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Scavenging indigenous bird coo titute over 70 % of poultry in Kenya and 

contributing 71% ofthe total egg and p ultry meat produced in th country. 

Pasteurella multo ida causes fowl cholera, a eli ea e of economic importance in 

commercial bird production. lts importance in illage indigen us chickens and ducks i 

unknown. In Kenya there i very little documentati n on P. multo ·ida and fi wl cholera, 

although these are rep rted in other African countries. ittle i kn wn about the carrier 

status, age susceptibility disea e everity eros -infection molecular diagnosis and 

pathogenesis of P. multocida in farmed and traded birds and the efiect of stress 

(simulated by immun uppre sion in these studie ) on P.multocida infections. 

For the P. multocida carrier talus a total of 162 scavenging indigenous chickens and 

54 ducks ~ere examined. The birds were from smallholder farms, tr ding centres and 

slaughterhouses in Kiambu, lachakos, and Nairobi districts~ the s;aughterhouses receive 

birds from rural districts in variou parts of the country. The sample c;ollected were 

oropharyngeal and cloacal swabs. l alation was done by inoculation onto blood agar and 

characterized using staining and biochemical tests. All the three doCLtmented subspecies 

of P.multocida were recovered at varying rates. hickens gave reC'J •teries of6.2% or 

10/ 162 3 P.m. multo ·ida 2/'.m. seplic:a and 5 P.m. galli ·ida) and duck had 25.9% or 

14/54 (4 P.m. multocida 3 P.m .. epli ·a and 7 P.m. gal/i ·ida) P.multocida isolates. 

rrier birds with P.m. multo ·ida originated from Kiambu ( 4/7) Ki ii (2/7) and Nairobi 

(1/7)" those with P.m. eptic:a originated from Machakos (2/5) Nairobi (2/5) and Kiambu 

( 115); while th se with P.m. gallicida were from Makueni 3/12). Machakos (2/12). 



.. / 12 and air i 4/12) di Lricl . This tud do ument th tir t rep rt of 

tatu in I al cav nging chi kens and duck 

u cepttbilit t P.mullo 'ldu wa valuated in duplicate in t· eparate 

periment • one for chick n and the th r fl r duck . ach experiment consi ted of I 0 

perimentaJ birds and 5 c ntr I ird . fi r rc pecti e age . 8, 12 and 16 week . The 

e. perimentaJ chicken and du k in each age group were infected intt.llracheaJiy with 1.2 

II 

_ 0 I 011 of/'. multo ·ida rgani m , strain T I 0 22T and monitored for total 

number and se erity of clinical sign , allC.l " eight change era pet i d of 14 day post 

inoculation p.i). Control bird were in culated with brain heart infu ion (BHI) broth. 

The clinical signs observed in si k bird in all the age groups that i , ~~. 8, 12 and 16 

week-old bird were anorexia fe er, ataxia, depression, ruffied feath ~r , cyanosis 

nervou tics nasal di charges, neezing, mouth discharges, dyspn ea pontaneous 

tracheal rales, dian hoea and head cratching. A total of 17 272 3 72 and 187 clinical 

sjgns were sh wn by 8 12 ami I -week -old chicken respe ti ely. or these the severe 

signs were 28 for the 4week-old, 59 for the 8week-old, 65 for the I :week-old and 24 for 

the 16week-old chicken . The infected birds lost weight by 14.1, 2 . 2'5 .7 and 166.9 

grams for 4, 8, 12 and J 6week- ld chickens, respectively as compared to respective 

control bird. Overall, the 12week-old local chickens expressed many :md severe clinical 

signs more times than those of other age groups, cons quently this w .l'l considered the 

most susceptible age. 

The observed clinical igns fi r ducks were the same as chicken except there were no 

cyanosis and head scratching but there were additional eye discharges. A total of 117 

188 80 and 83 cUnical signs wer hown by 4 8 12 and 16week- Jd Jucks, respectively. 



Of these, the severe signs were 23 for the 4week-old, 49 for the 8wee -old 18 for the 

l2week-old and 22 for the l6week-old ducks. The infected ducks los1 weight by 7.5 

Ul 

12.3, 28.5 and 28.8 grams for 4. 8, 12 and 16 week-old ducks re pecti ely as compared 

with the respective control bird . hese weight changes were as .iatl."d with J .multocida 

infection, although less severe in older ducks as compared to older c~:rkens. Overall the 

8week-old local ducks expressed many and severe clinical signs mor~ times than th e of 

other age groups and consequently this age group was considered th '?. most susceptible 

age. The most susceptible ages for chickens and ducks (12 and 8 wef.ks respectively) 

were the ones used for subsequent experiments on clinical sign monitoring, cross­

infection and path genesis studies. 

Comparison was done with respect to severity of the disease clir ical signs), in 

normal. non-immunosuppres d (NIS), and immunosuppres ed (I 1 chickens and ducks. 

Immunosuppression was done by injecting the respective birds with 4.0 mg 

dexamethasone per kg body weight daily for 6 days prior to inoculation. Chickens and 

ducks of the previously determined susceptible ages~ were infected in~;a-tracheaJly with 

1.1 - 2.5 x 108 organisms of P.m. multo ·ida type strain; and monitored for clinical sign 

expressions for 14 days post inoculation. The main clinical signs ex~m:ssed by NlS 

chickens were: fever, depression nasal discharges, sneezing, ruffied r i.hers, dyspnoea, 

ataxia, diarrhoea, nervous tics spontaneous tracheal rales mucou discharges from 

mouth, cyanosis, head scratching and anore ia. lmmunosuppre sed (;,.ickens had similar 

signs although there were no rales diarrhoea and cyanosis but nerv ),Js tics were many 

compared to IS chickens. A total of 72 clinical signs were ob erved in NIS as 

compared to 179 in l chickens. 
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The I and I duck had sign imilar to tho e for chicken exec 1( neiVou tic • 

head cratching and cyan i Du~k h v.ed e e di harg a ign that wa n t ob erved 

in chicken . A t taJ f 188 linical ign were observed in I ducks as c mpared to l 3 

for 1 duck . The clinical sign ccurred ingly r in variou combinali n per bird per 

ob ervation time. veraJI, fewer sign were observed in I birds compared to l birds 

in both chicken and ducks. Thus immunosuppression appeared to rn rl!fy and 

ubsequently decrease e pression of clinical igns. New sign uch as ataxia, nervous tics 

and head cratching have been revealed in this tudy and need to be CCII idered in cases 

of su pee ted fowl cholera. 

P.mullo id cr s infections beLwccn the chickens and ducks were done in two 

experiments: - I fr m chi k ns to du k and (2) from duck to chickens. Birds were 

used at the re pective susceptible nges. In the first experiment si;< t 2week old chicken 

were inoculated intra-tracheally with 1.6 x I Og C of ?.multo ·icla organisms and six 

h ur latCI mi, ed \ ith 15 ight week-old sentinel duck . or the IS ducks, five w re 

swabbed regularly, on daily basis while the ther I 0 were sac• iliced r p L-m 1tcm and 

histological cxaminati n at pccificd days: l 3, 5, 7 and I 0 aner mjxing them with 

infected cruckens. f the 5 duck that were wabbed severally for 14 day 2 had 

Pasteurella organi ms recovered from them by day I 4 at day 2, and all bad the 

organism on day 6 after mixing the birds. Most of the birds devclo::c:! clinical signs and 

lesions typical of intermediate t chronic fowl cholera. P.mullo .ida orgauisms were· 

recovered from the c bird and also from the experimentally infectec: chickens at the end 

of the study. 



In the 2"d e perim nt 6 ei •ht ' eek-old duck ' ere intra-tracl•wall infected with 1.8 

of P.nmltouda rganisms and mixed \ ith ntinel chicken 6 hours later. 

·our of the 5 chicken ~ ab ed se erally ha the P.mullochla n clay I and all had the 

organisms orr day 2, aOcr mi ing. ypical igns and lesion imilar to those o etved in 

the fir t r pecti e experiment ' ere recorded and P.multo ·ida or 1 ani ms recovered at the 

end of the experiment. 

The e two experiment bowed that the Pa teurella organisms could ea ily be 

transmitted aero s the two types of bird simply by mi ·ing the birds and that chickens 

acquired P.mullo ida infection more quickly than the ducks. he pos ibility f contact 

transmission occurring at farm level market places and during c· •1enging may account 

for the maintenance and pr pa ~ation of the P.multo ·ida organi 111 at village level. 

A P.multo ida ecies - specific 1 A probe was developed for use in the fluorescent 

in itu hybridization FISH te t to effectively detect and locate P. multocida organisms 

in culture and ti sue he pr be was an oligonucleotide, pmhyb449 which targets the 

bacterial 16S rRNA The probe wa evaluated using whole-cell h b idization on bacterial 

cultur s and tissue Twenty two reference strains f different bacteria formalin-fixed 

and parafiin embedded pig and chicken lungs were used for the evaluation. The probe 

differentiated P.multo ida fi·om other bacterial species of the f:ur,11ies Pa ·teurella eae, 

Enterobacteriacae and a1 from divergent species of the order ,, top/ragales. Biovar 2 

strains of Pa teurella avium and Pa teurella cani , could not be diff ;rentiated using this 

probe since their 16S rRNAs have higb similarity to that of P.muff,Jcida. ln chicken and 

pig lung tissues P.m11flocida cells were detected singly, in pairs a microcolonies and as 

massive colouies within air capillarie septa and lumen parabror.c.:Jial septa aud blood 
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ve el wall and tum n 1 he re ult ho\ ed that a flu r s ent in . 1111 hybridization 

technique offer a fa t meth d for pecific detecti n f P.mu/1 d da in hist I gical 

formalin-fi xed paraffin-em eddcd ti sue . his particular •1 11 test was repticable and is 

recommended a an titer test fl r diagnosi and a a to I in path gene is studies f G wl 

cholera and other P.mullo 'Ida infection . 

The pathogene is experiment were done on chickens and du ks separately, using 

the established susceptible age . I3oth e periments comprised t o groups of Nl and IS 

bird with respective contr Js. The immmunosuppre sion was dont..! ll sing dexamethasone 

as given above. AJI the group of bird , except controls were infected intra-tracheally 

with 1.2 - 1.9 x l 011 FU of P. multo ·ida rganisms. Control bird were inoculated with 

BHI as before. The birds were then sacrificed two at a time over a \)eriod of 14 days, at 

specified times namely: 0 immediately after inoculation), I 3, 6, I 2, 24 hours, and days 

2, 3 5, 7 10, and 14 post infection. Post mortem examination was done on eacb animal· 

gros pathological lesions in elected 24 organ (lung trachea, conjunctiva airsacs 

spleen, li ver heart thymus, harderian gland pancreas brain :;ciatic nerve kidney, 

testis/ovary adrenal gland, bursa f Fab icius, proventriculus du d .. num, midgut, caecal 

tonsils, large inte tine pnming gland, comb or head skin and pe t raJ muscle ) were 

noted. he selected organ were aseptically removed, immediately wabbed for 

conventional bacterial isolati n and then formalin fixed for hisloJ,Jathology, and tested 

with FlSII fi r the presence of P.multocida organism. A total of9~ . 8% ofNIS and 91.7% 

of IS chicken organs had gros le ions, while all NI organs and P-3., % of the 1 chicken 

organs had microsc pic lesion . 
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Lesion ere numer u in th fir t \ eek for b th group of chickens. The common 

b erv d wer pneumonia, air._ acculiti , fibrino- uppurati e exudate congestion 

haem rrhage , ero ili. . hepatitis pleniti., peri-and-myocarditi , uephritis, sinusiti and 

peritonitis. They were many and . evere beLween 1 hr and 2 da s p : for NT chickens and 

3 hr and 24 hrs for I birds The picture wa similar for hi t logi al lesions. On Fl H 

te t, all organ of 1 bird had P.mullocida signals while 87.5% f T organ had the 

ignal. The expre ion of Fl ll ignal correlated closely with Je i ms up to 7 days p.i, 

and clo ely with P.multvcida re-i olati n up to the 211
d day p.i . Thereafter the FISH test 

had more positive ca es than the other methods. 

The trend in the duck pathogenesis e periment was similar to tha:; of the chickens but 

lesions were m re severe than tho c in chicken rgan . ln both Ni and IS birds FISH 

ignals were bserved in all rgans. FJ I I ignals were in more organs at 1 hr to 3rd day 

for NJS and , ... hour to 2"d day for JS duck organs. P.multocida recovery from selected 

organ foil wed a imilar tr nd as in chickens. As observed i;, previous experiment 

immunosuppre sion was found t m dify the lesi n expres ion as well as the ease of 

detecting the P.mnllo id thr ugh both the ·lSll te t and cultural m~thod . 

In conclu ion the tud has established that a P.mullocida can ier status exi ts in 

duck and chicken susceptible age group · were 12 weeks and 8 w ks for chickens and 

duck respecti ely· typical sign and newly observed signs were seen, and cross 

infection of P. mu/tocida occur between village chicken and ducks. Further, a 

molecular diagnostic tool (pro e pmhyb 44 ) has been developed · pathogenesis of 

P.multocida in chickens and ducks mapped out and immunosuppr ... s~;on has beeo shown. 

to modify P.multucida infections. 
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L. I TROD nO 

1 here are IS billion p ultr in the \l rid and dome tic hicken~ ducks turke and 

gee are the c mm n pecie ( n n., l 96 Ken aha a p ultry p pulation f er 29 

million f which er 21 million are ca enging indigcn u chickens Njue 2003 ). The 

re t are c mmercial chicken duck , turk y and gee c. The indig n:,us chicken and 

duck are de c ndants f rand m eros ing between the I cal and e otic strain of birds 

ue e 1998) hereby refen ed t a the indigenou birds. he a eragP. flock size is 7 to 

14 bird per hou ehold (MLD, 1989~ Mbugua L990a; Gueye, 1998). The scavenging 

chicken contribute 71 % of the t tal egg and poultry meat produced in Kenya (Mbugua 

J 9 0 b) and impact ignificanlly to the rural trade and the welfare of~:--:: rural smallholder 

family MLD 1989). lnspitc of thi , the birds are poorly housed anG scavenge on green 

feed eed in eel and thcr re idue from the envir nment, and ar.- upplemented at . 
time fr m h u chold wa ·tes 1989~ Mbugua, l990a . free-r: 1ge is the most 

c rnmon poultry-raising method in devel ping countries (Minga I a/. 1989~ Nyaga el 

a/. 2 02). Thi management y t rn predi pose the birds to ari u hazards uch that 

the urvi al rate t maturity i C! timated at 20-30% f the hatched chicks and ducklings 

(MLD 1989 . Any remedial mea ure that may reduce thi J ss wou:d greatly enhance the 

economic well being f these h u eholds Conditi ns that lead to th~ ·~ losses include; 

disease inadequate fe ds p or h u ing and predator · di ea e being the mo t 

important constraint (ML , 1989· ucye 1998~ Aini 1999a b). 



Bacterial infection of the re pi rat ry system of birds in Jude Pu J. •urella pp. 

1/aemoplu/us p. Actiuohacillus pp. Borde/ella pp., 'ul/ibacl '11'1111 spp. Ri mel/a 

pp. 'trepl ·o · ·u pp. 'lapll lo ·o u · pp. Esclleri ·hia coli 1ann/leimia pp. 

rmthobacterium spp., and My ·opla ma pp AIJ these pr duce similar clinical and 

path logical le ions (upper re piratory tract inflammati ns pneum nia, airsacculiti 

p ly ero iti and s pticaemia) in bird . hey can infect al ne r in combinati ns 

2 

( n 1998, and 2 0. , I3oje en, et a/. 2003 ). There i a need ther ..Jore to differentiate 

the cau ati agent in clinical infection in chickens, duck and ther birds. 

Pa tem·e/la multocida compri ing Pa. lem·el/a multo ida ubsp cies multocida 

Pa. teurel/a multo ida sub pecics ·eptica, and Pa leur /Ia multo ·ida subspecies galli ida 

(Mutters eta/ 1985b) infect many ft od animals and i an opportunistic human 

pathogen (B isgaard, 1993; F rcderi ksen, 1993). lt i the causative agt;>nt of fowl cholera in 

poultry (Rhoades and Rimier, 1989· hristensen and Bisgaard 2000 1 a disease of 

economic imp rtance in commcr ial production who e importance ir1 rural indigen us 

chickens and duck rs t to be detennined. Fowl cholera occur a f '~racute, acute and 

chronic infecti n ( hristensen and Bisgaard 2000· lis on, •t a/. 2003). 

Flocks with r; wl ch lera can be carrier f I'. multocida ( arpenter el a/. 1989); and the 

organisms have been dern n trated in healthy scavenging poultry in farms in Tanzania 

( Muhairwa el a/. 200 I b) and Denmark Muhairwa ef a/. 20 0). 

rn Kenya there is very little documentation on P. multo ida, sinCI' the case report in a 
grey pan·ot by Miringa ( 1975). uspected cases of fowl cholera have been reported in 

other African countries such a igeria (Oladele and Raji, 1997) Tanzanja (Muhairwa et 

at .• 200lb) and Zimbabwe (Kelly el at .• 1994). Therefore recovery ·.1f Pasteurella species 
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fr m bird ' uld directly c nfi1m the ccurrcnce of the rganisms io Kenyan indigenous 

chickens and ducks iltle i known about the occurrence of heal:hy-looking carriers in 

farmed and traded indigenous bird in Kenya. 

De pite c nsid rable re earch on ~ wl cholera in domestic and ild birds, the ource 

f new infecti nina flock i till uncertain (Petersen el a/. 200 I a,b). Furthennore little i 

known ab ut the pre alencc f healthy carriers and Pa leurella serovars involved in 

individual outbreak f fowl hoi ra 1uhairwa et a/., 2000). In the Kenya indigenous 

chicken and duck : - the latu of P. mullodda in tenns f prevalence f healthy-

appearing carriers, inter- pecie tran mi sion at illage level and disease su ceptibility 

clirucaJ signs and pathogene i i unkn wn 

F wl cholera cau ed b P. multo ida is reported t be a di ease of adult and grower 

birds Ileddleston and Watko I 65; alami, 1989; hri ten en ~1 a/., 1 998). However 

the mo t u c ptible age gr up and the ensuring clinical picture for the scavenging . 
chicken and duck has not been detennined and there i tJterefore a need to establish 

thi . 

lndigen u chicken and du k interact at village le el v hile ' :;avenging. There is a 

possibility that P. multo ida is hared a ro s the pecie . To eva1ual~ this, contact cross-

transmi ion studie were under-taken to give an in ighl on po ible way of maintaining 

P. mullocida at village level. 

Detection and phenotypic characte1 ization of P. multo ida depends on the ability to 

cultivate and purify the bacteria in the laboratory ( hristen en and Hisgaard, 2000). The 

fact that P. mu/tocida infection do n t how pathognomonic signs or lesions, makes it 

necessary to develop a pccific technique that can easily detect the pro eno of the10 
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organi ms in culture and tis u s of infected birds. In 1/u h br.-..il tion I H) u ing a 

sp cifi fiuore c nt-labclcd p101J Me i I and Far uhar n 1 < 1. Brown 1998 was 

ch en for the e tudies beeau e fluore cent labeled probe , incrc;.1Se patial re olution 

P ul en 1 a/., 1994; oter and Gobel 2000). Flourescent in itu hybridization ISH) 

has been u ed to i ualize ari u bacteria such as: E. coli (Poulsen et a/., 1994) 

'aim nella typltimurmm Licht et a/ , 1996 , a/monel/a serovars ordentoft el al. 

7 , Actmoha ·tl/u.\ p/europueumuuiae (Fu ing I a/., 1998; Jen en et a/., 1999) 

Lawscmiu intruce/lularis (Bo et a/., l998a) Bra ·hyspm.r (. 'el]mli'la} pilo i oli (Jensen 

et a/., 2000 'freptoc:oc ·11 • • uis Bo e •/ a/., 200 , bacteria in bl d cultures Jansen et 

a/. 20 0; Kempf et a/., 2000 and in clinical samples Krimmer et a/., 1999) and in 

c unting of bacteria hri ten en el ul, 1999). 

On invasion of the ain ay P. multo ·ida infects the re pirator; s:~stem and preads to 

various tissues in the body of the t"; wl (Matsumoto et a/. 1991 ). The precise I cation in . 
the organs and tis ues of the indigen u chicken and ducks dw in~~ the course of this 

di ease has n t be n well do umented . It is neces ary to evaluate thi , by documenting 

the pertinent pathol gieal le ion bacterial isolation using cultural r ethods and the ISH 

test at pecified period po t-inlcction in rder to und r land it p<>.tl10genicity in various 

sentinel indigen u bird . 

Predisposing fact r may increase se erity of outbreaks of I .multo ida infections 

(Rimier el a/., 1998). ·xample f these are stre sful and immuno-suppressive conditions 

that are prevalent under village rearing set-ups, namely: e posur; to infectious bursal 

disea e mycotoxin subclinical infection and iufestati n malnutrition, and excessive 

heat during drought c nditious (Aini, 1999a,b). In traded bird. fowl ch lerR can be 
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pr cipitated by varied stre factor Minga el a/ 19 9, lackall el a/. 1995). The 

transportation f the indigen u chic ens from far districts to the main market in airobi 

and their sub equent holding in c ngcsted and crowded cage · ... .. l coops at various 

mar eting points, and the rough handling of these birds before Jaughter, poor feeding 

and housing can tress the bird and easily precipitate the flar.!-up of P. multocida 

multiplication and on et of fowl cholera at the marketing poi Ill . f c would be essential to 

determine whether stres has an effect on the distribution of I . multocida in organs and 

ti ue of cavenging chicken and duck to give different linica\ and pathological 

le ions? Jn view of all the ab ve rep rted literature, it wa h pothesized that Pa teurella 

multo uta is present and cau es evere disease in all ages of no•: .1al indigen us chickens 

and ducks in Kenya. The objectives below were derived and expt:riments designed and 

carried out to te t the hypothe i . 

1.1 The Objecti e of this study were to: 

I. Assess the occurrence of carrier status of P. multocida among 1armed and traded 

(market and slaughter) indigenou chicken and duck . 

2. Evaluate the age susceptibility of indigenous chickens and ducks to P. multocida 

infection. 

3. Document the clinical s•gns of fowl ch !era in birds '•;bickens and ducks) 

experimentally infected with /'. multocida and which were unmunosuppressed or 

non-immunosuppressed. 

4. Undertake eros - transmission studies of P. multocida between indigenous 

chickens and duck . 
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5. De elop a fluorescent in . itu hybridization (Fl I ) test a a diagnostic tool for P. 

multo rda. 

6. tudy the pathogene i f 1'. multvc:ida in experimcntall) infected normal and 

immuno-suppres d indigenous chickens and ducks of spc:cif:oo susceptible age 

groups. 

1.2 Ju tification 

on idering that indigenous chickens and ducks compnse t!1 · highest number of 

p ultry in Kenya, and that with very little input from the owners they contribute 

significantly to the cio-ec n mic welrare of the village communities, any efforts 

towards increa ing production f these birds, in form of egg or meat, will help towards 

poverty alleviation. Disease are the main constraints to poultry roducti n. One of the 

diseases whose occurrence in indigenous chicken and duck i r t well documented 

and which. produces high morbidity and mortality in commercial birds is fowl cholera, 

cau ed by P. 1111111 cida. stabli hing the carrier status, age susceptibility, clinical signs, 

diagnosis and pathogenesis of P. 111ulto ida in chickens and ducks, as well as checking 

for cro s infections betwc n these birds will go a long way to provide data u able in 

working out contr I measure for this disease. 
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II PT R 2 

2. u r 1 T R • R va · w 

2.1 Ba k rount.l information 

Ln the tropical untries p ultry contributes significantly to th ~ rconomic welfare of 

the mallholder family MLD I 89· Gueye, 1998). ln Kenya scavenging local village 

chicken and ducks are kept under fr e-range or backyard systems of management and 

are widely distributed in rural hou eholds in small flocks LD, 1989; Mbugua, 

1990a b). he I cal hi ken n free-range management are adap cd to scavenging for 

food where they btain nutrient fi r g owth production and reproducti n. Ducks are 

reared together with indigen us chick n and co-h t me imp tant disea e ; alth ugh 

duck are c mmonly believed t be I su ceplible to major poull ry diseases compared 

t chickens. he marketing f I cal duck and sea enging local v'llage chickens starts 

with fann gate sale afl.er which the bird are trau ported to urban markets a process that 

could ea ily facilitate the pread f ariou p ultry diseases (M 0, 1989 . 

2.2 Biology of Pa ·teurella organi m : Pa teurella multecida 

The famjly Pajf urel/aceae was fir t effectively published y I ohl tn 1979 (IJ B, 

1981 )· it accommodate most f the pecies in the genera Actinobacillus, Haemophillu , 

and Pa ·tem·e/la Trevisan, 1887 . Genus Pa ·teur /Ia sensu . tri ·to includes at least 11 

specie but only 7 species ha c b en a iated with avian ho t a ~. bllow : P.multo ida 

(P.multocida ubspecies multo ida septica, and gallicida) P.g.,l/inarum P.avium, 

P. volantium, P. anati. , P. langaa and P. sp A Mutters eta/., 1985a and 1 89~ Dewhirst 
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eJ a/ 1993 hrist n en a1 d l.li gaard. 2000 . P. multo ida ub V"!cies multocida i the 

c mmone t cau e of fowl ch lcra while the other two ub pccies f P. multocida cause 

fowl ch lera - like di ea e (llir h et a/. , 199 ) P. multo ·ida ubspecies gallicida i 

mainly a iatcd with w r ted bird (Bi gaard I 95; hri l •~nsen and Oisgaard, 

2000 . 

Pmteure/la p 1c arc identified by colonial and cellular me -phology, Gram stain 

and reaction in bi h mical and other tests (Mutters el a/., 1989~ Kitoades and Rimier, 

1990; Bergey' manual 1994) After 24 hours f incubation on blood agar or dextrose 

tarch agar D A) coloni arc circular I - 3 mm in diameter, swooth, tran parent or 

grayish, glistening and bulyr us. ignificant variation in col{•1ial morphology is 

ob erved ev 11 within the arne pecie . 0-haem lysi doe not ccur, but a greenish 

di colourati n may occur. Y cllowi h colonies or large watery mucoid and rough 

colonies may be seen with some trains. Twenty four hour capsulat"d colonies observed 

on DSA u ing a di ection mic1 c pe are iride cent while non-cap. ulated one are n n-

iridescent (Hen I 93 · Bond I a/., I 970 hristesen and i gaard, 2003 ~ Glis n e/ a/. 

200 ). 

Pa ·teurella multocida cell arc rod shaped 0.2 - 0.4 x 0.6 - 2.5 lllll in size and occur 

singly or occasionally in pair r short chain . The bacteria arc Gram negative. P. 

mull ida organisms usually show bipolar staining with Giem a r Wright's stain in 

ti ues or exudates. ap ules can be demonstrated using an indirect lndia-ink method 

(Rimier and Rhoade 1989· Rimier eta/., 1998; Glisson eta/. 2003 . 

valuation of reactions in difTerenlial media is made after 2 day. f incubation at 37 ° 

C and again 5 days of incubati n at room temperature (21 ° C;. in case of delayed 
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rea ti n . The carbohydrate broth medium used for identificati n 1s phen I red broth ba e 

containing 1 % of the car hydrate ubstrate (Rimier et a/. 1998 ). P. multo ida ferments 

fructo e, galacto e, gluco e mannit L without ga pr duction. ln( sitol, inulin, salicin 

malta e, dextrin, and rhamno e are n t fermented . It reduce nitrate but d es not produce 

urea e, arginine dihydr lase r galact idase. lndole and oxidase are almost always 

produced. I d haemoly i and grO\ th on Mac onkey's agar do not occur Table 1) 

utters et a/. 1989 Rimier and Rh adc , 1989· Rimier et a/., 1998; Glisson et a/., 

2003). 
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Table 1 :Biochemical reactions of Pasteurella organisms 

Reagents Pasteurella spp. 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Catalase + + + + + + + + + + + + + + + 
Oxidase + + N + + N + w w + + + + + + 
Indole + D + (+) + - D w 
Dulcitol D d N d N - w N N 
Nitrate + + N + + N + + + + + + + N N 
Urease N - N - + N 
Glucose/A + + N + + N + + + + + + + N N 
Glucose/G + 
Fructose + + N + + N + + + + + + + N N 
Galactose + + N + + N + + + + + + (+) N N 
Lactose N - N dw (+) (+) - N N 
Maltose + - N + + + N d 
Mannitol + + - (+) - N + + + N d 
Man nose + + N + + N N + + + T + (+) N N 
Salicin N - N N N N 
Sucrose + + N + + N N + + + + + N N 
Trehalose d/+ + d d N + + + + + + N + 
Xylose + + N d (-) N d + d d N N 
Rhamnose (-) (-) N (-) N N - N N N N 
Arabinose d N - N - N + 
Dulcitol (+) - + - N 
Sorbitol + I+ - /+ N d ( -) N 
Haemolysis N - N - + N 
H2S + + N + N N N N N (+) N N N N 
Motility 
A/dehydrolase 
0/decarboxyl + + N + N N N 
Bipolar + + + + + + + + + + + + + + + 
ONPG N - N + + /d N d 
V-ractor Req • + + + 

Legends: 
Pa teurella pp. 
J-P.m.gallicida· 2- P.m.multo ·1da; -1 a,\/eurella D· 4- P.m. ·eptica~ 5- P.cani type 1· 6-
P.cani type 2· 7- P. v lantium 8- P.langaa· 9- P. anati ... J 0- P. dagt;wti · 11- P. 
gallinanmr J 2- P. stoma/is: 13- I . avium Type I; 14- P. avium Type 2; 15- Pa teurella 
A · w- weak reaction· 0 - Deviating trains· ) - D layed reaction; J - Not done· d- + 
and - ve reported; 0 /decarboxyl- ornithine decarboxyla e· 0 PG- rtbo-nitrophenol; 
Glucose/A-Glucose acid production· Gluco e/G-Giucose gas producf.Jn; H2S-Hydrogen 
ulphidc production; Ndehydrolase-Arginine dehydrolase; H2S- H)·d ~~.: ·m sulphide. 

Sources: Mutters el a/. 1989· Rimier and Rhoades 1989; RimJer I a!., 1998· Bergey's 
manual 1994. and hristensen and Bi gaard. 2000. 
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2.2.l ero-type 

Fi e capsular ero-type (A, B, and ) have been rep rted in P. mullocida. 

er -typ 0, and F produce cap ule containing mucopoplysaccharides and 

pre um tive identificati n f the e sero-type can be r.1ade using specific 

mucop ly accharida c and their respective antisera in a disk-diffusion test. Sero-type 

ha n t been diagno ed in avian h sts. Of the 4 ero-lype of P. mullocida that have been 

i lated from a ian pecie cro-type A train are the maj r cause of fowl cholera 

Rimier and Rh ades, 1987, Rimier eta/, 1998). ixteen somatic ero-types may occur 

among P. multo ida rganj m . f these, somatic sero-types 1, >, and 4 are commonly 

isolated (Rjmler and Rhoade , 1989 Rimier el a/., 1998). Capsular .jlld somatic antigens 

sero-typing are useful for detection and identification of this bacterium, although limited 

by insufficient information to distingui h different trains of the same sero-type 

Amonsin et a/. 2002). 

erologic le ts are commonly u ed for antigenic characteri;wlion of P. multocida 

organi m . A gel - diffu ion precipitin te t (GOP ) is used for ero-typing based on 

differences in somatic antigen Frequently, antigens from a single strain react with more 

than one type of anti- erum An indirect (pas ive) haemagglutination test i normally 

u ed for pecific sera-grouping. It is based on differences in capsular antigens (Glisson el 

a/., 2003). er logic le t are, ho' ever not routinely u ed t detect infections by 

Pasteurella species in poultry (Rimier eta/. 1998). 



2.3 Culture of Pasteurella multocitla 

2.3.1 General media 
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Dextrose larch agar D , blood agar (BA or tryptica e soy agar are 

recommended for primary isolation of' P. multo ida. lsolati n is impr ved by 

supplementing these media with 5 % heat - inacti ated serum. olonies appear as 

previously described Rimier e/ a/. , 1998). 

2. 3.2 Selective media 

Selective enrichment media for P. multocida are prepared by addition of anti­

microbial substances to the recommended growth agar or broth (Kimler and Rhoades 

1989). Avril et al ( l990) made such a medium fori alation of P. multocida from pigs and 

contaminated animal sources. Moore et al. ( 1994) developed en. ichment media for 

isolating P. multocida from avian and environmental samples by addition of gentamycin 

(0.75 f.lg/flll), potassium tellurite (2.5J.1g/ml) and amphotericin f, (5 .0J.1g/ml) to brain 

heart infusion agar and broth. Muhairwa e/ a/. (200 I a,b) use, selective media to 

investigate P. multocida carrier birds by addition of bacitracin 5000U/l), polymyxin B 

(20f.lg/l), and gentamycin 30~tg/l) to blood agar. ee et a/. (2000) developed a selective 

medium with polymyxin B, cry tal violet thallous acetate bacitracin and cycloheximide 

to detect P. mullvcida from the alimentary tract of chickens aiter experimental rat 

infection. 

