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Introduction
Determining blood parameters is helpful in assessing the health status of animals. Common 
diseases in the tropics may lead to anaemia, examples of which include: helminthosis/
helminthiasis, trypanosomosis, and tick-burden and tick-borne infections such as babesiosis 
and anaplasmosis. Measurement of anaemia is said to give a reliable indication of the disease 
status and production performance of trypanosome-infected animals (Nwoha & Anene 
2011). Laboratory diagnosis of anaemia is based on the haemoglobin (Hb) concentration, the 
number of red blood cells and the haematocrit or packed cell volume (PCV) values (Aiello 
1998). Anaemia is most simply and reliably estimated by measuring PCV percent using the 
haematocrit method, whilst determining the Hb concentration gives accurate information 
on the type of anaemia (Murray et al. 1983). Quinto et al. (2006) noted that measurement 
of haematocrit is easy and can be performed in most rural settings where methods of Hb 
concentration determination are unavailable, and rough estimates are made using observed 
PCV values, which is a much simpler and cheaper approach. In rural African human medicine 
clinical practices, haematocrit (PCV) values are commonly used because they are easy and 
cheaper to perform using manual techniques (Quinto et al. 2006). The same reason may 
hold true for use in veterinary practice. Haemoglobin concentration is measured using the 
cyanmethaemoglobin method, which is slightly more complex and more time consuming than 
the haematocrit method and is also less commonly used in laboratory investigation in animals 
(Murray et al. 1983).

A convention has been adopted in medical laboratory practice in estimating Hb concentration as 
a third of PCV or vice versa (Bain & Bates 2001). A similar conversion factor is used in veterinary 
laboratory practice (Jerry Oddoye [Accra Veterinary Investigation Laboratory] pers. comm., n.d.); 
however, there is hardly any information on the validity of this commonly used relationship 
between Hb concentration and PCV in veterinary medical practice.

The aims of the present study were: (1) to determine whether or not a proportional relationship 
exists between PCV and Hb concentration in cattle blood samples and (2) to assess the validity of 
the convention of estimating Hb concentration as a third of PCV. It was hoped that these would 
help to provide information that is relevant for fieldwork and clinical diagnosis.

A convention that has been adopted in medicine is to estimate haemoglobin (HB) concentration 
as a third of packed cell volume (PCV) or vice versa. The present research set out to determine 
whether a proportional relationship exists between PCV and Hb concentration in cattle blood 
samples, and to assess the validity of the convention of estimating Hb concentration as a third 
of PCV. A total of 440 cattle in Ghana from four breeds (Ndama, 110; West African Short 
Horn, 110; Zebu, 110 and Sanga, 110) were bled for haematological analysis, specifically 
packed cell volume, using the microhaematocrit technique and haemoglobin concentration 
using the cyanmethaemoglobin method. Means, standard deviations, standard errors of mean 
and 95% confidence intervals were calculated. Trendline analyses generated linear regression 
equations from scatterplots. For all the cattle, a significant and consistent relationship (r = 0.74) 
was found between Hb concentration and PCV (%). This was expressed as Hb concentration 
(g/dL) = 0.28 PCV + 3.11. When the Hb concentration was estimated by calculating it as a third 
of PCV, the relationship was expressed in linear regression as Hb concentration (g/dL) = 0.83 
calculated Hb + 3.11. The difference in the means of determined (12.2 g/dL) and calculated 
(10.9 g/dL) Hb concentrations for all cattle was significant (p < 0.001), whereas the difference 
in the means of determined Hb and corrected calculated Hb was not significant. In conclusion, 
a simplified relationship of Hb (g/dL) = (0.3 PCV) + 3 may provide a better estimate of Hb 
concentration from the PCV of cattle.
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Materials and methods
A total of 440 cattle in Ghana from four breeds (Ndama, 110; 
West African Short Horn, 110; Zebu, 110 and Sanga, 110), 
that were randomly selected, were bled for haematological 
analysis as part of a larger study on trypanotolerance. Cattle 
less than 1 year old were classified as calves, those between  
1 year and 3 years as young, and those older than 3 years 
were classified as adults.

