. Each sample was counted twice and a 

mean was thereafter calculated and used in further calculations. To obtain 

haematocrit, blood was drawn into capillary tubes and was then centrifuged at 

5000 rpm for 5 minutes. Haematocrit values was then read by the use of a 

microhematocrit reader. Mean corpuscular volume (MCV) was obtained by 

using standard formulas. Units were corrected to common units to yield MCV in 

femtoliters (fL) (Bearhop et al., 1999; Campbell, 1988). To visualize differences 
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in cell size digital pictures were obtained with 80i Eclipse Nikon microscope 

using NIS AR software. Blood was prepared by placing a drop of blood on a 

microscope slide and was then smeared to generate a thin film with cells. Cells 

were fixed with methanol by immersion for 30 seconds and stained with Giemsa 

for 60 seconds followed by a washing step.  

 

2.6. Manipulation of cell size 

Ostrich erythrocytes were manipulated to yield cells of larger volume. A larger 

volume was accomplished by placing erythrocytes in PBS which osmolarity had 

been lowered. Desired osmolarity was achieved by dilution of PBS with distilled 

water. Diluted PBS was drawn into a sample plunger and then placed in an 

osmometer to measure osmolarity. Osmolarity was read in mOsm. Blood sample 

was centrifuged at 4500 rpm for 5 minutes at 20 degrees to separate plasma. The 

plasma was then removed from sample and replaced with the same amount of 

diluted PBS. Cells were kept at the new osmolarity for 2 hours. This cause 

erythrocytes to increase in size due to osmosis. Measurements of haemoglobin 

concentration were then performed as earlier described (see section 2.2).  

2.7. Statistical analyses  

Linear regression was performed with the use of Graphpad prisma 6 to 

investigate the relationship between the two methods. Graphpad prisma 6 was 

also used to see if the regression lines were significantly different between 

species.  

 

2.8.  Social and ethical aspects  

Animal trials during this study, taking place at Linköping University, are 

included in Development Programming of Cardiovascular Disease, Genetic and 

Physiological Mechanisms Involved in Cardiac Growth and Regulation of 

Cardiovascular Function in Chicken project which is admitted by Regional 

Ethical Review Board in Linköping, Sweden. 

     Knowledge gained in this study can be used to study how anthropogenic 

disturbance affect animal life. Urbanization and fossil fuel use are examples of 

anthropogenic factors which are known to negative influence wild life.  

Knowledge about to what extent wild life is being affected is of great 

importance to be able to build a sustainable community in which biodiversity 

can be preserved.  
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3. Results   

The ability of HemoCue Hb 201 + to estimate haemoglobin concentration was 

investigated by comparison with Drabkin´s method. As expected, a strong linear 

relationship was present between the two methods (see fig. 1 and 2). HemoCue 

Hb 201 + overestimated haemoglobin concentration on average by 10% for 

chicken blood, for ostrich blood the average overestimation was 4% and for 

tinamou 8% and for human blood this value was 3% There was no statistical 

significant difference between species (see fig. 3). There was no significant 

difference in HemoCue Hb 201 + ability to estimate haemoglobin concentration 

depending on whether plasma or PBS was present in the samples (see fig 4). 

Values retrieved at 1 minute differed on average by -0,58 g/l compared to values 

retrieved after 10 minutes with HemoCue Hb 201 +.    

Figure 1. Comparison of haemoglobin concentration (g/l) in chicken blood (○), ostrich blood 

(∆), tinamou blood (●) and human blood (□) retrieved with HemoCue Hb 201+ and gold 

standard Drabkin´s method. Values for chicken blood can be described with y = 1,118*x - 

2,180 (r2=0,99), for ostrich blood y = 1,044*x-4,057 (r2=0,97) for tinamou blood y = 

1,084*x + 11,67 (r2=0,98) and human blood y = 1,031*x – 12,5 (r2=0,98). 
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 Fig 2. Comparison of haemoglobin concentration (g/l) in chicken blood retrieved with 

HemoCue Hb 201+ and Drabkin´s method. When plasma still remains in sample (left) the 

curve is described by y = 1,118*x - 2,180 (r2=0,99) and when plasma is replaced by PBS 

(right) the curve is described by y = 1,114*x + 2,821 (r2=0,96).  

 

 

 

 

 

 

 

  

Fig 3. Comparison of haemoglobin concentration (g/l) retrieved with HemoCue Hb 201 + 

and Drabkin´s method. There is no significantly differences between species (P=0,26).   

