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ABSTRACT

This study investigated the haematological changes associated with infection of layers with
Pasteurella multocida. A total of 20 | SA Brown layers aged 18 weeks were used in this study.
The birds were assigned into two groups (infected and control) of 10 layers each. Each bird of
the infected group was challenged by intra nasal (0.1 ml) and intramuscular (0.4 ml)
administration of Pasteurella multocida inoculum containing 4.5x10° cfu. Blood samples (2.5
ml) were collected from each layer in both groups and used for haematological analyses on
days zero (Day 0), 2, 4, 7, 14, 21, 28, 35, 42, post-infection. The results showed that by day 5 pi,
layers in the infected group manifested ruffled feathers, sneezing, greenish-yellowish
diarrhoea, weight loss, drop in egg production and 20% mortality. Compared to the uninfected
control group, the infected layers had significantly lower (p < 0.05) packed cell volume,
haemoglobin concentration and red blood cell counts, with no significant changes (p > 0.05)
in their mean corpuscular values. Also infected layers had significantly higher (p < 0.05) total
leukocyte, heterophil and lymphocyte counts when compared to the un-infected group. From
the result of our finding, it was concluded that the experimental infection with Pasteurella
multocida in layers is associated with normocytic, normochromic anaemia, leukocytosis,
heterophilia and lymphocytosis.
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INTRODUCTION

Fowl cholera (avian pasteurellosis) is a contagem economically important disease of poultry edus
by a Gram negative, non-motile fermentative organiRasteurella multocida [1]. Besides chickens,
turkeys, ducks, geese and many other types of Bn@lslso susceptible to the disease [2,3]. Theades
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affects birds of all ages, but rarely occurs in omrcial poultry of less than 8 weeks of age [4]rr€ntly
the genusPasteurella includes Pasteurella multocida subspecies multocida, P. multocida subspecies
septic andP. multocida subspecies gallicida [5].

Three clinical forms of the disease have been ifiethin poultry; per- acute, acute and chroniceer-
acute form is usually due to infection with the tmasulent and highly infectious organism wheredsir
in good condition would suddenly die without angmionitory signs. In the acute form, chickens will
show anorexia, mucus discharge from the beak, fegbr, loss of weight, drop in egg production,
cyanosis of wattles and comb and green foetid lali@a [6]. The chronic form of the disease is asdedi
with conjunctivitis, swollen wattles, tracheitignheness, dyspnoea, swelling of joints and tendeatkh
of legs and wings as well as torticollis [7].

Gross lesions of fowl cholera in chickens includdegphial and ecchymotic haemorrhages on coronary
fats of the heart, epicardium, proventriculus, giglz peritoneum, intestines, and abdominal fats. liMer

is frequently enlarged, congested, streaked withtiphei pinhead greyish necrotic foci and there is
splenomegaly and congestion of ovarian folliclds [8

Fowl cholera causes devastating economic lossesheo poultry industry through weight loss,
condemnation of carcasses and death world-widdt[Bhs been reported to cause 1.8-21% mortalidy an
a decline in egg production by 15-20% and resuhlieshorter egg laying period leading to infectextks
being culled at an earlier stage [10, 11]. As altexf associated losses, the disease remainsdicat
obstacle to commercial poultry production in maattg of tropical Africa and Asia. It usually occas a
fulminating disease with massive bacteraemia, mghbidity and mortality [12].

The disease is transmitted mechanically througtovecaerosols and the ingestion of contaminated fe
and water. Most farm animals may be carrierBasteurella multocida [13].

In general, despite available literature on thentaelogical changes associated with experimental
infection of layers witHP. Multocida, there is still need for more studies to have aebetbderstanding of
the diseaseThis study, therefore, evaluated the haematologihahges in layers experimental infected
with Pasteurella multocida

MATERIALS AND METHODS

Area of Study

This study was carried out in Zaria, Kaduna Statdch is located within the Northern Guinea Savdnna
zone of North western Nigeria. It lies betweentlate ? and 1 N, and longitude and 44E. It has an
average rainfall between 1,000 and 1,250 mm aralarage temperature betweerf@and 33C with a
vegetation cover of predominantly trees and gradsgs

Experimental Birds

A total of 20 ISA Brown layers aged 18 weeks wearguired from a reputable farm that brood poultny fo
research purposes at Kujama, Kaduna State. The hiede routinely immunized against all endemic
diseases other than fowl cholera. On arrival aftbeltry Research Unit of the Department of Patinlo
Faculty of Veterinary medicine, Ahmadu Bello Unis#y, Zaria, Nigeria, they were housed and managed
intensively in pens that were thoroughly washedhwitetergent and sprayed with formalin at a
concentration of 4 ml/litre of water. The birds wekept for 7 weeks to acclimatize to the new
environment and also reach peak of egg produciibey were fed standard commercial layers mash
(Hybrid feed§) with drinking water providedd libidum throughout the study period.

