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Summary

The haematological profiles of camel calves of either sex were monitored at manthly intervals
between 1-12 months af age. RRC, Hb and PCV increascd with age for several months, with corre-
sponding increases in MCH and MCHC. and a relative reduction in MCV. WRC and lymphacyte
counts were highest at the age of 1 month, fell pragressively during the lollowing 6 menths, and
stabilized 1hereafter. Neutrophils were also highest at the age of ope month and decreased slowly with
advancing age. Losinophils, monocytes and basophils fluctuated only from month 1o month. Agpe
effect was significant for WRC, lymphocyles and neutrophils, and all the erythrocytic parameters,
except MCV. Sex effect was significant for b and eosinophils.
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Introduction

There is a paucity of information on the
normal variations in blood constituents of growing
camels (Camelus dromedarius) during the first year
of lile, Elias and Yagil (1984) rcported significant
alterations in haematological and blood bioche-
mical indices ol suckling camels, aged 1-30 days,
as compared to their dams, and concluded that
profound metabolic changes occur in these animals
during curly calfhood. Comparing differcnt age
groups of camels, Petrelli et al. (19%2) observed
that many blood indices, particularly of the
erythrocylic series, were affected by age; others
arrived at similar conclusions from comparative
studies on adult versus young camels (reviewed
by Grundel, 1988).

[n the present study, sequential changes in
the hacmograms of healthy camel calves of cither
sex were monitored at monthly intervals during
the first vear of life. The objective was 1o study
variation with age and scx in the main hacma-
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tological indices of these animals.
Materials and Methods

Animals

Ten healthy camel calves of Najdi breed were
used, five of each sex. The animals were born
and reared in an  experimental station near
Riyadh. They wcre Jeft with their dams for 3
weeks post partum, then transferred inlo separatc
pens, with access to their dams twice daily. They
continued suckling until the age of 1 year, but
fron 4 months, they started taking concentrale
{crude protein 18%) and hay in gradually increa-
sing amounts. Water was provided ad {ihitum
The camels remained free from parasites during
the study period.

Haematological methods

Jugular blood samples were collected montbly
from each camel calf inta heparinized vacutainer
tnhes. Haemoglobin (Hb) was dctermined by
cyanomethaemoglobin method, packed cell volume
(PCV) by microhaematocrit method. and total
red (RBC) and white {WBC) blood cell counts

by the haemocytometer. Dilferential WBC counts
were made by the battlement technigue, using

1hin bload films stained with leishman. Tetal and
differential WRC counts were expressed as ab-
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solute values. Mcan corpuscular volume (MCV),
mean corpuscular haemoglobin (MCH) 2nd mean
corpuscular hacmoglobin concentration (MCHC)
were calculated (Schalm et al, 1975).

Statistical methods

An ANOVA model was fitted to the blood
indices to test {or age {(in manths) and sex effects.
The model used was Y, v + o + B +&
where;

Y, = the obscrvation of the ith sex of the
Jth month;

v = the overall mean;

a; — effect of the ith sex, 1 = 1, 2

#y = effect of the jth age, | = 1

residual random error associaled with
the 1jth observation.

Sex by age interaction was excluded from the
model due to insignilicancy. The statistical sighi-
ficance tests were carried out using GLM pro-
cedure in SAS (Goodnight et al., 1986).

g

Results

Statistical testing results for erythrocylic and
leucocytic vanable are summarized in tahles |}
and 2, respectively. The wean plols for different
indices are shown in figures 1-6;, these [igures
were smoothened using cubic polynomials.

TABLE 1. STATISTICAL TESTING RESULTS* FOR ERYTHROCYTIC INDICES OF CAMEL CALVES

Source  RBC_~ iib rcv MCV MCH MCHC
Sex 0.1140 0.0068 0.2154 09153 02959 0.0900
Age 0.0001 0.0447 0.0148 0.3283 0.0439 0.0001
MSE 1.45 i 1.50 4.52 22) 3.62
R? 0.49 021 0.24 0.13 0.2 0.50
CY. 11.69 11.40 12.03 14.29 15.44 7.99
* P = Values; MSE = Mcan Squnare Frror; R® = R-squared; C.V. = Coefficient af Variaiion.