Fig 4. Comparison of haemoglobin concentration (g/l) retrieved with HemoCue Hb 201 + 

and Drabkin´s method. There are no significant differences between treatment (P=0,92).   

Mean corpuscular volume of erythrocytes was 125 fL greater for Ostrich blood 

compared to chicken blood (see table 1).  

 

 

0 5 0 1 0 0 1 5 0 2 0 0 2 5 0

0

5 0

1 0 0

1 5 0

2 0 0

2 5 0

H a e m o g lo b in  c o n c e n t ra t io n  D ra b k in ´s  (g / l )

H
a

e
m

o
g

lo
b

in
 c

o
n

c
e

n
tr

a
ti

o
n

 H
e

m
o

C
u

e
 (

g
/l

)

C h ic k e n

O s tr ic h

T in a m o u

H u m a n  b lo o d

0 5 0 1 0 0 1 5 0 2 0 0

0

5 0

1 0 0

1 5 0

2 0 0

2 5 0

H a e m o g lo b in  c o n c e n t ra t io n  D ra b k in ´s  (g / l )

H
a

e
m

o
g

lo
b

in
 c

o
n

c
e

n
tr

a
ti

o
n

 H
e

m
o

C
u

e
 (

g
/l

)

P la s m a

P B S

0 5 0 1 0 0 1 5 0 2 0 0

0

5 0

1 0 0

1 5 0

2 0 0

2 5 0

H a e m o g lo b in  c o n c e n t ra t io n  D ra b k in ´s  (g / l )

H
a

e
m

o
g

lo
b

in
 c

o
n

c
e

n
tr

a
ti

o
n

 H
e

m
o

C
u

e
 (

g
/l

)

0 5 0 1 0 0 1 5 0 2 0 0

0

5 0

1 0 0

1 5 0

2 0 0

2 5 0

H a e m o g lo b in  c o n c e n t ra t io n  D ra b k in ´s  (g / l )

H
a

e
m

o
g

lo
b

in
 c

o
n

c
e

n
tr

a
ti

o
n

 H
e

m
o

C
u

e
 (

g
/l

)



 9 

Table 1. Hematology values for chicken and ostrich blood  

 

 

 

 

 

Pictures taken with microscope visualized differences in size between nucleated 

avian erythrocytes and non-nucleated human erythrocytes (see fig 5).  
 

    

 

Fig 5. Microscopy pictures of chicken erythrocytes (upper left), ostrich erythrocytes (upper 

right) and human erythrocytes (lower left).  

When placing ostrich erythrocytes in PBS with lowered osmolarity an increase 

in cell size was observed (see fig 6). To analyze if mean corpuscular volume 

decreased accuracy of values obtained, haemoglobin measurements were 

performed with manipulated ostrich cells with a mean corpuscular volume of 

440 fL. This mean corpuscular volume was obtained at an osmolarity of 147 

Species  Cell count (per 

µl) 

Haematocrit value 

(%) 

Mean corpuscular 

volume (fL) 

Chicken 2050 26 159 

Ostrich 2028 46 284 
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mOsm and yield an overestimation of haemoglobin concentration of 20 % when 

measured with HemoCue Hb 201 + (see fig 7).  
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Fig 6. Relationship between changing osmolarity and mean corpuscular volume.  
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Fig 7. Comparison of haemoglobin concentration (g/l) on manipulated ostrich erythrocytes 

(cells that have been placed in lower osmolarity to increase MCV) and normal ostrich 

erythrocytes retrieved with HemoCue Hb 201 + and Drabkin´s method. Ostrich blood with 

manipulated erythrocytes can be described with y=1,224*x-19,17 (r2=0,98) and ostrich blood 

with normal erythrocytes y = 1,044x-4,057 (r2=0,0,97). There is a significant different 

between treatment (P=0,016).  

4. Discussion 

There were no differences in the accuracy of estimating haemoglobin 

concentration, between HemoCue Hb 201 + portable device and the gold 

standard Drabkin´s method, when applied on chicken-, ostrich-, tinamou- and 

human blood. A deviation of 10 % was noted on measurements on chicken 

blood but this was not significantly different from values retrieved from human 

blood. Absence of significant difference was independent of whether plasma 

was present in the sample or had been replaced with PBS. However, when 

manipulating cell size of ostrich erythrocytes, a deviation of 20 % was obtained. 

This is significantly different from values obtained on ostrich blood with normal 

cell size as well as those retrieved on human blood and indicates that there could 

be a problem to apply this device to blood with other physiological properties 

than human blood.  

