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SUMMARY

A total number of 123 camels, collected from Berkash Village Market at
Giza. were used Lo perform scrological brucella surveillance: of which,
30 brucella positive sero-reactors were used for haematological, serum
proleins electraphoresis and immunogenetical studics. The incidence
was 30 (24.39%), 23 (18.69%), 26 (21.13%) and 29 (23.57%) using
RBPT, TAT, MET and Rivanol tests. respectively., The estimated
sensitivity cleared that RBPT (32.25%) was the highest sensitive test.
meanwhile, TAT (81.30%) was the highest specific test for detection of
brucellosis in  camels.The hacmatological study revealed significant
imcrease in ESR and total leucocytic count accompanied with
lymphocytosis, neutrocytopenia, monocytopenia and eosinocytopenia in
brucella positive  scro-reactors. Serum proteins electrophoresis revealed
significant increase in serum albumin accompanicd with marked
decrease in the total serum  globulins («-globulins and a-globulins) in
brucella positive sero-reactors. 1lowever, significant increase of -
globulins was recorded. Concerning the immunogenctic characteristics,
1t was cvident that serum of camel includes large number of bands
ranged from 10-17 protein bands in healthy cases with predominance of
homozygotic genolypes in most genetie loci except transferrin in which
heterozygotic genotypes AE. AD and DE are predominant. These
healthy ncgative sero-reactors arc characterized by high frequency of
Fo af® and CAT® genes, and the condition may be duc to the
respensibility of these genes to natural resistance ol animals against
brucella. In the brucella positive sero-reactors, we noticed that protein
bands did not exceed 10 bands as a result to infection and the most
alfected arca is albumin. pre-albumin (AA) and post-albumin (BB).
Pal®, Pr® and T were the highest frequent genes in brucella positive
sero-reactors. The high frequency of these genes in brucella positive
cascs gives cvidence to corrclation between these penes and
susceptibility to infection by brucella.

Keywards:  Brucellosis Camel - Epidemiolagical — Haematological —

Immunogenelic.
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INTRODUCTION

Brucellosis is among the important infectious diseases that
attack farm animals, particularly the genital organs causing great
cconomic losses. It is a serious zoonotic discase, which is considered as
one of the great public health problems all over the world (Rhadostits et
al.. 1994). Through intensive health control measures, many countries
have succeeded in eradicating brucellosis. However, in developing
countries, the discase remains widespread among both domesticated and
wild animal populations (Wemnery and Kaaden. 1995). Control of
brucellosis depends primarily on the climination of animal reservoirs.
The most effective plan for elimination of the disease is the deteetion of
infected animals by periodic examination of blood for prescnce of
specific antibodies and elimination of positive reactors (Nielsen and
Duncan, 1990). Camels play an important role in the cpidemiology of
brucellosis and act as importani source of infections to other domostic
animals and human (El-Sawalhy et al., 1996). Although camels appear
to be very susceptible to infections with brucetla. isolation of brucella
from animal samples proved less successful (Wernery and Kaaden.
1995). Therefore, diagnosis ol camel brucellosis is based on both
serological and bacteriological examination (Nada and Ahmed, 1993).
Bruccllosis may canse some pathological alterations in blood picture and
serum biochemical prolile (El-Sawalhy ¢t al.. 1996).

The immunogenetic studies still very limited in camels (Rendel,
1967). Borozden and Kleeberg (1990) used genetic polymorphism to
evaluate the resistance of animals against infectious discases, while
Penedo et al. (1998) used microstellite markers to evaluate
polymerphism and cstimation of gene frequencies in South America
camels.

Therefore, this study was planned to perform brucella
surveiliance using different serological tests for cvaluation of serological
diagnosis of bruccllosis in camels. The immunogenctic analysis was also
undertaken to characterize the genetic markers, which correlated (o and
responsible for the natural resistance to brucellosis and those which
rclated to  susceptibility to infection  with brucellosis. Tn addition.
changes in hacmatological parameters and scrum protein clectrophoretic
profile were included.
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MATERIAL and METHODS
1- Animals:

A lotal number of 123 camels (Camelus dromedurius), aged 3-3
vears, collected from Berkash Village Market - Giza, at which camels
come from many locations in the Upper Egypt after long transport, werce
used 1o perform serological surveillance for brucellosis. Thesc camels
cither used for fatiening or breeding purposes in camels farms or
immediately scnd for slaughter. All these animals were clinically
examined for any diseases or abnormalitics, and they were apparently
healthy. Of these camels, 30 brucella positive sero-reactors were used to
perform hacmatological, serum proteins electrophoresis  and immuno-
genetic studies, and 30 brucella negative sero-reactors were used as
control group.