Source of bacterial organism and pre-infection of perimental birds
The challenge bacteriunRasteurella multocida serotype A: 1, used in this study was providedHhsy
Department of Bacteriology, National Veterinary Bagh Institute, Vom, Plateau State, Nigeria.
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Nasal swabs were collected from experimental birddoth groups and inoculated into blood agar
supplemented with 10% sheep blood and McConkey. dtjar plates were incubated for 24-48 h at 37°C
and were checked every day for bacterial coloriis [

Challenge of the birds withPasteurella multocida

After reaching peak of egg production (80%) at Z&ks old, the birds were randomly assigned into two
groups (infected and uninfected) of 10 layers e@rhthe day of infection (Day 0) each of the binus
the infected group was challenged with a dose BfmbD.of the inoculum containing 4.5x%®u of
Pasteurella multocida. One tenth (0.1ml) of the total infection dose wvo&l was administered intra-
nasally [16], while the remaining 0.4 ml was adrsiared by intra-muscular injection [17].

Clinical Observation

Starting from Day O post infection (pi), all thepeximental birds were routinely monitored for adiali
signs of fowl cholera and observations were reabm@trordingly throughout the experimental period of
six weeks.

Collection of Blood for Haematological Evaluations

Blood samples (0.5 ml) were collected from eaclthefbirds in the infected and control groups via th

brachial vein, using a 5-ml syringe and 23 G neeBlleod samples were first collected on day 0 and
subsequently on days 2, 4, 7, 14, 21, 28, 35 an@i4Zhe blood collection was carried out in the

morning (08.00 to 09.00 hour). The blood was dispdninto EDTA sample bottles and used for
haematological evaluations.

Haematological Evaluations

Packed cell volume (PCV) was determined by the shigematocrit method, haemoglobin concentration
by the cyanmethhaemoglobin method, while the reddkell (RBC) and white blood cell (WBC) counts
were determined using the improved Neubauer haetmoefer method [18]. Erythrocytic indices,
namely, mean corpuscular volume (MCV), mean comlasdhaemoglobin (MCH) and mean corpuscular
haemoglobin concentration (MCHC) were calculateddescribed by Campbell and Ellis [19]. Blood
smears for differential WBC counts were routinekegared, stained with Wright-Giemsa stain and
examined under oil immersion magnification (X 1,p@@cording to [20]. Differential leukocytes counts
were carried out according to [21, 22]

Bacteriological isolation and recovery oPasteurella multocida Post-infection

At necropsy, swabs were aseptically taken immelgidtem the blood in the hearts, lungs and splesfns
the birds in the infected group for the isolatidnPo multocida on days 4, 7 and 21 pihe heart blood
and tissue samples were inoculated into Blood ddacConkey agar and incubated af@%vith 5 %
carbondioxide (C@ for 24 hrs The colonies suggestive & multocida were further subjected to
biochemical tests, including sugar fermentationaleae, oxidase and indole tests for final idecdiion
[23].

Statistical Analysis

Data collected during the study were summarizeche@sns and standard errors of means and differences
between groups were determined using Student atebtvalues op < 0.05 were considered significant
using Graph Pad Prism Version 5.00 for Windows pBnaad Software, San Diego California USA.

RESULTS

Following infection withPasteurella multocida serotype A:1, birds in the infected group showiauazal
signs of fowl cholera as from day 5 post-infectidie clinical signs observed included drop in egg
production, reduced feed and water consumptiorfleduffeathers, watery greenish-yellow faeces and
weakness, loss of weight, laboured breathing, gakeand cyanosis of wattles and combs. The infected

10



group had 20%nortality while all the birds in the control grouspmained apparently healthy through
the study.

Effect of Pasteurella multocida Infection on the Haematological parameter:

Mean packed cell volume

The mean packed cell volume in the infected androl groups were as shown in Fig. 1. There wi
slight decrease in the packed cell volume (PC\Mh@infected group on days 2 and 4 -infection (pi).
Thereafter, PCV in the infected group from day 7ggee to reach a peak level (37 0.94 % on day 14
pi that was significantlyR < 0.05) higher than the corresponding value in therob(30.90+ 0.33 %).
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Figure 1: Mean & SEM) packed cell volume oPasteurella
multocida infected and control groups of layers.