2.3.3 Use of mice for selective isolation of P. mu/tocida 

Mouse inoculation may improve recovery rate from field specimens. Virulent strains 

of P.multocida can be reco ered from specimens (Baldrias el at., 1988) domjnated by 

other Oora by subcutaneous (Rimier and Rhoades, 1989) or intra-peritoneal Muhairwa el 
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a/. 200 I a,b) inoculation of mice. A Ocr death (Rimier and Rhoad . , 1989) or 48 hours 

(mice are sacrificed) (Muhairwa et a/. 2001 a,b) culture are made from the liver spleen 

and heart (Rimier and Rhoad s, 198 r from spleen nly Muhair1 va el a/. 200la,b) by 

usual bacteriological methods. hi way the false negative culture results that occur when 

many P.multocida bacteria die in transp rtation or are overgrown by other bacterial flora 

(nasal and contaminants in cultures are minimized. However mou e inoculation i 

expensive and therefore not practical for exten ive epidemi logical research r routine 

diagnostic testing. Jn the latter selective media can be used RinJer and Rhoades, 1989). 

2.4 Virulence factors 

No single virulence factor has alone been associated with the virulence of P. 

multocida. Many factors are involved (Christensen and Bisgaarc!, 'WOO). These include 

the capsu)e endotoxin, outer membrane proteins, iron binding systems, heat shock 

proteins neuraminidase production and antibody cleaving enzyme,. •. Production of RTX 

(repeats in toxin: related toxins that share structural features c .~ ,nsisting of tandernly 

arranged repeats of a nine-amino-acid sequence) family of cyto •:,tic toxins that are of 

major importance in the pathogenesis of some member of the Hunily Pasteurellaceae 

has not been observed in P. multo ·ida ( hristensen and Bi gaard 2000). 

2.5 Transmi sioo of P.multocida 

Di·fferent routes of P. multvcida administration may cause differences in severity of 

the fowl cholera in birds Derieux. 1983· PehlivanogJu el a/. 1999). On intravenous 

administration of P. multoclda to the pekin ducks, there was mo•e mortality than when 
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the bacteria were given through intrana al, intra-ocular, oral. and •wbcutane u route 

(Pehlivanoglu et a/. 1999 while oral route wa r; und better thr.n tick-wing r; r the 

quails (Derieux, 1983 . 

2.5.1 Contact transmission 

Transmi sion thr ugh contact ha been shown etween dog Loubinoux eta!. 

1999 from ewe to lamb (Jaworski el a/., 1998) and between turkey flocks ( hri tian n 

eta/., 1992 . Pathogenicity of P. multocida i however, increased by bird-to-bird pas age 

of over a short period f time (Matsum t and Strain, 199 ) . 

2.6 Epidemiology of P.multocida 

Pasleurellamultocida has been is latcd in a wide range of hos~; worldwide among 

terrestrial, as well as aquatic pecies of mammals and birds (Chri~tensen and Bisgaard, 

2000). The .mechanisms of colonization, survival, multiplicati n i11'1asion and pathogenic 

action of P. multocida are incompletely understood (Bisgaara, ! ::93). The natural 

reservoir of Pa teurella seems to be the mucosal membranes of tl1e respiratory genital 

and intestinal tract of mammals and birds where they exist as opp.1rtunjstic pathogens. 

However, certain virulent strains f P. multocitla occur as bligatr. f; rasites ( lui lensen 

and Bisgaard 2003). In ru1imal , the re piratory tract is reported a the frequent source of 

P. multo ·ida i olates ( Bisgaard I 3). ·, change of P. multo ·ida ubspecies multocida 

between wild birds and d mestic poultry ha al o been reported (Faddoul et a/. 1967· 

hristensen e/ a!., 1998; Petersen et a/., 200 I b . This pre ents a ;i::;k to domestic birds 

especially those under industrial producti n. In Tanzania, P. multvc.itJ:T was isolated from 
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0.7% of scavenging chickens 7% of ducks, 4% of dog and 5' % ' f cats investigated 

uhairwa eta/. 200 I b) . 

A possibility of dogs cats and pig acting as reserv irs for P. lltlllto ida virulent for 

poultry bas been suggested (Muhairwa et .al., 200Jb· Glisson et :. 1., 2003). However 

there was no genotypic similarity of P. mullocida isolates from chjch.ns, ducks, dogs and 

cats in Tanzania (Muhairwa et a/. 2001 a) hence a need for further study on potential 

spread between animal groups ( hristensen and Bisgaard, 2003 . Infected birds remain 

carriers of the organism for a I ng time and may pread I . multo ·ida to healthy flocks 

(Carpenter et at., 1989; Muhairwa et a/. 2000). Spread of infection through aerosol, 

equipments and insects seem to be of Jess importance (Simensen and Olson, I 980· 

Glisson et a/., 2003). nder natural conditions, mortality may range from only a few 

percent to close to L 0 % ( li on et a/. 2003). The molecular ribotyping of P. 

multocida from fowl cholera outbreaks in turkeys (Biackall et al., 1999), ducks 

(Muhairwa et a/. 200 I a), pig (Bowles el a/. 2000), and dogs ( oubinoux el a/. , 1999) 

have been clonal, with different clone involved in different outbreaks. 

Pa'fteurel/a multocida may be transferred from domestic anim~ls, including healthy 

looking pets, to result in seriou di ease in man (Chri ten en and Disgaard, 20003). 

2.6.1 P. multocida carrier status 

Potential of cats being carriers of P. multocida has been rep0: led (Baldrias el a/. 

1988 Korbel el a/., 1992; van 'ambcek el a/. 1995). hrislen ·en el a/. (1998) have· 

reported a single clone lo be in olved in fowl cholera outbreak <lmong several avian 

species including semi-confined commercial poultry. In Tam:ania, P. multocida 

subspecies were isolated from village chickens and ducks, a well as cats and dogs 
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uhariwa et a/ 2 I b). I lation of/'. multcx·ida from apparent!:, healthy poultry ha 

often been a ciatcd \ ith pr i us utbreaks of wl ch leta in the flock ( urtis and 

llerhead 1981, arpenter I a/., 1989) 

he importance of wild ird a a re erv tr f P. multvcida wa dem n trated 

e peri mentally by Petersen et a/. (200 I b) howe er the potentia I f pread f thj 

organism between different animal group require further tu•Jy 

Bisgaard 2003) 

2.7 Fo~ I cholen1 

2.7.1 eneral remarks 

hristen en and 

Fowl cholera is an acute fatal epticaemic infecti 11 of birds, cau!led by P. multo ida, 

with high morbidity and mortality (Faddoul ef a/. 1967· lis n et al. 200 ). hronic 

fowl chole~a may follow the septicaemic stage, particularly when the disease is by 

organisms of low irulence (Rimier el a/., 1998). ·owl ch lcra ccurs as a primary 

disease that does not require predisposing factors ( lisson, 1998) although predisposing 

factors may increase se erity f outbt eaks. Birds that ha c survived outbreaks f tbe 

disease normally remain carri r of the organism (Rimier et a/. 1998; Muhairwa et a/., 

2000). Most species of birds are susceptible to infection with P. mu/,vcida; the organism 

has been isolated from more than 100 different varieties of wild dnd domestic birds 

(Faddoul el a/., 1967, I leddlcst n el a/., 1972~ urtis and Ollerhead, ! 98 1; Botzler, 1991) 

and in commercial duck farm Takaha hi et a/., 1996) where it occurs a sporadic or 

epizootic outbreak . It may aficct bird of any age, but it 1arely occurs in commercially 

raised poultry of le than 8 weeks of age (Rimier eta/., 1998). 
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ptibilit [the d m lie fowl I fc wl cholera i in the foil wing rder turkeys, 

phe nt and Japan e quail a the mo t u ceptibl pe ie , foll wed by web - footed 

bird (B tzl r, 1 1), while chi k n are con id red relati ely r cistant ( li on eta/., 

2 0 ) compared \ ith turkey . ature chicken ( o r 16 week ) ar reported to be m re 

u ceptible than oung chicken Jleddlc ton and Walko, 1965 ~ hristensen eta/ 1998). 

aponization of tom turke did not ignificantly have a difference; in the susceptibility 

of the c bird toP. multoctda Friedlander eta/. 1992 . 

2.7.2 Pathogen i 

ndcr natural conditi n • 1'. multoe~da organi m infect birds via the mucous 

membrane f the upper air pa age Mat umoto eta/., 1 91 ). After oral infection 

urvival of P. mullocida thr ugh the gastrointestinal tract appear lim:ted (lliev el a/. 

1964) but Muhaif\ a el a/. (200 and 20 I b) have demonstrated camer birds using 

cJ acal swabs. P. multocida may al o enter through cutane u lesions ( hri tensen and 

i gaard 2000 foil ' ing the initial natural infecti n through airway , the P. multo ·ida 

pread to the lungs and multiplic there bcf4 reentering the l>lo d trcam. In the blood 

stream it multiplie s apidly and I calizes in the liver and pleen wh :·e multiplication 

occurs resulting in rna sive bact racmia. Death is presumed to be du t:) the effects of 

endotoxin ( hri ten en and J3isgaard 20 0). 

2. 7.3 linical di ease and it c ur e 

Sudden death may be the first indicator of fowl cholera in chid ens. Typical clinical 

signs are depression. diarrhoea rumed feathers, increased respirat l~l rate, and cyanosis 

Rimier et ai., 1998). xperimcntal disease produced by swabbing of the palatine cleft, 

may cause mortality of 90-100% in mature chickens within 24 - 48 hours depending on 
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the train f P. mullf ·tdl u d, ut mot sp ntaneou contact iJ1~ linn cause 10 - 20% 

m rtalit of adult bird within 2 w ek ( li on el a/., 20 3 

cute [! wl ch lera mm nly expres es le ion of pas ive hyperemia swollen liver 

and plcen fibrin -purulent air- acculili , and increased pericardia! and peritoneal fluids 

(Rhoades 1964~ Ilunter and W beser 1980; Rimier eta/. 1998· i' ... -:1 a/. 2000). Birds 

with chr nic fowl cholera may show swellings in joint , attle. ternal bur ae and 

exudates in the conjun tiva and nasal turbinates hristensen a.nd Bisgaard, 2000). 

hickens often develop localized pneumonic lesion prior to de&th but turkey show 

severe necr tic pneumonia and I 00 % m rtality afi r 48 hours f infection (Petersen el 

a/., 2 01 b . 

2. 7.5 Jli topathologi allesion 

The standard hist logical lesions occur as fibrino-purulent inflammation of the lungs . 
a11d air acs characterized by heterophilic inGJtrations Cibrin deposition oedema, 

conge ted blood vessel and va culiti (Rimier el a/. 1998). In some cases 

pyogranulomatous innammatory reaction is present in variou tiss Jes with giant cells, 

macrophages and lymphocyte surrounding heterophils and cell debris (Aye el a/., 2000; 

Petersen et a/., 200 I b). There i extensi e damage in the lungs, . in uses, airsacs and the 

liver (Glisson el a/. 2003). 

2.8 Fluorescent ill situ hybridizatjon (FISH) te t 

/11 itu hybridization (ISH) was developed in 1969 (Jolln et t.l. 1969~ Pardue and 

Gall, 1969) as a technique ror the localization of specific nucleic acid sequences within 
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individual lis eith r in ti ue r in whole cell preparati Gio annoni el 1 .• 

19 8 1c i ol and l·arquhar n, I 97 Gi ann ni eta/ 1988) inlr duced lSI I r4 r the 

fir t time in bacteri I gy ' hen they u ed radioacti ely labeled rRNA-olig nucle tide 

prob for the mi ro co pic detecti n f bacteria. 

nucleic acid pr b i a ingle- tranded fragment of A or that has been 

labeled that it can be detected follm.ving hybridization reaction. he nucleic acid probe 

equence is complimentary t that of the segment of interest and i, 9repared such that it 

hybridize only t the unique region n a genome and specifically detects the causative 

agent (Teno r, I 988 Jackwo d aud Jack wood 1998). pecificity of probe binding is 

influenced by the compo ition f the probe where G- bond are •,ttonger than A-T (U), 

the temperature, the alt ncentrati n and the content f (4 nnamide a denaturing agent, 

in the hybridization mixture, and the p st-hybridizati n washes. These are calculated to 

minimum non-specific binding while leaving specific hybrids intact for detection 

c icol and f'arquhar 11 1997). f'l Tl method allows the cell m rphology, abundance 

and spatial distributi n to be analyzed in . itu (D long et a/. 1989. Amann eta/. 1991 

and 1995· Poul en et a/. 199 ). c pecia\ly in diagno tic application such as identificati n 

of gene expre ion by del ction of mR.NA diagno is of infcc1ion , cell cycle or 

apoptosi and in interphase cyt genetics in the investigation of fetal abnormalities and 

tumors (Me lcol and atquharson, 1997 . Thus, FISH i a major tool for the 

identification of infectious agents in ti ues using unique ribos~~!"l RNA sequences 

(Montone, 1994). However, few studies have used l 11 in the detection of bacterial 

infection (McNicol and Farquharson 1997). 
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he l II te t i an imp rtant method for th detecti n of nucleic acid target 

within c II and ti ue p imen. (Drown 1998). The 1 J technique allows 

imultan u id ntificati 11, enumerati n and I calizati 11 f indi idual microbial cells in 

all field of microbiology f'I. J 1 can be u ed to detect both the cultured and uncultured or 

yet-to-be cultured microorgani ms. This method combines the precision of molecular 

genetics with the visual information from micro copy to permit visualization and 

identification of individual micr bial cells within their natural m;crohabitat or di ea ed 

tissues (Moter and Gobel, 2000). ompared to the radioactive probe , fluorescent probes 

are safer have better res luti 11 without additional detection steps, and can be labeled 

with dyes of different emi i n wavelength target (Moler and Gobel, 2000 . The 

sensitivity and peed ofTered by Fl H has made it a powerful L I for phylogenetic 

ecologic diagnostic and environmental tudies in microbial gy ( . n.ann eta/. 1990a,b). 

To allow the detection f 01e ignal the pr be is co1~ugated with hodamine· fluorescein-. 
deri atives [ fluorcscein-isothiocyanate (FIT ), 5 - ( -6-) carboxyfluorescein-N-

hydroxysuccimide-ester (Flu )] rhodamine-den a lives { (tt:tramethyl-rhodamine-

isotbjocyanate) (TRIT ) Texas red digoxigenin and cyanine dyes (CY3 and CY5 
. The 

latter ones have been shown t be superior t classical dyes because they have brighter 

staining and are ery stable t photo bleaching (Wescendorf and Brelje 1992). 

Previously radioactive labeling was the standard procedure. But with the development of 

fluorescent labels (Delong et a/. 1989) radioactive labels wer ~ steadily overta~en by 

non-isotopic dyes (Moler and obel, 2000). Delong eta/. (1989) f!.r·: ~ used fluorescently 

labeled oligonucleotides for the detection of single microbial cells. 
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In microbiology the target for ·1 11 is 16 r . Tlu is because of genetic 

tabiuty of it dom1ain stmcture with conserved and variable regions it high copy 

number Woese, 1987), and the fact that genus-specific and peci . pecific pr be can be 

designed according to the region f rRNA targeted Amann eta!. 1995). Other targets 

like 2 rRN 18 rR A and mR A can also be detected by l II (Amann eta/. 1991 

and 1995· Moter and Gobel 2000). When FISH i carried out on tissue section 

pretreatment procedures have been applied to increase accessibility of the probe to the 

target and to reduce non-specific binding. For paraffin sections, de-waxing with xylene 

prior to the hybridization step is mandatory (Boye et a/. 199Sa,b and 2000). When 

compared to microbiological culture or in 1 itro amplification of nucleic acids, FISH is 

fast, cheap and easy to carry out, and valuable for the detectiCJn of slow-growing, 

fastidious or un-culturable bacteria Moter aud Gobel 2000) . !1 can be developed 

quicldy, allow a high spatial resolution and are sensitive. Despite cf this, FISH detects . 
only medium to high copy nu leic acid targets. Target amplification strategies, such as, 

direct or indirect ;, situ pol mera e chain reaction (IS-P R) and self - ustained 

equence replication, have enabled increased ensiti ity in detecting low-copy nucleic 

acids in formalin- fixed paramn-embedded tissue specimens. ing Fl H technique 

single infected cells can be identified in a section (Jackwood and Jackwood, 1998) and 

can localize an organism and pr vide information about the area in wruch it exists 

(Brown l998 . FISH te t has not been used to delect P. multocida cells in cullure or 

tissues previously from indigenou chickens and ducks. 
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CHAPTER3 

3.0 EXPERIMENT 1: CARRIER TATUS OF PASTEURELI.A lf1ULTOCJDA 

IN FARMED AND TRADED IIEALTHY-LOOI I 

INDIGENOUS CUI KENS AND DU KS IN KEN A 

3.llntroduction 

lNG 

The three subspecies of P. mulrocida infect many animal species c~nd humans 

(Bisgaard, 1 993~ Frederiksen 1993). P.mulrocida and fowl cholera h •. ve been reported in 

poultry in various countries in Africa such as Nigeria (Salami ef a/. ~ 989~ Oladele and 

Raji 1997~ Oladele eta/., 1999) Zimbabwe (Kelly eta/., 1994· Mohan eta/., 2000), and 

Tanzania (Mubairwa era!., 200 l b) . Occasionally healthy waterfowls that carried P. 

multocida in the nasal or oral cavity have been reported (Hunter and Wobeser, 1980) 

while wild birds are documented to be re ervoir for P. multocida orglwjsms (Faddoul er 

a/., 1967· Snipes eta/., l990). Furthermore the reservoirs for P. mu!locida as a source 

for the bacterium for susceptible turkeys are unknown ( n.ipes el a/., 1988). Wild birds 

especially migratory ones, whether clinically infected or as healthy carr:ers may be the 

source of infection for poultry 0 cks (Gooderham, 1999). Rats are als . a reservoir for P. 

multocida, whjle the bacterium ha been demonstrated in poultry flock ' cruckens, 

turkeys and duck ) that have had no hist ry of the disease (Gooderham 1999). It is 

reported that, just as for other diseases, feed consumption and produc11vity of indigenous 

chickens (such as egg production, fertility and hatchability) can be a1Tected by respiratory 

diseases (Negesse, 1993) especially fowl cholera (Oladele eta!., 1999 tt can cause 

heavy losses (drop in egg production and mortalities) in commercial po ltry enterprises 
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ntcr tul. ~ 1 89, 1 rri elul 1989 Rh adesandRimler 19~-\ Bamum, 1990). 

InK n a th re r do urncntati n on the occurrence P. mul ocida in chickens 

. e r p rt in a grey patrol by Miringa ( 1975). Tl crefore rec very of 

Pa,teu,-, /Ia p te fr m i11digenou chicken and duck w uld directly confirm the 

ccurrence fthe e rgani m in fanned and traded indigen us birds in Kenya. 

The objective f thi tudy \ a thcrefc re to detennine the carri--r status of P. 

multocula in farmed and traded indigen us chicken and duck in Ken:,. . 

3.2 Material and method 

3.2.1 Birds from farms 

Indigenous chickens in Kenya were ampled from 4 fanns in ntb::> kasi division, 

airobi; ne farm from ithungur i divisi n, Kiambu di trict; and 3 fanns from Athi river 

division, Ma~hakos district. Ducks were sampled from 3 fanns in Embakasi and one farm 

from Dagoretti division, Nairobi · and a farm each from Kikuyu and Gi Ll tUnguri divi ions, 

Kiambu district. In all 88 indigenous chicken and 47 ducks were am,:led from the 14 

farms. The chicken f1 ck size ranged from 20 to 74 birds per farm. Si to 35 birds were 

sampled from each chicken farm (Appendix I). Jn the ix duck farm , the bird population 

ranged from 18 to 85 bin.ls per farm and to 12 bird were ampled fi· 'm each farm 

during this tudy (Fig. J · Appendix 1 ). 



FIG. I. A FLOCK OF FARMED INDIGENOUS CHIC A D 
DUCKS AT KAT ANI 

Due 
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3.2.2 rad d and l:tu hter bird 

A lOt I or 4 5 bird w I sampled from 2 slaughtcrhou es in a ill bi. or these, 2 

birds were sampled during laughter at Kari kor slaughtcrh u c. Thr •,e had originated 

fr m Kitui ( 12 Bomcl (I 0), Kericho ( 6 ), and a in i hu 4) rural 1 tricts. The other 

13 bird were sampl d during laughter at Burma-Maziwa laughte ·h u e. They had 

originated from Makucni rural di trict. Li e bird were ampled in the laboratory or the 

ite f purcha eat J r ad ( Hg 2), Kari ~or and Ka a rani pen- · r markets, and 
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air bi outh and e tlands shopping centres. At the time of purcha•;e or sampling the 

bird' district of origin was recorded from the traders. ln all 29 chickens and 7 ducks 

were sampled from the open-air markets and centre in Nairobi . Of the 29 chickens, 9 

sampled from the Jogoo road market originated from Bomet ( 4), Kisii (3) and Makueni 

(2) rural district ~ seven ampled from Kariokor market originated from Kitui (1), 

Makueni (2), Mwingi 2) and a in Gishu 2) rural di trict · eleven f.<:: :lied from 

Nairobi South centr riginated from Machakos (8) and Makueni (3) while the 

remaining 2 chicken ampled at We tlands centre riginated fr m M•11ingi district. he 

se en ducks were sampled fr 111 Kasarani open-air market and origiu'J ied from Nairobi 

Fig.2; Appendices 2 and ). 



FIG.2. INDIGENOUS CHICKENS ON OPEN BASKET 

AT JOGOO ROAD MARKET NAIROBI 
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3.2.3 amplin proc <Jure 

Each f the one hundred ixty two indigcnou chickens and 54 ducks as swabbed 

on the oro-pharynx and cloaca eparately using terile cotton-tipped :: plicator swabs. A 

total of 432 swabs were collect d. The wabs were placed in 2 mJ of :.terile physiologicaJ 

aline and tran ported in a c ol box to the laborat ry ~ r creening fo, Pasteurella spp. 

3.2.4 I olation and identification of bacterial i olate 

ach swab was thor ughly rtexcd, streaked n bl d agar plates (BA, Oxoid td ., 

M55 Basingstoke, I temp hire · ngland) that were then incubated • crobically at 37 ° 

for 24 hours for initial culture. The remaining 0.5 ml of the c ntents ·fthe wab was 

in culated into Pa teurella - fi ce 21 day-old Balb mice by intra-p ritoneal route as 

described by Muhairwa el a/. (200 Lb) to improve the bacterial recovery rate from these 

amples. Prior to this use, 5 of the mice from the colony were sacriliced, screened, and 

certified free of Pa tem·el/a spp. Inoculated mice were observed fot 48 hours after which 

the urvi ing mice were sacrificed. The mice were then dis ected and t"·· livers and 

spleens asepticaiJy removed and macerated. The macerated material was streaked onto 

blood agar and incubated aerobically at 7 ° for 24 hours. The bact< t ia were identified 

according to the crit ria given in the 91
h edition of the Bergey's manu;~ , 1994). 

Bacterial colonies fi·om initial swabs and mice organs morpho! gicaUy resembling 

those of P. multo ida (Rimier eta/., 1998) were sub-cultured n BA and Me onkey agar. 

Pa leurella organisms recovered from cl a cal and oropharyngeaJ s abs of the same bird, 

whether directly on BA or via m use inoculation were regarded as ue isolate. 

The P. multocida sub pccie were differentiated f4 llowing the pro• ,edures described 

elsewhere (Dor ey, 196 ~ Bi gnard an Muliers. 1986). Pure colonies wore inoculated 
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imo bij u ttl ( 1th Durham lube to detect gas fi rmati n) c nt:uning glucose broth, 

se galacto e, maltose, mannitol mannos<' s:.licin sorbitol, 

tr hal lo c, t pto and nitrate broth~ and urea agar, incubated aerobically at 37 ° 

· might. no emight trypt sc culture was tested for indole produ..tion. Nitrate 

r ducti n and motilit tc L were perfonned. The biochemical reactiC,IlS of the isolates 

w re c mparcd with tho c of/'. multo ·ida CT I 0322 T (T = type strain· NCTC = 

national c llecti n oft pc culture Lond n, United Kingd nr kindly donated by 

Profe or Magnc Oi gaard fthe Royal Veterinary and /\glicultural niversity 

Denmark . 

3.3 Re ult 

In a period of 14 month ugu t 200 I to September 2002 a total of 432 

oropharyngeal and cl acal swab ample from 2 I 6 indigen us birds ( 162 chickens and 54 

ducks) were screened for Pa. teurel/a species on both culture and mouse passage. They 

yielded 24 Pa teurella species and many other aerobic bacterial isolate . . The organisms 

were isolated from both the cl acal and or pharyngeal wabs. 

Table 2 sh ws the biochemical characteristics of the Pa. teurel/a :;pecies isolated in 

this study and those of P. multocida type culture N TC l0322T. All the twenty four 

Pa tem·el/a pecies i olates fermented gluco e (without ga formaticH) fructose, 

galactose mannitol mannose and did not ferment salicin, dulcitol r maltose. They 

showed no haernolysis on blood agar. They were urea negative and did not grow on 

Mac onkey agar. All reduced nitrate and produced indole. Their coJr.-:1ies were oxidase 

and catalase positive. These are features that are characteristic of P.m dtocida. 
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r ntiati n int ub p 

rbit I an arabino . 

en i !at chara tcri£ ll asP. multo ·ida multo ida fermen•ed xylose sorbitol~ 

tr hal \ eaiJy but not arabin e while 12 isolates that fermented . Lose and sorbitol 

( \ eakly) but not trehal e and arabinose were characterized asP. multocida gallicida and 

5 i olate which fem1ented trehal e, xylo e arabinose weakly) but n t sorbitol were 

characterized a 1'. multoc:ida septi a. 

able and Appendicc I t 3 show the different Pasteurella species recovered from 

apparently healthy bird from ariou localities. Of the 216 birds sampled, 24 (J 1.11%) 

yielded Pa teurel/a rgani ms~ thus 10 (4 .6 % from chicken and 14 '6.48%) were from 

the ducks. The prop ttion of infl ·ted ducks is significantly higher tha;J that of infected 

chjckens (P< 0.05) At the ame time, the pr portion of infected traded birds 13/81 

16%) was also ignificantly higher than that of farmed birds 10/135 (8 .1%) (P< 0.05) . . 
f Ute 1 0 chicken i olates five P. multocida gallicida isolates were from Machakos (2), 

and Makueni 3) district ~ two J>. multocida septica isolates were fro!n Machakos district 

and threeP. mullocida multocida from Kiambu (I) and Kisii (2) dist!!ct . Ofthe 14 duck 

isolates, seven P. multo ·ida galli ida were from Kiambu (3) and NairolJi (4)~ four P. 

multo ida multocida from Kiambu (3) and Nairobi (I)" and three P. multocida seplica 

were from airobi (2) and Kjambu 1 . 
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able 2: Bi hemif, I r .tction u d to differentiate tbt' P. multOt·itla i olates and 

their compari on ,·irh th type train 

Bacterial 
Code NCTC10322r PGM 1 PGM2 PGM3 PGM4 
Nitrate + + + + .. 
Indole + + + + . \ 

Glucose + + + + ·!· 

Urea 
Man nose + + + + + 
Fructose + + + + + 
Salicin 
Maltose 
Galactose + + + + + 
Trehalose +I- + +I-
Xylose + + + + + 
Sorbitol + +I- + +I-
Arabinose +I- + 
Dulcitol 
Growth in 
McConkey 
Haemolysis 
Motility 
Identification P.m.multocida P.m.septica P.m. gallicida P.m.multocid~: P.m. gal/icida 
Numberof • 
isolates 5 7 7 5 

Legends: 

+ positive· -negative~ +/- weak positive 

T = type strain 

TC = national collection of type cultures London, nited King·· :m 

PGM I, 2, 3 4 - Paul G. Mbuthia i olate I, 2, 3 and 4. 
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bl 3: ho'" in total P. multo ida ubc JlC i i olated from farm a, d trad d 

indi enou bird by ampl urccd from differ nt localitic in cnya 

S mpl Total Pasteurella pe ie i olat d 
source bird . 
A.Cbi k n mpl d Oi trict o. Isolates Sub pecies of 

ourc Bird Number %( Pa5teurella 
Farm bird 88 iambu 35 I 2.9 P.m.multocida 

1--
Others 5} 0 0 None 

Slaughter bird 45 Makucni 13 I 7.7 P.m.J(allicida 
I- -

32 None Oth rs 0 0 
Market Birds 29 Kisii 3 2 66.7 P.m.multocida 

Machakos 8 2 25.(1 P.ms!allicida 
2 25 ~-- P.m.septica -

_!aku~ 7 2 2.9 P.m.f!allicida - ~ 

Others II 0 0 None 
Subtotal 162 10 6.2· 

ll. Ducks 

Farm Bird 47 Nair bi 33 I 3.0 P.m.multocida 
2 6.0 P.m.septica . Kiambu 14 3 21.5 P.m.multocida 
3 21.5 P.m.f!allicida -
I 7.2 P.m.seplica 

Market Birds 7 Nairobi 7 4 57.1 P.m.f!al/icida 
Subtotal 54 14 25.9h 
Total 216 24 J 1.1 

C. Total recovered Ptlsteurella multocida ub pecie 

Subspecies Number of isolates o/oc .Chickens Durks 
P.m.multocida 7 29.0 3 (30%) 4 (29%) 
p.m.gallicida 12 50.0 5 (50%) 7 (5G'Jo1 

y .m.septica 5 21.0 2 (20%) 3 (21%) 

Total 24 100.0 10 (42%) 14 (::~o/o) 

Legends: P.m. multo ida - P 1. leure/la multocitla multocida· P.m.xallicJt/ -l'a. tem·el/a 
multucida gal/icida· P.m.seprica - l'asreurella multo 1da ·eptica· %c: -- percentage 
isolates · (X2 calculated (a.b> = 16 is ignificantly higher than tabulated X2 3.84 P< 0.05 
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.41i u tn 

matic in e ti 'ali n n the ccurrence of 1 . multocida ub pecies has previously 

n , tied ut on healthy farm chicken but not n traded (slaughter and li e market) 

bird ( urti and llcrhead, 1981 · Muhail\1 a el a/., 200 and 2001 b) 

vi , and wild btrd ((·add ul el a/., 1967· lluntcr and Wob er 1980; 

erh m, I 9 9 , uch a tud had not been carried out in Kenya. 

Ba ed on the eta sificati n f Mutters eta/. ( 1985b) and as biochemically 

characterized by Dorsey ( 196 ) three subspecies of P. multocida werP- demonstrated in 

this tudy. The l'asteuPIIu is latcs emanated from birds coming from different districts 

of Kenya, namely J(jambu Kisii Machakos Makueni and Nairobi. In this study the 

majority of P.multoc:ida isolate were P.m.gcrllicida 12/24) followe'.~ by P.m.multocida 

7/2 and P.m .. eptica 5124). Alth ugh previous studies have shown that healthy 

carrier f P. mullocict 1 are a ciated with outbreaks f fO\ I cholera (Curtis and 

llerhead, I 98 I) thi could not be demon trated in this study. Traded bird are 

tran ported to Nairobi using public Iran p rt and other types of ehjdes in open crates, 

coop or cages inside r on top of vehicles to reach the slaughterhouses and market 

centres, condition that can ca ily precipitate the multiplication of P. multocida in the 

carrier birds (Blackall el a/. 1995). In addition to transportation the birds are held in 

crowded cages at variou marketing points Fig. 2) fed and housed in coops that are 

never cleaned or disinfected, environment that can easily be a vehicle for various 

pathogens includjng P. multo ida. This can expose market birds to P. ;,;::ltocida, its 

multiplication leading to outbreak of fowl cholera at the marketing points. Although, P. 

mu/tocida was isolated from both fanned and traded birds, it is not su:prising that the 
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pr portion of infected traded market and slaught r) bird 16°/o \Aia hi h r than that of 

farmed 8.2%) one . ln£4 ctcd l ird 11 ca it di eminate P. multo •tda along the 

transp rt r ute, and at trading point through their di charge and e t ti n , hence, p e 

a potential re ervoir t commcr cial p ultry. Beside ther use the mdigen u chickens 

can be used as gifi in man Aft i ·an c untri Whyte 2 02) in ludin 1 en a ome f 

thee gill birds are laughtered at the h me fde tination while thers become part fthe 

farm's breeding stock and may be potential carriers f P. multo id ~ ·,-hi may p e a big 

risk to farms with commerciaJ n cks when they come in contact with carrier birds 

Unlike uhairwa el a/. 200 I b) who isolated P. multocida in 0.7% (2 out of330) of 

the birds examined in this study. it was isolated at the rate of 4. 63% ( 10 out of 216) from 

the indigenous chickens. jue eta/. 2002) in their tudy of poultry problems among 

indigenous chickens in Kangund division of Machakos district did n•)~ isolate any P. 

multo ida. However. in tltis tudy four isolates are reported in health , birds fr m the 

same divi ion. The carrier rate fi r P.multo ida appears to be low. ll i pos ible therefore 

that there were no bird with vert fowl cholera disease during the tudy by Njue el a/. 

