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Abstract : Normal reference values for hematological parameters. were evaluated using 85 male Elk deer reared in
Korea. The reference interval estimated were 6.01-9.93 (X 10%mm?®) for the red blood cell count, 10.90-19.70 (g/dl)

for the hemoglobin concentration, 43.10-76.40 (%) for the hematocrit value, and 2.60-7.68 (X 10%mm?) for the total
white blood cell count. Our estimates were compared with previously reported values for these parameters in Korea

and other countries.
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Introduction

Koreans have been utilizing deer products for a long time,
and deer now occupy an important position among Korean
livestock, after cattle, swine, and poultry, with the number of
head increasing to 156,076 in 2001 (6). The majority (30.7%
at 47,876 head) of the Korean deer population consists of
Cervus Canadenis (6), commonly called Elk. Nonetheless,
health criteria for this species has not yet been clearly estab-
lished. Although some studies have analyzed the blood com-
ponents of deer, they have only presented the mean and
standard deviation (SD), or minimum and maximum (3,4,10).
For clinical purposes, reference values or a reference interval
would be more useful in providing criteria for health in a
population (8). However, until now, there has been no study
on the reference range for the blood components of deer reared
in Korea. Accordingly, the present study analyzed certain
blood components of healthy male Elk deer, born and raised
in Korea, to establish normal reference values for the total red
blood cells (RBC), hematocrit (Hct), hemoglobin (Hb), and
total white blood cells (WBC).

Materials and Methods

Selection of animals
Nineteen deer farms from the Republic of Korea partici-
pated in this study. A veterinarian examined the animals and
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selected 85 male Elks in good physical condition. All animals
included were aged from 1 to 9 years (mean £ SD 4.8 + 2.1;
median 4).

Blood sampling and analysis

Blood sampling was performed during March and April,
2001. Blood sample was obtained from the juguiar vein under
immobilization using a combination of xylazine, ketamine, and
acepromazine. After anticoagulant treatment with EDTA, the
total RBC (X 10%mm?®) and total WBC (X 10*/mm?®) counts,
Hb concentration (g/d!l), and Hct value (%) were estimated
using a blood counter (HEMAVET® 850, CDC Technologies
INC., Oxford, Connecticut).

Determination of reference values

The data were first sorted, then trimmed based on deleting
the highest and lowest 2.5% of the values. The remaining
95% of the values for the population were then used to deter-
mine the minimum and maximum of the reference range for
normal values (13). Reference ranges were calculated for two
age groups: one was for the whole study population aged
from 1 to 9 years and the other was for 60 deer of 3-5 years
old.

Meta-analysis

Previous publications (papers in journals or abstracts from
conferences) on hematological values for Korean Elk were used
for a meta-analysis. Information was searched, in December
2001, in PubMed (http://www.pubmed.gov) and in Korea
education & research information service (http://rissdu.net)
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for following terms: Elk, hematology, and Korea. The rele-
vance of the articles with our study object was judged with
their title, abstract, and key words. Related articles were
additionally searched from bibliography part of the previously
detected publications. Finally, four studies published from
1976 to 1998 were found and all of those were combined for
meta-analysis according to following equation (9):

Mean,,,,, = Z I—i,-Meanl. R
i

where, Mean,,,, was the result of meta-analysis, ¥; and
Mean; were the variance and mean, respectively, observed in
each study included in the meta-analysis. Since one study (4)
did not report variances of their estimations, these were
replaced by imputations from mean and variances observed
in three other studies.

Blood were taken from the jugular vein (3,11) or the capil-
laries (4,12) in these studies. One study (11) reported on
hematological values from both the jugular vein and the ant-
ler capillaries. Yet, only values from the jugular vein were
considered in the meta-analysis.

Statistical analysis

Values included in reference ranges (normal values) were
compared for two age groups using Student’s t-test. In addi-
tion, mean and SD of values within reference ranges were
compared with those resulted from meta-analysis by Student’s
t-test. All calculations for the present study were performed
with EXCEL®.

Results

Estimation of normal reference values

The reference ranges estimated for male Elk deer aged
from 1 to 9 years age were 6.01-9.93 (X 10%mm?) for the total
RBC count, 10.90-19.70 (g/dl) for the Hb concentration, 43.10
-76.40 (%) for the Het value, and 2.60-7.68 ( X 10%mm?) for
the total WBC count. Those observed for deer aged from 3 to
5 years were comparable to findings in 1-9 years-old deer.
Their reference ranges were 5.87-10.37 ( X 104mm?), 10.51-
19.82 (g/dl), 40.57-76.70 (%), 2.09-6.23 (x 10%mm?) for total
RBC count, Hb concentration, Het value, and total WBC count,
respectively. Normal values were not significantly different
according to age group (p >0.05 for total WBC, Hb, total
RBC, and Hct) (Table 1).

Meta-analysis

The results of the meta-analysis based on results from pre-
vious studies of Korean deer are presented in Table 1. Mean
and SD were 6.90 X5.22 ( X 10%mm?®) for total RBC count,
15.27 xX10.90 (g/dl) for Hb concentration, 36.15 x22.05 (%)
for Het value, and 4.62 X3.70 (% 10%mm’) for total WBC
count. Any significant difference was not observed from ref-
erence values estimated (P> 0.05 for all of four parameters).

Discussion

Many environmental factors, including the sex and age of the
animals and sampling season, can influence the hematological
values of animals (5). To control any possible variations due

Table 1. Reported values, reference ranges and meta-analysis results for hematological parameters in male Elk deer reared in Korea

Component

Classification RBC (X 10%/mm®) Hb (g/dl) Hct (%) WBC (X 10%mm?)
Previous publications (meantSD)
First author, Year
Song®, 1976 6.7120.30 10.20£0.43 30.00+1.95 3.60+0.45
Lim et al.®, 1976 7.15, na 13.9, na 41.00, na 8.90, na
Shin ez al. V', 1994 9.99+1.26 15.9£1.91 47.50+3.46 3.40+0.84
Geum et al.’, 1998 6.71£0.98 12.15£1.06 34.234+2.69 33.17£0.69
Our findings
Meta-analysis
MeantSD 6.9015.22 15.27+£10.90 36.154£22.05 4.6243.70
95% confidence interval 1.78-12.02 4.59-25.95 14.54-57.76 0.99-8.25
Whole population (aged 1-9 years)
Reference range 6.01-9.93 10.90-19.70 43.10-76.40 2.60-7.68
MeantSD 7.971£0.98 15.30+2.20 59.75+8.33 5.14+2.17
Aged 3-5 years
Reference range 5.87-10.37 10.51-19.82 40.57-76.70 2.09-6.23
MeantSD 8.12+1.13 15.17£2.33 58.64+9.03 4.16+1.04

na: did not appear in original publication; student’s t-test: normal values for aged 1-9 years versus 3-5 years, non significant (p > 0.05);
normal values of the two age groups versus meta-analysis results, non significant (p > 0.05)
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to sex, species, or season associated with the reproductive
period, the blood sampling in the present study was performed
during less than two months using only male animals from the
same species. On the other hand, we cannot neglect variations
observed among studies because blood sampling and its analy-
sis were done with specific manner in each study. Therefore
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