2- Samples:
# Anticoagulated blood samples: used for haematological studies.
* Blood smears: used for differential leucocytic count.
# Serum samples: used for serum protein electrophoresis,
serological and immunogenetic studies.
3- Serological examination for bruccllosis:

Rosc Bengal plate test (RBPT), Tube agglutination test (TAT),
Mercaptocthanol test (MET) and Rivanol test were done as described by
Alton et af. (1988). All these antigens were supplied by Vet, Serurn and
Vaccine Research Institute. Abbasia, Cairo, Egypt. A titre of 1/40 (80
[Usml) in TAT, 1410 in MET and 1/25 in Rivanol test or higheris
considered as brucella positive reactor (Pinsent and Fuller, 1997).

4- Haematological examination:

Total erythrocytic  count (RBCs), total leucoeytic  count
(WBCs). differential leucocytic  count (DI.C), haemoglobin content
(1Th). packed cell volume (PCV) and erythrocytic sedimentation rate
(ESR) were donc as described by Schalm ez al. (1986) and Cheesbrough
and McArthur (1980).

5- Serum proteins electrophoresis and immunogenetic studies:

l- The total scrum proteins (TSP) were fractionated
clectrophoretically  on onc dimensional  polyacrylamide  gel
clectrophoresis (PAGLE) according to Lacmmeli (1970) and Carlstrom
and Johnson (1983). Determination of the lotal serum proteins was
performed by Biuret method described by Weichsibaum (1946).

2- Genotyping of blood protein loci and determination of gene
frequencies were done according to Mercoreva { 1977) as follows:
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i-  For 2 allclic loci:

NP? AA+N.2PgAB+Nq’BB=1
ii- For 3 allelic loci:

P2+ 2Pz +q* +2qz+ 4 + 2Pq =1

RESULTS

Concerning with the incidence of brucellosis among camels
examined with different serological tests, the incidence was 30
(24.39%). 23(18.69%). 26(21.13%) and 29(23.57%) with RBPT, TAT,
MET and Rivanol tests, respectively (Table 1). The results of RBPT,
TAT, MET and Rivanol tests (Table 2) were estimated and evaluated by
comparing their absolute sensitivity and specificity as described by
that RBPT (32.25%) was the highest sensitive test [oilowed by Rivanol
test (30.85%), MET (26.80%) and finally TA'T (23.00%). Meanwhile.
TAT (81.30%) was the highest specific Lest for detection of brucellosis,
followed by MET (78.86%). then Rivanol (76.42%) and finally RBPT
(75.60%).

Concerning the haematological study on the brucella positive
reactor camels (Table 3). there was a significant increase in ESR and
total leucocytic count attributed to marked lymphocytosis. Moreover,
there was neutrocy topenia, monocytopenia and eosinocytopenia.

Resuits of scrum protein electrophoresis in brucella positive
sero-reactor camels ftable 4 revealed significant increase in serum
albumin associated with significant decrease in total serum globulins (o
globulins and a-globulins). Mcanwhile, there was significant increase in
ce-globulins.

It was evident that serum of camel includes large numbers of
bands ranged from 10-17 protcin bands in healthy cascs with
predominance of homozygotic genotypes in most genetic loci except
transferrin in which heterozygotic genotypes AE, AD and DE are
predominant. These immunogenetic characteristics are shown in Tables
5 & 6 and Figs. 1 & 2.

On the other hand, these healthy negative scro-reactor camels arce
characterized by high frequency of Fo”, Tf” and CAT® genes, and the
condition may be due to the responsibility of these penes to natural
resistance of animals against brucella (Table 5 and Fig. 1).

Concerning the brucella positive sero-reactor cases, we noticed
that protein bands not exceed 10 bands as a result to infection and the
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most alfected arca is albumin, pre-albumin (AA) and post-albumin (BB).
Results were illustrated in Table (6) and Fig. (2), which demonstrate that
Pal®, Pr¥ and 17" were the highest frequent genes in brucella positive
sero-reactor cases. The high frequency of these genes in brucella positive
cases gives cvidence to corrclation between these genes and
susceptibility Lo infection by brucella,

DISCUSSION

Brucellosis is a serious reproductive discase threatening the
animal wealth and is of public health importance. Camel is one of those
domestic animal species which were known to be infected with
brucellosis (Ghazi, 1996). Inspite of that camel may be infected with
brucella: it is rare to show any clinical signs or abortion (Higgins, 1986).