(2002) albeit there being ub linical infections in bird . From 54 duclr ~ample , 25.9% 

14 out of 54) had P. multodda rgani ms isolated ith half f then being P.m.galli ida. 

The duck samples had more 11
• mullocida is lates than U1e chickens a rep rted el ewhere 

Muhairwa eta/., 200 I b) allh ugh the duck sample were fewer than those of chickens. 

This may imply that the duck i an important reservoir of P. multo id 1 in the field . 

Muhairwa el a/. 200 J b) reported only P. multocida mullocidc from chickens. In 

thi study aU the three ubspecie of P. multocida (P. multocida mu/lodda P. multocida 

gallicida and P. multo 'ida ·eptica) were isolated from healthy fann and traded (market 



and taught r) bird 1 he r ,am rns we1 e reco cr d from oth the 01 • pharyngeal and 

cloacal wab , but m re fre uently from the ropharyngeal than the loacal region, a 

rep rted b othet ( ee el a/ , 2 ). 

34 

he last documented c e f fowl cholera and P. multo tela in enya wa in a grey 

parr t (Miringa, J 975). The current tudy d cument the i olali n ~ P. multocida from 

indigenous chicken and duck rai ed under the village free-range m uagement in Kenya 

indicating potential danger of ntracting fowl ch lera for the commercial chicken 

industry 
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II I) 1-.R 4 

4. ~ p 181 TY OF I OJ • t (t S HI TO 

P. I I. 10 'JIM 

4.1 lntrodu tion 

fh d grec fsu ccptibilit to/'. mllltv ·ida varies among differ 11t types fbirds and 

different age group within a type (Rlloades and Rimier, I 89). However, aJI species of 

birds arc susceptible ( odcrham 1999) to P. mu/toclda iJlfections. P. multocida carriers 

are pr ent in indigcnou chicken in Kenya as ha been previ usly :cported in this study 

and in Tanzania uhairwa el a/ 20 I b). Fowl cholera has in the past been diagnosed in 

mature chickens f 30-35 week of age ( alami eta/., 1989) and in commercial turkeys 

aged 7-16 week old M rri et a/, 1989). The age gmup of indigenous chickens most 

u ceptible to P.multo ·ida infection ha n t been determined yet. 

The aim of this tudy wa therefore to establish the most susceptible age group among 

the indigenous chicken to P. multocida in Kenya. 
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4.2 lat rial anti m th d 

4.2.1 IJ rimental chicken 

Indigen us chick hatched from incubated ggs at Kabete and d< 'I old chick ought 

from fann with indigenous fl ck were rooded and reared in an i olation house away 

from other birds. Th y were fed n commercial chick and grower's feed ( nga Limited 

Kenya) and given water ad libitum, up I the requir d experimental age of 4 8, I 2 and 16 

weeks. A total ofouc hundred and twenty indigenous chicken comprising f30 birds of 

each stated age group were u ed in thi study. Each bird wa wing tagged. 

4.2.2 Bacteria used to infect chickens 

Pa.\leure/lamulto "idu reference type train (N T l 0 22 ,.) that is oflow virulence 

was used in this study. It wa maintained on Dorset egg agar in ur htboratory. To prepare 

innoculum, for the birds it was pread onto blood agar (BA) plate {enriched with 5% 

eitrated calf. blood), incubated aerobically at 37 ° , for 24 hours to cb . :. for purity. An 

individual colony of thi culture was inoculated into brain heart infusion broth and 

incubated aerobically at 37 o for 24 hours. The concentration of bacteria in this broth 

was determined by the colony forming unjt plate method. Briefly, a t ~ · fold serial dilution 

of one milliliter of the bacterial broth was made in sterile saline. A volume of twenty five 

microlitres from each dilution was potted onto BA plates in duplicate. The plates were 

incubated for 18 h urs. ~olonie were counted and colony forming units per ml calculated. 

The broth culture wa appropriately diluted to obtain the required cor1centration ofbacteria 

in the inn cula used. 
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4.2.3 Experimental procedure 

Each chicken age group had 1 S bird of which I 0 were infected with P. multo ida 

whileS were used as controls and were inoculated with BHl broth nly. he experiment 

were replicated. he infected and control groups were housed separately in different rooms 

located in different houses awa and apart from each other. 

Before commencement f th experiment all bird were screened by taking their 

oropharyngeal and cloaca swabs that were cultured onto BA and also inoculated 

inlraperitoneally int mice a d nc in haptcr .2.4 oflhi tudy. AI birds ere shown to 

be negative for P.multocicla infi cti n. The birds were pul into group and housed in the 

experimental rooms 48 hours pri r to inoculation. Table 4 how the utline of the 

experimental design. 

Table 4: he expe.-imental d non age susceptibility in chic <eu (each experiment 

wa duplicated) 

Chi ken age Infected Control Total 
groups Dirds birds birds 
4 week-old 10 5 15 
8 week-old 10 5 15 
12 week-old JO 5 15 
16 week-old 10 5 15 
Total birds 40 20 60 

he innoculum was prepared as described above and appropriately diluted (Petersen et 

a/., 20 I b and each bird wa in culated intratracheally with 0.5 ml culture containing 1.2 

- 2.0 x 108 colony forming unit of P.multo ida organism in BHl. ach of the control bird 

was inoculated with 0.5 ml of Bl Ll broth. To avoid possible eros irfection the daily 

observation started with bird in the control hou e before proceed· ''to the infected house. 

Biosecurity was maintained during the entire period ofthe study. 
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lnt t mp ratut and' eight mea ur mcnts v er carried out and 

ron thr ughout the tudy peri d In each room of the 

bird 0 minute per day at th ~. :.<·me time each day t 

liuical ign and carry out the mea uremenls ch time initially 

mad \ ith ut di turbing the bird and later a rio e examination was 

hit h !ding ca h bud that i \: ing tagged for identification. During the latter 

min ti n th bird' cl lacult m ratutc wa tak n u ing a clinical thermometer 

I h rato th rm 111 t r 305 111111). the reading a recorded and the thermometer 

di infi ·ted \ ith ale h I. /\Ocr I e c arnination, the bird ' weight was taken using 

hnle 'crman balanc (mea urin a minimum of25 gram and a .naximum of 5 

kil gram ) and tc rd d 

The bird were examined fl r the presence anorexia fever, ataxia, depression, ruffled 

feather , cyano i nerv u tic , na al and m uth discharge sneezing, dyspnoea, 

pontaneous tracheal rale diarrhoea and head scratching. Pathologicalle ions in poultry 

due to various cau c are emi-quantitatively scored (Gr ss and iegel, 1965; Gross and 

C lmano, J 967· hivaprasad and Droual, 2002) and a similar trend \<\:' !. adopted for clinical 

ign in this study. The frequency and intensity of the clinical signs were graded in semi­

quantitative manner as sever ( ) moderate (2), or mjld (1). Clinical ~igns were mild if a 

ign observed I to times; m derate if the signs were 4-6 time · ailD severe when observed 

7 or more limes on an individual bird during the 30 minutes eriod of clinical sign 

observations. Mild depression was dulloes alone; when it occurred together with drooping 

wing it was taken as moderate depression; while dosing and/or tuck d head under the 

wings was regarded as severe depression. Ruffied feathers around -:.,1e head and neck was 
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tak n a mild. \ h n neral dy \ a am ted it \i • taken as mod r.tte, while with 

dr ping wing it " regarded as evere. acal temperature bel 41 5 ' v a taken a. 

n nnal 41 .6-41 8 ° as mild 41 .9- 42. 1 a a m derate, and t'1at of o er 42.2- 42.5 o 

was taken a evere fever. P t mortem examination as done as de ·ibed by Bennudez 

and tewart- rown (2003). he acrificed bird were opened a eptically at the end of the 

study and po t mort me ami nation done and swabs taken rr m the u r -pharynx, cloaca, 

lungs liver spleen caecal ton. il , and pruning gland fi r bacterial c . mination. 

During the p t m 1 tern e. aminati n gros lesion were n ted and recorded. 

4.2.4 R -i. olation :md identifkntion of P. mulloddtt 

At 2 h ur · po t-inre lion. all the ird " ere swabbed n r -pharyn and cl aca to 

confinn the establishm Ill 01 nbsen e r I .multocida in the infected :~nd control birds 

respectively. Thee v abs and th e taken dwing the post mOJtcm e>. unination were used 

for the re-i olation f I .multo ida. he rc-isolation and eventual idet Lification procedures 

for Pasteurella organi m v rc d ne a given in chapter ccti n 3 .'~.4. 

4.3 Re ult 

4.3.1 ype. nd total number of the ob erved clinical signs 

The observed clinical igns were anorexia, fe er, ataxia, d pr , sion, ruffled feathers 

nasal discharges sneezing, dyspnoea, spontaneou tracheal rale nnd diarrhoea. Table 5 

shows the ununary f the clini al igns ob erved in the infected Ll veek-old chickens. All 

the birds showed clinical signs intermittent throughout the stu y · n iod except 1 chicken 

that sh wed clinical igns on t ~ o da s nly. A total of I 7 clinical ·ign were recorded. f 

the e 55 were depre si n, 6 ruffied feathers 29 fe er, 22 rates, 13 sneezing, I 0 diarrhoea, 

4 dyspnoea, 3 na al di charge and I ata, ia. Ob erved clinical sigP were high from day 2 
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when they numbered 14_ peaked n the third day to 17, and tayed hi •. h u t day 9 be~ re 

decreasing gradually to 4 on day 14. Majority of the "'ign were obs wed between day 2 t 

9. ervous tic , mouth di harge , c ano i and head crat hing \ efl! n t recorded in thi 

age group (Appendi 4) 

able 6 how the clinical signs observed in the 8 week-ole! rh.ickens. Three bird 

showed clinical ign all days f the observation wh.ile others showell sign intennittently 

on vari us days. The ob rved clinical igns were the same as tho e reported for the 4 

week-old chicken but these birds in addition also showed M • vous tics and head 

scratching. A total of 272 clinical signs ere recorded . Of the e, (, · were depression, 61 

ruilled feathers 53 fever 27 sneezing, 24 rale 17 dyspnoea, 6 a axia 6 na al discharge 

5 diarrhoea, 4 head scratching, 3 mouth discharge , and 3 nerv us tics. The daily total 

clinical signs increa ed from 12 on day one to a peak of 30 on day : :x and declined to 13 

on last day of observation. yanosis was not observed in this age gr JUp. There ' ere more 

clinical signs observed m thi age group as compared with th .. 4 week-old chickens 

(Appendix 5). 

Table 7 show the clinical ign b ervcd in the infected 12 ' cck- ld chicken . Three 

birds expressed clinical sign U1r ughout the 14 days and another cne bird had sign for 13 

days, while the rest had intermittent clinical signs on various d:q~, of observation. The 

observed clinical signs were the arne as tho e reported for the 4 week-old chickens but 

the e birds also showed nervous tics, cyanosis and head scratching. A total of 372 clinieal 

signs were recorded. Of these, 79 were depression 74 ruffied featht.1s (Fig.3) 60 fever 36 

sneezing 34 nasal discharges 16 dyspnoea, L 5 head scratching l'l :.r ax.ia, 14 diarrhoea, 13 

nerv us tics, 8 rales 6 mouth di charges, and 3 cyanosis. The ob erved clinical signs were 
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high, at 31 on day one, peaked to 35 on day two and decreased grad• ::tUy to 12 on day 14 of 

observation. All types of clinical signs -.: ere recorded in this age group. There were more 

clinical signs observed in this age group than in the 4 and 8 week-old chickens (Appendix 

6). 

Table 8 shows the clinical signs observed in the infected I 6 week-old chickens. One 

bird exhibited clinical signs for the entire period, another one showed signs on one day 

only while 2 birds expressed no clinical igns at all. The observed ~..::1&.ical signs were the 

same as those reported for the 4 week-old chickens but these birds also showed nervous 

tics cyanosis and head scratching. A total of 187 clinical signs were recorded. Of these, 42 

were depression, 3 8 fever, 27 ruffied feathers, 21 nervous tics 20 sneezing, 13 dyspnoea 9 

diarrhoea, 7 head scratching, 4 ataxia, 2 mouth discharges 2 rales, 1 nasal discharges, and 

1 cyanosis. These signs peaked fi·om 13 n day 1 to 21 on the third day, stayed high up to 

day 6 and declined gradually thereafter to 9 o 1 day 14 of the observ:.- tion. All clinical signs 

were recorded in thi age group. The total dinical igns were almo. t equal to those of 4 

week-old chickens but fewer than those of 8 and 12 week-old 1.. ickens respectively 

(AppendiJC 7). 

ln all infected chicken age gr ups anorexia was b erved 2 to 3 days post infection. 

Control birds of all chicken age groups did not show any clinicw sign throughout the 

observation period. 

The total daily clinical signs were significantly high among the ' ' week-old, followed 

by the 8 week-old chickens while the 4 week-old and the 16 we k- ld were almost equal 

(p<O.OS· Table 9). There were ignificant differences between obs~.-ved clinical signs in 

various chicken age groups (P...-0 .05) except for diarrhoea. The nen ous tics. cyanosis and 
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head rat hin, appea1ed t c ur a clue en increased in age v hile p ntaneous rales 

were ignificantly m re in Lh y unger bird p<O.OS thcr ign ~er many in the 12 and 

8 ~eek- ld indigenou chicken than other ages (Table 1 0). Depres ion, ruffied feathers 

neezing, diarrhoea, mouth di charge and nasal di charge varied significantly on 

replication (p<O OS), unlike other bserv d clinical ign . The e are the sign that will 

always be b erved in case of fowl cholera. All the ob erved clinical signs varied 

significantly with days p st infecti n (p<O.OS) e cept sneezing ataxia~ and nasal 

discharges which were not significant (p>O.OS). Diarrhoea varied significantly between 

replication and with days (p<0.05) p.i unlike ataxia !hat significantly varied between 

chicken ages (p<O.OS) but wa not ignificantly affected by replication or days p.i (p>O.OS). 

Dy pnoea, nervous tics, cyanosis and head cratching significantly , 1ried with chicken age 

groups and days p.i. (p<0.05). Ruffied feathers, sneezing, diarrhoe<J, and nasal discharges 

varied significantly between replications unlike other observed clinical signs (p<0.05). In . 
all age groups, clinical ign were generally, significantly b erved in infected birds 

between days I to 9 except mouth discharges that were observed between days 1 1 to 14 

p.i. (p<O.OS), as compared to other day afier infection. 



Table 5: Type and total numb r of clinical signs observed daily in infected 4 week-old indigenou chicken 

Clinical signs Days post infection Total sign .. -
1 2 3 4 5 6 7 ·s-r;-1 10 11 12 ' 13 14 

Depression 3 5 5 5 4 5 4 4 5 3 4 3 3 2 55 

Nervous tics - - - - - - - - - - - - - - 0 
Ruffled feathers 2 4 2 4 4 

., 
3 3 3 1 3 1 2 l 36 .) 

Sneezing 2 1 2 - 1 I 1 1 1 1 1 1 - - 13 

Ataxia - - - - 1 - - - - - - - - - 1 
Nasal discharges - - - - I - - 1 - - - 1 - - 3 
Dyspnoea - - - - - 2 - 1 - 1 - - - - 4 
~uth discharges - - - - - - - - - - - - - - 0 
Diarrhoea - - 3 1 - 1 1 1 - 1 1 1 - - 10 

Cyanosis - - - - - - - - - - - - - - 0 
Rales 2 2 2 2 3 - 2 I 2 - 1 I 3 I 22 
Fever 1 2 3 2 2 - 4 3 3 2 3 3 1 I - 29 
Head scratching - - - - - - - - - - I - - - - 0 
TotaJ signs 10 14 17 14 16 12 15 15 14 9 13 11 9 4 173 
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'!' l•~c '~ ,.. •p and total number of dinical signs ob erv d ~ i'. · in infected 8 week-old indigenou chicken. 

Clinical signs Davs j)OSt infection Total 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 signs 

Depression 2 5 4 5 4 7 5 5 5 4 5 5 4 3 63 
Nervous tics - 1 - 1 - - - - - - - - 1 - 3 
Ruffled feathers 2 3 4 5 4 7 5 5 5 4 5 5 4 3 61 
Sneezing 2 1 1 2 2 2 3 2 1 2 3 2 2 2 27 
Ataxia - - 1 - - 1 - 1 - 1 - - 1 1 6 

Nasal discharges - - - - - - - 1 - - 1 2 1 1 6 
Dyspnoea - 1 - 1 - 2 1 3 3 1 1 2 2 - 17 
Mouth discharges - - - - - - - - 1 1 - - I - 3 
Diarrhoea - 1 - 1 - I 1 - - - - 1 - - 5 
Cyanosis - - - - - - - - - - - - - - 0 

Rates 2 - 1 2 2 5 2 1 2 2 1 2 l 1 24 
Fever 3 7 6 5 5 5 5 3 3 3 3 1 2 2 53 

Head scratching 1 1 2 - - - - - - - - - - - 4 

Total siens 12 20 19 22 17 30 22 21 20 18 19 20 19 13 272 
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Table 7: Type and total number of clinical sims observed daily in infected 12 week-old indigenous chickens 

-·-- ------ -- -
Clinical signs Days post infection Total 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 signs 
Depression 8 8 7 7 7 6 6 5 5 5 3 4 5 3 79 
Nervous tics - - - 1 1 3 2 1 1 2 2 - - - 13 
Ruffled feathers 8 8 7 7 7 5 5 4 5 4 3 4 4 3 74 

Sneezing 4 3 3 4 3 2 2 2 3 2 2 3 2 1 36 
Ataxia - 1 1 2 2 1 1 2 2 1 - - 1 - 14 
1'-iasaJ discharges 3 4 3 2 3 3 2 2 2 3 1 2 3 1 34 
Dyspnoea 1 1 1 1 1 I 2 1 2 2 1 1 I - 16 
Mouth discharges - I 1 - - - - - - - 1 3 - - 6 
Diarrhoea 1 1 1 1 1 2 1 1 1 1 1 1 1 - 14 
Cyanosis - - - - - 1 1 - 1 - - - - - 3 

Rales - 1 I 1 - - - 1 I - - I 1 2 1 I - 8 
Fever 5 2 3 4 5 4 5 6 6 4 4 4 4 4 60 
Head scratching 1 5 3 4 2 - - - - - - - - - 15 
Total signs 31 35 31 33 32 28 28 25 28 24 19 24 22 12 372 
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'l'able 8: T)p" !\nd total number of clinical signs observed daily in iati! ·ted 16 week-old indigenous chicken 

Clinical signs Days post infection Total 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 signs 

Depression 4 4 4 4 3 3 2 3 3 2 3 3 2 2 ' 42 

_Nervous tics 1 1 2 - 3 2 2 2 2 2 1 1 1 1 21 
Ruffled feathers 3 3 4 2 

.., 
1 1 2 2 1 1 2 1 1 27 .J 

Sneezin~ 1 - 3 2 3 1 2 1 - 1 1 1 2 2 20 
Ataxia - - 1 - - 1 - - - - - - 1 I 4 

_Nervous discharges - 1 - - - - - - - - - - - - 1 
I Dyspnoea 1 1 1 1 l 3 1 1 - 1 1 1 - - 13 

Mouth discharges - - - - - - - - - - 1 I I - - 2 

Diarrhoea - - - I - 1 2 I 1 1 1 - 2 1 - - 9 
Cyanosis - - - - - 1 - - - - - - - - 1 
Rales - - - - - 1 - - - 1 - - - - 2 
Fever 2 3 4 3 1 1 2 5 3 5 3 2 2 2 38 
Head scratching 1 2 2 1 1 - - - - - - - - - 7 
Total si2ns 13 15 21 13 16 16 11 15 11 13 13 12 9 9 187 
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: 'J he c mp.ui on b h~ n th total dail linical cb rved in each 

indi nou chicken a~e roup 

hi k II Oays post infection Total 
ge I 2 -3 4 5 6 7 8 9 10 ri 1 12 13 14 sign 

groups I -
4 week 10 14 17 14 16 12 IS IS 14 9 !3 11 9 4 173. 
8 k 12 20 ~ 22 17 30 22 21 20 18 19 20 19 13 272c ----3 1 

32 ·1-8 12wc k 5 I J 28 25 28 24 19 24 22 12 372° - - 13 16 week l 15 21 16 16 I I IS 11 13 13 12 9 9 l87n 

l calculated= 10 65 (p< 0 05 forb and c) 

able 1 : OlllJ>ari on between the various typ of clinical signs a observed in each 

chicken a e group 

Clinical si ns Chicken nge groups 
4 week-old 8 week-old 12 week-old 16 week-old 

Depression 55 63 79 42 
Nervous tics 0 3 13 21 
Ruffied feathers 36 61 74 27 
Sneezing 13 27 36 20 
Ataxia I 6 14 4 -NasaJ discharges 3 6 34 1 
Dyspnoea 4 17 16 13 
Mouth discharges 0 3 6 2 -
Diarrhoea 10 s 14 9 -
Cyanosis 0 0 3 I 
RaJes 22 24 8 2 
Fever 29 53 60 38 
Head scratching 0 4 15 7 
Totnl signs 173n 272b 372c 187. 

X2 calculated = 100.65 (p< 0.05 forb and) 



FIG.3. DEPRESSED CHICKE S WIT RUFFLED EAT 
TAIL DOWN 3 - 5 DAYS POST FECTION WIT 
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4.3.2 everity of the clinical sign 

Of the 173 clinical sign [rom the 4 week-old chicken 82 were mild, 63 moderate, 

and 28 severe {Table 11 ~ Appendix 4): while of the 272 clinical sign!> from the 8 week-old 

chickens, 143 were mild, 70 moderate, and 59 were severe signs (Table 11~ Appendix 5). 

Of the 372 clinical signs from the 12 week-old chickens 217 were mild, 90 moderate and 

65 were severe (Table 11 · Appendix 6), while of the I 87 clinical -:i r,as from the 16 week­

old chickens were 116 mild, 47 m derate and 24 severe ones (Tabie 11 ~Appendix 7). 

4.3.3 Weight changes between ontrol and infected chickens in the respective age 

group 

The control bird in all the age groups gained more weight than he infected birds. The 

4 week-old control chickens gained 14. I grams per bird more than the infected birds in this 

age group (Table 12, Appendix 8· p> 0.05), while the 8 week-old control birds gained 20.0 

grams more than their infected age mates (Table 12, Appendix 9; p> (J .05). 12 week-old 

control chickens gained 25.7 grams more than the infected group (Table 12, Appendix 10; 

p> 0.05), while the 16 week-old control chicken had 166.9 grams ll'.or~ than the infected 

group (Table J 2, Appendix II ; p> 0.05). 
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Table 11: Comparison betwe n the numbea· of clinical ign aml tlteir e erity among 

the indigenous chicken age g•·oups 

Chicken age Number and severity of the clinical signs Total clinical 
group Mild (1) Moderate (2) Severe (3) sign -
4 week-old 82 63 28 1731 

8 week-old 143 70 59 272b 
12 week-old 217 90 65 372c 
16 week-old 116 47 24 1874 

X2 calculated = 16.84 p<O.OS) 

Table 12: om pari on between the avea·age weight chang in g1 am per bia·d among 

the differ nt chi I en age group 

Chicken age A erage weight gains A eragc weight gain Difference in weight 
group f nlr I chicken of infected chicken gain bel ween control 

_{grams) (grams) and infected (grants)_ 
4 week-old 83 .3 69.2 14. 13 

8 week-old 180.5 160.5 20.0n 
12 week-old 206.9 181 .2 25.78 

16 week-old 2462 79.3 166.911 

F value calculated = 0 .2976 (p>0.05) 
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p rin11 tal chicken 

t th nd of th tud , p st mort m \ a carried ut n the ac fi d chickens. he 4 

i ibl lc i n , while 3 birds in ' ek-old group had fibrin 

remnant on the airsa and thi kened airsacs one bird had fibr ti lung and another had 

plenomegally. ·i e fr m the 12 week- ld one had remnants of fibrin and fibr si ofthe 

lungs and airsacs, one had necr tic liver lesions, and another one h d :;~· ! enomegally while 

3 of the 16 week-old ones had fibro is on tbe lungs and airsacs. Of these 4 had remnants of 

fibrin in the airsacs. 

Pa teurella mulloc:ida was i olalcd from 3 of the 12 week-old l'Jid 2 of the 16 week­

old chickens but not from the 4 and 8 \: eek- ld chickens, r spcctively from oropharyngeaJ 

lungs spleen and the liver. ampl 

There were no gtos pathological I ions or P. multvdda rcco \ Ct d from th control 

birds from all the chicken age gr ups. 

4.4 Di cu aon 

Pa ·tew·e/la multo ·ida has a wide range of avian host usceptibiJilj with some specie 

of wild bird being m re su ccptible than other ( •add ul ef a/., 1967). The degree of 

susceptibility varies between different types of bird and age group (R 1oades and Rimler, 

1989). Using J 6 and 45 week-old ew Hampshire chickens and 2 difli 'ent P. multocida 

scro-types, lfeddleston 1962) showed that mature chickens were more susceptible than the 

young chickens. In another tud , J leddleston and Watko 1965) usu~; 9 and 52 week-old 

ew Hampshire chicken· and and 8 week-old, B It ville small wh;t '! turkeys, reported 

that turkeys arc more u ceptibl to virulent/. multocida than chi ke,ls while mature 

chjckens were more usceptible than young chickens. Jn both studies, the criteria u ed was 
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m rtaJit • th P. multuada train were lethal t th chi ken ~tudie ha e b en d ne 

u inga I ing clinical igns ut no m rtality a!. P.mu/to ·1da train 

T J 0 22 r of tlu tud . ither ha e linical ign their c crit r weight change 

b en u ed to e aJuate u cepti ility. 

In thi tudy the 12 w ek- ld indigen u ilia e chicken had more clinical signs 

that were more evere and were expres ed within a few day after exp sure than tho e of 

the 8 16 and 4 week-old chicken . There were marked difference between l2 week- ld 

chickens and other ages in e pre sion f dcpre sion ataxia nervous tics nasal discharges 

and head scratching (p<O.OS ~ and ruffied feathers mouth discharges and sneezing, with 

other ages e cept with 8 week- ld; while diarrhoea was significantly -:iifferent with 8 week-

ld chicken only (p<0.05) (Rh ad and Rimier 1989). 

Mo t ign were ob ervcd in the 12 week-old bird , except nervous tics that were 

more in 16 week-old chicken . Rale and dyspnoea were also marginally more in the 8 . 
week-old chicken . orne ign varied n replication while other did not. 

oughing and eye di charge were not observed and will need further evaluation. The 

twelve week-old chicken had m rc ca e of bird with fe er than the other age groups. 

AJithe control bird did not show any clinical sign . These finding agree with what 

previous authors have rep rted that different age groups have variable susceptibility toP. 

multocida (Heddleston, 1962; Hcddleston and Walko, 1965; RhoaJes and Rimier 1989). 

However, unlike Heddle ton ( 1962) and Heddleston and Watko (1 965! the 12 week-old · 

village chickens were found to be more susceptible than younger (4 and 8 week-old) and 

older 16 week-old) chickens. he difference could be due to the tmin of P. multocida 

used; age variation and the br cd f chicken u ed in the different e·<(leriments. In 



c mmerci I tur e a rctro pe ·ti e tudy howed th n et of£1 wl cholera to be at 89.6 

da 12 8 w ek) in e rgia, I .8 v.eek in aJjfl mia and 16 3' cek in i OUIJ m 
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orris eta/., I 89) l h ati n m e rgia are imilai to b ervation in this 

study where the mo t u cepti le age f chickens v a found to be 12 weeks. 

ne of the effe t f fl wl h I era like ther di cas , i decrea e in the feed 

utilisation efficien y among affected turkey Morri I a/. 1989). lc! r chickens 

sacrificed at J 9 day afler e po ure to P. multo ·ida \1 ere found to be emaciated 

Heddleston and Watko, 1965 ). In the current study, all infected chi0kens had less weight 

gains than the control chicken oft heir corresponding age group wh1i~o. older cruckens had 

more weight loss than the younger ones, when sacrificed at 14 days p'Jst inoculation. There 

is, therefore a possibility that all virulent strains of P. mullocida affect the weight gains in 

different age groups of birds. 

n the ba is ofthe e parameter the 12 week-old village chickens when infected with 

P. multocida N T I 0322 r a pear t be m re su ceptible than other age groups of the 

grower indigenous bird . This i the fir l account of age susceptibilitj· to P. mullocidu 

among the chicks and growers of village indigenous chickens. 
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II P R 5 

3: I Dl 0 I D K TOP. 

1 J..T 'JIM 

5.1 lntrodu tion 

The duck p pulati n is 71. 0 in cnya but they contribute ignilicantly to the 

smallholder econom in the rural a1ea Anonymous 20 0; jue 2003). They are reared 

with chicken and clo ely interact with them when cav nging for food (Nyaga eta/., 

2002· Mbuthia eta/., 2003). Their pr duction i limited by di ea es (Aini, 1999b~ yaga 

eta/. , 2002). One such disease is fowl cholera caused by P.multocidu (Mutters eta/., 

l985a)· it causes waterfowl mo1 tality in various countries (Hunter ana·; obeser, 1980; 

Aini 1999b· Pehlivanoglu eta! .. 1999· Amonsin eta/., 2002). 

Pasteurella multocida healthy-looking carriers have been observ•,d in ducks in 

Kenya Chapter 3 experiment I of this thesis) and in Tanzania (Muhai:wa eta/., 2001 b). 

However the age susceptibi lity am ng the indigenous gr wer ducks ha not been 

documented, yet, knowledge of su ccptiblc age group i important in di ea e control 

mea ures in variou producti 11 tem and devel pmenl of duck heu!t h program . 

The aim of this study wa t e tabli h the most su ceptiblc age gr up among the 

indigenous ducks to /'. multo ·ida. 

5.2 aterial and method 

5.2.1 E perimental ducks 

Indigenous ducklings hatched from incubated eggs at Kabete and day old ducklings 

bought from fanns with indigenous flocks were brooded and reared in an isolation house, 
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av a fr mother bird he w rc fed n c mmercial chick and gt wf.• 's feed n a 

Limited • en a and gi en water atllihitum, up t the required c p••t imcntal age f IJ, 

8, 12 and 16 weeks. tal of n hundred and twenty indigen u duck c mprising of 

bird f each tat u age gr up ' ere u ed in thi tudy . 

. 2.2 B t ria u ed to infi t duck 

Pa teurella multocitla type train ( T I 03221 maintained on orset egg agar in 

our Ia oratory that had lov virulence than other P.mulloc:ida wa u ed in this study. ll 

wa spread ont BA with 5% citratcd calf blood incubated aer bically at 37 ° , for 24 

h urs to check for purity prior t preparation of the innoculum. An individual colony of 

this culture was inoculated into brain heart infu ion broth, incubated aerobically at 37 ° C, 

for 24 hour . A ten fold serial dilution of one milliliter of the bacteria in BHl was made 

and 25fll of each dilution spotted onto 13A plates. Colonies were counted at the dilution 

with countable colonies and the counts tran lated into colony forming nits per milliliter 

(C /ml). 

5.2.3 E perimental proc dun~ 

ach duck age group had IS birds f which I 0 were infected with P. multo ·ida while 

5 were u ed as control and were in culated with Bill broth only. The experiment arc 

replicated. The infected and control groups were hou ed in different ooms located in 

different houses away and apart from each other. Befl re commencemc:nt of the 

experiment, all birds were screened by taking their oropharyngeal and cloaca swab that 

were cultured onto BA and inoculated into mice as done in hapter 3.2.4 of this study 

and shown to be negative for P.multo ida. The bird were separated and put in the 



e perim ntal r oms 4 h ur pri r to in culation Table 13 h ' th . outline of the 

e perim ntaJ d ign. 

abl 13: h e perimental tl n on a e u cepti ilit. in duel • 

Total 
bird 
IS 
15 
IS 
lS 
60 

The innoculum wa prcparcu a de cribed by Peter en el a/. 2 0 I b) and each bird 

was inoculated intratracheally' ith 0.5 ml culture containing 1.2 - 2.0 x 108 FU of 

P.multocida organisms in Bill ·ach of the control birds was inoculated with 0.5 ml of 

BHl broth at the start of the study. o avoid possible cross infection the daily 

observations stu ted with birds in the control house before proceeding •t; the infected 
. 

house. Biosecurity was maintained during the entire period of the sturly. 
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linical sign observations, temperature and weight measurements '''ere carried out and 

recorded once daily by the same person throughout the study pericd. ln each room, of the 

control or infected birds the ob erver took 30 minutes per day at the same time each day 

to observe the presenting clinical igns and carry ut the mea uremcnts. lnitially 

observations were made without di turbing the bird and later a close examination was 

carried out while holding ea h bit d that is wing tagged for identifica~on . During the latter. 

examination the bird s cloacal temperature was taken using a clinical ~hennomcter 

(laboratory thermometer 305 rnm), reading recorded and thermometer disinfected with 

alcohol. After close examination the bird's weight was taken using Suehnle German 

balance (measuring a minimum of25 gram and a maximum of 5 kilograms) and 
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r cord d h bard w r . ·amin d for the pre encc anorex.ia fe er, u.!·~:..ia, depre ion, 

ruffied eather • cyan i . nervou tic e e di charge na al and mouth di charge , 

n z.in , d ntancou tracheal rale c ughing, diarrh c.a {lnd head scratching. 