     In this study two factors were investigated to see if and to what extent they 
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affected measurements of haemoglobin concentration with HemoCue Hb 201 + 

when applied on avian blood. The first factor to be taken into consideration was 

levels of lipids in plasma. Lipid levels in plasma of avian species is well 

reported to be higher than lipid levels in human as well as in many other 

vertebrates (Belcher, 2013). If something in the plasma like high content of 

lipids disturbed measurements, removal of plasma and then replace it with PBS 

would improve the correlation between the two methods. When doing this no 

improvement in making the overestimation less than 10 % was seen (see fig 2). 

Lipids concentration is therefore not considered a likely source of error when it 

comes to HemoCue Hb 201 + ability to estimate haemoglobin concentration on 

avian blood. Further, HemoCue Hb 201 + exploit two wavelength to ensure that 

turbidity does not affect haemoglobin measurements. However, it should be 

pointed out that there still is no significant difference between measurement on 

chicken blood and human blood. The second factor investigated in this study 

focused on the fact that avian blood possess nucleated erythrocytes, which is the 

main reason for larger cell size of erythrocytes in avian species. Earlier studies 

that has reflected on a cause to why HemoCue Hb 201 + overestimates 

haemoglobin concentration has focused on the presence of a nucleus in 

erythrocytes in some groups of vertebrates (Clark et al.,2008; Simmons and Lill, 

2005). This is strongly supported by the fact that an overestimation primarily 

has been reported on vertebrates with nucleated erythrocytes (Clark et al., 2008; 

Harter et al., 2015; Arnold, 2005). Salmon species, which are included in the 

study by Clark et al (Clark et al., 2008) possess erythrocytes with a size around 

360-570 fL (Jamalzadeh et al., 2008; Jamalzadeh and Ghomi, 2009). In humans, 

a normal mean corpuscular volume is considered to be around 90 fL (Malka et 

al., 2014). Therefore, with increasing size of erythrocytes there might come an 

increase in error when it comes to determine haemoglobin concentration with 

HemoCue Hb 201 +. However, ostrich erythrocytes were found to be 

significantly larger than those found in chicken blood (see table 1) and a 

decrease in how well HemoCue Hb 201 + estimates haemoglobin concentration 

compared to gold standard method Drabkin´s was expected to be seen. When 

measurement on chicken blood was compared to ostrich blood (see fig 1) no 

such indication is seen. One could argue that there is a threshold at which size 

becomes an issue and below that threshold accurate values can be obtained with 

HemoCue Hb 201 +. The trial in this study in which cell size was manipulated, 

resulting in a size of 440 fL, gives some support to this. When comparing the 

two methods after a larger cell size had been yield the overestimation in 

haemoglobin concentration increased to 20 % which is significantly different 

from estimation of haemoglobin concentration of ostrich cells of normal size 

(see fig 5). However, trial in which the cell size was manipulated was only 

performed one time and more trials to confirm these results are of great 

importance. The study by Clark et al gives ground to the idea that there is a 

threshold at which cell size becomes an issue (Clark et al., 2008). An average 
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deviation of 20 % was obtained when measuring blood corresponding to 160 g/l 

with Drabkin´s method (Clark et al.,2008). Salmon species, with their mean 

corpuscular volume around 360-570 fL, in other words give a deviation of about 

20 %. This is interesting since the size of the manipulated cells in this study had 

a size of 440 fL and resulted in a similar deviation.  

     Clark et al (Clark et al., 2008) suggested that due to the systematic nature of 

the overestimation occurring a mathematical adjustment can be applied to values 

obtained and thereby correcting these. This has also been suggested by other 

authors as well. A recent published study, in which validation of point-of-care 

device was the topic, showed how haemoglobin concentration was 

overestimated when measured with HemoCue Hb 201 + and then compared to 

Drabkin´s method (Harter et al., 2015). This study was performed on high flying 

bar-headed geese and resulted in an overestimation of 20 percent (Harter et al., 

2015). But still, the author concluded HemoCue Hb 201 + as a reliable 

instrument to measure inter-species variation in haemoglobin concentration and 

suggested mathematical correction to retrieve the true values. However, since 

there are so many uncertenties about what species generates an overestimation a 

new validation study would be needed for every new species being investigated. 

It would be interesting and more practical to understand the reason for deviation 

and thereby being able to perhaps design a new portable device calibrated for 

avian- and fish blood. Understanding the deviation could also provide new 

physiological understanding on differences between nucleated blood and blood 

lacking this structure. 

     HemoCue Hb 201 + was designed for the healthcare industry to be used in 

the patients vicinity and a convenient size is therefore essential. It is this 

portable nature that makes it suitable for physiological field studies. However, 

since it was designed for human blood it was also calibrated against such blood. 