TABLE 2. STATISTICAL TESTING RESULTS* FOR LEUCOCYTIC INDICES OF CAMEL CALVES
Source WBC Lympho Neutro Mono ~ Baso _Eosino
Sex 0.8290 0.4259 0.3192 0.2977 0.2137 0.0495
Age 0.0002 0.0048 0.017] (.0433 0.7989 0.5430
MSE 2.68 1.90 1.80 0.33 0.1} 0.27
R? 0.32 032 0.28 0.25 0.11 0.17
CV. 28.32 3311 57.21 115.22 183.77 95.76
* P = Values; MSE = Mecan Square Error; R* = R-squared; C Y. = Ceefficient of Variztion.

{a) Erythrocytic Indices:

In male camels calves, RBC varied with age
from 7.5-9.5 X 10"%L, with an overall mean of
8.7 X 10%L, while Hb varied from 9.0-13.3 g/dl,
with an averall mean of 12.1 g/dl, and PCV from
24-287, with an overall mean of 26.9%, Corres-
ponding overall means (and ranges) for female
camels were: 9.0 X 10°4L (7.5-9.5x 10%jL), 128
gfdl (9.5-13.9g/dl) and 27.9% (25-29%) for RBC,
Hb and PCV, respectively. The lowest mean RBC
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was recorded at the age of one month viz. 7.5
®X 10%/L in both sexes. This parameter increascd
slowly and almost linearly with advancing age
in male camcls. In femalcs, a moig pronounced
increase occurred during the first & montbs,
followed by gradual reduction during subscquent
ages. By the age of 12 monihs, close RBC values
were recorded in the two sexes (9.4 x 10"%L and
9.5 X 10%/L, respectively) (figure 1). Statstical
analysis showed non-significant sex effect on RBC
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whereas age effect was significant (p < 0.05) (table

).
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Filure 1. Mean plot for total red blced cell caunts
{RBC) in mae and female camel ca ves.

Similarly, b increased from 9 g/dl at |
month, to 13.3 g/dl at 8 months of age in male
camels; although this was followed by a slow
reduction during the following 4 months, mean
Hb at 12 months was > 30%, higher (han that
recorded at I month (figure 2). In females, a
mean Hb of 9.5 g/dl was recorded at | month
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Figure 2. Mean plot for haemogicbin content (Hb)

in ma'e and female came' calves.

which also increased with age up to the 6th
month, when a peak value of 14 gfdl was attained.
Thereafter, Hb  fluctuated slightly, giving a
mean of 13.1 gfdl at 12 months ie, 389 higher
than that recorded at | month. The monthly Hb
values in female camels conststently exceeded those
recorded in males (ligure 2), and the difference
between the two sexes was significant (p <0.05):
marecver, the age effect on Hb was highly
significant (p << 0.0005) (1abic 1).

The increase with age in - RBC was accompa-
nied by progressive rise in PCV (rom 24,29
at | month to > 30% at & months, followed by
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a gradual fall to a mean of 26.4% at the age
of 12 months in male camels. The same trend
was observed in females whose monlhly PCV's
rose from 259 at | month to 29% at [2 months
of age (figure 3). Statistical analysis revealed a
significant age eflect on PCV (p < 0.05). On the
other hand, although PCYV values in female camels
generally tended (o0 exceed those of the males,
the difference belween the (woa sexes was statis-
tically non-significant (table 1).
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Figlre 3. Mear plot for packed cell volume (PCV)
in male ard female camel calves.

MCV, MCH and MCHC exhibited variations
commensurate with changes im RBC, Hb and
PCV (figure 4). In both sexes, MCV decreased
slowly during the first 8 months of age, ie., from
34 f1 to around 3031 f1; thereafter, MCV tended
to stabilize in the male camel calves, while rising
gradually in females. MCH and MCHC, on the
other hand, increased during the [irst 5-6 months
of age. During this period, MCH rosc from initial
values of 12,5 pg and 13.2 pg to peak values
of about 150 pg and 15.3 pg in male and female
camels, respectively. while MCHC increased from
around 37.5 g/dl in both sexes to about 47 g/di
in males and nearly 49 gfdl in fcrmales, MCH
and MCHC then fell gradually towards more
stable values from 7 months onwards in both
sexes. The overall mean MCV was 31.6 fl in male
and 31.7 {1 in female camel calves, while the
respective overall MCH and MCHC means were
i4.1 pg and 449 gfdl in male and 14.6 pg and
46 g/dl in female camels. No significant eflect
due 10 scx was observed in these parameters; on
the other hand, age effect was significant for
MCH (p < 0.05) and highly significant for MCHC
(p < 0.0005) (table 1).
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Figure 4. Mean plot far mean corpuscular volume
{MCV), Mean Corpuscular Haemaglobin
(MCH) and mean corpuscular haemogla-
bin concentratior {MCHC) in maie and
fema'e came! calves.