Path I gi m ultry due t arious cau e are semi-quantit:ati ely scored 

and iegel, 1965, ro . and lman 1967, hi aprasad and Dr ual 2002) and a 

imilar trend wa adopted for clinical igns in thi tudy. The fre uen y and intensity of 

the clinical ign w re ,radcd a e ere 3), moderate 2) or mild I . A mild sign was 

b crved 1 to tim m derat ign 4-6 time , while evere one was observed 7 or 

more time on an individual bird during the 0 minutes of clinical sign observations. 

Mild depre ion wa dulloe s alone· when it occurred together with drooping wing it was 

taken as moderate depre ion, ' hile d ing and/or tucked head under the wings was 

regarded as evere depre sion. Ruilled feathers around the head and neck wa taken as 

mild; when general body was affected it wa taken a moderate· wh:le with drooping . 
wings it was regarded a se ere. loacal temperature below 41.5 o was taken as normal· 

41.6 - 41.8 as mild; 41.9- 42. 1 a moderate; and that of vee 42.2- 42.5 ° was 

taken as severe fever. P l mortem examination was done as de crib <1 by Bennudez and 

Stewart-Brown 2003). The sacrificed birds were opened aseptically, at the end ofthe 

study and post mortem examinati n done and swabs taken from the oro-pharynx, cloaca, 

lungs liver pleen caecal ton its and pruning gland for bacterial examination. During 

the po t mortem e ami nation gro le ' ion were noted and recorded 

5.2.4 Re-i olation anti itlcutification of P. multocido 

At 24 hours po t-infection all the birds were swabbed on oro-pharynx and cloaca to 

confirm the establishment or absence f P.multo ida in the infected and control birds, 
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respectively. These wabs and those taken during the po t mortem xamination were u d 

for there-isolation of P.m11fto icla. The re-i lation and e entual id .ntification 

procedures for Pasteurella organisms were done as given in chapter , ection 3.2.4. 

5.3 Results 

5.3.1 Type and total number of obsea ed clinical ign 

Table 14 shows the clinical signs observed in infected 4 week-old wing tagged ducks. 

All the birds expressed intermittent clinical signs over the 14 day period. One duckling 

expressed clinical signs for 12 days while 2 ducklings expres ed ign on ne day only 

during the 14 days' period. The clinical igns ob erved were anorexia, fever, depres ion, 

ruffled feathers nasal discharges, mouth discharges, sneezing dy pnoea, pontaneous 

tracheal rales, and diarrhoea. A total of 117 clinical signs were recorded. Of these, 27 

were fever, 22 dyspnoea, 18 depression 18 ruffled feathers 17 rates. 16 nasal discharges, 
. 

3 neezing, 3 mouth discharges and 2 diarrhoea. Ob erved clinical signs were many from 

day one when they numbered 13 peaked on the third day to 21 and s 11yed higb up to day 

six at ll , declining graduaiJy to 2 on day 14. Majority of the <-igns were observed 

between days 1 to 6. Nervous tics cyanosis eye discharges coughing head scratching, 

and ataxia were not observed in this age group (Appendix 12). 

Table 15 shows the clinical signs observed in infected 8 week-o (! wing tagged ducks. 

The birds had intermittent clinical sign with most f them being observed in the first 8 

days of observation. Two ducks expre sed clinical igns for I 1 days while one duck 

cxpre sed signs on 2 days only during the 14 days period. The observed clinical signs 

were anorexia fever. ataxia depres i n ruffied feather nasal di charges, sneezing 

dyspnoea, coughing, eye discharges, spontaneous tracheal rales and diarrhoea. A total of 
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188 clinical ign were r ordc f the e 58 ' ere na I di h rgc , 26 dy pn a, 25 

nee zing, 22 fever 13 depre ion, 13 ruffied fcath ·rs, 10 mouth ci t harge , 8 ataxia 7 

coughing 2 e e di charge and 2 rate . The number of sign p ·,1 I on day one when 

they were 25 taycd high up t day 8 \: hen they were I and dedin d gradually to 1 by 

day 14 of ob ervation. ervou tic cyano is and head cratching ' · re not recorded in 

thi age group. yanosis was difficult to as es due to the birds black kin (Appendix 

) and e ami nation f other b dy part uld ha e tre sed the bird 

Table 16 shows the clinical igns bserved on e. amination of infected 12 week-old 

wing tagged duck The ducks had intermittent clinical signs vcr the 14 days of 

observation. The b erved clinical •gn were anorexia fe e1 , depression ruffied 

feathers nasal discharge , mouth discharges sneezing, coughing, dyspnoea and head 

scratching. A total of 80 clinical ign were recorded. Of these 32 w~re na al di charges, 

16 neezing, 15 fever, 6 depre i n, 6 ruffied feath rs 2 mouth discharges, I dyspnoea l 

coughing, and one head scratching. Observed clinical signs were high from day one when 

they were 8 peaked on day fi e to II, and declined gradually to 1 on day 14. Majority of 

the sign were observed betwe n day I to 6. erv us tic , rates, at x.ia, eye di charges, 

and diarrhoea were n t observed in this age group \! hile cyanosis was difficult to assess 

as in the 8 week-old ducks (Appendix 14) as birds were handled with rninimwn stress. 

Table 17 sh ws the clinical signs ob crved in infected 16 ,·;c.ck-old wing tagged 

ducks. They showed intermittent clinical signs for the 14 days period. Two ducks showed 

no clinical sign another 4 had one clini at ign on I day only while the rest had l to 5 

clinical signs with an average of I ign per bird per day of observation. A total of 83 

clinical igns were recorded. Of the e 42 were nasal discharges I) fever 14 sneezing 4 
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d pre ion, rumed feather . <.lyspn ~ and l m uth di charge 'I h numb r f sign 

p ed on da one t 8, taycd high up to day 5 v hen they were 7 ar •• j de lined gradually 

thereafier t 3 n day 14. ervou tics ataxia, diarrho~ ralc , ,,ye di charges, head 

scrat hing and cyan i were 11 t ob erved (Appendi 15 . 

5.3.2 ummary re ult of the four du k a roup 

The t tal daily clinical igns \:ere high among the 8 we k- ld d.1cks while the 12 

and 16 w ek-old were almo t e ual. Majorit ofclinicaJ signs were •:b erved between 

day I to 6, e cept 8 week-old on that were high up t day 8 p t irfection (Table 18). 

There were ignificant difference between the bserved clinical ign · e pre sed by 

arious duck age groups p< 0. 5 . except head cratching which wa not significant 

p> .05) and m t ign were h wn by the 8 week-old duck , Cf l' rales and fever that 

were more in the 4 week-old bird The 4 week-old appeared margnu lly variable from 

the 12 and 16 week- ld p<0.05 ut the 12 and 16 week-old ducks \IICre not statistically 

different from each other (p>0.05) . "' Ye discharges and ataxia were observed in 8 week­

old only while head scratching wa recorded in the 12 week-old duck,. Diarrhoea and 

spont811eous rates were m rein the young duck (4 and 8 week-otcl,. epression ruffied 

feather and dyspnoea appeared m rc marked in bird 8 week-old ~nd lower. Generally 

younger ducks had more clinical signs than the older birds ( able 19). 

In all age groups an re1cia was observed from 1 to 4 days post infection. 

Dyspnoea, diarrhoea, ataxia and coughing varied significantly on.eplication (p< 

0.05), while all signs aried significantly with days, p.i (p< 0.05) ex·: ;:pt coughing 

(p>0.05) . he expression of clinical signs wa e ere t between days l to 6, and varied 

ignificantly from Lher day , p.i (p<O. 5) cxc pt for head crat hin • Most sign were 
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mild b tw en day 7 t 9 but' ere e ·pre d imilarly b tween day I 1-l and' ere not 

ignificantly different p>O 05) ntr I birds of all age did n t how any clinical ign 

through ut the ob crvati n peri d 

5.3.3 e r it of the clinical i n 

Of the 117 clinical i ns fr m the 4 week-old duck 23 were se ere, 22 moderate, 

and 72 mild able 20 ppendi 12)· while of the 188 clinical sign f:-"m the 8 week-old 

due 49 were severe, 46 moderate, and 93 mild (Table 20· Appendix 13). Of the 80 

clinical signs from the 12 week-old duck 18 were evere 12m der&te and 50 mild 

Table 20· Appendi 14 while of the 8 clinical signs from the 16 wf ek-old duck 22 

were evere 20 moderate, and 41 mild (Table 20· /\ppendi 15) (p< 0.05 . 

5.3.4 Weight change bt twe n ont rol and infected d ucks in various ng groups 

All the age group had inc1 ea e in ' eight with the conll ol 4 w. ck- ld ducks 

having an average of248.4 gram while the respective infected duel gained 240.9 grams 

per bird a difference of7.5 grams ver the 14 days period {Table 21~, ppendix 16). The 

eight week-old conlrol ducks gained 43 1.2 gram while there pectivc infected ducks had 

418.9 grams a decrea e of 12. gram (Table 21· Appendix 17). Am ig the 12 week-old 

ducks the control gained 66. gram while the respective infected duck gained 338.0 

grams per bird, a difference of 28.3 gram (Table 21; Appendi 18). Among the J 6 week­

old ducks control bird gained 119.4 grams while the respective inlcct\AJ ducks gained 

90.6 grams, a decrease of28.8 grams (Table 21~ Appendix 19) (p< 0 .05). 



Table 14: Type and total number of clinical igns ob erved daily in infected 4 week-old indigenous ducks 

Clinical sions Days post infection Total 
1 2 "' 4 5 6 7 8 9 10 . 11 12 13 14 ign .J 

Depression - 1 4 2 3 2 1 - - 1 - - 1 - 15 
N_ervous tics - - - - - - - - - - - - - - 0 
Sneezing 1 - - - 1 1 - - - - - - - - 3 
Ruffled feathers - 1 4 2 3 2 l - - 1 - - 1 - 15 
Ataxia - - - - - - - - - - - - - - 0 
Nasal discharges 2 4 2 1 l - - 1 - 1 - 3 - 1 16 
Dvspnoea 3 5 4 2 2 "' 1 l 1 1- 22 .) - - - -
.Mouth discharges - - 2 1 - - - - - - - - - - 3 
Diarrhoea 1 - - 1 - - - - - - - - - - 2 
Cyanosis~ - - - - - - I - - - - - - I - - 0 
Eye discharges - - - - - - - - - - - - - - 0 
Rales 3 3 2 2 2 1 l - l - - - - - 15 
Coughing - - - - - - - - - - - - - - 0 
Head scratching - - - - - - - - - - - - - - 0 
Fever 3 3 3 3 2 2 2 2 2 I l - l 1 26 
Total si2ns 13 17 21 14 14 11 6 3 3 5 2 3 3 2 117 

Legend: a Cyanosi was difficult to observe on the duck skins 
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Table 15: Type and total number of clinical igns observed daily in in~ cted 8 week-old indioenou du k 

Clinical igns Days post infection . Total 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 signs 

Depression 2 2 2 2 1 2 1 1 - - - - - - 13 
Nervous tics - - - - - - - - - - - - - - 0 
Sneezing 3 3 3 

.., 
2 1 2 2 1 2 1 1 I - 25 .) 

Ruffled feathers 2 2 2 2 1 2 1 1 - - - - - - 13 
Ata'tia - 2 1 2 1 1 1 - - - - - - - 8 
Nasal discharges 7 4 7 5 2 6 5 5 4 4 4 3 1 1 58 
Dyspnoea 4 3 2 3 2 2 2 l l l l 4 - - 26 
Mouth discharges 2 1 1 1 1 2 I 1 - - - - - - 10 
Diarrhoea l - - - - - - - - - - - - - 1 
Cvanosisn - - - - - - - - - - - - - - 0 
Coughing 2 1 - 1 - l - - - t 1 - - - 7 
Eye discharges - - - - 1 - I - - - - - - - 2 
Rales - - - - - - - I 1 . - - - - 2 
Head scratching - - - - - - - - - . - - - - 0 
Fever 2 4 3 3 1 2 2 1 1 I - 2 1 - 23 
Total signs 25 23 21 22 12 19 16 13 8 9 7 10 3 1 188 

Legen.+ "'y::tno i<: ' as difftcuiL to ob erve on the duck kin 
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Table 16: Type nd total number of clinical sions observed daily in infected 12 week-old indigenou ducks 

Clinical signs Davs post infection . Total 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 signs 

Depression - 1 1 1 1 1 - 1 - - - - - - 6 
Nervous tics - - - - - - - - - - - - - - 0 
Sneezing I 1 2 2 2 2 1 1 1 1 1 1 - - 16 
Ruffled feathers - 1 1 l l I - 1 - - - - - - 6 
Ata.xia - - - - - - - - - - - - - - 0 
Nasal discharges 3 4 4 ..t ..t I 1 I 1 2 2 

.., 
1 1 1 1 3-.) 

Dyspnoea - - - - - - 1 - - - - - - - 1 
Mouth discharges 1 - - - l - - - - - - - - - 2 
Diarrhoea - - - - - - - - - - - - - - 0 
Cyanosis11 - - - - - - - - - - - - - - 0 
Eye discharges - - - - - - - - - - - - - - 0 
Rates - - - - - - - - l - - - - - - 0 
Couahing - - - - - 1 - - I - - - - - - 1 
Head scratching - - - 1 - - - - - - - - - - 1 
Fever 3 2 - l 2 l 1 1 1 l - l - 1 15 
Total signs 8 9 8 10 11 7 ~ 6 4 5 2 3 1 2 80 

!.ts:~nd : 4 Cyanosi was difii'-11!t to observe or. th ... du:.:k Jcins 
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Table 17: Type and total number of clinical signs observed daily, in infected 16 week-old indigenous ducks 

- -· --
Clin·cal .. ign Days post infection Total 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 signs 
Depression - I 1 1 I - - - - - - - - - 4 
Sneezing 1 2 1 1 1 - 1 1 2 1 - 1 1 1 14 
Ruffled feathers - I 1 1 1 - - - - - - - - - 4 
Ataxia - - - - - - - - - - - - - - 0 
Nasal discharges 3 2 5 4 3 3 3 3 3 3 2 3 3 2 42 
Dyspnoea 1 1 1 - - - - - - - - - - - 3 
Mouth discharges . 1 - - - - - - - - - - - - - 1 
Diarrhoea - - - - - - - - - - - - - - 0 
Cyanosisa - - - - - - - - - - - - - - 0 
Eye discharges - - - - - - - - - - - - - - 0 
Rales - - - - - - - - - - - - - - 0 
Coughing - - - - - - - - - 1 - - - - 1 
Head scratching - - - - - - - - - - - - - - 0 
Fever 2 1 2 1 1 2 1 1 2 1 - - - - 15 
Total signs 8 8 11 8 7 5 5 5 7 6 2 4 4 3 84 

Legend: a Cyanosis was difficult to observe on the duck skins 
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Table 18: The comtntri ou IJeh en the t tal dail clinical igm o~ rv d in each 
indig nous duel\ n ga·out> 

Duck age Days post infection Total 
groups 1 2 3 4 5 6 7 8 9 10 II 12 13 14 signs 
4 week-old 13 17 2 1 14 14 1 I 6 3 3 5 2 4 3 2 117 b 

8 week-old 25 22 21 22 12 19 16 J3 rg 9- 7 10 3 I 188b 
12 week-old 8 9 8 10 II 7 4 6 4 5 2 3 I 2 so• 
16 week-old 8 8 I l 8 7 5 5 5 7 6 2 4 4 3 83 8 

X2 calculated e·b - 64.67 (p<O.OS) 

Tablel9: Comparison between the variou types of clinicaJ sign a observed in each 

duck age group 

Clinical signs Duck a~e ~roups 
4 week old 8 week old 12 week old 1. fl week old 

Depressioq 15 13 6 11 
-

Nervous tics 0 0 0 iJ 
Sneezing 3 25 16 1 • 

Ruflled feathers 15 13 6 
Ataxia 0 8 0 0 
Nasal discharges 16 58 32 42 
Dyspnoea 22 26 1 3 
Mouth discharges 3 JO 2 l 
Diarrhoea 2 I 0 I' -· 
.Cy_anosis 0 0 0 L - 0 
Cougrung 0 7 I 
Eye discharges 0 2 0 ( 

-
RaJes IS 2 0 0 
Head scratchiJ'!B_ 0 0 1 0 
Fever 26 23 15 14 
Total s!gns 117 ° 188 b 80 11 S3" 

X1 calculated f ·b) = 64.67 p<O 05 
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Tabl 2 om pari on brtwe n the numbea· of clinical ign and h ir cv rity 

among th indig n u duck a roup 

duck a 

46 
12 week-old 12 
16 week-old 41 20 22 11 8 • 

X2 calculated (a.b) = 7.82 (p< 0. 5 

able 21: Compari on between tbe average weight gains in gram per bird among 

.the different duck age groups 

Duck a e group Avera JC weight A erage weight I Difference in weight 
gain of control gains of infected gajn between 
ducks ducks control and infected 

4 week-old 248.4 240.9 7.5 b 

8 week-old 431 .2 418.9 12.3 b 

12 week-old 366.3 338.0 28.3 n,n 

J 6 week-old 119.4 90.6 28.8 .. b 

F-value calculated (8
·') = 634 .20 p<O.OS) 



.3. ro I ion of the e perim ntal du k 

At lhe end of the tudy p t m rtem was carried out on the du~.: ks . wo birds had 

remnant of fibrin and fibrou trands among the 4 week-old duck . One of these had 

pericarditis and perihepatitis. · ight of the 8 week-old ducks had remnant of fibrin and 

fibrou strand 2 had fibrosis n the lungs and another 2 of these had necrotic pots on 
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pleen and another on the liver. Two of the J 2 week- ld duck had remnants of fibrin and 

fibrous trand ; while 4 f the 16 wee -old ducks had remnant of fibrin; one of the e had 

necrotic spots on the li er. 

S.J.G P.multocitla re-i olaf d from the e perimental duck 

P.multv ·ida was is lated from 4 ofthe 8 week-old and 2 of the 16 week-old ducks 

and one each from the 4 and 12 week- ld ducks respective! . 

There were no gross pathological lesions or P. multocida reco ered from the control 

birds from all the age groups. 

5.4 Di cus ion 

P.mu/locida has a wide range fa ian host su ceptibility wit 1 orne pecies of 

birds and dilTerent age groups being more susceptible than thers (Facldoul el a/. J 967· 

Rhoades and Rimier, 1989· ooderhan 1999). ln the present study the age susceptibility 

with re pect to P.multocida N T I 0322 T was based on the number and severity of 

clinical sigos, number with fe er and weight changes between the infected and control 

birds. ing 5 1 I 16 and 18 week- ld Mallard ducks bird older than I I weeks were less 

su ceptible to P.multocida than young one (Hunter and Wobeser 1980). These findings 

agree with the results of the current study in which it was found that the Sweek-old 
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ducks had mores vere clini al igns, which wer ob erved afier 1 day p st expo ure, 

than older 12 and 16 wee -old indigenous village ducks e c pt fi r <1 ., "ek-old duck 

which were less su ceptible than the 8 week-old ones. There were marked diiTerences in 

clinjcal signs shown by ducks 8 wee -old and those of other ages for rlepression ruffied 

feathers sneezing, ataxia, nasal discharges mouth discharges, cougl:ing and eye 

discharges (p< 0.05). The 8 week-old birds sh wed m re of the above signs. igns that 

did not vary with replication may be indicat rs of fowl cholera, v lute those that aried on 

replication may indicate fowl cholera severity. 

They had also m re birds\! ith fever a compared t other age gr ~·p . The 8 week-old 

were followed by 4 week- ld ducks in susceptibility t P.multo ida. 1 II infected ducks 

had lower body weights 14 days p.i than the control ducks. This is as reported by Fadd ul 

eta/. (1962 who found that the infected wild birds had weights that "'ere below normal. 

However the growth rate ofthe 12 and 16 week-old ducks wa less than the 8 and 4 

week-old ducks. In all this could be due to decreased feed cnicienc~· ir i all the infected 

ducks but more so in the older ducks. A wide variation in virulence cc..: -:x.ist for a given 

sero-type ( nipe el a/., 1990) and po sibly the train u ed in this stu ly is le s virul nl. 

Like in turkeys (Bond et a/. 197 4) older ducks were found to be le !. ·usceptible than the 

8 week-old ones. 

Based on these findings the 8 week- ld illage ducks were the most susceptible age 

for infection with P.multvcida compared to the other age groups. This age group was 

used for sub equent experiment with P.multocidu. This is the fir t ace unt of age 

susceptibility to P.multo ·ida among village indigen u ducks. 
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PTERG 

6.0 EXPERJME T 4: COM PARI 0 BE L 

FOWL CHOLERA I IMM OS PPRE D 

IMMUNO UPPRESSED J DJGE 0 S CHI K A DO 

6.1 introduction 

P. multocida, the cause offowl cholera in poultry (Rimier and Rhoade , 1989) was 

first reported in Kenya as a cause of a ian pa teurellosis epizootics in wild waterfowls at 

lake akuru Hudson 1959). The organism was Ia t i oJated from a erey parrot in Kenya 

in 1975 (Miringa, 1975 . urrcnl tudies have indicated that indigeu s birds are carriers 

of P.multocida, a confirmation that P.multocida is still prevalent and voses a risk to 

healthy poultry flocks (chapter oftlus thesi ). During scavenging indigenous birds are 

ubjected to stressful condition under village rearing et ups (Minga r.l a/., 1989; Aini, 

1999a,b· Nyaga eta/. 2002). This can be immunosuppressive and P,ad to the flare-up of 

fowl cholera in carrier birds (Dlackall el a/., 1995). The bacteria ca1. a )0 be spread to 

other in-contact animal (Muhairwa el a/., 200 I b). linical ign f fowl cholera a 

described in current literature are not ery characteristic or di£ferenti31 and can be 

confused with other upper respirat ry tract infections lisson 2003 · Glisson el a/., 

2003 ). Jinical signs tl1at m re c n istently indicate the pr sence of :.1is disease among 

indigenous chickens and ducks need to be e tablished so that farmers. animal health 

assistants, and veterinarians a1e able to recognize the disease on encounter. Ills is 

especially important ince Little is kn wn about fowl cholera clinical ~ 1arufestation in 

normal and immunosuppressed I cal indigenous chickens and ducks. ariations in 



clinical si n manife tations may occur due to immunosuppre ton re uiring ke ner 

attention to diiTerentiate fo\ I cholera from other di ea es. 

The objective of this ludy wa , th ref ore to determine the clinicl\ l signs f li wl 

cholera in normal and immunosuppressed indigenou chickens and cl ~tc ~s . 

6.2 Materials and method 

6.2.1 Experimental chickens and ducks 

Indigenous chickens aged 12 weeks and 8 week-old local indigeMus ducks, 

previously shown in these studies to be the most su ceptib1e were used in this 

experiment Some birds were bought at day-old from fam1ers while others were hatched 

from indigenous bird gg purchased locally. Before commencement ufthe experiment 
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all birds were screened by taking their oropharyngeal and cl aca swabs that were cultured 

onto BA 311d inoculated into mjce as d ne in Chapter 3.2.4 of this study and shown to be 

negative for P.multocidu infection. hey were reared and kept separately in deep littered 

room , and provided with feed and water ad libitum. 

6.2.2 Bacteria used to infect birds 

The bacteria used and procedures for preparing inoculum wer c~.ried out as given in 

chapter 4 section 4.2.2 and chapter 6 scctiou6.2.4 . 

6.2.3 Immunosuppression of the bir·ds 

Birds to be immunosuppressed were injected intramu cularly u~, i 1g dexamethasone 

(Agar Holland, 3 760 AL Soest, H Hand), 4mg!Kg body weight per ay as done 

elsewhere for 6 day prior to experimental infection (Birrenkott and Wiggins 1984; 

Corrier and DeLoach 1990· orrier el a/. 1991 ~ Nakamura el a/. J 994). 
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6.2.4 · p m ntnlpro dur 

total of70 in 1-lagged bird c mpri ing of 5 indi enou ducks and 35 

indi en u chi ken v ·ere used in thi tud . our eparate experiment. w rerun in 

duplicate that i , fi r immun uppre ed (I duck ; for non-immun uppre ed ( I ) 

duck · and for irnmun uppre cd chicken ~ and for n n-immuno uppre sed chicken ~ 

each with resp tive contr Is. he birds were separated and put in thr. '-. :~perimental 

r oms 48 hours prior to inoculation. Table 22 shows the outline of the experimental 

deign. 

Table 22: The experimental de ign of the com pari on between Utt. clinical igns of 

fowl cholera in indigenous chickens and ducks 

Experimental lnfe ted Control birds Total 
Bir-ds birds Normal Immunosuppressed birds 
Normal chicken 10 5 0 15 . 
Immunosuppressed chicken 10 5 5 20 

_!'J_ormal ducks 10 5 0 IS 
Immunosuppressed ducks 10 s 5 20 
Total birds 40 20 10 70 

Of the 35 birds, 20 were infected \ ith P. multocida while 15 were used as control 

birds. ln the immunosuppressed studie , I 0 birds were immunosuppressed and infected 

with P.multo ida, while the uninfccted control gr up comprised of :; immunosuppressed 

and S non-immunosuppres ed birds that were inoculated with brain hea;t infusion (BHl) 

broth. or the non-immun sup pre sed studies, I 0 birds were infected with P. mu/tocida, 

wlille 5 control birds were given 81 U broth. ach infected bird was inoculated 

intratracheally with 0.5 mJ culture containing 1.1 - 2.5 x I 08 FU of J'.multocida 

organisms while U1e controls were given 0.5 ml of sterile Bill broth like the one used to 

grow the Pa. teurella inoculum. 
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II 'nf t t.1 an \: ntwl t ird \\ rc h u ed in di r nl r ms u\ a and apart fr m 

ibl ro infl ti n, th dail 

th ding to the infected h u e. Bi ccurity wa maintained 

du ·n th 

l'h bird , .. re ob rv d daily for an clinical tgn including temperature changes) 

O\ r a ri d of I day a d · ribed in chapter 4 ection 4.2.3 and hapter 5 s ction 

5 2. . Po tmortern and bact rial recovery fr m ti u f sacrificed bi ds were d ne as 

given in chapter 4 · lion .2. and 4 2.4, respectively. 

6.3 Re ult 

II infected bird ex.pre cd clinical igns of fowl cholera during the 14 days of 

b rvation. They \i rc. fe cr. dcpre ion na al di charges, sneezing, dyspnoea, ataxia, 

nervous tics, rale • m uth mucoid discharges (muc id strings between the beaks , 

diarrh ca, cyano i coughing, head cratching and e e di charge . The signs were noted 

among the infected bird but not in the control birds (Tables 23-26 ~ they occurred singly 

or in combination of2 t 5 ign per infected bird on a day of bservation (Appendices 

20 to 24). 

6.3.1 linical ign ob erved in indigenous chickens 

A total of 179 clinical igns were mauife ted b the 1 chickens. These were: 33 

depression, 30 nervous tics 25 sneezing, 24 ruffled feathers, 20 feve•, 13 nasal 

discharges 12 dyspnoea 5 head cratching, 2 mouth discharges and I diarrhoea The 

signs were high from day I when they numbered I 3, peaked on the fifth day to 20, and 

decreased gradually to 5 on day 14. Majority of the signs were obsr.•t ved on days 1 to 12. 

Cyanosis, coughing and eye discharges were not recorded for tlus group (Table 23). 



74 

he mm n linical ign in I chi ken w re 12 

rum d fl ath r • <> d pno a/net vou tic 5 nccLinglncrvous tics/ruffied 

feath 

2 depr i n/sneezinglata ia 2 depre i n ne zinglru c. feather I 

depr n/ na I di charges/ataxia/m uth di charges 1 neezinglataxia/nervous tics, 2 

depr n/nasal di charg I ncezing/alaxia I depres i n/sneezin!7/dyspnoea, 1 

depre nJ ataxia/nervous tics. and I d pression /dy pnoea/ataX,ia/ncrvous tics 

( ppendi 20 . Other i ns were exprcs ed as individual clinical siens per bird per day of 

ob ervation 

total of372 clinical •gn that \ ere shown by the NIS 12 week-old chickens in the 

age susceptibility test in chapter 4 were used for comparison. Of the!~, 79 were 

depression, 74 rufiled feather 60 fever, 36 sneezing, 34 nasal disc:1. 1rges, 16 dyspnoea, 

15 head cratching 14 ataxia, 14 diarrh ea I 3 nervous tics, 8 pontaneous rates, 6 mouth 

di charges and 3 cyanosis. linical signs were high from day J when they numbered 31 

peaked on the econd day anc.J de reased gradually to 12 n day 14 c f the observation. 

The majority of the signs were observed on days 1 to I J of the b ·~rvation . oughing 

was not recorded in this group (Table 24). 

The common clinical sign combination for IS chickens were namely: 22 for 

depression/sneezing/na aJ discharges/ruffied feathers, 9 for depression/sneezing. 8 for 

depression/nasal discharges 8 for depression/ruffled feathers, 5 for sneezing/nasal 

discharges 4 for depression/nasal discharges/ataxia/ruffled feathers, 3 for 

depression/ neezing/nasal djscharges/dyspnoea/ruffied feathers, 2 for . ueezinglnasal 

discharges/dy pnoealruilled feathers, 2 for depression/sneezing/nasa\ discharges/ ataxia 



The common combinati n of clinical igns in I chicken were 12 

dcpre sion/rufficd feather , 6 dyspn calnervous tics, 5 ncczinglnervous tics/rufficd 

feathers and 5 depression/nc ous tics/ruffied feathers. Other wc1.• 3 neezing/na al 

di charges, 2 depression/sneezing/ataxia 2 depres ion sneezinglruffic feathers l 

depression/ nasal di charges/ataxia/mouth discharges, 1 neezing/ataxialnervous tics, 2 

depres ion/nasal discharge , 1 sneezing/ataxia, I depression/ neez.ing/dyspnoea, I 

depression/ ataxia/nervous ti s, and I depression /dy pnoea/ataxia/ncrvous tics 

74 

Appendix 20). Other signs were expressed as individual clinical siens per bird per day of 

observation. 

total of372 clinical signs that were shown by the NlS 12 week-old chickens in the 

age susceptibility test in chapter 4 were used for comparison. Of the:~, 79 were 

depression 74 ruflled feathers, 60 fever, 36 sneezing 34 nasal disch 1rges 16 dyspnoea, 

15 head scratching, 14 ataxia 14 diarrh ca, 13 nervous tics 8 sp ntaneous rales, 6 mouth 

discharges and J cyanosis. linical signs were high from day 1 when they numbered 31, 

peaked on the second day and decrea ed gradually t 12 n day 14 <~ f the observation. 

The majority of the igns were observed on days I to 13 of the ob ~,rvation . Coughing 

was not recorded in this group Table 24). 

The common clinical sign combinati ns for NlS chickens were namely: 22 for 

depression/sneezing/nasal di charges/ruffied feather 9 for depres io1tfsneezing, 8 for 

depressiortfnasal discharges 8 for depression/ruffied feathers, 5 for sneezing/nasal 

discharges, 4 for depressiortfna al discharges/ataxia/ruffied feather , 3 for 

depression/sneezing/nasal discharges/dyspnoea/ruffled feathers 2 for .ueezing/nasal 

discharges/dy pnoea/ruffied feathers, 2 for depression/sneezing/nasa\ discharges/ ataxia 
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/rum d (; th r , and 2 (; r dcp1 n/ nc 1ingln. al di harg ti ruffied 

a h r th foil,\ in 

depr n/ n ezinglua J di harge dyspn 

. ton/ d pn a/ /ral ·, d pr i n/ 11 zinglna at discharges/rates 

depr ion/na at di h. rge diarrh a n 1inglna al di charges/nervous ti 

depre ion/nasal di charges/ala ia/c ano is nervous tics/cyano i , nc zinglrales, 

depres ion/ ne zingh ales, na al di chargcs/ne ou tics/ dy pn ea, 

depres ion/sneezing/na aJ di chat gcs/ata ia/cyano i , sneezing/mouth 

discharges/ataxia/diarrhoea, and nasal discharges/ mouth di charg s/ruffied feathers were 

aJso recorded . ther clinical signs were expressed as individual sign: !"·;r bird per day of 

observation (Appendi. 2 I) . The I chicken had more clinical ignc; with more clinical 

sign combination than the IS chickens. 