Packed cell volume determination
Packed cell volume, which is a measure of the proportion of 
the volume of the whole blood that is occupied by red blood 
cells, was determined by the microhaematocrit centrifugation 
technique (Jain 1986). Blood in a sample vacutainer tube was 
mixed by gently inverting the tube about 20 times. The blood 
was drawn three quarters of the way up a 75 mm x 1.0 mm 
microhaematocrit capillary tube. Blood was wiped off the tip 
of the capillary tube, and the end of the capillary tube was 
carefully plugged with plasticine. The capillary tube was 
placed, with the closed end outwards, in a microhaematocrit 
centrifuge (Hawksley & Sons Limited, England) and spun at 
12 000 rpm for 5 min. The capillary tube was removed from 
the centrifuge, placed on a haematocrit reader and the PCV 
was recorded.

Haemoglobin concentration determination
Haemoglobin concentration was measured spectro
photometrically by the cyanmethaemoglobin method (Jain 
1986) by an experienced veterinary laboratory technologist 
in the National Veterinary Investigation Laboratory, Accra. 
Blood in a sample vacutainer tube was mixed gently by 
inverting about 20 times. Twenty microlitres of blood was 
added to 5 mL of Drabkin’s solution (containing potassium 
ferricyanide and potassium cyanide) in a test tube. In the 
Drabkin’s solution, the red blood cells were haemolysed 
and the haemoglobin was oxidised by the ferricyanide 
to methaemoglobin. The cyanide then converted the 
methaemoglobin to stable cyanmethaemoglobin. The 
mixture was allowed to stand for 15 min. After that, 1 mL 
of the mixture was pipetted into a cuvette. The cuvette 
was placed in a spectrophotometer (Jenway, England, 
Model: Genova MK3) set at 540 nm, and the absorbance of 
the cyanmethaemoglobin solution was read after zeroing 
the spectrophotometer using neutral Drabkin’s solution. 
The haemoglobin concentration of the blood sample was 
calculated by dividing the absorbance value by the slope 
obtained from a calibration graph. To obtain the calibration 
graph, a standard blood sample (of known haemoglobin 
concentration) was diluted with Drabkin’s solution: 5 in 
0; 4 in 1; 3 in 2; 2 in 3 and 1 in 4. The absorbance of each 
of the five solutions was read in the spectrophotometer 
after the spectrophotometer was zeroed using neutral 
Drabkin’s solution. A graph of absorbance for each of 
the five solutions was plotted against the corresponding 
haemoglobin concentration, and the slope of the graph was 
determined. The haemoglobin concentration of each of the 

five solutions was obtained by multiplying the proportion of 
standard haemoglobin in that solution with the haemoglobin 
concentration value of the standard.

Statistical analysis
Means, standard deviations (s.d.), standard errors (s.e.) of 
mean and 95% confidence intervals (95% CI) were calculated 
using standard formulae. Differences in the means of the 
determined and calculated Hb concentration values were 
tested using a two-tailed paired sample test in Microsoft 
Excel (Microsoft, USA).

Scatterplots were drawn using Microsoft Office Excel 
(version 2007, Microsoft, USA) matching determined Hb 
concentration with PCV, and determined Hb concentration 
with calculated Hb values (one third of PCV). Linear 
regression models were estimated to evaluate the 
relationship between PCV, determined Hb and calculated 
Hb values. Trendline analyses were used to generate the 
linear regression equations. To avoid the possibility of bias, 
separate regressions were performed on the basis of breed, 
age or sex. The significance of the correlation coefficient for 
the linear regression equations was tested using the formula 
suggested by Smillie (1966) and Varkevisser, Pathmanathan 
and Brownlee (1991) as follows:

t = r*(√((n – 2)/(1 – r2))	 [Eqn 1]

where t = significance value; r = coefficient of correlation;  
n = number of samples.