{b) Leucocytic series:

WBC ranged between 8.0-14.2 X 10°/1. accor-
ding to age, with an overall mean of 9.4 X 10"/L,
in male, and hetween &.7-15.4 X 10°/L, with an
overall mean of 99 x 10°%L in {emale, camel
calves. The trend was closely similar in the two
sexes, highest values being recorded at the age
of 1 manth, followed by a progressive fall during
the following & months (figurc 5). Thercafter,
WBC tended to stabilize around £-10.5 x 10%/L.
Statistical alalysis showed a highly significant age
effect (p < 0.0005) on WBC whereas sex effect
was non-significant (table 2).

Differential counts showed that changes in
WBC were largely a refleciion of changes in
lymphocyte and neutropkil counts (figure 5). The
former cclls were the most pred-~7.. .. leucocyte
type in camel's bfon. constituting about 65%,
of their 1~* = _irculating WBC s (range 45-57%)
and ¢iving overall means of 5.5 X 10%/L in male
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Fisure 6. Mean plot for tatal 'eucocyte (WBC),
lymphocyte and neutrophil counts in male
and female camel calves.

and 6.2 X 10%L in femalc camcls, respectively.
The highest lymphocyte counts, viz. 8.6 X 10°/L
in male and 9.0 X [0%L in femalc camels, were
recorded at the age of 1 month, (hen decrcased
in thc same manner as WBC. Neutrophils were
the second commonest leucocytes, forming about
26% of total WBC (range 18-40%,), and giving
overall means of 3.3 X 10%L and 3.1 X 10%L in
male and female camels, respectively; these cells
also gave highest values (5.0 X 10°%(L in males
and 5.5 X 10%L in femalcs) during the first month
of age, then decreased slowly as the camels grew
older. Statistical analysis showed significant age
effects on lymphocytes and neutrophils (p <
0.005 and p < 0.05, respectively). However, ncither
of these cell counts was affected significantly by
sex (table 2). In both sexcs, lymphocyte/neutrophil
ratio (L/N) averaged 1.5:1.0 during the first &
months of age, then increased to 2.5:1 from 7
months onward.

Means for eosinophils, monocytes and haso-
phils are plotied in figure 6. The overall means
for monocytes and basophils wer 0.26 X 10°/L
and 0.05 X 10°%L in male, and 0.34 X 10°/L and
0.36 X 10°/L in femalec camels, respectively.
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FigLre €. Mezn plct for easincphils, monocytes and
basophils in male
calves.

gnd femsle camel

Eosimophil counls, on the other hand, had overall
means of 0.23 X 10%L in male and 0.36 X 10°%L
in female camels. No significant age cffects were
obscrved on these indices, and there was also
no significant sex effcet excepl on  cosinophils
{p < 0.05) (table 2).

Discussion

Previons studies on the hlood picture of
camels were mainly concerned with adult animals,
and the values cited by different workers show
a wide range of variation (Grundel, 1988). N is
nol surprising, therefore, that although
waorkers bad recorded differences in the blood
indices af young versus adult camels (Eissa and
Ahdel Fattah, 1974; Pertrelii el al., 1982), others
were unable to show them (Ghodsian et al,
1978: Hussein el al, 19%3).

Tihe present study elucidates  the  normal
pattern of variation in the haematological profiles
of healthy camels of the indigenous Najdi breed
of Saudt Arabia during the first year of life. Qur

data indicate significant age and sex effects on

S0Mme
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some of the blood indices of these growing
camels, which should be taken into consideration
when interpreting their haemograms. The present
data support parthy the observations of Petrelli
et al. (1982) and Elias and Yagil (1984) on the
haematological picture of young camels. The data
presented by the former authors showed that
RBC, PCV and I1b increased, while MCY. MCH
and MCHC decreased, with age in Somali camels
up to the age onc year. Qur results also showed
Lhat trend, except that gradual increases in MCH
and MCHC were recorded up to the age of 5
manths in the present study. Elias and Yagi
(1984), on the other hand, reporied that total
WBC, nuneutrophil and platclet counts were con-
sistently higher in camel neonates in comparison
to their dams, whercas their total scrum proteing
were generally lower; these authors concluded
that the carly life of a newborn : camel - was
“marked by metabolic changes rteflected in the
concentrations of many blood and serum const-
ituents”, and that such changes could be attrib-
uted to the stress of parturition. Qur resuits
showed that age associaled changes in the blood
picture of newborn camels actually cxtended for
several months post-partum.