6.3.2 linical igus oiJ crvcd in indig nou ducks 

A total of 13 clinical sign were observed in the T ducks. fthese, 57 were nasal 

discharges, 34 dyspnoea, 13 sneezing, 8 fe r, 5 ataxia, 5 depression 4 ruffied feathers, 

mouth discharges 2 rale and 2 eye di charges. The c sign were highest fr m day I 

when they numbered 22 and dect as d gradually 1 5 on day 14 .. he observation. 

ajority of the sign were obset ed on days 1 to 8. yanosis coughi tg and nervous tics 

were not recorded for this group (Table 25). 

The common clinical sign c mbination were I 0 nasal discharge:,' dyspnoea 4 

sneezing/ dyspnoea/nasal discharges, and 14 sneezing/dyspnoea. Others were one each of 

nasaJ discharges/ rates, sneezing/ dyspnoea/raJes/ataxia, sneezing/d~ spnoea/nasal 

discharges/ataxia/mouth discharges, and nasal discharges/sneezing/ely iJOOea (Appendix 
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/ruffied feathers and 2 (; r d pr ion/sn zing/na aJ di har es/ n rv u tic ruffied 

feathers. One each for the fc llo' ing c mbinati ns: - depre i n/sn ezing/ d spn ea, 

depression/sneezinglna at discharges/ dy pnoea/ rate , depression/sneezing/nasal 

discharges/depre i n/ dyspn cal /rale d pression/ neezinglna at clischargeslralcs 

depression/nasal di charge /diat rh ea, sneczing/na al discharges/nerv u tics, 

depression/nasal discharges/atru ia/cyanosis nervous tics/cyanosis, neezing/rales 

depression/sneezinglrales, na at di charges/ncr us tics/ dyspnoea, 

depression/sneezing/nasal discharges/ala ia/cyan sis sneezing/mouth 

discharges/ataxia/diarrhoea, and nasal di charges/ mouth di charges/ruffled feathers were 

also recorded. Other clinical sign were expressed as individual ign::: ... ,r bird per day of 

ob ervation Appendix 21 ) . The IS chicken had more clinical signs with more clinical 

sign combinations than the IS chickens. 

6.3.2 linical sign observed in indigenous duck 

total of 133 clinical signs were b erved in the JS ducks. fthese, 57 were nasal 

discharges 34 dyspnoea, 1J n ezing 8 fe er, 5 ataxia 5 depression 4 ruffied feathers, 3 

mouth discharge 2 rate and 2 eye di charge . The e sign were highest from day I 

when they numbered 22 and de rea ed gradually t S on da 14 . !he observation. 

Majority of the sign were ob crved on days 1 t 8. yanosis, coue.hi.1g and nervou tics 

were n t recorded for this gr up (Table 25). 

The common clinical sign combinations were 10 nasal discharge:,' dyspnoea, 4 

sneezing/ dyspnoea/nasal discharge , and 14 sneezing/dyspnoea. Others were one each of 

na a1 di charges/ rales sneezing/ dyspnoea/rates/ataxia sneezing/d~ spnoealnasal 

discharges/ataxia/m uth discharges and nasal discharges/ neezing/ay::...,noea (Appendix 



22). Other clinical signs were expressed as individual sign per bird pt.r day of 

observation. 
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A total of l88 clinical sign shown by the NIS 8 week-old ducks in the age 

susceptibility in chapter 5 v ere u ed for the compari on in thi study. Of the e, 58 were 

nasal discharge 26 dyspnoea, 25 sneezing 13 depression, 13 ruffied feathers I 0 mouth 

discharge 8 ataxia, 7 coughing 2 eye di charge , and 2 spontane us rale . Nervous tics, 

cyanosi and head scratching were not recorded in this group. The signs were highest 

from day l , when they numbered 25 and decreased gradually to 1 on day 14 of the 

bservation. Majority of the clinical signs were ob erved on days I t 8 ( able 26) . 

The common clinical sign combinations were 8 nasal discharges/sneezing, 4 nasal 

discharges/dyspnoea, nasal discharges/ mouth discharges, and 3 na ?J discharges/ 

sneezing/dyspnoea. One each for the following clinical sign combinations, nasal 

discharges/dyspnoealrales nasal di charges/sneezing/ataxia, nasal 

di charges/dyspnoea/ataxia, and nasal di charges/mouth discharges ?Je discharges were 

also rec rded ( ppendi 2 ). thcr igns were expres cd as individ al signs per bird per 

day of observation. A b. erved in chicken the Nl duck had n ore clinical signs with 

more clinical sign c mbinali 11 than the I duck . 

6.3.3 om pari on b tween the type and number of clinical si u ob erved in 

immuno uppre ed aud non-immunosuppress d infected rbicken and ducks 

More clinical sign were e pre ed by the non-immunosuppre sed birds compared 

with the immunosuppressed one . Head scratching, nervous tics and cyanosis were 

observed in chickens but not ducks while coughing and eye discharges were noted in 

ducks but not in chickens (Table 27). The normal watery fluid nalure of duck faeces 



made th diarrhoea a e m nt in du k difficult alth ugh infected bird had foul 

melling fae es compared with control birds. 

omparing the arious combination f clinical sign in duck ar.d chicken there 

were more combination in chickens than in ducks. The frequency of howing 4 t 5 

clinical signs al a time were m re in chicken than in ducks Appendix 24). 

he chickens had more ca e of depre ion ruilled feathers, sneezing raJes, 
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diarrh ea and fever as compared with duck , while duck had more na al discharge , 

dyspnoea, and mouth discharge b erved a compared to the chi kens. IS chickens had 

more nervou tic than Nl chicken while all other bservati ns wer more inNIS than 

IS. Immunosuppressed duck had m re case of dyspnoea when c miJared with NIS 

ones but all other ob ervations were more in IS ducks (Table 27 . 

On examination of the total daily clinical signs, the IS birds har; n' ost cases up to day 

9 and 8 for chickens and ducks respectively; while NlS birds had mo~t cases up to day 

13 and 8 for chickens and ducks, respecti ely. Most clinical signs were expressed within 

the first week post inoculation and waned off in the second week. Generally the JS birds 

appeared to expres less sign in the econd weeks as compared with the IS birds (Table 

28). The control bird had no clinical signs ob erved throughout the xperimental period 

of 14 days. 

There were significant difference between 1 and Nl chicken in the expres ion of 

fever ruilled feather , rates, m uth di charges with most igus being expressed by NlS 

chickens (P< 0.05). Nervous tics were also ignificantly different between the I and NIS 

cbjckens with most ca es being expressed by IS birds (P< 0.05). Fever depression 

ataxia, nervous tic head scratching and mouth discharges varied sigrtificantly (P< 0.05) 
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with day p.i unlike ther linical igns in chickens. ore of th e • : ..... . ; were b erved 

within 10 days p.i. Fever ne u tics and head scratching w re ignificantly affected by 

immuno uppres ion P< 0.05) and aJ ignificantl varied with day p st infection in 

chicken . 

here were significant difference between Nl and IS ducks in the expressi n of 

depr sion fever ruffied feather , coughing sneezing and mouth discharges (P< 0 . 05)~ 

with majority f igns being h wn by 1 ducks. lmmuno uppre i n with 

dexametho one suppressed the e igns. Ataxia na al di charge dy pnoea and eye 

discharge in ducks~ and ataxia and nasal discharge in chickens were not significantly 

affected by immunosuppressi n (P>0.05) but varied ignificantly with days, p.i (p< 0.05). 

Depression, Ruffled feathers neezing, dyspnoea, ataxia, nasal disch?rges and mouth 

discharges varied ignificantly with days, p.i, with majority of these :;igns being observed 

within 7 days p.i, (P< 0.05). llowever, coughing, fever, rales and diarrhoea did not . 
significantly vary with time post infection (P> 0.05). 

Immunosuppression significantly reduced depression? ruffied feathers fever 

sneezing and mouth discharge P< 0.05) but not other signs in dud· (P> 0.05). Nervous 

tics, cyanosis and head scratching were not recorded and need furtllf'r studies in 

indigenous ducks. In chickens the immuno uppressi n significantJy reduced depres ion 

nasal discharges, head scratching and mouth discharges {P < 0.05) unlike other signs. 

ost signs were observed in ducks between day 1 to 8 post infectiofl and the number 

observed were significantly different from other days (P< 0.05). T:.,..~ clinical signs 

significantly decrea ed between day 9 to 14~ the observed numbers a:. this time had no 

daily significant differences (P> 0 .05). Different signs peaked on different days namely: 
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ruffied feathers sneezing and m uth di charge, on day 1 p i, na al di! harge on day 3 

p . i ~ ataxia and dyspnoea on day 4 p.i and rates on day 9 po t infection. !i1 chickens, most 

signs were ob erved on days 1 t 8 p.i with a peak on day I to 5, p i pecially 

depression, ruffied feathers rates neezing, dy pno a ataxia, nervou:. tic cyanosis and 

head scratching. These observations changed ignificantly with days Ji 1 p< 0.05). 

6.3.4 Gro 1 ion and bacterial re-i olation from the cbick n and ducks 

At the end of the tudy peri d necropsy examination was carried ut and bacterial re­

i solation done from various organ of each bird. There were few lesions in both ducks 

and chickens and those pre ent were in form of remnants of fibri~ cloudy rursac 

fibrosis and scar on the abd minallobes f the lungs. 

Seven 1 ducks had remnant of fibrin and fibrosis· on the right ·ide of 5 ducks and 

two other ducks had fibrosis on the left abdominal airsacs. Two of the!;e ducks, had, in 

addition scars on the right lung P.multocida was re-isolated from oropharynx of three 

of these ducks. Five I ducks had remnants of fibrin and fibrosis~ 4 or.. the right side and 

one on the left abdominal airsac. One of the e ducks had a scar on tht: !~<llung . 

P.multocida was re-i alated from oropharynx of three of these ducks. 

Four IS chickens had remnants of fibrin and fibrosis; on the right ~ide of three 

chickens and one on the left airsac. P.multocida was not re-isolated fwm these chickens. 

One chicken had a scar on the right lung. Two 1 S chjckens had remnants of fibrin and 

fibrosis on the left airsac . P.Jmtltoc:!da was re-isolated from oropharynx of one ofthe 

chickens. 

Generally the immuno uppressed bird had more fat deposits · u the subcutaneous 

and abdominal tissue than the non-immunosuppre cd ones. 



abl 23: Type nd total daily clinical signs observed in immunosuppressed indigenous chickens 

Clinical i!!ll Days post infection · Total 
L 2 3 4 5 6 7 8 9 10 11 12 13 14 signs 

Depression 4 4 3 2 3 3 3 3 2 L 1 3 - 1 33 
Nervous tics - 2 2 5 5 3 4 - 3 1 - 1 2 2 30 
Ruffled feathers 3 2 2 2 3 2 2 3 1 1 1 2 - - 24 
~neezing 2 

., 
3 2 l I 2 1 2 2 3 2 1 25 .) -

Ataxia - - - 2 
., 

2 1 1 1 3 1 14 .) - - -
Nasal dischar _es - - 1 1 - 1 1 1 1 2 I 2 ] 1 13 
Dyspnoea 2 l 1 1 1 2 - - 2 - 1 - 1 - 12 
Mouth discharges - - l - - - - - - - - l - - 2 
Diarrhoea - - - - - - - - - - - 1 - - 1 
Cyanosis - - - - - - - - - - - - - - 0 
Rales - - - - - - - - - - - - - - 0 
Fever 1 2 2 3 .. 4 1 2 1 1 20 .) - - - -
Head scratchin~ 1 - 1 1 1 1 - - - - - - 5 - -
Total signs 13 14 16 19 20 19 14 11 13 10 8 11 6 5 179 
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Tabl 2"': yp and total daily clinical sign observed in non-immunosuppressed indigenou chickens 

Clinical igns Days lOSt infection Total 

I 2 3 4 5 6 7 8 9 10 11 12 13 14 signs 

Depression 8 8 7 7 7 6 6 5 5 5 3 4 5 3 79 
Nervous tics - - - l 1 3 2 1 I 2 2 - - - 13 
Ruffled feathers 8 8 7 7 7 5 5 4 5 4 3 4 4 3 74 
Sneezimz 4 3 3 4 3 2 2 2 3 2 2 3 2 1 36 
Ataxia - I 1 2 2 1 1 2 2 I - - I - 1-t 
Nasal discharges 3 4 3 2 3 3 2 2 2 13 1 2 3 1 34 
Dyspnoea 1 l 1 1 1 1 2 1 2 1 1 1 I - 16 
Mouth disc;harges - 1 1 - - - - - - - 1 3 - - 6 
Diarrhoea 1 1 1 1 1 2 1 1 1 I 1 I l - 14 
Cyanosis - - - - - 1 1 - 1 - - - - - 3 
Rales - 1 I - - - 1 I - - 1 2 1 - 8 
Fever 5 2 3 4 5 4 5 6 6 4 4 4 4 4 60 
Head scratching 1 5 3 4 2 - - - - - - - - - 15 
Total signs 31 35 31 33 32 28 28 25 28 24 19 24 22 12 372 
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Table 25: Type and total daily clinical signs observed in immunosuppressed indigenous ducks 

Clinical signs Days [>OSt infection Total 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 signs 

Depression 1 - t ~ 2 - 1 - - - - - - - - 5 
Rutfled feathers I 

---
- ! - 1 - - - - - - - - 4 

Sneezing 5 1 - 2 ] 1 - 1 - 1 1 - - - 13 
Ataxia 4 1 - - - - - - - - - - - - 5 
Nasal discharges 2 8 3 3 3 4 4 6 4 4 5 4 3 4 57 
Dyspnoea 5 3 4 6 1 1 2 

.., 
2 3 3 1 34 .) - -

Mouth discharges 2 1 - - - - - - - - - - - - 3 
Rales - - - I 1 - - - - - - - - - 2 
Eye discharges - - - - 1 1 - - - - - - - 2 
Diarrhoea - - - - - - - - - - - - - - 0 
Cyanosis - - - - 1- - - - - - - - - - 0 
Nervous tics - - - - - - - - - - - - - - 0 
Fever 2 2 1 - 1 1 1 - - - - - - - 8 
Head scratching - - - - - - 1- - - - - - - 0 -
Total signs 22 16 10 15 8 10 7 10 6 8 9 4 3 5 133 
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Table 25: Type and total daily clinical signs ob erved in immunosuppressed indigenous ducks 

Clinical signs Days r>ost infection Total 
1 2 l3 4 5 6 7 8 9 10 11 12 13 14 signs 

Depression l - T I 2 - 1 - - - - - - - - 5 
- -t I ---

Ruffled feathers I 1 - 1 - - - - - - - - 4 
Sneezing 5 1 - 2 1 1 - 1 - 1 1 - - - 13 
Ataxia 4 1 - - - - - - - - - - - - 5 
Nasal discharges 2 8 3 3 3 4 4 6 4 4 5 4 3 4 57 
Dyspnoea 5 3 4 6 1 I 2 3 2 3 3 - - 1 34 
Mouth discharges 2 1 - - - - - - - - - - - - 3 
Rales - - - 1 1 - - - - - - - - - 2 
Eye discharges - - - - 1 1 - - - - - - - 2 
Diarrhoea - - - - - - - - - - - - - - 0 
Cyanosis - - - - - - - - - - - - - - 0 
Nervous tics - - - - - - - - - - - - - - 0 
Fever 2 2 1 - 1 1 1 - - - - - - - 8 
Head scratching I - - - - - - - - - - - - - - 0 
Total signs 122 16 10 15 8 10 7 10 6 8 9 4 3 5 133 
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Table 26: Type and total daily clinical sign ob erv d in oon-immuno uppres ed indigenou ducks 

Clinical ig _s Days po t infection Total 
7--,-8 -

I 2 3 4 5 6 9 10 11 12 13 14 signs . _ 
Depression 2 2 2 2 1 2 1 1 - - - - - -· 13 
Nervous tics - - - - - - - - - - - - - - 0 
Sneezing 3 3 3 3 2 1 2 2 1 2 I 1 1 - is 
Ruffied feathers 2 2 2 2 1 2 1 1 - - - - - - 13 
Ataxia - 2 1 2 1 1 1 - - - - - - - 8 

Nasal discharges 7 4 7 5 2 6 5 5 4 4 4 3 1 1 58 
Dyspnoea 4 3 2 3 2 2 2 1 1 I 1 4 - - 26 
Mouth discharges 2 1 1 1 1 2 1 1 - - - - - - 10 
Diarrhoea 1 - - - - - - - - - - - - - 1 
Cyanosis - - - - - - - - - _, - - - - 0 
Coughing 2 1 - 1 - 1 - - - 1 1 - - - 7 
Eye discharges - - - - 1 - 1 - - - - - - - 2 

Rales - - - - - - - 1 1 - - - - - 2 
Head scratching - - - - - - - - - - - - - - 0 
Fever 2 

.., 
3 3 1 2 2 1 1 1 - 2 1 - 22 .) 

Total si~ns 25 22 21 22 12 19 16 13 8 9 7 10 3 1 188 
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abl 27: ompari on b tw nth lYI>e and totnl lini al i n c. pr ed in 

irnmuno uppre d and non-immuno uppr d indit~enou chicken and 

due 

Clini at i u Type of bird 
Chickens Ducks 

IS _l'!_l~ ·~ NJS 
Depression 33 79 5 JJ 
Nervous tics 30 13 - -
Ruffled feathers 24 74 4 13 
Sneezjng 25 36 13 25 
Ataxia 14 14 5 8 
Nasal discharges 13 34 57 58 
D yspnoea 12 16 34 26 
Mouth djscharges I 6 3 10 
Rales - 8 2 2 
Diarrhoea - 14 - I 
Cyanosis - 3 - -
Cougrung - - - 7 
Eye discharges - - 2 2 
Fever 20 60 8 22 
Head scratching 5 15 - -
Total signs 179n 3728 133'" 188d 

Le end: - N clinical ign cen, 1 - lmmun uppres ed· Nl - Non-i:nmuno uppressed. 

X2 calculated (ll.bandc.c.l) = 6.68 p<0.05) 

Table 28: ompari on between the total daily clinical signs observed in 

immuno uppre ed and non-immuno Ut>prc · d chick n and duck 

Type of Days post infection 
Birds I 2 3 4 5 6 7 8 9 10 11 12 13 14 -
Chickens IS 13 14 16 19 20 19 14 II 13 10 p. 1 I 6 5 

NIS 31 35 31 33 32 28 28 25 28 24 19 24 22 12 
Ducks IS 22 16 10 15 8 10 7 10 6 8 9 • 4 3 5 

NIS 25 22 21 22 12 19 16 13 8 9 7 ' .0 3 1 

Total 
signs 
179b 
372. 
133( 
l88d 

Le end : g IS - Immunosu pp ressed· NlS- Non-immunosu pp ressed· X" calculated ,a,b and c,d) 

== 6.68 (p<O.OS) 
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6.4 Di cu 1 n 

I . multocula may affect bi1d of au age cau ing acute epticaemic di ea e with high 

morbidity and mortality (Rhoades, 19 , Rimier eta/. 1998). Pre i usl the mo t 

su ceptiblc age for the indigcn u chickens and duck wa determined and was u cd in 

this tudy. 1 chicken infected \ ith P.multo ida e re ed fe er, depression, na at 

di charges sneezing ruffied feather dyspn ea, diarrhoea ataxia n rvous tics 

spontaneous tracheal rates mucous di charges from the mouth cyanosi head scratching 

and anore ia. The I chickens howed all these sign except spontaneous tracheal rale 

and cyano is. Ducks, both IS and JS e pre sed similar signs of fe.rer, nasal discharges 

dyspnoea, sneezing, ata ia eye di charges, spontane us tracheal rate . •lepression 

rumed feathers and anore ia . yanosi wa not po sible to evaluate in ducks as most of 

them had dark skins and examination of other organs could stre the birds. Anorexia 

was quaJjtatively gauged using the amount of feed lefi after 24 h ur · ~eeding and just 

before addition of more feed in the feeder . ome combined clinical ,.gns were similar 

between chickens and ducks but ther were different and ariabl . The difrerence 

between the 1 and Nl was due to the total number com ination , :tnd period f 

occurrence f mo t clinical signs· with lS bird showing more of t!Jese than l birds. 

Imrnunosuppres ion with dexamethasone suppressed these siens. This raises the 

question of the pathogene is of the P.multocida; are the signs due to presence of the 

bacteria; or are the mediators released from the phagocytes causing the signs? Therefore, 

stressful conditions that may suppress inflammatory cells will result in less clinical sign 

expres ion. Which cells phagocyti e ?.multo ida and on phagocytosis what mediators do 

they release? If released are mediators harmful to the tissues? Fu"th~r :-esearch is 
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required . ervous tics were significantly different b tween the 1 and 1 chickens, with 

m st ca being expre ed by l bird P< 05 A po sibility that t ,· ign may depend 

n the number f P.mullm:tJa rgani m. r their t ic pr duct ut n t phagocytic 

effect of the phagocytes. lmmuno uppres ion ignificantly reduced expression of some 

si n P< 5 but n t ther ign in chicken and duck P> 0.05 1aybe, the 

significantly variable sign are the one to I k for, when evaluating the severity of 

P.multucida infecti ns in I chicken and ducks while other signs will always be 

present regardless of the state of the bird. The latter may how the presence of disease but 

not it everity in chickens. ervou tics, cyanosis and head scratchin& were not 

recorded. linically it is possible to pick the clinical manifestation between day 1 to 5 p.i 

in chickens and ducks. Possibly the e are day that it is easier t pick l~ais clinical signs in 

chickens and ducks. he clinical signs observed in thi study are similttr to those reported 

by other for intennediate to chronic fi wl cholera (Rimier el at., 1998~ Gooderham, . 
1999; hristensen and Bisgaard 2 00~ Glisson el a/., 2003) except f, r a few. ero-

mucous discharges from the mouth, nose and eye arc as rep rted b• lisson eta/ (2003) 

although in this study there was ccasional occurrence of muco-purulent discharges on 

one or both nostril . The dischar c could s metime block then strils of the affected 

birds. Watery white diarrhoea that tumed mucoid with time was eas:ly observed in 

chickens, as reported elsewhere Rh ade and Rimier 1989; Gli on el at., 2003) but it 

was difficult to evaluate diarrhoea in ducks due to the nature of the watery faeces in 

normal birds, although in orne infected duck cases the faece had foul smell and were 

white or greenish in colour (Rhoades and R.imler, 1989; Gooderham 1999). Severity of 

depression was variable, wilh me birds being lethargic (birds beir.g slow in moving 



away when e cited or fr qucntly lying do' n drooping their wing , dosing or having 

tucked heads under their wing , ' hile others were inactive and not 31i.'are of their 
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urr unding . RuiDed feathers ere expre ed in form of rai ed feat: rs around the neck, 

or ar und the neck plus whole b dy. In e ere ca e . birds hawed ruffied feather , 

drooped wing and do ing. ln chicken dyspnoea wa in fom1 of open mouth breathing 

or frequent gaping) and increa ed respiratory rate but in ducks there was additional 

increase and marked abdominal mo ements and har h "hissing-like' sounds. Torticollis 

Gooderman, 199 ; li son 1 a/. 2003) was not bserved. However in chickens 

nervou tics were pre ent in both I and I though more prominent in IS birds. Nervous 

tics were not expressed in ducks. uch a the observed ncrvou tic oould have been a 

sign of meningitis or meningo-encephalitis they could have been a reaction to mild 

laryngitis or severe laryngiti , or an effort to clear the nostrils and the upper respiratory 

tract. Ataxia was observed in chickens and ducks a wobbling moven...:;;ts staggering 

unsteady gaits)· on standing the birds could shiver wobble or stand for a few seconds 

before nipping-over or itting on their hocks. Head scratching u ing IP.gs was common in 

chickens but not in duck . The affected bird could briefly s ratch n the area ar und the 

ear , no trils and eye . lnspite f the diver ity of clinical igns ob erved very few lesions 

were observed at post mortem afler the study period, except remnants of fibrin, and 

fibrous trands in form f fibrotic cars on the lung and air acs indic.1ted chronic 

process. lmmunosuppre sed bird appeared, qualitatively to have mure fat deposits on the 

subcutane us and abdominal tis ues compared with the NIS birds. Th1s was unexpected 

in view of the severity ofthe di ease in this group. 



Immunosuppression appears to modify and decreas expr ·1on c•f clinical igns 

while ataxia, nervou tics, and head scratching are additional signs to be considered in 

ca es of suspected fowl cholera. lndi idual and combined clinical sig11s of fowl cholera 

caused by a low virulent P.multo ·ida organism are hereby reported. 
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H P R 7 

T 5: 0 T T RO TRA 1J 10 0 • j • M LTOC/DA 

I'R II Dl • 0 

7.1 Introdu tion 

0 l Dl 0 

Pa.\teure/la mulloc:ida carrier birds have been ob crved in appartutly healthy-looking 

indigen u chicken and ducks in K nya ( hapter 3 f this thesi ) and elsewhere 

uhairwa el a/. 200 I a, ) There i a po ibility there£4 re. that l.multocidu enzo tic 

ituation e i t among the indigcn u birds at fam1 and market area . The usceptible age 

gr up and clinical ign of P.multocida ha e been d cumented in this the is hapters 

4 5 and 6). Many small- cale farmers in peri-urban and rural area keep chicken as well 

as ducks yaga et aJ. 2002; Mbuthia eta/., 2003). Others keep chickens and ducks 

separately but the birds interact ' hile scaven ing for food. These birds are h used, 

watered and given minimal kitchen wa te upplementation that they share together 

(Minga I a/. 1989 yaga eta/., 2002 . Little is documented on contact cross 

transmission of P. multocida bet\ een indigenous chickens and ducks ~' farm and market 

places although the fowl cholera clinical ign reported ( hapter 6 of this thesis) are 

similar in both type of birds. 

This tudy was de igned to determine whether there i cr os trar.r. nis i n f P. 

multocida from infected indigenous chickens to indigenous ducks through contact. 

7.2 aterials anti method 

7.2.1 xper·imental bini 

A total of21 wing-tagged birds compri ing of IS eight week-<hl indigenous ducks 

and 6 twelve week-old indigenous chickens were used in this study (FJg.4) . The specific 



IG.4. C CKE S TO DUC S CO TAC CROSS TRA I 
FOR PASTEURELLA MULTOCIDA 
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u ptiblc gc gr ups h. d tli r b n deter min d thi the. i. haptr ·. • e p rim nt 2 

r hi k n and chapt r 5, c. pcnm nt fl r duck }. The e bird cr kept in a 3 metre 

by m t c r m ~ ith deep lilt r floor, pr id d with grower • ma h feed from nga 

limited airobi, K nya , and \ ater uJ lihllum. 

All bird were rc n d and hown to be negative for P.multv iJu prior to the study. 

he bird were eparated and put in the experimental rooms 48 hourfi prior to the start of 

the exp rimcnt. 

7.2.2 Bact ria u ed to infe t hickeus 

h bacteria and inoculum were prepared a de ribed in chapter 4 section 4.2.2. 

~ ch of the chicken \ a in cu lated intratracheally v ith .5 ml culture containing 1.6 x 

f P.mullo ida organi m . 

7.2.3 Po t mortem e amination 

Po t m rtem examination was done as de cribed by Bermundez and Stewart­

Brown (2003 and findings n ted and rec rded. 

7.2.4 Re-i olation and identification of P.multocida 

wab for bacterial examination were taken from the orophar1n , cloaca (live 

bird ) and al from spleen, li cr. lung and caecal tonsils from the carcasses. 

he swabs were placed in 2 ml of sterile phy iological saline and transported in a cool 

ox to the laboratory ft r culturing for Pasteurella spp. 

7.2. perimental procedur 

The 15 uninfected sentinel ducks were mixed with the ix P. multocida infected 

chickens si hours after infe tion for contact cross infection. Fi e duck were swabbed 

daily from days J to 14 afier mingling with the infected chickens. ~. ::h of the 5 ducks 



was wabb parat I u tng t rile c llon-tipped applicator wabs on the oro-pharynx 

and cl ca. n day I p t-in ti n the infe ted chi ken w re similarly swabbed on the 

oro-pharynx and cloa a to c tabli h their infecti n with P.multo ·1da. he remaining 10 

du k of the 15 duck were rand mly paired a done in tcel and orrie 1980) and 

sacrificed at pe ificd day I, S, 7 and I 0 after mixing with the infected chickens. On 
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day 14 p L-infection the remaining 5 duck that were regularly wabbed and the infected 

6 chicken were sacrificed, examined for gros le ions and wabs taken for bacterial 

i olation 

7.3 l~e ult 

7.3.1 R covery of P. mu/t(} •it/a from th cutin I ducks 

Table 29 gi e the summary f daily/'. mull ida recoverie from swab collected 

from the entinel duck afier mixing with the infected chickens. A cf1y afier mixing the 

entinel du~ks with the c perimcntally infected chickens 2 f the 5 duck had P. 

multocida organi m fr m their ro-pharynx and cl acal swabs. By the second day of 

contact entinel 4 ducks had the bacteria whi le all the 5 ducks being swabbed had 

Pasteur /Ia infection by the 6111 day afier the mixing. rom one bird o. 14 J 4) P. 

multocicia was reco ered from day 6 to 14 but other birds had intem1ittent recovery of the 

acteria. Between one and 4 duck contracted P. multo ida infectio1; !·~ om chicken on any 

ne day of swabbing, while the bacterium was isolated in 5/14 (35 .7%) to 9/14 (64.3%) 

times in each duck during the 14 day S\ abbing peri d. At tal of35 (SO%) P. mu!locida 

isolate were recovered from a 70 san1ples for the wh le period. 
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bl 2 : 0 il i lalion or P. multodtla orgnni m from the . ntiu I duck mi d 

\\ith the iufi t tl hi k n 

r--
Days or _!W:tbbing the ducks post infcctian uck 

num~er 3 
·-,-

13 I 2 4 s 6 7 8 9 10 11 12 14 
1414 - - - - - + + + -+- ; + + + + 
1425 - + - - + + - - + - + + - + 
1427 - + + .. - + + - + + - - - + 
1428 + - + + - - t- + - - + - - -
1433 + - + - + - - + - + + + + -
Total 2 2 3 2 2 3 3 3 3 3 4 3 2 3 
isolates 

-
L end: 

+ P. multo ida organi ms isolated from the bird 

o P. multoc1da organism isolated from the bird 
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7.3.2 lini • I igo , po 1 m rt m I ion and ba t 1ial i olation. f•·om both duck 

nd hi kto 

I the p nm ntal birds ho\l cd clinical ign a de crib d arlier in chapter 6, 

e p rim nt4, ofthi the 1 hickcn were ound t rc uently peck on the bill of the 

due · and among themsclve m an attempt t rem e feed tuck arot~nd the mouth and 

head region he comm n gro I ions ob erved are as described in chapters I 0 and I I 

n air ac , lungs, and peritoneum i!t cluck between days 

I to 5 hereafter the lung had scar le ions due to fibrosi on days 7, tO and 14. P. 

multvcida was al or covered in different birds on days 1 3, 5 7, 10 and 14 ofthe 

infe ted. Infected chickens wabbed on day 1 post-infection, 4 out o~'6 chicken had P. 

multocicia reco ered from their ro-pharyngeal and cloacal wabs, \.vhile 2 out of 6 

chicken had P. multo ·ida i olatcd fr mthcir oro-pharynx on day 14. hickens sacrificed 

at day 14 po t-infecti n had fibr i on the lungs, and remnant of in pissated fibrin on . 
their abd minal air acs t\ppendi , 25). 

7.4 Di u ion 

Intra-tracheal inoculation of chickens with P.mullv ·ida en ured that they were 

infected with the bacteria in a manner simulating the natural infectiou under scavenging 

conditions (Matsumoto et a/., 19 1· Peter en eta/., 200lb). llavi g the ducks and 

chickens sharing the same feed and water imulated the field etup ·and ensured contact 

between the birds (Minga el a/. 1989· Nyaga el a/. 2002). 
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n mi ing, chicken v er ~ und to pe n the bill f du k. and ther chi ken in 

an atlempt t remove fe d tuck ar und mouth and h ad area . hi · uehavi ur may have 

facilitated fa t transmi sion fbacteria (i om ne bird t an ther li ~c; n el a/., 200 ). 