Bland and Altman (1999) argued that since two methods 
designed to measure the same thing are bound to give a 
positive linear regression, the most useful comparison is to 
plot the difference between the measures against the mean of 
the two measures. This method was used when comparing 
determined Hb (g/dL) and calculated Hb (derived as PCV 
divided by a factor of three) before and after correction using 
the linear regression equation for all cattle. The differences 
between the determined and calculated Hb concentration 
values and the mean of the measurements [i.e. (determined Hb 
+ calculated Hb)/2)] were calculated for each individual and 
used in a scatterplot. The plot of difference against mean allows 
for the investigation of any possible relationship between 
discrepancies and the true value (Bland & Altman 1999). The 
means and s.d. of the differences between Hb determined 
and calculated Hb values, on the one hand, and determined 
Hb and corrected calculated Hb concentration values, on the 
other hand, were calculated; 95% limits of agreement were 
computed as mean of difference ± 1.96 s.d. (Bland & Altman 
1999). The 95% limits of agreement provided an interval within 
which 95% of the differences between measurements by the 
two methods were expected to lie (Bland & Altman 1999).

Spearman’s rank correlation coefficient (rs) was calculated, 
in Microsoft Excel, for the relationship between determined 
Hb and calculated Hb concentration, and also between the 
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absolute differences and averages for individual samples, the 
latter as recommended by Bland and Altman (1999).

Results
Table 1 presents haematological values (PCV, determined 
and calculated Hb concentration values) and linear regression 
parameters for determined Hb versus PCV, and determined 
Hb concentration versus calculated Hb for all the cattle, and 
also on the basis of breed, sex and age.

The proportion of samples for which determined Hb 
concentration was higher than calculated Hb concentration 
was 86.1% (379/440) and was significant (p < 0.05). After 
correction using the regression equation for all cattle, 
the proportion of samples for which determined Hb 
concentration was higher than calculated Hb concentration 
dropped to 46.4%. The difference in the means of determined 
(12.2 g/dL) and calculated (10.9 g/dL) Hb concentrations for 
all cattle was significant (p < 0.001), whereas the difference 
in the means of determined Hb and corrected calculated Hb 
concentrations was not significant (p > 0.05).

The mean (± s.d.) of differences between determined and 
calculated Hb concentration values was 1.24 ± 1.29 (range: 
-3.56–7.25; lower 95% limit of agreement was -1.28; upper 95% 
limit of agreement was 3.76). The mean (± s.d.) of differences 
between determined and corrected calculated Hb concentration 
values was 0.00 ± 1.25 (range: -4.61–5.63; lower 95% limit of 
agreement -2.46; upper 95% limit of agreement 2.46).

Spearman’s rank correlation coefficient for the relationship 
between determined Hb and calculated Hb concentrations, 
(rs = 0.73) was significantly different from one (p < 0.001, 
degrees of freedom [df] = 438), whilst that for the relationship 
between absolute differences and averages of determined 
and calculated Hb concentration (rs = 0.18) was barely 
significant at 5% significance level, but not at 1%.

Figures 1 and 2 show scatterplots of the determined Hb 
concentration versus PCV and the determined Hb versus 
calculated Hb concentrations, respectively. Figures 3 and 4 
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FIGURE 1: Scatterplot of determined haemoglobin concentration versus packed 
cell volume for all cattle.
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show scatterplots of the differences versus averages for 
the determined and calculated Hb concentrations (with a 
solid line marking the mean of 1.24) and differences versus 
averages for the determined and corrected calculated Hb 

concentration (with a solid line marking the mean of 0.0), 
respectively.

Discussion
For all of the cattle, a significant and consistent relationship 
was found between Hb concentration and PCV (%). This 
was expressed as Hb concentration (g/dL) = 0.28 PCV + 
3.11. When the Hb concentration was estimated as a third 
of PCV, the relationship was expressed as Hb concentration 
(g/dL) = 0.83 calculated Hb + 3.11 (Table 1). The findings 
are indicative of the potential magnitude of the problem of 
using the convention of estimating Hb concentrations (g/dL) 
as a third of PCV values (%). The results show a consistent 
and significant bias (underestimation) of calculated Hb 
concentration compared to measured Hb (determined Hb 
in the present study) (Table 1). The differences between the 
means were also significantly different (p < 0.05) and cut 
across breed, sex and age categories (Table 1).