Mean Red Blood Cell Count

The mean red blood cell count (Fig. 2) in the itddcand control groups remained comparable on ¢
pi but by day4 pi it significantly (P < 0.05) increased in thdeicted group. Thereafter, it decrease
reach a lowest level (1.5@.11x 1(*’L) on day 28 pi in the infected group which was sigaiftly
(P<0.05) lower than that (2.800.04 x 1(*’L) in the control p to the period when the study w
terminated on day 42 pi.

Mean haemoglobin concentratio

The mean haemoglobin concentration in the infe@ed control groups were as shown in Fig
Following the infection, mean haemoglobin conceidra gradually dereased progressively in t
infected group from day7 pi to reach a lowest I€8eB(+ 0.49 g/dL)on day 35 pi that was significan
(P < 0.05) lower than the corresponding value (+ 0.33)in the control group. At the end of the stt
(day 42 pi), thevalue of haemoglobin concentration was still sigaifitly lower in the infected the
control group.
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Mean corpuscular volume

The values of mean corpuscular volume in Pasteurella multocida-infected and control layers &
shown in Fig. 4.The mean value of the MCV of biidsthe infected group (1.3t 5.70 fl) was
significantly (p < 0.05) lower than that of the tah group (146.0 + 4.23 fl) on day 2 pi, and aftards,
there were no sigridant differences (p > 0.05) between the MCV oftii¢he end of the experime

Mean corpuscular haemoglobin concentratio

The values of the mean corpuscular haemoglobin edrations (MCHC) of théP.multocida-infected
and control group of layers ass shown in Fig. 5. There were no significant (8.65) difference
between the means of MCHC of the two groups atitibh the experimental peri

Mean total white blood cell count

The mean total white blood cell count in ‘P. multocida-infected and control groups of layers are sh
in Fig. 6.The mean total white blood cell count increasedymssively in the infected groifrom day 4
to reach a peak valy@8.40 + 8.10 x 1/L) on day 14 pi that was significant{? < 0.05) higher ian that
in the control group (21.70 +1.00 x °/L) after which the mean TWBC count remained highthie
infected group up to day 42 pi when compared witt of the control grou

Mean heterophil count

The mean heterophil count P multocida-infected ad control groups of layers are shown in Fig
There were no significant differences (p > 0.05hia mean heterophil counts of the two groups fdaiy
0 to 4 pi, but from day 7 to 28 pi, the heteromuilint of the infected group was significantly ( 0.05)
higher than of the control. However, on days 35 4Rdi, the heterophil counts of the infected gr
became significantly (P < 0.05) lower than thathaf control
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Figure 4: Mean & SEM) corpuscular volume (MCV) of
Pasteurella multocidainfected and control groups of layers.
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Mean lymphocyte count

The mean lymphocyte count in tP.multocida-infected and control groups of layers are showfhign 8.
There were no significant differences ( 0.05) in the lymphocyte counts between the two gsoon
days 0, 2 and 4 pi, although there was a relatigeease in thlymphocyte counts of both groups on ¢
4 pi. From day 7 to 42 pi, the lymphocyte countshef infected group was significantly <0.05) higher
than that of the control.

12 -

10 - = Heterophil.
= Heterophil.

8 4

=

Heterophil (x109")

Days post-infection

Figure 7. Mean & SEM) heterophil counts inPasteurella
multocida infected and control groups of layers

9 -
g | = Lymphocyte (contro
® Lymphocyte (infectec i
27
g 6 -
=
o 51
z
s 4
s
£ 37
>,
1 .
0 T  r ° T  *T '’ °T  ~‘+T— ‘'1»U9/ /"
0 2 4 7 14 21 28 35 42

Days post-infection

Figure 8: Mean + SEM) lymphocyte counts inPasteurella
multocidainfected and control groups of layers.