P. multo ·ida organi m were earlier chapter 3 f this th i ) i oJ; ted in large 

numbers from the oro-pharyngeal wab from farm and traded bird . his indicate that 

drinking water and feed could easily be contaminated with the organi ms excreted via 

mouth and nasal discharges which increase the chance of cross-infection. Various 

routes of transmission have been described, such as: contaminated water and aerosols in 

turkeys~ intranasal intraocular and oral route in ducks~ and through.!; .;ct inoculation in 

turkeys (Siemescn and Olson 1980 · Pehlivanoglu el a!., 1999). Then~ is no report to date 

on contact transmis ion bet ween indigenous chicken and ducks, as g;ven here. 

The clinical signs and gro lesions observed in this study were .;,milar to those 

reported by others (Hunter and Wob er, 1980· hristensen and Bisgaard 2000· Glis on . 
el al. , 2003) as well a those b erved in pathogenesis studic here in reported. Thi , 

together with the high frequency f isolation of P. multo ida from duck in c ntact with 

the infected chickens confirms I hat lhc organi ms were ucce fully ~ransmitted fr m 

chickens to ducks during tlus tudy. imilar situation may be occuring m market places 

and at farm level, during cavenging. Therefore disea e control strategies should target 

both species of birds in the field . The inter-and intra-specie cro -trar.r.mission may also 

be playing a role in the maintenance and propagation of P.multo it/J organisms at village 

level. 



HAPTER 

8.0 T 6: 

FROM l DIG 0 

8.1 Introdu tioo 

f T RO RA Ml 10 F P. I /.;TO 1D 

0 'K T lNOI 

All the thr e Pasteurella multo ida sub pecie have been recover d from healthy­

looking indigenous chicken and ducks in Kenya (chapter 3 ofthi thesis) and in other 
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c untries (Muhairwa el a!., 200 I a,b . he susceptible age group for chickens and ducks 

as well as the clinical sign of P. multocida have been documented in this the is 

( hapters 4,5 and 6). Both the chickens and the ducks had similar clinicaJ signs as 

reported elsewhere (Glisson eta/. 2003 and in chapter 6 of this thesis). However, in our 

study there were variable magnitudes in each species for the ob crv d clinical signs. 

There is a need Lo evaluate if an enzootic situation exists among the ind:genous birds. A 

number of smallholder farmers in rural areas of Kenya keep both duck"!, and chickens 

(Nyaga el a/., 2002). In hapter 7 of thi thesis P.multocida wa shown to be successfully 

transmitted from infected chicken t ducks. However, little i documented on contact 

cross transmis ion of P. multot.:idu fr m infected indigenous ducks to Pone infected 

indigenous chickens at market places and village farms. 

The aim of this study was to determine whether there is eros trans.nissi n of 

P.multocida from infected indigen us ducks t su ceptible indigeoou chicken through 

contact. 
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8.2 lat ial and I thod 

8.2.1 p rim nlal bin.l 

t tal of21 wing-ta 1 ed irds ompri ing f 15 twel c week- ld indigenous 

chicken and 6 eight week-old indigen u ducks were u ed in this tudy. The pecific 

sus pti Je a •c group had earli r been determined thi thesi : hapters 4 e periment 2 

~ r chickens and chapter 5, e periment 3 for ducks). These bird ere kept in a metre 

by 3 metres ro m with deep litter Hoor, provided with grower ' mar h feed from nga 

limited airobi Kenya), and water ad libitum. All bird were screened and hown to 

be negative fi r P.mult ida prior to the study. The irds were separated and put in the 

experimental rooms 48 h urs prior to the start of the experiment. 

8.2.2. Bactet;a u ed to infect du ks 

The bacteria and inoculum were prepared as described in chapter 4 section 4 .2.2. 

Each ofthe .ducks was inoculated intratracheally with 0 .5 mJ culture containing 1.8 x 108 

FU of P.multocida organi m . 

8.2.3 Post mortem examination of th bird 

Post mortem examinati n ' a done as described by Bemmndez and Stewart- Br wn 

(2003) and finding noted and rec 1 ded . 

8.2.4 Re-isolation and identification of P.mullo ·ida 

Swabs for bacterial examination were taken from the oropharyro:" cloaca (ti e 

birds) and also from spleen liver, lungs and caecal ton ils from the car a se . ' he swabs 

were placed in 2 ml of sterile physiological saline and trait ported in a cool box to the 

laboratory for culturing for Pasteurella spp. 
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8.2. p rimental r>ro edurc 

he 15 uninfected entincl hickcn wer mi ed "'ith ix P. multo•,tda infe ted duck 

ix h urs afi r in ection fi r contact cr infccti n. ·ive chick n w•wt.! wabb daily 

from da l to I 4 after mingling with th in£ t d duck . • ach f the • chickens wa 

wabbed eparately u ing sterile c tt n-Lipped applicat r swab n the ro-pharyn and 

cloaca. On day I po !-infection the infected ducks were imilarly wabbed n the or -

pharynx and cloaca t e tabli h their infection with l .multocida. hf: remaining 10 

chickens of the 15 chickens were randomly aired a d ne in teet aod Torrie 1980) and 

acrificed at pecified days I , 5, 7, and 10 after mixing with the infe ted ducks. n day 

14 p st-infection the 1cmaining 5 chickens that were regularly swabbe~t and the infected 

6 ducks were sacrificed examined for gross lesions and swabs taken for bacterial 

isolation. 

8.3 Results 

8.3.1 Recovery or P. multocida ft·om cntinel chickens 

Table 0 gi es the ummary f the daily I. multocida rcco cries t'r m swabs collected 

from ducks after mixing with the infected chicken . Within 24 hours of mixing the 

entinel chickens with the e peri mentally infected ducks 4 out of 5 chickens had P. 

multocida organism recovered from their oro-pharynx and cloacal , :ab . By the 3rd day 

all the 5 chicken had P. multo ida organi m . The bacterium wa recovered from to 5 

birds up to day 8 fi llowing mi ing of the birds after which there was 1 eduction to 2 

infected birds out f 5 on days 9 and I 0 and then r se to 4 and 3 bird on days 11 and 12, 

respectively. Thereafter, the bacterial recovery was low. The bacLeriwn wa isolated in 



h chicken b h een 7 50%) and I 0 71.4%) tim in th I da 'p • i 

( 0%) P. multoctda i olate were r ered from 70 mpling 

8.3.2 linicaJ ign , po t mort m lc ion nntl ba t r·ial i 1. ti u r m hi 

ducks 

Chickens were found to frequently peck n the bill fthe ntin I duck and m ng 

themsel es in an attempt l remove feed tuck around the m uth II th t t bird. 

hawed clinical igns a described in chapter 6 e periment 4, and pathol gi at I 

described in chapt rs I 0 and 11 , of this thesis. The gross Je ion including fibrin -

purulent necrotic le ions were een in chicken 1-3 days afler mi ing with the inf cted 

ducks. Thereafter the lung had scar le ions duet fibrosi een up t day 7 P. 

multocida was also recovered from different chickens sacriliccd 11 days I 5 7 and I 

but not on days 3 and 10 . . 
Infected ducks were swabbed on day I po t-infection and 5 out 1 the 6 ducks had 1'. 

multocida recovered from their oro-pharyngeal and cloacal wabs, ar. indicati n that the 

intratracheal inoculation was successful and that they could shed the P. multocula 

organisms. Ducks sacrificed at day 14 post-infection had fibrosis on tl1e lung and 

remnants of inspissated fibrin on their abdominal rursacs (Appendix 2u). P. multo ida 

wa recovered from 4 out f the acrificed duck and all fr m the or -pharyn at the 

end of the study. 
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T bit' 3 : Daily i laCion f P. multo ida i olntion fa· m th entitH'I chicken aft r 

mi in with infect d duck 

Chicken Days chickens were _!\yabbedi>O_!l infec'.I_Q_n 
number I 2 3 4 5 6 7 8 9 10 I ) 12 13 14 
1284 + + -1 - - 1- + + - - ·I + - + 
1287 + + + + • - + - - - I + - -
1288 + + + + - ·t- - + + - . - - --1289 + - + - t- + + + + + + - ----1291 - + + + t- + + - - + + - - -
Totnl 4 4 5 3 3 4 4 3 2 2 4 3 0 l 
isolates 

L gend: 

+ P. multo ida organism isolated from the bird 

o P. multo ida rganism i lated from the birds 
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8.4 DlSCU 10 

ln this study indigenou duck were infected intra-tracheally with P.multv ida 

organisms. Thi ensured that the ducks were infected with the bact~ria, imulating ca es 

of natural infection under scav nging conditions and as has been don~ ty other 

(Matsumoto et a/. 1991 · Takaha hi eta/., 1996· Peter en eta/. 200 I b). Having the 

ducks and chickens sharing the rune feed and water simulated the field rural set ups and 

ensured contact between the e bird (Minga eta/. 1989· Nyaga eta/ , 2002). 

n mixing, the birds pecked n bills of other in an attempt to remove feed stuck 

ar und mouth and head areas. 1 hi behaviour may have facilitated fast tran mission of 

bacteria from duck to chicken 1'. multo ·ida organism were earlier (chapter 3 of this 

the is) isolated in large number from the or -pharyngeal swab of ducks. Thi is an 

indication that drinking water and feed could ea ily be contaminated \1 ith the organisms 

excreted frqm them uth nasal and eye di charge . This would increase the chances of 

eros -infection. P. multo ·ida ba been transmitted through water a r<'c;ols in turkeys~ and 

intranasally, intraocularly orally and intratracheally in commercial du-..ks and chicken 

(Sieme en and Oslon 1980· Mat umoto ef a/. 1991 ~ Pehlivan glu el a/. 1999). However 

contact transmission fr m indigen us duck to chicken has not been.: ·. ennined. 

The clinicaJ sign and gross lesions in this study are similar to tho. e in chapters 5, 6, 

and 11 of this thesis and as reported el ewhere ( hri tensen and Bi g~,1rd, 2000~ lisson 

el a/. 2003). hi together with the frequency of isolation of P. mu/, Jcida from chickens 

in contact with the infected ducks, confirmed the bacterial transmission from ducks to 

chickens in this study. The inter-and intra-species P. mullocida tran mi sion is a po ible 

scenario that maintains the organi m at village farm and market place . 



HAPTER9 

9.0 EXPERIME T 7: D VELOPMENT OF FLUOR T I SITU 

H BRlDIZA TION (FlSil) AS A DIAGNO Tl TOOL lj I{ 

P.MULTOCIDA IN TISSUES AND CULTURES 

9.1 Introduction 
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The diagnosis of [owl cholera in the sick birds depends on th pecific detection of 

the causative organism, P.multocida, and its ubsequent charact ,nzation. Its detection 

and phenotypic characterization depend on the ability to cultivate and purifY the bacteria 

in the laboratory ( htisten en and Bisgaard 2000). Cultivation and identification by 

tandard bacteriological methods can be ambiguous ecau e of -factor requirement or 

non-typable strains including cross-reaction in ero-typing and i~blc but non-culturable 

cells (Krau eel a/., J 987). 

In situ h bridization l II) allow preca e localizati n of a ~peciJic segment of 

nucleic acid within a histol gic ection (Brown, 1998) or detecti n f specific ribo omal 

ribonucleic acids in morphologically intact bacterial cells (Amann r.t a/., 1995). In situ 

hybridization combines basic molecular bi logic technique and the ability to appreciate 

subtle hjstornorphologic changes (Brown 1998). The key featur-:- (::stinguishing 1SH 

from other molecular methodologies (filter hybridization and P R is that the sample. 

D AIR A is detected directly in the intact cell rather than being ex-.racted from the cell 

before testing ordentoft el a/., 1997). With fluorescent labt:!ed probes, in situ 

hybridization has e cellent spatial resolution Poulsen eta!. 1994) and bas been used in 



an us tudie ( i ht I a/. 

a/ , 2 , J n en eta/ . 20 

6 Bo e et al. 2 

empf 1.!1 a/. 2000) 

10 

hri ten n. '' ol. I , Jan en et 

Th aim f thi tudy \ a to devel p a ulture-independ nt, flu rescent in ·itu 

hybridizati n (Fl 11) te t for P. multocidu ba ed upon hybridizati n with nuore cent 

tagged ligonucle tide pr be t ba tc1 ial rl A and te ling it dia nostic potential on a 

variety of P.multo 1da and other bacterial culture ; and als n chjcken and pig lungs 

infected or injected with P. multve~da organisms. 

9.2 Material and method 

9.2.1 ulti ation of bacteria 

A total of twenty two trains of P. multv idu and other bact rial specie isolated 

from normal and di ea ed lun of poultry and th r anjmal as indicated n Table 31, 

were used in this ludy for the devel pment f thi t I. These bact en a were stored at -80 

n and cultivated overnight n blood agar base xoid td . .,M55, Ba ingstoke, 

LJamp hire, ngland) containing 5% cilratcd calf bl d. Single c I nie were cultured in 

brain heart infu ion broth ( id), at 37 for 3-4 hours in a haker incubat r and 

optical den ity A 6oo was measured before fucation . 

9.2.2 Fixation of bactel'ial cells 

The bacterial cell cultures were fixed in 4 % paraformaldehyd,_ (Sigma, Chemical 

o., t. Loui Mo.) as previously described Amann et a/., 199 a,b ), and collected 

through centrifugation at I 0,0 0 X g I OK) for five minutes· •.'1e supernatant was 

di carded while the fixed cells (s dimented) were wa hed in phosp:1ate-buffered saline 

with 0. L % onidel P40 ( igma) and re-suspended in 200 Ill of 2 ·: storage buffer (40 
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m 1 ri , pi I 7.5. 

o until u e 

nidet P 0) and 20 ~LI of 96 % al hoi and t red at - 20 

9.2.3 Pro in of ti uc ti n 

Lung ti ue from chicken inft ctcd with J>. multodda ub p. multocida train 

40605- 1 hristensen I a/., 19 8) were used. he re pectivc chickens were infected 

intra-tracbeally with I 04 colony forming units ( • ) of P. mull cid. per 0.5 mJ and 

sacrificed L2 24 and 48 hours post in culation. The e birds develo~·ed typical clinical 

sign and gro lesions of fowl cholera and P. multodda ub p. multo ida was re-isolated 

from their pleens afler p t m rtem examination. ·or comparison to other animal 

species lung ti ues from a healthy sacrificed post m rtem pig injcc~f; with P. mullo ida 

subsp. eplica strain I JIM 7 6--6r were kindly provided by Dr. Tim K. Jensen VS 

Denmark. All infected chicken and pig ti ue as well as control non-infected tissue 

were fixed in I 0 % neutral buffered formalin pr cessed for histology embedded in 

paraffin wax ectioned 3 to 4 ~m thick and mounted on adhesive slide (Super Frost/plus 

lide , Menzel- Ia er erman and kept at 4 ° until u c. 

9.2.4 Oligonucleotjde prob 

16S rRNA sequences obtained from GenBank and unpublished sequence were 

compared and emphasis was made on finding at least four mismatches separating P. 

multocida and biovars 2 of P. canis and P. avium and other members of Pa ·teurellaceae 

as well as from other bacterial species. Distinction of the segment '\ :ts done through 

Pileup alignment using Wisconsin equence Analysis Package (GC.., Madison, USA 
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able l mpan n v/ th 11nilar 16 rR nda tructurc f 1:... ·o/i predicted 

this regi n t gi're tr ng dele t1 n Fuch eta/. 

h elected pr be pmh · 449 ( - -Pmul-04 9-a-A-20 [ Jm . ' ul., 1996]) and its 

omplem ntary n n-pmh b449 -*- pm 1-0449-a- - 20 [Aim cl ul. 1996]) were 

labeled ith rh dhamine, flu re c in r 3 cyanine dye ), aud purified by high 

performance liquid chromatography IIPL . The ignal from the tagged probe were 

compared when te ted ith strain of P. mull idu. Probe B 3 (S- Bact-0 8- a­

A- 18 [ AJm I a/. 1996· Amann e/ a/., 1990a b]) that i specific for the bacterial domain, 

and its complementary probe n n- EUB3 8 ( - *-non-0338- a- - 18 [Alm el a/. 1996]) 

labeled with rhodamine noure cein r 3 was used as contr I. 

9.2.5 /11 situ hybridization of cultured bacterial cell 

Prior to hybridization, fixed bacterial cells were aclimatized at ambient room) 

temperature mixed by vortex.ing and bound t I -wells teflor coat t! d slides (Novakemi 

AB Enskede wed en which had been c ated by immer ion in a l: I 0 0.1% w/v 

aqueou solution of p ly- L- ine ( igma) ~ r 2 minute , and air dried . One microlitre 

of bacterial cells were applied in each well . F r c ntr I orne v ell ' had bacteria only, 

probe only, cell plu butTer n pr be), bulfer plu pr be (n cells) and empty wells. 

Slides were air-dried dehydrated in erial concentrations of 50%, 80% and 96% ethanol, 

3 minutes each and air-dried a gam. en rnicrolitre of hybridization buffer ( 15% 

formamide, 100 mM Tris pH 7.2· 0.9 Na I, 0. 1% sodium dcdocyl sulfate [SDS]) 

containing 5 ng probe were applied per well and hybridization was performed in a 

humidified moi t chamber o er night at 37 ° tide were w ;1cd in 100 ml of 

hybridization buffer prewarmed to 37 °C in a coplin jar for 10 minutes and thereafter 
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changed to 100 ml of pre armed 37 ° hybridization buf1vr containing 20 % 

formamide for 10 minutes. · inally the slide were rin ed in 100 ml of illiq-water 

prewarmed l 7 ° and air dried in the dark P uls n eta!. 1994 . ome contr I slide 

with bacteria in the wells were hybridized with the complementary pr be. 

9.2.6 Sorting out optimal hyb.-idzation condition u iug fi ed ba (erial c lis 

Post hybridization washing with fonnamide was evaluated using different 

concentrations 15% 20%, 25%, and 0%) in two teps where hybridization time was 

varied between 5 and 30 minutes at each tep. The FISH signals under different 

formamide concentrati ns wer evaluated. 

9.2.7 In sitll hybridization of ti ue section 

Tissue sections were deparaffinized in coplin jars by two ch<tnges of xylene and 

dehydrated twice with 99.9 % ethanol for minut at each tep. fJiides were air-dried 

and a circle drawn around the ti ue ection using a hydrophobic rm Dako PAP pen 

DAK.O AI , lostrup Den mat k . The hybridization and wa h steps were done as 

described fi r the cultured bacte1 ial cell but ' ith 50 Jll hybridization buffer and 30 ng of 

probe per ti ue eel i n. The P 1\ 1>- pcn cit cle was removed fi-om lh~ I ides with tissue 

ections using xylene I ent (B e •I a/., 19 8a· 2000). 

9.2.8 DAPI (4' 6-diamidino-2--phenyliudole taining 

To evaluate the pr perm rphology and the presence of the bacrcrial ceUs where no 

signal was obtained with probe mhyb449 DAPl ( igma) staining was performed for 

selected bacteria on hybridized slide . Prior to DAPl staining, cover ~lips were remo ed 

slides immersed in 99.9% ethanol for 10 minutes to remove mountant ar d air dried. 
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act ria were tained with 40 11glwell DAPl lution (6ng ' nl) for 10 minutes. 

tide were washed with l 0 ml of illiq water in a coplin jar for ! 0 minutes, and air­

dried pri r to epi-fluoresc n micro copy (Amann el a/., l990a). 

9.2.9 pi-fluor cenc mi ro copy 

c ver lip was m unt d n hybridized tides with application fa small amount 2 

dr p ) of paraffin il r ecta hield Vector Laboratorie • Inc, urlingame, A) oil 

ti uc cction on the dry lidc. on- fluorescent oil was applied and slides were 

examined using Zei filter ct 5 09 and 15 for vi ualizati n f DAPI fluorescein, and 

RJ1 damine tctramcthyl rh damine i othiocynate) or Y , respectively, using a Zeiss 

Axioplan II micro cope ( bcrkochen, Germany with a 1 00 W mercury lamp and 

magnification X I 000. filter set ·53 ( mega Optical, Orattlcboro, VT.) wa applied 

during micrograph phol graphy with a M 200 Zei camera and "xposed on a K dak 

Ektachrome ,. lite 400 film Ooyc ?/at. J 998a). 

9.3 R ult 

9.3.1 D elopec.J pa·ob equcn e anc.J L'l ing y t m 

A pecific oligonucleotide probe, pmhyb 449, 5'- TATTTM AA AT TT -

J ' ( - -Pmul-0449-a-A-20 [Aim '/a/. 1996]) Tags openhagen, enmark for specific 

detection of P. multo ·ida wa selected based on 16 rRNA sequel~ e cornpari on. The 

probe and its complementary non-pmhyb449 (S-*- pmol-0449-a- S- 20 [AJm el a/. 

1996]) were labeled with different fluorescent dyes. The CY3 IC'.bel was chosen for 

further experiments becau e it gave a stronger signal than fluorescein or rhodamine when 



108 

tested on s rain of/. multocida and compared to probe l3338 th:•• :s p ilic fi r the 

ba terial domain while its mplementary probe non-· 338 labeled with either 

rh darnine or 3 was u ed as control. 

9.3.2 p cificity of lb probe qucnce on fi ed bacterial cell 

The oligonucleotide probe pmhyb449 and its complementary oligonucleotide probe 

non- pmhyb449 peciftc for P. multo ·ida were initially tested with fixed bacterial trains. 

By use of the universal bacterial probe ~ UB338 all strains tested were found positive 

which showed that the rRNA in the fi ed bacterial cells was accessihle for U1e probe to 

bind and give a strong Ouorescence ignal. Its complementary probe non- EUB338 did 

not give any signaL Probe pmhyb449 was te ted on strains of P. multr.cida and gave good 

signals Table 30 •ig. SA) comparable to EUB 38 labeled with CY3 while its 

complementary probe non- pmhyb449 did not give any signals with the same bacterial 

strains. All other bacteria tested, except P. avium biovar 2 and P. ~-:;ni biovar 2 were 

negative with probe pmhyb449 (Table 31). No signal wa detected with controls 

including empty wells, bacterial cell only probe only cells plus b•;ffer (no probe), and 

buffer plus probe (n cells), howing that there was no non- specific staining. 

9.3.3 Optimal hybridization conditions with fi ed bacterial strains 

Ten minutes washjng time at each step gave the be l results with ut background 

nojse. By use of 30% or 25% formamide in the second washing burfer, probe pmhyb449 

resulted in weaker signal compared with 20% formamide while t'1e washing buffer with 

15% formamide under the e stringent conditions of hybridization g~ve strong signal with 
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P. mull 1da but aJ o weak i nals with ther P t urel/a spp and non-Pa teurella 

bacteria at the hybridization temp rature of 37 ° . 

The optimum fi rmamide oncentration during p t hybridization washing for probe 

pmhyb449 was found to be 15% in the first and 20% in second wash using a 10 minutes 

washing period at each step. 

9.3.4 bility of probe pmhyb449 to pick P.multocida from ti sues 

The ability of the probe pmhyb 49 to detect P. multo ·ida in ti sues was te ted, u ing 

chicken lungs from e peri mentally induced fowl cholera and nor mal pig lung injected 

with 1 . multocida. 

The specific and narrow flu re cence f probe prnhyb449 distinguished P. multocida 

bacterial cells by a red fluor e cence, while l,ung ti sue cells fluoresced greenish to 

browni h and red blood cells were yellow on examination afler in situ hybridization (fig. 

5 B -1). 

In fowl cholera cases, P. multocida was clearly demon trated within the lung tissues. 

However differences in distribution were observed (Table 33 . In ~dy cases, 12 hours 

po t-infection, most bacteria ere seen in the air capillaries (lumen and wall) bronchi 

parabr ncbiaJ areas (lumen, inter-parabronchial septa) perivascuJ?.r arterioles), and as 

masses in anatomjcaJly destroyed lung tissues. A few bacteria \11ere also seen in the 

infundibulum space lining , pleura, vascular lumen and their walls (Table 3 ). The 

bacteria appeared small in ize (a compared with pure culture cell ) and wer'e 

coccobacilli to rods in shape and occurred si1ngly, in pairs in fours or in clusters of 

microcolonies (Fig.5 B, D, A and as massive colonies. Twenty four hours post infection, 

the bacteria were commonly demonstrated in air capillaries parabronchial lumen and as 
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m es f bact ria in n r tic lung tis ue and air capillarie · L w number were 

illu trated in air capillary all , blo d essels (lumen and peri ·a cular) infundibulum 

and respiratory atria. orne ba teria were seen in pairs or in four i1a a ring fonnation in 

phagocytic cell (macrophage or hetctophils) within the parabr nchial space , blood 

ve els and in aggregation of lymphoid ti sues within the lungs tissue . At 48 hours, most 

bacteria were detected in the air capillaries air capillary walls, im' mdibulum and a few 

on the spiral smooth mu clcs f the parabronchi (Table 33). S me b:tcteria were found in 

a ring fonnati n in phag cytc in bronchi and blo d ve sci and in I mph id 

aggregation areas f the lung ti ues indicating either phagocytosi or pre ence of 

circulating phagocytes with acteria. The role of the e cells in pathogene is of P. 

nw/tocida needs further inve tigati n 

ln the pig lung, ill Hu hybridization with probe pmhyb449 clearly detected P. 

mullocida among tissues and cells of the lung. The bacteria were found mainly in the 

alveoli terminal bro11 hiole and inter titial areas and a l4 w were observed in the 

bronchi bronchioles, and terminal bronchioles (Table 33 ~ •ig 5 G, H). 

Both infected and non-infected tis ues were negative when hyhrirlized with the non­

pmhyb449 probe ig.5 F 1 . The inOammatory reaction of the lung tissues in response to 

the bacteria did not hinder the binding of the probe in fowl cholera. The results of this 

study indicated that probe pmh b449 i uitable for detecti n and Oetermination of the in 

vivo localization of P. multo ida in li ue . 
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bl 31: p ifi it t t re ults of oli nucleotid probe pmh b 449 and it 
ompl m ntary non-pmhyl> 449 lab led ' ith 3 on bacteria gro\ n in 

pore culture 
I Lybridization signal 
inten it~ 

Bacterial strain Bacterial pecies Animal ur ·e Pmhyb Pmhyb 
449 n n-449 

CT 10322 1
a P. multo ida subsp. multocida Pig +++6 -vee 

214 P. multocida ub p. multo ida alf +++ -ve 
40605-1 P. multocida subsp. multocida Eider +++ -ve 
R 12/2 P. multo ·id subsp. multo ida Calf +++ -ve 

CT JQ2Q4T P. multo ·ida ubsp. gallicida ow +++ -ve 
77179 P. multo ·ida subsp. gal/icida Chicken +++ -ve 
c 116J9T P. multocida ubsp. sepli a Human (cat biL) +++ -ve 

5 P. avium bi var 2 alf +++ -ve 
25 P.caui bi var 2 alf -H+ -ve 

CT II 188T P. galliuarum hicken -ve -ve 
AT 43J26T }J. canis. biovar I Dog -vc -ve 
r 149T P.anatis Duck -ve -ve 

CM 5974T A ctinobacillu salpingitidi ruck en -ve -ve 
4189T A. liguieresii ow -ve -ve 

P737 Mmmheimia glucosida heep -ve -ve 
14R525 E. cherichia coli Human -ve -ve 
s 4461 Heamophillus paragallinarum hick en -ve -ve 

7191 1/. paragallinarum hicken -ve -ve 
4237/2sv R1emerella auatipe ·tifer Duck -ve -ve 
4280/2sv R. anatip •:,t{(er Duck -ve -ve 
726-82T Coenotia ana/ina Duck -ve -ve 
1912+p 0 'almonell enlerica erotype 

allinarum hicken -ve -ve 
erotype Gallinarum hicken -ve -ve 

aT = Type strain 
11 +++ = High signal intensity 
c -ve = egative, no signal observed 
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abl 32: Oli onucl otid prob 0 quen of th P. 11111ltoddu pecifi probe 
pmh b 449 c mpar d with I cted 16 rR quence of train of 
b. teria within the genera Pw~teurel/a ·tiuobu illu. and A1amrlreimia of 
Pa t urella eae u d for;, ,\itu hybridization 

Pro e sequence/ 
Bacterial species 165 rRNA gene sequenceA Accession Ref13

• 

(3 ' 5 ' ) number 

Pmhyb-449 CTTCCCTACAACAATTTATC 
Non-pmhyb449 GATAAATTGTTGTAGGGAAG 

Bacteria 
P. multocida subsp mul tocida .... ................ M35018 
P. mul tocida subsp gallicida . ................ .. . AF294 412 
P. mul tocida subsp septica .................... AF294423 
P. avium biovar 2 1) L06085 .................... 
P. canis biovar 2 .................... Unpublished 
P. canis biovar 1 ...... G. A .. A . . G ..... M75049 
P. gallinarum ..... CGGTAGTG . TN .... M75059 
P. ana tis ..... CGGTAGTG . T ..... M75054 
P. avium biovar 1 . .... TTG .AGTG . T ... . . M75058 
A. lignieresii . .... TA . CAAA .. T ..... M7 5068 
A. salpingi ti dis . .... TTNA .ATG . T ..... L06077 
M. glucosidal . .... CGAT . GT .. T .. . .. AF053889 

11 Pairing to pmhyb 44 pr be is denoted by dots. 
n Reference publication: 19 - Oewhir t ct al. I 99 · 6 - Angen et al. 1999 
c Unpublished sequence 
0

.. . . . arne base pairs a P.multocida 
E GGT A different ba e pairs from P.multo id 

Unpub< 
Unpub 
Unpub 
19 
Unpub 
19 
19 
19 
19 
19 
19 
6 
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Tabl 33: be r ul of in . itu h ridiu lion on th hm li u 1-1 howing the 
natomi allocation where P. mu/t()cida a dete ted ' _:1 prob pmhyb449 

urce 

Br nchi 1-+ 

Parabr nchi 
Interstitium spaces + 

mooth muscl 
Infundibulum paces + 
Aircapillary or alveoli spaces +++d 
Air capillary or alveolar septa +++ 
Pleura +f 

ascular areas + 

+ 
++ 

e 

g -
+ 

+ 

+ 
+ 
+ 

+ 
++b 

+ 
+ 

I+++ 
1-

• chicken lungs from fowl cholera and bacteria injected into pig lung on post mortem 
b Bronchiole lumen 
c Not applicable 
d +++ Many bacteria detected 
e ++ Moderate number of bacteria detected 
r + Few bacteria detected 
g No bacteria detected 
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Fi ure 5: Photomicrograph demonstrating specific detection of P. multocida in 
p~re culture and formalin-fi ed lung tissues by use of the FISH technique 
( ee legend on page 114b) 
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Figure 5: Photomicrograph demon tratin pecific detc tion of P.multocida in 
pure culture and formalin-fi d lung tis ues by us of the ISH technique 
(see pag 115) 

Legend: 

A - A smear of P. multo ida u specie mullocida train 40605-1 from a culture h wing 
red bacterial Ouoresccn after hybridization with Y labeled probe pmhyb449. 

B - Chicken lung from fowl cholera showing i11 situ location f P. multo ida subspecies 
multocida bacterial cells near two blood vessels (artery and arteriole after 
hybridization with Y3 labeled probe pmhyb449. 

C - Normal chicken lung showing location on the lung where the bacteria were detected 
in fowl cholera. 1- parabronchi 2- lnfu ndibulum 3- Air capillary Pleura and 5- . 
Arteriole (Heamatoxylin I sin stain). 

D - Chicken lung from fowl cholera howing ill situ location f 1'. multocida sub pccies 
multocida bacterial cells within the lumen and walls of aircapillaries and perivascular 
spaces after hybridization with Y3 labeled probe pmhyb449. 

E- hicken lung from fowl cholera showing in silu location of individual organisms or 
microcolonies of P. multocida subspecies multocida bacterial cells 
after hybridisation with CY3 labeled probe pmhyb449. 

F- Controll~ng tissue section from fov I cholera hybridised with probe nonpmhyb449. 

G - Lung of a pig showing P. multocida subspecies eptica bacterial ceUs in the 
lumen and wall of the alveoli after hybridisation with Y3 labeled probe pmhyb449. 

II- Lung of a pig showing P. multo ida subspecies eptica bacterial cells in the lumen 
wall of the alveoli and close to the pleura afi.er hybridisation with Y3 labeled 
probe pmhyb449. 

1- Control lung tissue section from a pig injected with P.mullocida subspecies. eptica 
after hybridised with probe nonpmhyb449. 

Bar = 10 ~m for Fig7 A, B D , F G I and I and 100 ~m for 



Hgure 5: Photomacrographs demonstrating specatac detection of P . 
multocida in pure culture and tormalin-fixed lung tissues 
by use ot the ISH technique tsee legend on page 114) 

115 
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9.4 Di cu ion 

luore cent 111 itu hybridization (FI H) of whole eel with r A- targeted 

oligonucleotide pr bes ha cen e tensively used a a to I f r .. pecific detection of 

bacteria (Delong el a/. 1989; Amann el al. 1991 and 19 5; Nuov 1997· ussing et al. 