In a study on humans, Carneiro et al. (2007) found that Hb 
concentration measurements were lower than the values 
obtained from PCV/3. In contrast, the present study found 
that 86% of the Hb concentration values obtained by the 
cyanmethaemoglobin method were higher than the Hb 
concentrations estimated as a third of PCV. In effect, whereas 
in their study there was a likelihood of overestimation, in the 
present study the result was underestimation, which could 
affect clinical treatment plans.

Linear regression analysis was employed to determine 
whether the relationship between PCV and Hb concentration 
differed on the basis of breed, sex and age categories of 
the cattle. The individual slopes within breed, sex and age 
categories did not differ significantly, except possibly for 
calves. These results may imply that a simplified relationship 
of Hb (g/dL) = 0.3 PCV + 3 may provide a more reasonable 
and better estimate of Hb concentration from the PCV 
of cattle. In cattle, the convention of estimating the Hb 
concentration as a third of PCV would need modifying to be 
a third of PCV + 3.

The convention or standard of estimating Hb has been 
used extensively in medicine to estimate the prevalence of 
anaemia (Carneiro et al. 2007; Quinto et al. 2006; Rodriquez-
Morales et al. 2007; World Health Organization [WHO] 
1968). Recently, the convention was recommended for birds 
in eight orders (Velguth, Payton & Hoover 2010). Quinto 
et al. (2006) noted that although Hb and haematocrit (PCV) 
are closely related, the usual transformation of three times 
the haemoglobin (g/dL) equals the PCV is inaccurate. The 
present findings support the reports from studies in human 
medicine that Hb concentration levels could not be derived 
from PCV values with an acceptable accuracy using the 
general rule of dividing by three (Carneiro et al. 2007; Quinto 
et al. 2006; Rodriquez-Morales et al. 2007). These studies also 
showed that the relationship between Hb concentration and 
PCV was not exactly three and could be affected by factors 
such as sex and age in humans.

18

16

14

12

10

De
te

rm
in

ed
 H

b 
(g

/d
L)

Calculated Hb (g/dL)

8

6

4
4.00 6.00 8.00 10.00 12.00 14.00 16.00

y = 0.8285x+3.1105
R2 = 0.5504

n = 440.
y, determined Hb; x, calculated Hb (i.e. PCV/3); R2, correlation coefficient; Hb, haemoglobin 
concentration; g/dL, grams per deciliter.

FIGURE 2: Scatterplot of determined versus calculated haemoglobin 
concentrations for all cattle.

8.00

6.00

4.00

2.00

0.00

Di
ffe

re
nc

e 
(D

et
er

m
in

ed
 H

b-
ca

lc
ul

at
ed

 H
b)

Average [(Determined Hb + Calculated Hb)/2]

-2.00

-4.00

-6.00
4 6 8 10 12 14 16 18

Note: Solid line marks mean of difference (1.24).
n = 440.
Hb, haemoglobin concentration.
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The relationship between PCV and Hb is expressed in the 
Mean Corpuscular Haemoglobin Concentration (MCHC) 
(Quinto et al. 2006). This is an indicator of the concentration 
of Hb per unit volume of red blood cell expressed in  
g/dL as [(Hb X 100)/PCV] and is more accurate than mean 
corpuscular haemoglobin (MCH) (Aiello 1998). Therefore, 
any estimation of Hb concentration from PCV that is 
unreliable or invalid would affect the calculation of MCHC 
so that clinical decisions made on the basis of MCHC may 
not be appropriate.

In conclusion, a simplified relationship of Hb (g/dL) = (0.3 
PCV) + 3 may provide a better estimate of Hb concentration 
from the PCV of cattle. It is, therefore, recommended that if it is 
necessary to estimate Hb concentration from PCV value, then 
the simplified relationship may be more appropriate to use.

Acknowledgements
Thanks to Jerry Oddoye and Abdulai Munkaila of the 
Veterinary Investigation Laboratories of the Veterinary 
Services Directorate Ghana for their technical assistance. 
The help received from the managers of the cattle herds at 
sampling sites is appreciated.