Concerning results  of different serological tests among the
examined camels (Table, 1), higher percent of positive reactors was
recorded using RBPT (24.39%) and lower percent was reported by
Rivanol test (23.57%). MET (21.13%) and TAT (18.69%). Evaluation of
the different serological tests was estimated on the basis of absolute
sensitivity and specificity (Ruppanner et al., 1980). The results of
absolute sensitivity were 32.23% (RBPT). 30.85% (Rivanol test),
26.80% (MET) and 23.00% (TA'T). Meanwhile, the absolute specificity
was 81.30% (TAT). 78.86% (MET), 76.42% (Rivanol test) and 75.60%
(RBPT). These results revealed highest sensitivity of RBPT followed by
Rivanol. MET and finally TAT. On the contrary, the specificity was
highest using TAT and the MET. Rivanol and finally RIBPT (Table, 2).
The higher sensitivity of RBPT and Rivanol as compared with other
serological test indicates their ability to detect higher numbers of
brucclia positive reactors in camels. Similar resulls obtained by Lil-
Sawalhy ct al. (1996); Ghazi (1996) and Hegazy et al. (1998), who
reported that RBPT was the most sensitive and easily applied test for
scrological examination of brucellosis. On the other hand, the lack of
sensitivity leads o falsc negative results and the lack of specificity leads
to false positive results (Martin, 1977). However, the present results
disagree with that reported by Nada (1990), who reported that TAT was
the most sensilive scrological test for examination of brucellosis.

RBPT is still considered by several authors as more cfficient,
inexpensive and easily performed method in the detcetion of both early
and chronic brucella infection. RBPT detects IgM antibodies maore
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efficiently than IgG; or IgG, antibodics (Allan et al., 1976} and it was
suggested that its acidic buffer inhibits immunologically the nen-specific
agglutinins (Davies, 1971).

Haematological study on the brucclla positive sero-reactor
camels (Table 3), revealed a significant incrcasc in ESR and total
leucoeytic count attributed 10 marked [ymphocytosis, Moreover, there
was neutrocytopenia, monocylopenia and eosinocytopenia. Higher ESR
may be due to hyper-fibrinogenemia associated with most chronic
disorders (Schalm et al., 1986). Lymphocytosis is known to be a body
defense mechanism (Benjamin, 1978). It is a [eature mainly related to
activation of the lymphoreticular system for production and
transportlation of antibodies in a trial to combat infection (Ahmed and
Nada, 1992). The significant lymphocytosis and ncutrocytopenia in
brucella positive camels may be due to aggregation of neutrophils in the
affected tissue and their withdrawal from the peripheral circulation
(Cabana et al, 1990). Ilowever, our resulls agree with Ahmed ct al.
(1994), who reported significant decrcase in neutrophils percentage
while, no changes n basophils, RBCs count, PCV (%) and Hb content,
while, disagrec with the same authors, who found no significant change
in WBCs count together with the percentage of lymphocyies,
monocytes, eosinophils and ESR in working she-camels with high
incidence of brucellosis (25%) compared with non-working she-camels
with low incidence of brucellosis (8%). Our findings agree also with
those mentioned by Ahmed and Nada (1992), who reporled significant
increase in lymphocytes. significant decreasce in necutrophils and no
changes in PCV, Hb content, RBCs count and basophils. while, disagree
with the same authors who reported no significant changes in ESR,
WBCs count. monocytes and eosinophils.

The present results disagree with Wernery and Kaaden (1995).
who mentioned that the haematological paramcters remained within
normal limits in brucella-infected camels,