1998· hristensen et a/. J 999~ Boye et a/., 2000; Jansen et a/. 2000· Moter and Gobel 

2000; Boje en el a/. , 2003 ). To my knowledge no FlSll proced•;r-.- has been developed 

and used Ii r detecti n or diagno is f I . multocida. T aid in iagnosis of infections 

caused by P. multo ·ida, a specie specific probe pmhyb449 targeting 16S rRNA was 

designed and u ed for fluorescent in situ hybridization. The specificity of tbi 

oligonucleotide pr be wa examined by whol ell hybridization :tgainst selected species 

repre enting both 16S rRN A clusters f Dewhirst et a/. ( 1993) outlined within genus 

1 a teure//a en 11 tricto as defined by Mutters et a/. ( 1989) and other bacterial species 

conm1only associated with re piratory tract infections and epticaemia in poultry. The 

probe was able to differentiate bacteria by at least four ba e pair mi matches. Exceptions 

were P. a\ ium biovar 2 and J>. canis bio ar 2. These taxa we1 c originaJiy described by 

Madsen eta/ (1985) and subsequently named by Mutters eta/. (I 985 b). Both taxa have 

been reported from pneumonia in cal es in several countries (Bisgaard el a!., 199la, b). 

16 rRNA sequence studies of members of the family Pa teurl!llacea (Pohl, 1981 ), 

however indicated that taxon 13 of Bisgaard should be re-inw >tigated since CCUG 

16497 P. avium biovar 2) clustered with the type strain of P. multucida and not with P. 

a ium (Dewhirst et a/. J 99 . imilarly it was found that P. cani. biovar 2 is related to P. 

multocida and not toP. canis biovar 1. However, similarities of organisms based on 16S 
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r A equenc cornpari n are in uffi icnt per se for pecte ! paration ( o et a/. 

19 2 · ju t utlining of pccie ba ed up n a fc" ele ted r A 0 A hybridi7.ation 

might re ult in un crtain p ie definitions Angen et a/, 1999). Recently it was found 

that the 16 rRNA imilarit between P. multo ida and bio ars 2 of P. avium and P. 

·aui are higher than 98.6% c mpared to 94 and 96% between P. multo ida and bio ars 

I of P. a i11m and P. cani (Petersen eta/. 200 I a· hri tensen a~ .. : ilisgaard, 2003). On 

this background it appears that bio ars 2 of P. avium and P. cani.\ are nu classified and 

that future re-cla ification will place them with P. multocida. With thjs view probe 

hyb449 is concluded to be sp ific for P. m11flo ·ida except c; r th .:.e two biovars till their 

re-clas ification. 

The in . ilu h bridizati n a say was u cd [; r detection of P. multocida in formalin­

fixed paraffin mb dded tis ue of a pig lung injected with ~ pure culture of P. 

multo ida subspecies epticu and in lung from chickens that ·Jeveloped clinical fowl 

ch lera infecti n with P. mull ida ubspecies multo ·ida. The pmhyb449 probe 

devel ped was able to dete t ingle cells of P. multocida i11 situ in the respective lung 

tissues, whereas n sig11al was observed from control lung tissur; sections from non­

infected birds that contained n organisms or infected lung tissu s that were hybridized 

with the complementary non- pmhyb449 probe. 

16 rRNA based methods are advantageous in detection and i~:::.-.tification of micro­

organisms due to the fact that each bacterial cell contains multiple copies of the 16S 

rRNA in its ribosomes, that ea e its detection witb evolutionary .igbJy conserved 16S 

r A regions common to bact ria, and other regions which 1111311t be species pecific 

(Delong et a/., 1989; Krimmer el a/.. 1999). 16S rRNA based methods allow 
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identification of micro rgamsm independently of bacterial growl~ , rate and metabolic 

activities (Tolker- ielsen et a/. 1997· rinuner et a/. I 9) althoL gh cciJular rib orne 

are more abundant in rapidl growing bacteria (Delong et al. I Y89). The amount f 

bound probe is directly correlated to the cellular rRNA c ntent, ' hich is dependent on 

physiological activity at the time of ftxation (Amann el at. 199 J; Giovannoni el at., 

1988). ln cases of fowl cholera, the P. multo ida cell could have been highly active 

within the lung tissue as they gave strong signals with probe pmhyb ... !-49. In fast- growing 

bacteria, the rRNA content correlates directly with the growth rate (Delong el a!., 1989) 

although it may not be valid in the ca e of low grov ing or tarve.: organisms Kemp et 

a/. 1993 ~ Tolker-Nielsen et ul. 1997 . larved and dormant bac•.cria can however be 

detectable with FISH as active bacteria if they still po sess relad•;ely high 16S rRNA 

levels as reported for . LJ!Jhimurium (Tolker-Nielsen eta!. I 997). 

Probe pmhyb449 clearly demonstrated short rods of the bacteria in variou parts of 

the chicken lungs under mild r severe lung inflammation. In the ct1ickens P. multo ida 

was shown to ccur singly, in aggregates probably repre enting microcolonies or in 

masses occupying large areas of the lungs. Their individual m rphology wa clearly 

demon trated by the pmhyb449 probe as reported in similar Fl H procedures of other 

bacteria (Delong eta/., 1989· iovannoni eta/., 1988; Amann eta/. 1991 ). 

There are limitations a the test depends on the number of CC'i)tes of rRNA in tbe cell 

(Amann et a/., 1995), and hence on the physiological activity of the r.~: croorganisms prior 

to fixation of samples· it is restricted to eutrophic environments sur.h as the lungs of the 

chickens. Another limitation is the autofluorescence background of he eucaryotic tissue. 

However, in contrast to immunological methods that rely on the r.\:pression of specific 
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antigenic mar er that may not be c n tant phenotypic variati n d e not po e apr b\em 

when rRN is u cd a a target Boyc eta/., 1998b and 200 ) 'U1I hem1 re autolysis f 

the tissue as a re ult of the material being shipped unfixed to t 1e laborat ry, d es not 

hinder the dete ti n of bacteria by ·1 11 uov 1997) nor oes the innamrnatory 

reaction as bserved with P. multo ·ida infection during this study. The Lability of the 

ribosome target allow for the detection of single cells even in clinjr.al material as weU as 

identification in smears of pure culture ( uovo, 1997) that correlates with our 

observation here. 

Muhrurwa et a/. 2000) in their tudy of P. multo ·ida carrier~ ;, : commercial poultry 

m enmark found m u e ino ulati n t be more effective in reco ·cry of thjs rganism as 

compared with the commonly used selective media. Yet mou e pJ,sage may only select 

trains pathogcnjc for the mice. The developed te t can offer a •:.omplementary role in 

active clinical ca e diagn si and can be applied in pathogene is and pathogenicity 

sludie f P. multo ida 

The probe pmhyb449 is recommended as our results suggc 1 111at the probe might be 

applied with ad anlage to ludic r 1'. multo ida pathogene:-i and its infection in 

poultry pig and maybe othe1 animals. Furthermore result can b .. • btained quickly since 

pure cultures of the bacteria are not needed. ll can also be used to confirm and 

differentiate P. mullocida (except the tw biovars) from other Past,_urellaceae in culture. 

The te t is simple and can be applied in most re earch and diagnostic laboratories. 
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0 0 PPRE ·. D 

Ill K . 

I .I Introduction 

P.mullocida rgani ms can enter the chicken's body thr ugh various routes to 

e entually cau c fo\ I cholera a di case that occurs either as paracute and acute 

plica mic conditi n or a localized chr nic infecti ns hri tensen and Bisgaard 2000~ 

th rc piratory ystcm. to cau c variable pathology (Glisson 1998). The spread of these 

organi m from Lh p int of infection into the various organ of indigcmous chickens is 

however not well tudied. There is, therefore a need to simulate the lllfection by 

infecting the bird thr ugh the mo t comm n point of entry the respiratory tract 

(Mal umoto eta! .• I 991, Peter ert eta/., 2001 b) and bserve there ultant pathology in 

vari u rgans at various interval Further, the Fl 11 te t developed in chapter 9 wa 

u ed to identify P.multvcida in many chicken ti ues. 

As fore perimcnt 4 chapter 6, r thi the i , two group f chickens one nom1al and 

one immuno uppres ed were u ed to find out if immunosuppression, which is one 

manifestation of stres , has any ffect on the pathogenesis of the organisms and the 

pathology after infection. Thi was occasioned by the fact that scavengmg village 

chickens are normally subjected to different types of stressful conditi ns (Aini, 1999a) 

that may modulate the pathology altering the tissue reaction to P.mult ... ida infection. 
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h im o thi e. p rim nt w tudy the pathogene is of P.n .• ~ttocida infection in 

n n-immun uppr cd and irmnun u pre ed indigenou chicken . J'he parameter 

u d in ludcd. - and nu ro c pic path I gy f r pe ti e rgan P.nm/1 ·ida 

lati n nd it ti uc using flu re cent 111 ilu hybridization 

I I II) l st 

J .2 at rial ami m thod 

J .2.1 

as determin'!d earlier hapter 

4 • periment 2 fthi thesi ) ' re u cd in this experiment. ome birds were bought at 

day-old fr m fanner • while oth rs wer hatched from indigenou bird-eggs purchased 

locally. They were reared, kept and creened for 1 .multo id organisn.- as given n 

chapter 4 ection 4. 2. I . 1 nfection trials were undertaken when birds r ;_)Ched 12 weeks of 

age. 

10.2.2 Bacteria u ed to in~ ct chic:ken 

P.mu/to ida type strain (N T I 0322T) maintained on Dorset egg agar, in our 

lab ratory that had low virulence than thcr /'.multo ·ida wa used in thi study. lt wa 

spread onto BA with 5% citratcd calfbl od incubated aerobically i\l 37 ° , for 24 hours 

to check for purity prior to preparation of the inoculum. Individual olony of this v as 

inoculated into brain heart infu i 11 broth incubated aerobically at 37 ° for 24 hours. A 

ten fold serial dilution of one milliliter of the bacteria in BHI was made and 251!1 of each 

dilution spotted onto BA plates for colonies that were translated into c.~looy forming 

units. 
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10.2.3lmmuno uppression of chicken 

Birds to be immunosuppressed were injected intramuscularly usit g dexametha one 

(Agar Holland, 3760 AL Soest Holland 4mg!Kg b dy weight per · y as done 

elsewhere for 6 days prior to experimental infection (I3irrenk u and iggins, 1984 

Carrier and DeLoach 1990· orrier eta/., 1991 · Nakamura eta/., I 94). 

10.2.4 Experimental procedure 

Experimental birds were rand mly allocated into infected and c ntrol group as 

given by Steel and Torrie ( 1980 . Twelve-week old wing-tagged indigen u chickens 

were used in two separate experiments: ne for the immun uppre ·cd (I ) chickens and 

one for the non-irnrnunosuppre ed ) ones each with 1 e pecti rontr Is. The birds 

were separated and put in the experimental rooms 48 hours prior t j,,oculation. 

For the exp riment on Nl chicken 3 chicken were u cd: 24 were infected with 

P.mul10cida organism and I 0 were u ed a controls. • r the expe i111 ..... i on J chicken , 

44 chickens were us d: 24 IS ones were infected with P.multo id oq~ani ms while the 

controls con i ted of I 0 1 and I 0 Nl bird . ach infected bird b th Nl and I ) was 

inoculated with 0.5 ml of brain heart infu ion (Bill) broth culture c il aining 1.2-1.9 x 

I 11 FU of P.mu/to ula organi ms while the control both 1 and JS) were inoculated 

with 0.5ml of terile BI 11 broth medium he infected and control bird were housed in 

different rooms I cated in different hou es away from each other. Di ~ecurity wa 

maintained during the entire period of the tudy. 

wo birds rand mly elected from each experimental group were -:acrificed at 

specified time namely: - hour 0, 1,3 6,12 and 24 and days 2 3,5,7 LO and 14 post­

infection. The zero (0) hour wa achieved by inoculating the birds and unmediately 
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- sacrificing them within 1-5 minutes T •Ul c ti 11 d til 

sacrifices started with bird. in the conta I hou 

Table 34: The IIUIII cr of birc.J u d in p th tim lh 

sacrificed 

Birds I lour 
0 I 6 -
2 2 2 2 
2 - 2 
2 2 2 

onlrol 2 
ontrol 2 

Total 

Leg nd: - o bird wa acrific <.1 at that time. 1 immuno. uppr 

immmunosupprcs cd. 

Post- m rtcm e arniuation \ a n th sacrificed buds and 1 II 

aseptically from the r pharyn , cl aca, lung caecal ton ils, pruning ~land, liver and 

pleen, for I'. multo ida re-i olation and character i1ati n 

· i ue ample , includin - lun '· 11 ach a I wcr onjun ti a, air n li cr, 

heart, th mus, flardcrian gland, pnncrea , 1 ain cia tic ncr c, kidn 

adrenaJ gland, bur a ffabricius. pr vcntri ulu du d num, mid l (at the rk I' 

diverticulum), caecal t n il , large intc tine. pruning gland, com ami r toral mu I 

were removed, immediately immer ed info malin,\ here th 

pr ces ing. me par amn-cmbcdded ti u untcd . dhc i e UJ er-

frost plus tides fi r th Fl 11 pro c ing and rgan e amin1..-d, th 



re uhant hi tol •ic I c amiuatiou, hactcrial1 c-i I· tiun uf l~. mulltK't a md I lSI I r 11t 

w rc r rdcd 

1 .2.5 Po t-mor·tcm aminntiou 

Bird were killed through cervical <.li I tion. Post mort m c. at• ination wa · d n 

as describ d by Bermudez and l wart-Brown 200 . The d d bird·. w r 

aseptically tissues and organs ob crv d indi iduall . and gro · I io !. n ted and 

12 

rec rded. l·or mic o copic lesion , i ti ue s cti n of a parti ula1 organ p r group were 

examined. The e erit f the I ion " as cmi- quanritativcl co• d on the ba i f: n 

minimal or slight le i ns - or ), minimum. li 'ht or fc\V I i ns (I 01 111ild), man • 

lesions in a localized area or in 111an tis ue section 2 r moderate and e ere or diiTu c 

lesion and in all tis ue ction ( r evere) a de eri ed by thers C 

I 965 ro s and lmano, 196 7. hivapra ad and r ual, 2 2) 

10.2.6 Hi tological pr·occ ing of ti ue 

The tissue amples were kept fully immer cd in Jab led b llle nl ining I 0% 

formalin solution for 24 h u1s. Th y were then tran ferrcd int 70~o alc·lh I wh 1c they 

remained until trimming was d ne (Brm: n, 1998 The fi ed ti uc wr..re manually 

trimmed to a thickne f 2 to millimeter 1 he trimmed 1 is ·ue \ cr.! then placed in an 

automatic ti sue processor forth fl !lowing treatment · - I dehydr?f •·>n u ing: - (i 

80% thyl alcoh I for the fir t 4 h ur , (ii) 96% alcohol f r the next" It ur and (iii) 

100% ale hoi for 4.5 h ur~ {2) ·learing with 

impregnating with molten paraffin wa at 60 ., fi r a total of 6 hour . The ti uc w r 

then remo ed from the pro essor and were embedded int wax block •, u ing a m It en 

wax di penser. The indi idual tis uc bl ck were cparatcd and fi cd liO micr t m 
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chun s u ing rin tul an r which th rc 

n a ted on a wat r bath at 50. l n llcn ut. pia d n I dri din 

an ven at 60 ° m ·I nc 

and washed in alcohol be re r -hydrating in wat r. h y v r e th n t in d u in 

haematoxylin and co in. m unt d in d trcnc 8 di ut !phthalate anG p ') n 

the tides left I dry c re amination under the micro 

10.2.7 Fluor nt ;, it11 h britli.tation t Ltniqu 

i sue ecti n w re proc ·ed a giv n in I 2 5 a e up t the ta ofti ·u 

ecti ning. The paraffin-em dd <.1 e ·ti n v er th n m Lmled on . up r- r t plu lid 

Menzel- laser. crman ) and h bridiz d a de cri d n chapl r 9. ctron .2 7. 

10.2.8 tati ti al analy i 

Dataobtainedduringth tud upt 14da p tinfecti nwa nr 1 7.edu ingthc 

analysis of ariance pr cedur fthe stati tical anal is y tern ( 

squared te t X2 Steel and orric, 1980). 

10.3 RE LT 

1 0.3.1.1 ro le ion hi ken 

Organ fr m NIS hick n howing gr 

specific periods are pre ented in Table 35. 

) and hi-

.;Live v ritie at 

fth 24 org n 

e woed~ pruning gland \.! a n gati e fi r the\ h le fthe Lud peri d 

were absent from all organ at 1-5 minute ) h ur and n d y 14 p t in culati n p 1 • 

Lesions were commonly b erved n the lun (75% • air a 66 7%). trachea (5 %), 



12 

spleen 58 3% , caecal ton ils (5 %) h rt ( 1. 7% , kidn , ll.7~{, ) ii~Jcr 1 5%) nno 

conjunctiva, thymus, J lardcrian gland, bur a f f•abriciu , dum.l num mid ut 

intestine (33 3%, each), th r rgan had I 

time. 

At one hour p.i, there were 4 33 .3%) organ with innammatory lcs; n · th lun , 

trachea, airsacs and heart, while at third hour 20 8 .J%) organ "cr po iti c cxc pt 

bursa of abricius, proventriculu pruning gland and the c mb Dy th· • ixth h ur p.a 22 

(9 J. 7% organs had developed a le ion. e cept proventriculu and th. prumng gl nd n 

the twcl eth hour the proventr iculu had a le ion to make at tal of2J 95. o,o) organ 

with lesion . M t organ ho'l' cd le i ns between . to 24 hoUI po t infection Jly the 

second day p.i there were few organ with le i n the lung , trach •a, airsac . pi n, 

liver, kidney. bur a of Fabricius, and ca cal ton il nl These le ·inn· ecarn limit d to 

the lung, trachea or caecal t n, il , air ac and pie n on the third and ifih da and to the 

lungs alone on days 7 and I 0 p.i In the e nd w k post infc ti n only th lung had a 

lesion. Thus the number forgan with le ion increa ed fr rn a l tal f 4 at the fir t 

hour p.i, to a ma imurn of22 at the ixth hour and de rea cd gradually to I at da 10 p.i 

Le ions on these organ were mild 69 67.7%) other moderat' 24 2 5°-'o) and th 

rest were evere 9 (8 .8%). e ere ami m derate le i n wcr ob IVCN ·no tly n the 

lungs airsac , trachea, conjuncti a spleen, liver heart, kidn , duodenum, midgut 

caecal ton il and pectoral mu clc. Moderate t evere lc i ns' cte ul CIVed on th 

lungs at one hour - 7 day air acs hour - 2 da • trachea -12 hou· : li cr. plecn. and 

kidney 12-24 h urs; heart 6 - 12 hour , peel ral mu cle 3 - 6 hours; a11d duodenum, 

midgut and caecal ton il at the 12 h ur . 



he variou gros pathol gicalle i n b crv d antlth ir r p ll ~ 

specific period are presented in Table 6. A 1 tal of 9 inflammat 01 _ 1 

recorded from 23 of the 24 rgans ex. min d p r bird er th It da • tud p rit J 

127 

The e were. congestion, haem 11 hagc, edema pun~ I nt utlatc, fibnn r fibrin -

purulent exudate nccro i , cmphy ema, fibro is fr th, pal n s f a:t organ thicken d 

airsacs, hydropericardium, mu use udate, urate depo iti n, collap .:d or h patiz d lungs, 

splenomegally hepatomcgally, pneumonia air ac uliti , trach iti , . inu iti , pleuntis, 

peritonitis conjuncti itis, pcricarditi , m ocarditi , hepatiti , perih patiti , spleniti . 

splenic capsulitis, splenic atrophy, nephriti ent riti mcningiti , ciatic n rvc m · litr , 

bur iti and peel raJ muscle myo itis. 

ongestion was~ und on the carca and m t rgan , while hacmorrha c w rc n 

the inu e trachea, heart, lungs, pleura. air ac , p ritoneum and iute.linc · dcmn wa 

con picu us on the lung , plcUia and peritonea] ca itic , trach a col'i' nctiva, hca t, 

brain bursa of abriciu , and inte tinal • erosa. Fibrin. pun1lent exudation (micr -

abscess), fibrino-purulent cxudati n, nccro i and fibro i ' cr comm n in many rgan 

Mucu e udation wa comm 11 in inu c . trachea. bronchi. and int tin Palen 

obvious on the heart and kidneys. inu iti wa m rc con picu u in the ch anae and 

infraorbitaJ sinu es. ther le ion were pecific for each organ o lc i n were ob rv d 

at 0 hour and the 14111 day post infc Lion. During the tudy p ri d th • mm nly b ervcd 

lesions were pneumonia (83 . %) fibrin exudation on the lung pi ura, peritoneum and 

other organs (75%) congesti n. haem rrhage, air ac uliti and traclt·!•ti ( 6 7~o) 

fibr si mucus exudati n pi uriti , peritoniti hepatiti , and plcniw. '58. %), and 



oedema necr si emphy ema . pi nomegally, h patom gall and n phriti (50%), 111 

that rder of occurrence. 

At one hour p.i, 12 (3 .8%) lesion were b rved, namel , c n •c· rj n, h em mha , 

oedema pneumonia and air ac uliti , togeth r with mild d J itron t fibrin, 

emphysema in the lung lung h patization (with mar lin• app aran · •). tra ·h iti. 

sinusitis, pleuritis and peritoniti . n the third hour p.i, 27 70 .0%) I . i n \IoCr 

encountered afl:er further ob ervation of purulent c. udate, fibrin ·purulent ud t , froth 

from trachea, sinuse and bron hi, mucus exudates from inu c , r :.~~:i, tr chca and 

intestines splenomegally hepat mcgally, conjunctiviti , pcricarditi , It patiti . pi niti , 

nephritis enteritis mcningiti , ciatic nerve mycliti and tcrnalrnu ch. my iti ftcr 6 

hour p.i necrosr hydrop ricardium, collap ed lun, and myocardi'.i : ver obs rvcd, 

making a total f33 (84.6% crvcd inflammatory le i n nthe twelve h ur. pi, 8 

(97.4%) le ions ob erved \i ere fibro i palenc thi k air acs urate d po ilion nd 

splenic cap ulitis. picnic alroph wa ob cr ed n the third da p t rnfl eli n 

Most organ howcd lesion between 3 h ur and thr c da lui by the fifth da , 

n the sec nd week f bscr ati m o1ly cca i n I 

haem rrhages fibr and pn wn nia wcr r c rd d lhc num r r I ior · in r · d 

from 12 at I hour 1 a maximum of 8 at 12 hour and d crea cd gr aciually t 3 n da 

10 p.i. Le ion were mild { 129 (62.3%)} moderately ev rc {48 (2 2% } and re 

{30 14.5%)} ones. The vcre le ion were pneumonia ( -24 hour.· .• 

hour · air acculitis, purulent exudates, and fibrin ·purulent c udati :-! • ~ - 24 h ur 

oedema (3 - 6 hour · hcam rrhage, froth hepat m gaily, tracheiti <tnd pi uriti ( 



hour }, collap d lun ' 0

• tun h p. til ti n and 1 'itoniti ( 12 h ur . nd mu(;u ud t 

and necr i (24 hour 

All the ntr I chi ken. had n lc i n ob 

.3.1.2 ro le ion of I hicken 

d on th 1r r •an 

fmmunosupprc i n a id gan of chi ken wn u . ampl 

of the bur al of Fabri iu and accal tonsils in • igu 6 rgan from I. · hick en 

1 .. 

h wing gros le i n and theil 1 pe tivc e erities at p cifi d p iod ar pre.- med in 

Table 35. Le ions v ere pre ent on 22 of the 2 rgan ampled the adrenal and p ning 

glands were negative during the tudy period. Gro s I . ions were au e ,t fr mall rgan 

on 0 (I -5 minutes) h ur, day I and I p i but pre cnt oth r ampling tim 

study period lesions were commonly ob erved n the lung 75%), ai1 . ac , liv r 58.3% 

each) spleen (50%}, I rachea, kidney ( 41 .7% ), and co1~unct i a, heart 3%). At ne 

h ur p.i, there were 6 (25% rgans with lesion • nam ly, lung , trn • .l ca, air 

liver and heart only The rgan increa cd t 14 (58 3%) by the third h ur a th r w r 

le ion n the c njunctiva. th)IIIUS. I larderian gland pancr a , brain, kidn • larg 

inte tine, and the peel ralmus lc. AI the i th hour. rgan with lc.-ion inc1ca d tn 16 

(66.7% due tole ion on the r an, and bursa f htbri iu II lh 

twelveth hour 22 organ had h wn a lc i n a pr ntriculu , du d num, midgut. caecal 

ton il and the comb wer po ilive n t 12 h ur 

post infection. By these nd day pi, the1e were ew rgan that w r 

observed on the lung airsac • plcen liver and the kidney he c ! ,; i n b cam limited 

to the lung ajr acs and Jjver on the third day and t the lun at ne • day 5 and 7 p.i. 

The econd week p Linn cti n had no I i n b erved on the rg n .•. fhe ith 
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lesions increased from a total f6 at one hour, p.i to a ma imurn 1 2 1 lh 12 h ur 

and declined to I, at day 7. Le ion were mild 60 (78 9%) oth r m tcr 1. 1 ( 1 2%) 

and the rest were severe 6 (7 9%) ones Moderate t \CI m tl 

on the lung (1 hour - day 2) arr acs 24 h ur ), I rachca 3 - 12 h ur , pi n, It r 

and the kidney (12 hours). 

A total of39 inflammatory le ion were rcc rded from 22 of the 2 ~ organ . amin d 

per bird over the 14 day tudy peri d as in I chicken , a pr . cn~~:d n 1 bl 

Their distribution wa like inNIS chicken . N le ion. were b cr\' ·<.l on 0 h ur 1 rh and • 

the I 4111 day p.i but were pre ent other . ampling times Durin, the tudy p ri d th 

commonly observed le i us\ ere pneum nia 75%), air sac uliti (6 7°'o). tr u 

necro i splenitis and nephriti (58.3%) fibrin dep it1 n fibrino-puntl nt e. udation 

fibrosis, and hepatitis 50%). 

At one hour p.i I (3 3%) le ion congestion, 

haemorrhage, oe~ema~ emph ema, pneumonia, air acculiti , traclh.;it' , pi uriti , 

peritonitis pericarditis hepatitis, plcniti and nephritis n the thir h ur pi 25 (6 . I% 

mucu exudate collap d and hepatization fthe lungs inu iti , niunctr iti 

purul nt e udate nccr i fibrin -purulent udal , pcrihcpatiti and pi nic p uliti 

were observed, making a total f28 71 .8% 

twel eth hour p.i 36 92. % ion had been b rvcd du l the rding 

palene thick air acs ur ale d p . iti n, splen m gaily, h pat m ally, and nt riti . 

he Ia tie ion to be recorded were ciatic nerve m elili at 24 h ur and pi nic atrophy 



I I 

on the third day p i. Mo t rgan c. pr . cd I 

day there were fe\! le. ion ob rvcd . nth 

to 2 t I i B 1h fi h 

no 

lesions recorded. 1 he number of lc i n increa. d fr m 1 t 1 h ur, 1 , a ma. imuru f 

at 12 hour and gradually declin d t on day 7 p.i. o t I mild { 112 

(66.3%)} moderately evcre { 8 22 5%)} and I I..%) 

lesions were air acculitis 6 - 2 h ur ), pncum nia haem rrha e, pun• lent xud tc 

fibrino-purulent exudate llap ed and 

hepatization of the lung 6 hours), and cmphy ma J h ur.} 

difference between rgan with I . ion ughth 

difference was n t latistically i nificanl (p aul 5 and 6 

AJI the control chickens had no I ion on an of their rgan . 
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Table 35: Or an of non-immun uppr ctl ( 1 ) ;nc.J immun d {I. 
chicken with gro. I ion anti th ir t\ rit , t p i 1 

Organs Chicken ~ur _post infccti n Da ~·s p_o~tlnft.-ction ,- % I i 11 

!'7------t-tr_ea-=-t _m...:....cr...:....lt~O I 6 12 24 l._J_ 5 
1
J. lo 

1
..!.!_ per organ 

Lung NIS - 2 J - t 2 2 2 in 1 - 75 

1-:-~---~--'-s _ _.._-_, J 2 2 1 1 , - - 1s 
I 1(' '-- t- - -..J--:.~---1 

Trac 1ea Nlu - I 2 3 2 I I I - • - - 58.3 
IS - I 2 2 2 I - - - - - - 41 .7 

t-c-=-o-n--=-~u-n-c----=ti_a __ ,_N_l_S __ ,- --:- i- 2 2 1 - '--:-- --- - - - HJ 

IS - - I I I I - - - - - - 3 
1-Aj-.-r-a-cs---+...:....N::...lS--~---~ 2 - - 2- -1 I - • -- - 6 7 

IS - I 3 J 2 2 I I - j - - - 58 3 
---l 

NIS - - I I 2 2 I I I I - - - 58 
IS - I I I 2 I I - - - - 50 1--:-----t---'----+--1--1-- ,--

Liver NIS - - I I 2 3 I I I - - - 7 5 

Spleen 

1------+-IS __ --+--- I I ~ ~ ~ - ~-~~..!_1_L ___ -
1

_ 83 _ 
Hearl NIS - I ~ 2 2 I - - - - - - 41 7 

IS - I I I I - - - - -1-------1-:..=._ __ ..._-1 ·--·- f- - --
NIS - - I 2 1 I - - - - - - 3 Thymus 
I - - I I I - - - - - - - 25 5 --- -------- --

Harderian NIS - - I I I I - - - - - -
~g.._lla_. n_d ___ -t-IS_' --+---I - I I - - - - - - - - .:...:16:.....:.7 ___ 1 

Pancrea NlS - - I I - - - - - - - - 16 1 
I<' - - I I - - - - - ,- - - 167 1-----·-jl-'u----+--l-1- __ :_:_ __ -I 

NlS - - I I 1 - - - - I - - - 25 Brain 
lS - - I I I - - - - - - - t-.:2::..;:.5 __ --l 

Sciatic nerve NIS - - I I I - - - - · - - 25 
I(' I I - - - - - - 16 7 

1-K-i-d-ne-y---11-N-'--
1

~1 • -- - - 7" 11 2 T -~- -- -- -- -- -- ~4.;;..1 ..;..7 ---1 

JS - - I I 2 I I - - - - 1_41 7 
'Tc ti_s!_o_v-ary __ ,_N_:;..I '-- - - 'I I - - ~ - 1

-:- • - - 16 7 --

IS - - - I I - e-:- - I- - - - 16 7:.__ __ 1 
NJS - - I I - - - - - - - - 16 7 Adrenal 

1-------+'--:-:-:s :-----t---+-- ---r=-- - - - - - - - ~--•-----
Bursa NIS - - I I I I - - - - - 3 
Fabricius IS - - I I I - - - - - - - 16.7 

Table 35 ( ontinucd on th nc t pn e) 

b . c I . I . d Legend: a - Mild le i n ~ - derate lc 10n · - e cr 100 • - 1 n en, -
percentage each organ was po iti e during 12 sampling at ~' .... sp cilied time 



Table 35 ( ontinucd) 

Proventriculus 

Duodenum 

Midgut 

Large intestine 

Pruning gland 

Comb 

Pectoral 
muscle 
Total mild 1 

Total 
m derateb 

-----
2 

egend. • -Mild Je. i n • h - Moderate lc ions, c - e r I~ ion.~-
per entagc iti e ampling ul the 12 in th . pecificd I i•n 

2 calculated ,,h,c = l 17 p 0 OS) 



Table 36: Gros le ion and thck <•rit n ud 
specili d tim 

Lesion 
-..-

hickcn I lour post wfcctJon ();n~~ mrc lion % lesions 
lrC.'lllll Ill () I 1 6 12 14 2 ' 5 7 Ill 14 per OlfJ111

1 

Congestion NIS - ly T 17 1- '1 
,_ -- 2 1 2 (i(, 7 

IS - I 2 3 f-2 _J_ - . - - - 41.7 
Haemorrhage NIS - 2 2 ] 2 2 I 'I - I - (.(, ,1 

IS - I .2- ,1._ 1 I - . - - - - 41.7 
Oedema NIS 2 -2- -- l 1 2 I . - - - - ~) 

IS - I 2 2 2 I - . . - ~...:._ • 41.7 
Purulent c~udale NJS - t-2 - - 1-- . J 1 1 2 - - - 417 

IS - - 3 1 2 2 - I - - 417 
Fibrin exudates NIS - ~ 

~- - T 1---- -- I 3 3 ] 2 I I 75 
IS - - 2 1 3 2 2 I - - - - 50 

Fibrinopurulent NIS 2 1 3 1 2 417 -- - - - - - -
Exudates IS - - - 3 3 2 2 2 I - - - 50 
Necrosi NfS -- - - I 2 1 2 I l - - - 50 

IS - - - 3 2 2 2 2 2 I - - ~11.3 

Emph scma NIS - I I I 1 
. 