Validation studies on the application of Hemocue Hb 201 + on human blood 

have been performed to a relative large extent. The majority of these have 

showed high correlation between values retrieved with HemoCue Hb 201 + and 

a laboratory reference method (Hiscock et al., 2014; Karakochuk et al., 2015; 

Nkrumah et al., 2011). Although, some studies has highlighted some potential 

problems with the use of HemoCue Hb 201 + even when used on human blood 

which is was designed for. This device is supposed to work on a broad 

physiological range and this was tested in a study by Shahshahani et al. 

(Shahshahani et al., 2013). The question of issue in this study was how well 

HemoCue Hb 201 + could asses potential blood donators. To donate blood you 

are not allowed to have a haemoglobin concentration over 179 g/l. In this study 

18 % was falsely denied as blood donators due to an overestimation in 

haemoglobin concentration (Shahshahani et al., 2013). It might be so that the 

physiological span which HemoCue 201 + accurately can function is somewhat 

narrower than first thought.  

     Validation studies when it comes to apply HemoCue Hb 201 + on non 
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mammal blood has also been performed but not in the same extent as those on 

mammal blood. One validation study performed on non mammal blood was by 

Jill Arnold (Arnold, 2005) on the sandbar shark. The author highlights the need 

for standardized haematological methods and also references values for 

elasmobranchs. This is a group of vertebrates that are present in many 

zoological facilities across the world and being able to able to monitor health 

status and care for these animals would be greatly facilitated by measurements 

of haematological parameters. This study used almost the same experimental set 

up as in this present study. Haemoglobin concentration was measured on whole 

blood with a portable HemoCue device. The concentration of haemoglobin 

concentration was then compared to a reference method in the form of 

Drabkin´s. However, in this study the nucleus was removed before the 

absorbance was measured with spectrophotometer during Drabkin´s method. It 

was not possible to do the same with the blood measured with HemoCue since 

this device demands whole blood. The haemoglobin concentration retrieved 

with HemoCue on shark blood was significantly higher than those retrieved with 

Drabkin´s method (Arnold, 2005).  The author believes three factors influenced 

the higher concentration. These three factors were incomplete cell lysis, 

presence of nucleus and high number of leukocytes (Arnold, 2005). The size of 

erythrocytes within the group of sharks are very large, which add some strength 

to the theory that mean corpuscular volume affects haemoglobin measurements 

with HemoCue Hb 201 + (Arnold, 2005). In contrast though, unpublished data 

has reported on a deviation of 15.3 % when HemoCue Hb 201 + has been 

applied on budgerigar (Clark et al., 2008: Simmon and Lill, 2005; Simmon and 

Lill unpublished data). Mean corpuscular volume within this species is, for an 

avian species, relative low. At an age of 5-6 years a size of 108 fL is reported 

which comes rather close to the human average size of 90 fL (Harper and Lowe, 

1998). This contradicts mean corpuscular volume of erythrocytes as a cause to 

overestimation in haemoglobin concentration.  

     HemoCue Hb 201 + does not only offer advantages when it comes to field 

work. Another advantages is the lack of cyanide use. It instead exploit a 

modified azide reaction. This reaction leads to production of 

azidmethaemoglobin which has almost identical absorptions spectrum as 

cyanmethaemoglobin resulting in almost the same accuracy (Vanzetti, 1965). 

However, one difference in absorbance spectrum exist and that is that 

azidmethaemoglobin has a second plateu phase at 575 nm (Vanzetti, 1965). This 

should not interfere with measurements since the two wavelengths that is being 

used by HemoCue hb 201 + is 540 nm and 880 nm. Methaemoglobin possess 

almost the same affinity for both cyanide and azide (Lemberg and Vegge, 1949). 

Azide is harmless even at high concentration which makes it preferable also 

when it comes to large scale haemoglobin measurement in lab environment 

(Vanzetti, 1965). Another advantages of the use of azide-methaemoglobin 

method is that the reagent can withstand both freezing and thawing (Vanzetti, 
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1965). This is something that Drabkin´s reagent cannot do and will be 

decolorizes and therefore absorbance measuring and following concentration 

determination cannot be performed.  