Scrum  proteins electrophoresis in brucella positive sero-reactor
camels {Table. 4) recorded a significant incrcase in serum albumin
accompanied with a significant decrease in total serum globulins ( -
globulins and globulins). The deereased globulins level inspite of
brucella infection may be attributed to stresstul conditions (long-
distances and starvation) during transportation. This significant decrease
in globulins level may be the cause of occurrence of high incidence ol
brucellosis in our study. Also, the decercased globulins level and
increased incidence of brucellosis may be due to the high corticosteroid
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level associated with stress [actors (Davis ct al.. 1966), disease process
or changes in animal metabolism (Sykes ct al., 1980). In addition. the
decreased trace elements cspecially copper and iron associated with
brucellosis may result in decrease of their binding proteins (El-Tohamy
and Salama. 1983). These changes may be attributed to stimulation of
phagoeytic cells by invading microorganisms to produce hormone like
substance known as leucocytic endogenous mediator, which initiates a
number of changes in the host’s frace element metabolism, thus causing
a swift of scrum iron and many amino acids into the liver (Beisal et al.,
1974). However, our results agree with those mentioned by Thanaa
(1990) and Ahmed and Nada (1993) who reported non significant
changes in total serum proteins in camels infected with brucellosis,
while disagree with Ll-Sawalhy et al. (1996) who reported a significant
decrease in albumin level, A/G ratio and a significant increase in
globulins level in brucella positive camels,

One of the main objectives of this study was to use blood
protcin  loci as genetic markers to clarify the expected relationships
between specific alleles and susceptibility to infection with brucella. The
genetic  relationship between somce blood protein loci and both
productive  and reproductive traits are based on protein coding loci
(Barker ¢t al., 1997). Analysis of allelic variation of scrum protein loci
could potentially be used to evaluate temporal changes in genetic
diversity (Kantanen ¢t al, 1999). In the present study, all biood protein
loci are polymorphic and this result confirms the fact that loei were
defined as polymorphic when the frequency of the most common allele
was less than 0.95 (Kantanen ct al, 1999). The equal distribution of
most genotypes in our study was led to increasing of heterozygosity and
this result also has been reported by Leberg (1992), who recorded that
average expected heterozygosity has been incrcased due to more equal
distribution of allcle frequencies. Morcover, association ol production.
viability and fertility traits with blood groups and blood protein
polvmorphism have been reported in different animal species such as
buffalo (Nicholas, 1996), cattle (Borozden and Kleeberg, 1990),
Egyptian Friesian cows (Zaabal er al, 2000) and South Amecrica
camelidac (Penedo et al., 1998).

The brucella positive sero-reactors in this study rccords high
frequencics of Pal®, Pr” and Tf* genes (Table 6, Fig. 2) and the
condition may be duc to a relation between these genes and
susceptibility of animal to infeetion. Concerning the brucella negative
ser-reactors. we found 10-17 protein bands in most cases and the most
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frequent gencs were catalase (CAT®), o -globulin (Fu? ) and Transferrin
(TfD) (Table 3, Fig. 1). Therefore, we can suppose that these gencs may
be closely related to natural resistance against brucella infection. On the
other hand, the frequency of some alleles in this study especially pre-
albumin, post-albumin-2, vitamin-D binding protein and catalase was
not similar to those obtained by Penedo et al. (1998) ol South American
camelidac and the condition may be duc to the genomic diversity
between breeds,

In conclusion, camels play an important role in the
epidemiology of brucelfosis and act as important source of infection to
other domestic animals and human. Thercfore, camels should be
included in surveying programs in Egypt lor complete eradication of the
disease and the possible use of suitable vaccine for camels should be
tricd. The imported camels must be quarantined and examined for
bruccllosis before introducing into Rgypt for slaughtering, fattening or
breeding purposes. Moreower, for breeding purposes, camel should be
selected according to genetic markers that related to the natural
Tesistance against infectious diseases such as CAT®, Fo" and T genes.
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Table 3. Haematological study on brucella positive sero-reactor camels.

Brucella negative |
| sero-reactor camels

Barameter Brucella positive

¥ {Control negative | sero-reactor camels ‘
group) |

| RBCs count (10%/ul) 8.60 = 0.41 820=030

1361 £0.48

animals

Hb content {g/dl) 13.10 +0.33
POV (%) 36.13 = 0.46 36.65+032 |
ESR (mm/12 hours) 7.00 =0.20 19.00** = 0,36 |
| WBCs count (10%/u) 9.94+0.36 23.75%* +0.65
% | Neutrophils (%) i 47.50 £ 1.65 13,75%* £ 0.51
% | Lymphocytes (%) | 4100072 84.00%% £ 1.36
3 Monaocytes (%) I 4.00 =043 0.50** =006 |
é Eosinophils (%) | 7.00 = 0.27 1.50** £0.17
_54 Basophils (%) ‘ 0.50 £ 0.10 0.25 = 0.08
Number of examined | 10 30