15



DISCUSSION

The clinical signs that were observed in Basteurella multocida-infected layers during the experiment
included anorexia, weakness, loss of weight, getepellowish diarrhoea, drop in egg productiongpal
wattles and combs which are in agreement with previreports [24, 25] The changes noticed in the
haematology ofPasteurella multocida-infected layers in this study which were significgp < 0.05)
increase in packed cell volume (PCV) on day 14apid decrease on day 21 pi, significant (p < 0.05)
decrease in haemoglobin concentration (Hbc) on®ay, and significant (p < 0.05) increase in red
blood cell count (RBC) on day 4 pi and decreaseday 28 pi correspond to previous reports of
normocytic normochromic anaemia in fowl choleraedse [26] which was attributed to impaired
erythropioesis due to poor absorption of irorppeEyr, proteins, cobalt and pyridoxine as consecguehc
the disease. The anaemia may also be partly diie teeported production of haemolytic endotoxins by
P. multocida [27].

In this study the fact that the mean MCV and MCIl8€,the days in which abnormal mean values for
PCV, Hb concentration and RBC count were recorderewvithin the reference values suggests that the
anaemia caused by infection whmultocida in layers was normocytic normochromic.

The leukogram of th®.multocida-infected layers showed significant increape<(0.05) in the TWC
count in the early period of the infection. Thengiigant increasef < 0.05) in total white blood cell,
heterophil and lymphocyte counts in the infectesligrfrom days 7 to 28 pi in this study could be tiu
inflammatory reaction as a result of antigenic station caused by th®. multocida [28] and/or its
endotoxin while a progressive and significant daseep < 0.05) in the mean heterophils count between
days 35 and 42 pi could be as a result of shiftedfs (heterophils) from the circulating pool irttze
marginal pool and then into the body tissues byaeti@sis [29] in order to phagocytise the offending
organism. The significant increase in the mean lyoggtes count observed from days 7 to 42 pi indicat
lymphocytosis which means thBtmultocida stimulates lymphocytosis which is in agreementwtite
reports of Mitchell and Johns [30]. Another possit#ason for lymphocytosis in this study could fes t
the birds were recovering from infection wikh multocida as lymphocytosis had been reported in the
recovery stage of most infectious diseases.

CONCLUSION

It was concluded from this study that the experitakeimfection withPasteurella multocida in layers as
done in this study was associated with normocpiicmochromic anaemia, leukocytosis, heterophildh an
lymphocytosis.

ACKNOWLEDGEMENTS

The authors greatly appreciate and acknowledge singport of Hajia Salamatu of Veterinary
Microbiology laboratory as well as Mr. Dodo and Mah Yunusa Mohammed of Clinical Pathology
Laboratory.

REFERENCES

1. Christensen, J .P, and Bisgaard, M. (2000). Fowbl€ra. Revised Scientific Technology.Office
International Epizootics, 19: 626 - 637.

2. Glisson, J. R., Hofacre, C. L. and Christenser?.J2003). Fowl cholera. IrDiseases of poultry.
Saif, Y. M., Bames, H. J., Glisson, J. R. Fadly, M., McDougald, L. R. and Swayne, D. A.
(editors). lowa State University Press, Ames. P8. 6676.

3. Kwon, Y. K and Kang, M. I. (2003). Outbreak of fowholera in Baikal teals in Kore#vian
Diseases, 47(4): 1491 - 1495.

4. Rimler, R. B. and Rhoades, K. R. (1994). Hyalurasi and chondroitinase activity Bésteurella
multocida serotype B:2 involved in hemorrhagic septicaeeierinary Record, 134 (3): 67 - 68.

16



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Christensen, H., Bisgaard, M., Angen, O., FredenkdV. and Olsen, J. E. (2005). Characterization
of sucrose-negativ@asteurella multocida variants, including isolates from large-cat biteuwds.
Journal of Clinical Microbiology, 43:259 - 270.

Rimler, R. B. and Glisson, J. G. (1997). Fowl chalén: Diseases of Poultry. Calnek, B. W., Barnes,
H. J., Beard, C. W., McDougald, L. R. and Saif, M. (editors), Mosby-Wolfe, London. Pp. 143 -
159.

Abdu, P. A. (2014)Manual of important poultry diseases in Nigeria. 3% edn., 5 and 6 Ventures, Jos,
Nigeria.

Rosales, A. G. (2013).Oophoritis and ovary regression. Retrieved October 23, 2013
from:www.merckvetmanual.com/mvm/poultry.

Aye, P. P., Angerick, E. J., Morishita, T. Y. andrH B. S. (2001). Prevalence and characterisfics o
Pasteurella multocida in commercial turkeysAvian Diseases, 45: 182 - 190.

Compi, T. W., Carpenter, T. E., Hirds, D. W., SpK. P.andHirds, D. C. (1990). Fowl cholera in
California multipler breeder turkey8vian Disease, 34: 928 - 933.