   The main focus concerning HemoCue is however the advantages in field 

work, which it potential could offer. Being able to measure haemoglobin 

concentration in field would be beneficial in many ways. One advantages would 

be the ability to avoid incorrect values which might occur with measurements 

being delayed due to transport of blood to laboratory. Problem with time is extra 

sensitive in blood containing nucleated erythrocytes, such as avian blood. Due to 

presence of nucleus the same automated cell count procedure, as used on human 

blood, cannot be applied which further delays haemoglobin measurements 

(Ihedioha et al. 2008). One study with the aim to investigate how 

haematological parameters changes with time showed an increase in mean 

corpuscular volume when measurements were delayed with 72 hours (Ihedioha 

et al. 2008). This is explained by pores in erythrocytes at the cell surface 

changing structure and leading to water influx into the cells, this resulting in 

increased mean corpuscular volume. The blood was, among other treatments, 

stored at 4 degrees which made the risk for changes in volume lower but the 

increase was still significant (Ihedioha et al. 2008).  

     The ability to measure haematological parameters in field can also have 

many important applications. Monitoring how anthropogenic disturbance affect 

animal population is one such important implication. By quickly assess larger 

population in the wild conclusion about their well-being can be done. Petroleum 

pollution following oil spill severely affect seabird populations. Ingestion of 

petroleum can lead to hemolytic anemia in seabird populations (Balseiro et al., 

2005). This breakdown of red blood cells could be detected and quantified by 

measuring haemoglobin concentration. With the use of HemoCue Hb 201 + 

these bird can quickly be found and taken care of. This approach is also useful 

when it comes to investigate and predict how climate change, such due global 

warming, will impact survival of different species. The physiological of animals 

is however complicated and more factors besides haematology must be taken 

into consideration (Fokidis et al., 2008). 

     Haemoglobin as an indicator of animal well-being has been applied to a 

relative large extent in physiological studies. Further, a recent study has showed 

how this parameter can be applied to draw conclusion about antrophonegic 

distrubance. Haemoglobin concentration in two great tits populations were 

measured continuously during a period of 11 years. The two population lived in 

different environments, one being urban park and the other one being deciduous 

forest (Kalinski et al., 2015). The urban park didn´t provide equal amount of 

nutrition compared to the more natural environment of deciduous forest. The 

hypothesis to be tested was whether this influence haemoglobin concentration in 

the blood and thereby deteriorate oxygen delivery.  Pooled data over the years 

showed that individuals living in deciduous forest had 5 percent higher 
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haemoglobin concentration compared to urban park (Kalinski et al., 2015). The 

authors concluded that disturbance in the form of human activity in the urban 

park in combination with lower availability of nutrition had an impact on 

haemoglobin concentration (Kalinski et al., 2015). 

     The use of haemoglobin concentration to quickly assess physiological 

condition within avian species is very appealing. However, there are some 

factors that should be taken into consideration when evaluating how robust this 

type of health status assessment is. These being, age related changes of 

haemoglobin concentration, sex dependent differences and also stages of 

molting (Minias, 2015). Most studies regarding how haemoglobin concentration 

changes with ages has focused on the developmental pattern until fledgling, and 

little attention has been devoted to how haemoglobin concentration natural 

varies with age during adulthood. More studies are needed to establish to what 

extent haemoglobin concentration is affected by age in avian species. A relative 

recent study has shown that sex does not influence haemoglobin concentration 

in crimsom finches (Milenkaya, 2013). Further, a review study in which 36 

species were included reported no differences in haemoglobin concentration due 

to sex (Minias, 2015). In this same review study the effect on moulting for 11 

avian species was reported. A pattern in which haemoglobin concentration 

decreased in an early stages of moulting and then increased at a later stage was 

reported (Minias, 2015). Haemoglobin can most likely give a quite good 

estimating about the well-being of avian species but mentioned factors above 

should be taken into consideration to conclude that haemoglobin concentration 

obtained not is due to natural variation.  

5. Conclusion  

With this study it is shown that HemoCue Hb 201 + can be applied on chicken-, 

tinamou- and ostrich blood and give accurate results. However, when increasing 

the mean corpuscular volume of ostrich cells a significant differences is seen 

between values retrieved with HemoCue Hb 201 + and those retrieved with the 

gold standard Drabkin´s method. Further studies should be done to confirm to 

what extent the size of erythrocytes cause deviating values when measuring 

haemoglobin concentration with HemoCue Hb 201 +. The largest erythrocytes 

are found within the group of reptiles and performing a validation within that 

group, with the same approach as in this study, is of great interest. But is seems 

likely that the use of HemoCue Hb 201 + can be expanded to work accurately on 

blood with different physiological properties than mammal blood. This would be 

very beneficial for comparative physiological studies as well as quickly being 

able to assess the physiological well-being of many different species.  
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