THF P05
5 o) ]
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Table 4. Serum proteins clectrophoresis m brucella positive sero-reactor

camels.
Brucella negative T
i Parameter sero-reactor camels Brucella positive |
! (Control negative sero-reactor camels
group) e
TSP (g/dl) 7.19+£0.27 7.79 =0.11 {
] % 46.62 £ 1.39 S0.83* £ 0.90
Albumin .
‘ widl 335+018 396% £0.12
] % 5338 £ 127 49 175 £ 0.67
Total globulins . =
gidl 384 =024 183 %016
A/G ratio 0.87 105
[ % 2451=076 18.01%* £ 040
o—globulins | .
afdl 1.76 £0.10 1.40%* = 0.06
e % 19.84 = 0.83 15.05%% = 0,34
| B-globuling . 2
{ afdl 1.43 £0.17 1.17 £0.07
‘ ] % T 903£036 16.11%* 026
y—globuling : a
g/di 0.65 +0.04 | 1.26%* £ 0.06
M}mbﬁ of examined 30 30
animais
*P<0.05
¥ P01
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Tabie .3 Distibution of genotypes of blood protemn loci and their gene

quencies of brucella negative sere-reactor camels.

e
| Blood Distribution of genotypes | < Gene :
[ protein loci | Genotype | Observed | Expected | £ frequencies |
[Prealbum AT i
i Plfealburmn AA 13 9—; I_ [ opogsm |
| P | AB 6 13.7 88 | % = 0428
| (n=28) | BB | 9 - - l R .
Albwnin AR | 6 | as [ ——
Al AB } 0| 130 13 | ‘;\{B B gif)’,
(n=27) BB | 95 ‘ o
| Post | - P .
albumin-1 | \\‘g ' §_ {4;‘( 6 | Pallt=0411 |
Pal-1 k|55 s ; £3 & Pal-1®=0.589 |
(0-28) P B | w | |
Past | |
‘ £ | 2
atbumin-2 ‘:’S | :a :28 54 | Pal-2* =058 |
Pal-2 = I o : Pal-2% = 0.413
w29 | BB |7 '
Vitamin-1>
binding oo 6 56 o_swsias |
protein oc | i 147 0.06 g’g(=gf;6’ !
GC ol N 9.5 ’ -
(n=30) | |
Catalase AA 6 2.4 e !
CAT AB 4 | u2 wy | EiEIE
‘m=27) | BB 17 13.4 i e
a-globuiin AA | 5 1.9 b |
Fon AB 5 110 g7 | Toa =028
x Fuo™ = 0,741
(n=29) BB | 19 160 2 7 ‘
y-globulin AN 11 [ 85 S !
| Sas AB 10 149 32 2"‘3“ = g'igg
| (0=30) BB 9 6.3 e T
| Transfernn AA 0.0 1.8 |
| TF AD 6 6.0 -
s 2 | TF*=02s
=3 5 e
i) ] Z 3 52 TEP = 0.40
DDy 5 48 TR
DE 8 8.4 | 2
EE 2 36
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Table 6. Distribution of genotypes of blood protein loci and their gene
frequencies of brucella positive sero-reactor camels.

! Blood Distribution of genotypes 2% Gene
protem loel | Genotype | Observed | Expected A frequencies
Prealbumin ':;3\ i ;) -11§ Pr* =0.350
4 E 4. < B_ ;
Pr BB 3 42 0.85%* Pr ()6—50
S5
| Albumin { £, 9 £ = A =0300 |
Al | e 3 . 51 AF-o0500 |
: | BB 5 | 25 22
Post I AA 4 4.9 W s |
abunin | AB 6 42 LR | BT |
Pul | BB 0 0.9 o |
2
a-giobulin "A\'S z '."(5) 4 Foa = 0.500
Fots : & Fas® = 0,500
2 BB 3 25 3=
v-alobulin Af‘ 2 e S5 Sea™ = 0.400
Sus A < = 72 Sas=0600
| R BB T L e 3
AA S 3.0
2 275
{3-globulin AAi) 2 S TF* = 0.55
{ Transferrin) f g 11 TE? = 0.25
TF DD, 1 0.6 TFE = 0.20
| l DE 1 1.0 |
Lo EE o | o4 l
N=1{
*p=0.0s
** P=0.01
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Lig. 1: Fractionation and different genotypes of serum proteins in normal
healthy brucella negative sero-rcactor camels.
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Ifig. 2 I'ractionation and different genotypes of serum protems o brucella
posilive sero-reactor cateks.
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