Kempentanove, M., Kapetanove, R., Suvajdzic, L. atathner, M. (2000). Cholera caused by
Pasteurdlla in breeder flocksZivirnastro, 35: 211 — 213.

Organization of International Epizootics (2008) wk@holera.OIE Terrestrial Manual, 3(2): 534 -
530.

Blackall, P. J. (2003). Fowl cholera: an emergingedse in free range chickens. @ueensland
poultry science symposium, Gatton, Queensland, Australia.

Abdulsalam H., Adamu S., Sambo S. J., Gadzama Chifoma M. A., Adeke J. T., Atata J. A. and
Mohzo D. L. (2017). Haematological Response of Adlihle Wistar Rats Experimentally Exposed
to Oral Monosodium Glutamatdournal of Veterinary and Applied Sciences, Vol. 7 (2): 29-34

Sa’idu, L., Abdu., P. A. Umoh, J. U and Abdulahi, 8. (1994). Disease of Nigerian indigenous
chickens Bulletin of Animals Health Production in Africa, 42, 19- 23.

Bisgaard M., Houghton, S. B., Mutters, R. and S#&n&. (1991). Reclassification of the German,
British and Dutch isolates of so calledasteurella multocida obtained from pneumonic calf lungs.
Veterinary Microbiology, 26: 115 - 124.

Arsov, R. (1965). The portal of infection in fowhalera. In:Diseases of poultry, 130" edn., Calnek,
B. W., Beard, H. J., McDougard, L. R. and Saif, M. (eds.), lowa State University Press, Ames,
lowa,USA. Pp. 208 - 219.

Amany, A. and Abd-Alla, M. (1997). Clinicopatholagil studies on the effect dPasteurella
multocida in chicken and duck&gypt Journal of Comparative Pathology and Clinical Pathology, 10
(2): 149 - 159.

Sirois, M. (1995).Veterinary Clinical Laboratory Procedure. Mobsy Year Book. Inc. St. Louis,
Missouri, USA, 20 - 86.

Campbell, T. W. and Ellis, C. K. (2007). Haematglogf birds. In: Avian and Exotic Animal
Haematology and Cytology, 3 edn., Campbell, T. W. and Ellis, C. K. (Eds). BlackwBliblishing
Professional, Ames (IA), Pp. 3 —50.

Campbell, T. W. (1988)Avian Haematology and Cytology. lowa State University Press, Ames, IA,
pp. 101.

Hawkey, C. M. and Dennet, T. B. (198%. Colour Atlas of Comparative Veterinary Haematol ogy.
Wolfe Publishing, London, UK, Pp. 192.

Organization of International Epizootics (2015)wkaholera.OIE Terrestrial Mannual, 2 (2): 9 -
10.

Einum, P., Klupel, M. and Bolin, C. (2003). An orgbk of fowl cholera in ring-necked pheasants
(Phasianus colchicus). Avian Diseases, 47: 477 - 480.

Christensen, J. P. (2013). Overview fowl choleraetrieved October 25, 2016 from
http://www.merckvetmanual.com/vm/poultry/fowl chade

17



26.

27.

28.

29.

30.

Samia, M. M. (2009). Hematological, biochemical,mmmological and pathological studies on
pasteurellosis in chickeregypt Journal of Comparative Pathology and Clinical Pathology, 22 (2):
195 - 209.

Wendell, F., Rosse and Thomas. A. (2016). Waldm&actors controlling erythropoiesis in
birds.RetrievedNovemberl:http://www.bloodjournaj/aontent/27/5/654.full.html.

Campbell, T. W. (2004). Haematology of lower verggbs. In’55th Annual Meeting of the American
College of Veterinary Pathologists (ACVP) and 39th Annual Meeting of the American Society of
Clinical Pathology (ASVCP), ACVP and ASVCP (Eds). American College of Veterinary Pathologists
and American Society for Veterinary Clinical Patigpl, Middleton, and USA. Internet Publisher:
International Veterinary Information Service, lthadNew York ,Retrieved August 28, 2014 from:
http://www.ivis.org/proceedings/ACVP/2004/Campbéilis. pdf

Vegad, J. L. and Katyar, A. K. (1995). The acutdtammatory response in the chickéreterinary
Bulletin, 65: 309 — 409.

Mitchell, E. B. and Johns, J. (2008). Avian haernugtp and related disordergeterinary Clinics of
Exotic Animals Practice, 11: 501 — 522.

18