Competing interests
The authors declare that they have no financial or personal 
relationship(s) that may have inappropriately influenced 
them in writing this article.

Authors’ contributions
P-K.T. (University of Cape Coast) developed the concept, 
analysed data and wrote the article. E.Y.G. (University of 

Cape Coast) was involved in the collection of field samples, 
analysis of samples and contributed to the write up and 
review of the article.

References
Aiello, S. (ed.), 1998, Merck Veterinary Manual, 8th edn., Merck and Co Inc., 

Whitehouse Junction.

Bain, B.J. & Bates, I., 2001, ‘Basic haematological techniques’, in S.M. Lewis, B.J. Bain & 
I. Bates (eds.), Practical Haematology, 9th edn., pp. 19–46, Churchill Livingstone, 
Edinburgh.

Bland, J.M. & Altman, D.G., 1999, ‘Measuring agreement in method comparison 
studies’, Statistical Methods in Medical Research 8, 135–160. http://dx.doi.
org/10.1191/096228099673819272

Carneiro, I.A., Drakeley, C.J., Owusu-Agyei, S., Mmbando, B. & Chandramohan, D., 2007, 
‘Haemoglobin and haematocrit: Is the threefold conversion valid for assessing 
anaemia in malaria-endemic settings?’, Malaria Journal 6, 67. http://dx.doi.
org/10.1186/1475-2875-6-67

Jain, N.C., 1986, Schalm’s Veterinary Hematology, 4th edn., Lea & Febiger, Philadelphia.

Murray, M., Trail, J.C.M, Turner, D.A. & Wissocq, Y., 1983, Livestock Productivity and 
Trypanotolerance, Network Training Manual, International Livestock Centre for 
Africa, Addis Ababa.

Nwoha, R.I.O. & Anene, B.M., 2011, ‘Changes in packed cell volume and haemoglobin 
concentrations in dogs with single and conjunct experimental infections of 
Trypanosoma brucei and Ancylostoma caninum’, Phillipine Journal of Veterinary 
and Animal Sciences 37(20), 151–158.

Quinto, L., Aponte, J.J., Menendez, C., Sacarlal, J., Aide, P., Espasa, M., et al., 2006, 
‘Relationship between haemoglobin and haematocrit in the definition of 
anaemia’, Tropical Medicine and International Health 11, 1295–1302. http://
dx.doi.org/10.1111/j.1365-3156.2006.01679.x

Rodríguez-Morales, A.J., Sánchez, E., Arria, M., Vargas, M., Piccolo, C., Colina, R., et al., 
2007, ‘Haemoglobin and haematocrit: The threefold conversion is also non-valid 
for assessing anaemia in Plasmodium vivax malaria-endemic settings’, Malaria 
Journal 6, 166. http://dx.doi.org/10.1186/1475-2875-6-166 

Smillie, K.W., 1966, An Introduction to Regression and Correlation, Academic Press, 
London.

Varkevisser, C.M., Pathmanathan, I. & Brownlee, A., 1991, Designing and conducting 
health systems research projects. Part II. Data analysis and report writing,  
pp. 127–128, HSR Training Series, IDRC and WHO, Geneva.

Velguth, K.E., Payton, P.E. & Hoover, J.P., 2010, ‘Relationship of haemoglobin 
concentration to packed cell volume in avian blood samples’, Journal of Avian 
Medicine and Surgery 24(2), 115–121. http://dx.doi.org/10.1647/2008-042.1

World Health Organization (WHO), 1968, Nutritional anaemias: Report of a WHO 
Scientific Group, World Health Organization, Geneva.

http://www.ojvr.org
http://dx.doi.org/10.1186/1475-2875-6-67
http://dx.doi.org/10.1186/1475-2875-6-67
http://dx.doi.org/10.1111/j.1365-3156.2006.01679.x
http://dx.doi.org/10.1111/j.1365-3156.2006.01679.x
http://dx.doi.org/10.1186/1475-2875-6-166
http://dx.doi.org/10.1647/2008-042.1

	_ENREF_140