It is evident from the present results that
although WBC, lymphocytes and nevtrophils were
relatively high at the age of 1 month, the general
trend was for these imdices to decrease (owards
lower, more stable values with advancing age.
In this respect, our results diflere form (hose of
Petrelli ¢t al. (1982) who reported a tendency
for leucocytes 10 increase with age in the camel
up to the age of 2 vears. On the other hand.
Elins and Yagil (1984) reported high leucocytosis,
due ta neutrophilia, in juvenile camels on the
day of birth, which substided gradually during
the foilowing 2 weeks, yel still accounted for a
relatively high WBC at the age of 30 days. We
have also observed high WRC counts, in which
neutrophilia formed more than 409, of the blood
leucocytes, in some of the present calves on the
day of birth. A similar phenomenon is known
to occur in bovine neonates, and it has heen
suggested that the underlying cause might be the
acquistinon by the foclus of adrenocortical hor-
mones released by its dam in gesponse to the
stress of partarition {Schalm et al, 1975).

The present study showed that male and
female camel calves dilfered significantly in their
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overall mean Hb values; however, no significant
diiferences were observed between the two sexes
in RBC, PCVv, MCV, MCH and MCHC, nor
in total and differential WBC counts, apari from
eosinophils. Differences due to sex in the blood
indices of adult camels, on the other hand, had
not been observed by Tartour (1971), and Hussein
et al. (1983), whereas Majeed et al. (1980) reported
that lymphocytes, cosinophils, and erythrocyte
sedimentation rates, of adult camels differed sig-
nificantly bctween the two sexes. In a similar
study on the blood constituents of adult camels
in Kuwait, Barakart and Abdel Fattah (1971)
reparted that although b was not affected by
sex, several other blood hiochemical indices dij-
fered significantly between male and female camels.
There is also evidence that some of the haema-
tological indices of cattle (Fraser, 1930; Scarbo-
rough, cited by Schalm et al, 1975) and other
antmals (Helman and Dew, 1964; Vaidya et al.,
1970) vary significantly with sex.

From a comparative standpoint, it appears
that the haematological prolile of growing camels
is broadly similar to thar reported in voung
ruminants of other species. Hence, the data
compiled by Schalm ¢t al. (1975} on the bleod
indices of cattle indicated that their RBC, Hb
and PCV increased with age during the first year
of life. Moreover, MCV was shown to fal} pra-
dually in bovine calves up to the age of 4
menths, followed by a rise (0 nonnal Jevels in
older calves (Helman, 1956). Similar findings were
reported in lambs; for instance, Fraser ((930)
reported higher RBC at 4-6 months than at 7
days of age, whilc Littleton et al. (1968) reported
increasing RBC from 7.8 millionfz] at 1 week
to 14.2 millionfud at 8 wecks of age, with corr-
espondingly decreasing MCV, from 371 10 2911,
Overas (1969) reported that RBC, Hb and
PCV were higher in lambs at 5 months than at
3.5 month of age. In goats, progressive increases
in RBC and PCV, coupled with decrease in MCV,
were reported during the first 3 months of age
(Halman and Dew, 1964), and a similar trend
was also evident in the data compiled by De
Shaw et al. (1969). With respect to erythrocylic
indices, therefore, camel calves seem to resemble
closely the young stock of other ruminant species.
Camels also resemble cattle and other ruminants
in that their lymphocytes normally constituted
the largest proportion of circulating WRC's;
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however, the present results show that growing
camels tend to have lower WBC than thal rep-
orted in adult camels (see Grundel, 1988), thus
contrasting with those ruminant species whose
WBC counts (end to be higher in the younger
stock tn comparison to adult animals (Schalm
et al, 1975).
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