'i() - - . - I - - -
IS - I 1 2 I - . . . - - J:l.J 

Fibro is NIS - . - . I I I 2 2 I I I - 58 J 
IS - . - . I I I I I ' I 'i ) 

Frolh NIS 
- - 2- - - f-- -- . I 1 I . - - 111 

I . I 2 I - . _. 1-=- . - 1'i -- ~- 1-
Palen Nl - . - - I 2 I I . - Hl 

IS . - - ,2._ I . I - ' . - 25 -
Thick airsac NiS 

1- - ~-::-
,_ 

. . - - I I I I 41 7 
IS - . . - I I 2 I - - - . HJ 

llydropcricardium NT$ - - - - -- - . I 2 I I - - - - - 31 J 
1 - - I I - - - . - - - - 16 7 

Mucus c.-.;udatc Nt - - - - - 'iiU I I 2 .l I I I - - -
IS - . ~ J ~ I - . . - - - 113 

si ls NIS - -
Umtcd - . - - I 2 I I . - . - Hl 

I - - - - I I - - . - - - 1(1 7 -
Collapsed lung NIS . - - I 1 2 I I . - - - 41 7 

I . - I 1 2 J_ - - . . . 1U _ 
Lung hcpati~:a lion 

- - - - ,_ 
Nl. - I I 1 I -H.7 

I . . I 1 2 - . . . - . 25 
Splenomcgally 

-- - ,_ 1--
Nl - - I 2 2 2 I I - - - . 5() 

JS . - - - I 2 I - - - . 25 

Hcpatomcg.ally NJS 
t~ 

I I 
1- -50 - - I ] 2 2 - - -

IS - . - - 1 I I 1 - . - . JU 

Pneumonia NIS - 2 3 3 3 3 2 I I I ~ 81.3 

IS . I 2 3 3 2 2 I I I - . 15 

Table 36 ( onlinucd on th n t pa ) 

Legend: d - Mild le ion · c - derate I ion ~ r- e ere le i n • - !-- ion en J -

percentage each organ wa po itivc during 12 mpling at the pe ified tim 
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Tabl 36 ( ontinucd) 

Ai rsaccul il is NIS - 2 2 J 1 J 2 i" ,.., - - - 667 

IS - I 2 1 1 3 2 ~ I - - 66 7 

Trncheili NIS 'I I J 2 2 I ,- I 
1-

667 - -
I - I I 2 2 I - - - - - 41.7 

Sinu iii N IS - I I 2 I I 
f- 417 - - - - - -

I - I I I J_ - - - ~ H.l 
-- 1-:-- - 1-

Pleuritis I - I I 3 2 2 J I - - - - CiK l 

I - I I I I I 
~ 

- - - . - 41 7 

tp ' is IS r-r- t-
,_ 

cntomta - I 1 l I I 'iH 1 

I - - I I 2 I I - - - - . - ·41.7 

r--coojun ti,l la - I. 'T I I I - - - - - - lll 

I - - I I I I - - - - - - n.J 
rdJLas-- - - - - - -- - - - - -

P ri Nl - - I I 

~ - I I J - - f--
M rdata I I 

IS - - I 2 
'2 II liti NIS - - I 

I . I I I 

Penh patlli 
-- f--

I - - - -
I - - I 

1-:. 
plenati 

- 1-
I I 2 

IS - ,.L I 2 
t-: pi 111c capsuhti 

--
Nl 
I - - - ~ 

plena 
1-

atr ph\ I - - - . 
I . - - -- 1--

NCJ hriti Nl. 1 I 
I - I I I -

Entcrili I . - I I 
I . . - -

M ning,i ti I - - I I 
I . . I I -- - - T CI"\ Crtny lata Nl. . . I 
I . . . 

t-= - 1-
Our atas 1 I 

I - I 1 --
My .i li I - I I 

1 . I I 

!Total maid a-
- 'o I (I IX l!i 

I II 1-P-- ,...!!. ,..!..!.. 
T tal moderate ' 

--'o I .s (, .. 
I n () (, (I 

Total C\Crc r -Nl. () () 1 n 
IS () () I II 

X 2 calculated d.e.f. = I 6 (p>O 05 

I I - -
I 
'I 

I - -

I . - -
2 2 I I 

~ I ~ --,-I 
I -

~ ~ 2 I 
I I I I 
I I . 
I - - -
- - - I 
- - - I 

I I I 
2 ~ I I 
1 1 1 
I ,_!__ - . 
I 
I 
I 

,_!__ - . 

. I - ....:....... 
I I I 
1 I . . 

'I 
I I 

I ;II 
. 

I ( IH 17 
20 2.S ,.L I~ 
11 II H 2 

I~ ' 7 2 
R 7 () () 

6 I () () 

- -
- -,_ 

-
- . - -
. -

f-

- -
I I • 

- -
- -
- -1-
I -
I -----·r 1--

. -

. . 
-1-

-1-

-1-

--II 'i 
!i 1 

'1-1) I () --u n 
n I n 

-
-
-
-
-
-
-
-
-. 
-
-
-
-

1-

-
. 
-
-. 
-
. 
:l 
I) 

'n 
,t-

() 

- ]l 1 

- 41.7 
- lli 7 

- l5 
- SHJ 
- 511 
- 1(,,7 

- 167 

- !ils:t 

- 5HJ 

- 167 
- 1(17 

- 1(1.7 
- lli 7 

- 50 
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l .3.2 Patho r /~multo ·iJu or .tni m • Ju.lt tl r m hi t p th logj • I 

I i n of chi 11 or • u 

l .3.2.1 IIi t patholo~i II iou in hi n 

rgan front tiv 

s veriti at a1 pr nt d on 1' bl 7. All or ans had hi I ath I ic I 

le ion di tributed v r the tu p ri d, e ccpl at ( 1-5 minut hr nnd da I p. i 

ver the study period I . ion " r 

heart (75%). airsac ~pte n li r 7% , pr vent iculus 58 3%, onjun ti a larg 

inte tine 50%) and thymus, brain idncy. bur a of ·abriciu . midgut,~~ d 

(41.7%). 

Within one hour p.i, le ion -. cr 5 2%) rgans. namely: lung, 

trachea, conjuncti ~air ac , plcen, li cr, heart. brain kidney, adrenal t:;
1<4nd, 

pro cntriculu , caecal! n ils and the large intc tine By the thi1d h ur pi, organ with 

lesion increa ed to 18 75%) du t path I gy in th thymu., liard r·,:a gland, iatic 

nerve bur a of Fabricius, and du denurn rgan with I i 11 further t crea d to 22 

(91 7%) by the ixlh It ur duet path log in the pancrea midgut pruning gland and 

the comb. At the twelve hour p i. all 24 organ had path I gicalle i n including the 

rgan and pectoral mu cle . 

Organs with hisl pathologicalle i n increa d r m a l tal f iJ at on h ur. pi 

a mwomum f22 at the twel th h ur and decreased gradual! to I at Jay 10 fth 

study. Most rgans c pres ed le i n b tween I and 2 hour. p.i. hereafter organ with 

lesions decrea ed to eight namely lung trachea air a s, spleen liver. ~ro entri ulus 

and midgut r c mb on day 3 and 5 pi, and to rgan n day 7 pi. namely- lung , 
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trachea, and heart and to lung alone on d y I 0 p. i. 1 t hist p th lol!i J 1 ion. \ r 

mild I 07 (82 3%), m derat ly ·evcre I 5 11.5%) and , rc 8 6 2% 

lesions were observed 1110 tly on the lung (6 h ur - da 2), ir c. f1 12h ur ), ttn h 

3 hours , and pleen (6 hour ) in that order 

total of 20 dim r nt t ypc of hi t athol gicaJ I 

organ over the tudy p ri d a pr cnt don !'able .38 'I h s w tc ·ongc ·tion. dcma 

in lis ue and ar und bl d mph ma, atcl ta i . fibrin 

deposition, infiltration of ti uc · y hcte10phil , m n nuclear cell . Fig 7 , and giant 

cell granuloma fonnation, mu ·u exudate, urate d po ition, dcgen rati n ofth 

epithelium and blood ves el ( pecially arteries and arterioles), thrombo i · fi nnation in 

blo d ves el , mu cular degener ati n e. p cia II on the hcan with predominant zenker 

degeneration) depleted lymphoid ti~ue , necrosis fibro i and erositi mainly on th 

pleura, pericardium, and intestinal er a As in ro re bserved 

at zer hour and day I pi. mm nly b rvcd lc ion w rc infiltralt n with 

heterophils, and mononuclear cell (8 3 %, ach), c n c ti n, lymph .\1 cell depl tion, 

necro is 66.7%, each ; degenctation fbi od ves el 5 o,o) and .Jema.. giant cell 

and fibro is 50%). 

One h ur p i I 0 5 %) • rv d lc ion , w re nge.t1 n, tiema ha m rrhagc , 

emphy ema alelecta i infiltration by hcl rophil, lllOilonucl arc lis and giant c II • 

degcnerali n ofbl d ve el , < nd ti uc nc ro i 0 th third h ur :J .i lc i n incr a cd 

to 15 (75%) due to fibriu depo iti n, mucu exudation de ,enerati n I the epithelium, 

muscular degeneration and lymphoid cell depleti n ob crved in ariou organ . After i 

hours p.i. Jeai ns in r a cd further to 17 (85%) as fibrin us thr m . iF in bl <.1 ve el • 



and ero iti w r record d n th t~ I th h ur pi, gr nul m;t in 11 

lung and airsac and a 1 tal w •c rc rdcd and 

and atelecta i ) were n t 11 . t 2 hrs p.i. th ural 

and fibro is were b rvcd. 

The number ofle ion incrca d fr m I 0 at nc h ur. p.i. to a m~1 unum 17 at i 

hours and dccrca d gtaduall n da 10 p.i ilfercntl i n. had l n r rd db 

twenty fi ur hour r ached a p ak fr rn tht e t l\: nt four h ur p 1 

thitd day, th tc w tc few I . ions b 1 

11 the ec nd week f th' stud , cca i nal infiltration with h ter phil and 

mononuclear cell , and fibr is w rc rc 1 u d Maj rity f the I 

58. %)}, modcrat {28 (25 . %)} and evere { 17 15. o/c)} n 

lesions were ol> erved ct \: 11 h u1 s and 2 day 1 

w r mild {6 

th 

were conge tion -24hour ) o dema ( -12h urs) h t r phil mfiltrati n (6-2 h ur ). 

granuloma fi rmati n ( 12-2 h ut ) and n cr sis (6-24h ur ). 

No le i ns wer b erv dun an fthe 1 •an fth c ntr 

I 0.3.2.2 IIi topatholo i nil ion in I. hi k us 

Organ from I ' chick 11 with hi t path logical! 

everitie at pccificd ti111e a1 p1cs nt din 'I able 7 t tal f2 out of2 rgan had 

hi topathologicalle i 11 distr il utcd vet the tudy p r i d, but th pan 1 ca , cia tie nerve, 

pruning gland~ and pect rat rnu. ·Je \ ere n gati e Th r wcr n I .. i n 

1-5 minute h ur and day I p i 1 lung 
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airsacs (75%), trachea, liver, bur a of ·abriciu (58 3%), spl en (50° •• ). h rt krdnc , 

proventriculus and duodenum 33.3% 

Within one h ur p.i, 8 (3 %) organs with lc ion , were lung, tlcl\ltca mrsac. 

spleen, liver kidney sex organ and bur a of ·abricius By the third h ur pi, tgan \ ith 

lesions had increa ed to 14 58.3%) due to path logy in the conjunctr•.a, heart th mu 

brain, adrenal gland, midgut and the comb. On the sixth hour pi, II I 15 8% organ th t 

had lesions were: midgut proventriculu duodenum caecalt n ils, ami large inte tine. 

At the twelveth hour p.i, 12 (5 %) rgan had expre sed path log at one tint 

another. At twenty fhur hours I 6 rgan had lesion . The Ia t 

Harderian gland on second day p.i. 

n wa 

rgans with hi topathol gicallesion increa cd from a total of8 'J the I~ h ur p.i, 

to a maximum of 16 at the 24111 hour and decreased gradually t _ at day J 0 f the tudy 

Most organs showed le ions betv een 3 and 24 hours post infection. Tlt•·reafier organ 

with le i n decrea ed gradually t eight, namely Juug , air ac pi 1 n liv r, thymu. , 

Harderian land, bursa of Fabriciu and the comb on day 2 and t c,rg:\11 n day I 0 p i 

namely: - lung liver and bursa f Fabricius Mo t hi t pathological lc$tOn were mild 

59 (67 1%) rn deral cvcre I 12 5'}o) n s e ere Jc i 11 

were ob erved mo tl n the lung ( -24h ur , airsa ( 12u' h ur . tr t.;hea, spl n, liv r 

(6-12hour ), and heart (I ih h ur) 

At tal f20 di rent t p ofinnarnmal ry le i n were recorded fr m the 24 

organs on histopatholo •icaJ e aminali 11 o cr the tud p ri d a pre ented in Tabl 

A in gr ss ign , n lc i n w re ob erved on an organ at z r 1-5u·inut h ur and 

day 14 p.i. ommonly encounter d le ion. were lymph id ell dept ti )Jl I -o), 



inftltrati n with hctcruphil · (58 l%), ft rind 1 Ilion ( M 

necr i ( 500/o ), cong t i n. and u d ma ( 4 I 7°'o) 

At nc hour p.i, 5 (25% I . ions ob rvcd were conge tion , mph . ma 

inftltrati n by het r phil. and lymph id cell dcpl tion Oy th third he c~ 
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increa cd to I 0 50°;o) a. haem r rhagc. a tel eta. i , fibrin dcp it ion. dc~cn ration of th 

epithelium and mu ular tis ucs were r corded. flcr 6 h urs p.i lc ior ancr ascd to 16 

(80%) a ftbrinou thr mb . i in hi d scls, m n nu lear c lis, gic~,,t cell , 

granul ma. mucus e. udate, urate dcp it • necr i and fibrosi were r c rd d nthc 

twclv th h ur p.i mu cular d , n rali nand cro iti were I . n. d to rn kc a total of 17 

(85%) le i n r c rd d All th I . ron had b en • r d at 12 h llll pi At 24 hour p.i. 

th le ·i n were 14 (7 %). 

The number f le ion incrcas d fr m J 0 at I h ur p.i, I a ma. imu 111 f 17 at 12 

hour and decreased ,radually t I n day I p.i. I he main peak fthe I i n were n 

the third hour to the •cond day pi By the third day p.i, there" er 

On the s eond week of b e ation nly I mph id c II d pi tron wa r rd d 

ere mild { 6 (72 711,o)} other were 111 der a tel ev r ( 18 

(20.5%)}. and severe {6 6.8%)} nc M t ofthe e ere lesions w n· "' erv d bctwe n 

3 to 24hours pi. The vere t lc i n were conge tion ( -12hour ·). edema (3-6h ur) 

heterophil infiltration h ur s- 2 days) granuloma fonnation (6 h urs) lind n rosi ( 12 

h urs - 2 days). N IS chickens had igniftcant different total number org ' n with le ion • 

and evere, and mild lc i n than I bird (p<O 05) 

No le ions were bserved on any of the organ of the c ntrol chic~ en 



abl 37: IIi f pathot ~icall ion. nd Ch ir " rit 
chicken at p cifi d tim 

Organs Chick-en I I urs post inrcction 
treatment 0 I 3 

Lung Nl 
--1-

- 2 2 
I - I 

i- -Trachea I , - I 
IS - I I 

Conjunctiva NIS - I I 
IS - - 1 

Airsacs NIS - I 2 
IS - I I 

Spleen NIS - I 2 
IS - I 2 

Liver NIS - ~ 12 
JS - 2 2 

Heart NIS - I T 
IS - - I 

Thymu NIS - - I 
IS - - I 

Harderian NIS - - I 
gland IS - - -

f--
Pancreas NIS - - -

JS - - -
Brain NIS - I 1 

IS - - I 
Sciatic nerve NlS - - I 

IS - - --
Kidney NIS - I I 

IS - I I 
Testi /o ary NlS - - -

IS - I -

Table 37 ( ontinu d ne t pa c) 

Legend: 8 - Mild lesi n · 11 -Moderate I 
percentage each rgan v as p 

6 12 
J J 
2 2 
2 2 
2 2 
2 2 
- -3 2 
2 

- -
3 2 

-
2 I 

] 

2 I 
- 3 
1 I 
- -
l -
- -
I I 
- -
2 I 
- I 
- I 
- -
I I 
- I 
- I 
1 -

24 
3 
I 
I 
I 
I 

~ 
I 

~ 
I 
I 
I 

~ 
I 
2 
I 
I 
J 

-
-
-
I 
I 
I 

-I 
I 
I 
-

I 1 

nd IS 

Days post i•1fcction %1 i 11 

2 3 s 7 ~ 14 per organ' 
J' i" ~~- I I :- 83.3 

I_!_ I I I - - 83.3 
I I I I - - 75 
- I I - - - 58,3 

f- - 50 I - - - - -
- - 1 - - - I 7 

• 
I I I - - - 67 
I I _!__ I - - 75 
I 1 1 - - - 66.7 
I - .:__ - - - 50 --
I I I I - - 6 7 
I - - - I - ._58 -I 1 I I - - 75 
- - - - - - 333 - f-
I - - - - - 41 7 
I - - - - - 2 - 1- ,_ -
I - - - - -
I - - - - - 16.7 
~ - - '- - - -

I - - - - - 25 
- - - - - 0 

1-
41 .7 

- - - - - - 25 - - 1- - ~ - -
I - - - - - 3 1 

- - - - - 0 
~ 

4 1 7 
- - - - - -- -
I - - - - 25 
- - - - - - ,_1 7 

n en, J 

cifi d t1me 



Table 37 (ContinuetJ) 

Adrenal NJS - I I - - I I - - - - - -3JJ 
lS - - I - - I N - - 16 7 -

Bursa of Nfs f- !- :-- - 1 I I I I - 41 ,7 
Fabricius lS - I 2 I I 2 I - - - - - 58 J 
Proventriculus NIS - I I I 1 I - 1 l - - - 58.3 

IS - - - 2 - 2 - - I I - - 33 .3 - 1-- -Doudenum NJS - - I I I I - - - - - - 33.3 
IS - - - I - 2 - I I - - - 33.3 

Midgut NJS 
- - i-

- - - I 1 I 1 - I ·- - - 41.7 
JS - - I - 1 2 - - - - - - 25 

1- -
Caeacal NIS - I I I I I - - - - - - 417 
tonsils IS - - - I I I - - - - - - 25 
Large NIS - I I I 1 I I - - - - - 50 
intestines IS - - - 2 - - - I - - - - 16 7 
Pruning gland NIS - - - 1 I - - - - - - - 16 7 

JS - - - - - - N - - - - 0 
j..,;.._ 

Comb NIS - - - I I - - I - - - - 25 
IS - - I N - - I - N - I 7 

1-- 1-
Pectoral NIS - - - - I - I - - - - - 16 7 

muscle IS - - - N - - - -1-- - -
Total mild & NTS 0 12 12 12 17 19 16 7 8 .4 I 0 I 8 

. IS 0 7 10 4 5 8 5 5 3 I 0 56 - - -
Total NlS 0 I 5 5 4 0 I 0 0 16 

moderate h IS 0 I 5 ~ L 0 0 0 Q_ IC 
-- - - - --

NIS 0 0 I 3 I I I 0 0 0 0 7 

Total severe 1 IS 0 0 I 2 5 () 0 0 0 - 0 0 0 8 

Legend: g- Mild lesion · 11 -M derate lc i n , ' - ·cv rc lc. i n , - o 1-;. i n n, 
N - Not done. J- perc ntage each rgan wa p iti edwin 1 12 amphng. at th 
specified times 

X2 calculated ~·i) = 6.37 (p<0.05) 



Table 38: Ui topathologicalle ions and their nd J 
I. k ·r. d . C IIC ens at speca ae tames 

Lesions Chicken I lours post infection Da)s post infcxtion '!'I I II 

lrcatmcnl 0 I J (j 12 24 2 J 5 7 10 14 per organ 
Congestion NIS - J 3 J 3., 3 I I I . . . ('1(),1 

IS - I" 1c J 2 J . . . - . 41.7 - - -- -Oedema NIS - I 2 ] 3 2 I . . . - - 50 
JS - I 2 2 I I . - . - - 41 .7 

Haemorrhages NIS - I 2 2 I I 
f-- - . . . - 417 

IS - - I I 2_ - - - . . 25 
Emph sema NIS I 2 I 

,_ 
f- ·-

- - - - - . - - . 25 
IS - I I . - - - . - . - - 16.7 

Atelectasis NJS - I I I - - - . . . . - 25 
IS - - I I I - - . - - - - 25 

Fibrin NIS - -I 2 2 3 I - - - - - - 41.7 
exudates I - - I 2 2 2 I I I - - - 51U 

Helrophils NlS - I 2 3 3 3 2 I I j 1 - 10 3 

IS - I 3 3 3 2 2 I 1 - - . 66.7 

Mononuclear NIS - I I I 2 2 2 J I I I - RJ.:l 

cells JS - - - I I I 2 I I - - - 50 

Giant cells NJS - I I I 2 3 I - - . - . 50 

IS - - - I I I - - - . - . 25 

Granuloma NIS - - - - I 3 3 2 - - - )U 

IS - - - 2 I I I I . - - - 41.7 

Mucus 
-

NIS - - I 2 I - . - - - - - 25 

c.xudates IS - - - I I - - - - - - 16.7 

Urate deposi ts 
1- 8.3 NJS - - - - - I - - - - - -

IS - - - I . - I - - - - - 1(, ,7 

EphiUtclium 
- - - -

NIS - - I 2 2 I - . - . - - 113 

de genera lion 
. 

IS I I I )ll - - - . . - . . -
'I '2 - - - -

Blood ve sci NIS - I 2 2 I I 5K,:l 

degeneration IS . - I 2 I I - -·-· - - - HJ 

Thrombosis 
1- 25 

NIS - - - I I I - . - - - -
IS - - - I I J - . 

~ - - . 25 

Muscular NIS - . I I 2 I I . - - - 1.7 

d generation I - - - - l - - . - - - IU 

Lyphoid NIS - - I I 2 2 I 'I I I - . (,(, 7 

depletion IS - 2 I I I I I I I I I - Ill l 

- - 511 
Necrosis NIS - I 2 J "l 2 I I . - -

IS - - - I 2 1 2_ I-!- I . - ,...:......_ ~0 

Fibro i NIS . - - - - I 2 2 2 I I 25 

lS - - - I 2 2 I I 2 I - - 51U 

Serositis NIS . - - I I I - - . . - . 25 
25 

. 
IS . - - - I I I - - - - -

Total mild " NIS 0 II 8 8 5 R 6 5 5 4 3 () (Jl 

IS () ... _ 7 10 ,...!Q_ 9 7 7 5 ") 

~ () 62 

Total NJS () () 6 5 6 4 .. 2 I II 0 () 28 

moderate " IS 0 I I 4 s 3 (l I I) ~ .J?- 18 

TolaJ se ere c NIS 0 () I 4 -..-- 5 I I () 0 () 0 16 

JS () () 2 2 I I () 0 0 I) 0 0 6 

Le end: a - Mild lesi n · "-M derate l ion , c - Severe lcsi n , - Nc' lesion n.-x~ 
g 

calculated ( ... b.~= 4.4 (p>0.05) 



FIG.7. CHICKE LUNG ROM NO -IMMUNOSUPPRESSED BIRDS 
SHOWING PYOGRANULOMATOUS FffiRINOUS INFLAMMATION 
(X40) 0 THE LEFT · AND 0 THE RIGHT IDG MAGNIFICA TIO 
OF A (X400). F = FIB EXUDATE· = HETEROPHIL· 
M = MACROPHAGE· L = L HOCYTE· R = ERYTHROCYTE. 
(HAE A TOXYLIN AND EO ST A ). 



1 0.3. 3 Pathogenesi. of P.multodtla or·g ni m 

nuor cent ;, .\itu h bridi7 ti n 

1 0.3.3.1 P.multm:itlu Fl II . ignnl in rg u 

cur n e of P.multo ·u/a r I. I l sign I in the 2 org ns at ificd im 

pre ented in Table 3 . All rgan h d P multo ula I· I II i •II I dUtiug th 14 d tud 

peri d, although ed at me stage during th pr c mg o th 

Fl I I test. Lung and tracheal lumen va•• u bird had P. multo u!.' 1·1 'II signal 

obsc cd from 7ero ( 1-5minutc ·an r ino ulation) hour up to 14'11 d<l f th tudy. a ign 

of it high sen itivity th r rgan comm nly fi und to hav P. multo l.l4r ignals r 

spleen and liver {83 3%, each), ai1 · cs 75%) bur a of Fabriciu 58 .3% , and thymus 

gland 5 %) 

Dy one hour pi, 10 ( 1.7%) 1g n with P.1111tltoc:u/a ignal, were -lung (Fig ), 

trachea, conjuncti a, air acs,liv r, tlrymu , . pic n, bur a fFabn iu 'Fig 9), midgut 

and large inte tin n th third hour, r gan with I . multowJ 1 ignal · 111cr a cd t 16 

(66.7%) due I ignal ob rvati 11 in the llarderian gland l'ig. ). brain. iati n rvc. 

kidney, ex organ, and the pr vcntriculu At i h ur the h r t. pam;r a., duodenum 

and cae al t n il sh ' cd P. mulfo('(c/a ignnls, making the t tal ob. c d rgan t b 14 

(58. %). The drop in number of rgan ' ith signal wa duet rlicr p iti e 

organs being negative at this hour ficr 12 h ur organ with 1'. mu/1( ·1da increa cd to 

16 66. 7%) as adrenal gland ~ a. p iti e At 24 h ur the pect ral rnu cle were p itivc • 

and orne organ dropp d the ignal uch that II 5 8%) organ WP.•C p iti e. t thi 

time only pruning gland had n ig.nal but it howcd a ignal n the 1411 Jay p i (Fig 1 0). 

Organs with P. multo ·ida were 2 at zero 1-Sminut afier in culati n, h ur and the 
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increased to a maximum f 16 at the thjrd hour 1 h y tayed hi •h hum I hour- 24 h ur 

but decreased to about 25% of the rgan ing p siti e fi r the' t ofth pc iod II th 

organ of the control birds had no P. multo 1da Fl II ignal 

1 0.3.3.2: P.multocitla fi'J II ignals in or an of J chi k n 

Occurence of Fl 'H multodda ignal in th 24 organ at 1 cifi I time arc 

pre en ted in Table 39. A total f2 I out of24 organ had th 

J 4 day ' tudy pc1 iod alth ugh orne rgan w rc mi d at . m tag during th 

procc sing fthe Fl ' I I tc t. The s ·iatic ncrv . pruning gland and th comb we• 

negativ . Lung of ariou birds had P. mulloCida ignal from I h ur until the 141
h day 

(91 7% of the tudy. ther organs where th bacterial signal ,. a· c fll••lonly del ted 

wer pie 11 and liv r % air ac 75%), trachea (66.7%), th mu gland bur a of 

Fabriciu and du dcnum ( I 7) 

At on hour p.i, 14 58.3%) rgan with I. mulw ula ignal , \1 C" · -lung, 

conjuncti a, air ac pi n. li cr (l•ig. II), thymu , llanJcnan gland~ 1 ctncrcas, brain 

(Fig. 12), adrenal gland bUI a f T·abriciu , du dcnum, mid ut and tar • int tine. n th 

3rd h ur rgan \1 ith P. multo tJa si •nal d crea d t II (4 8%) alth u •h Ill r ignal 

were o rved on the t rachca, h Hit, an ·a al l 

At i, h urs rgan with 1·1 II ignal were I J ( 5 % and deer •. d t 13 o,o at 

12 hour , alth ugh the peel 1almu le" a. p iti c •gan ,. ith P. multocn~1,. rc 

highe tat 14 at one hour p.i, and tayed high fr m one hour to 24 hour t decrea 4 

at the I Olh day. All the rgan from the contr I ch.icken had n fJ. multoctda I II ignal. 

The NIS had slightly m re signal than I chicken though n t diller nt tati tically 

(p>0.05). 
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lu nt in .'t i lu h rid iuafi n ( Fl II ) dan r~ n f 

and I hi k us f p ifi d tim 

()! {e:IIIS 
.- . ~ s. In :11 1~,-..:. l~ ~'!.'.!!....... [~'1!_·~~ ''• lrcnlm~:nl 0 I lL (, ll 2-1 l l 7 lU 11 Ofl',llll 

J.ung NIS + -t ~ -+ + .. + + ... + ... .. . 12 
IS - I I I f- I • I II 

lra ·hcn -NIS -- -- --1- -·-+ + + I ... + + • 12 . 
IS - . ~ .. I + . I . 8 

lconjllll tivu NiS t - 'T --.. + + - - - - - N -1 
IS - I .. + - - . . . . . J 

At . 'l" t-f1s --t-;- -- -- !-;-- J.-
,_ 

+ I - + - I) 

IS . I . • .. I I I I - I 1) 

Splet:n NIS --1- -- --,_ --- • I I .. t • I ' I - t Jl) , .. - I I f I I I I I Ill 
Liver NIS -- -- - I~ 1--- -- --'-.:--t ... I .. ' ' Ill 

IS - -1 + + N I • I - f 10 

'f lcart NIS 
1- -- -- --1---1---- . I I - " I~ . . .. + - - I - - - - - .l 

Th ~nus NIS 
1- -- -- --1-- + + ... + .. . I - - - - 6 

IS - ~ I N N I I . - . . s 
I Jardcrian gland NlS -- --f- 1- 1- --!- J - . I . . -

l' - of . - - - - - . - . . I 

Pancreas NIS - . - .. .. .. - . - - . - .l 

IS . • . I N . . - - - + .l 

Brain NIS N f.- "'iii 1- ---- J - - I t .. . 
IS - . . - .. ... . - . - 4 

Sciatic nerve NJS 
,_ -- ·~ 2 - . + . - . - . N 

IS - . N - - - . N - - . - 0 

Kidn y . NIS 
- + 3 - . + . + . . - - . . 

IS - . - - . . .. - . H . - I 

Tcstis/o ary NIS 
1-1- -- ---- -- --1-·-f- 2 - - . - . - - . - - ' JS - . I . .. . - . l_ .. - N 4 

f--- 1-
Adrcnul NIS . - - . + . - N - . . . I 

IS - t - N - - . . - . - I 
1----- -- + ·- -- - 7 Bursn of NJS . ~ ·I I 1- - - • I 

fahttcius IS - .. I I . + N . - - ~ 5 
Proventriculus NIS . . I . - - N - - - - I 2 

IS . N - . - - - ... - - - I I 

Duodenum NIS --~ 1- -- -- -- -- - --- . I .. ' I - " IS - I I I . I . - . . .. 5 

~ fj --1- -- l Midgut NIS - I - N + - - -
IS . I N - .. . . - i - . N l 

<..:a~:cn l tt>ns1ls- --1-;::- --1- -- 1-
I NIS - N + 

1,' + . N - . :l . . . - - -
1--- --f--

,_ 
2 Large intestines NIS - + + - . - . - - . -

I~ - I N - - - t . N N - - 2 

J>nuung gland NIS - . - . - - - - - - - + I 

IS - . N - - - - . . . - 0 

Pectoral muscle NJS . N N N - + - N N . N . I 

I - N N ~ + - - - - N - - 2 

-Comb NIS - N + N - - - N . . I 
1!4 - N - . - - - . - - - - 0 

.. 
I ' I - N l done -Legend.+ Post tt\C stgnal. Negative g mi. N o 



F G.8. CHIC LUNG FROM 0 - OSUPPRESSED 
BIRDS S 0 G: A BACTERIA AIR 

CAPILLARIES AND (B) PNE 0 C LES ONS POSITIVE 
FOR P.MULTOCIDA 0 FISH TEST· A D (C) CO TROL LUNG. 



FIG.9. BURSA OF FABRICIUS (A) SPLEE (B) A D HARDERIA 
GLAND ( ) FRO 0 -IMMUNOSUPPRESSED C C 

POS TIVE FOR P. MULTOCIDA 0 FISH TE T ( 0 

B 
0 



FIG.lO. PRUN G GLAND FROM NON-IMMUNOSUPPRESSED 
CHICKEN POSITIVE FOR P. MULTOCIDA ON F SH TE T 
(ARROW). 

-



FIG.ll. LIVER OM I 0 UPPRE SED C CKE : 
(A) PO T OR P. MULTOCIDA (ARROW) , AND (B) A 

GATIVE CO TROL. 



FIG.l2. BRA (TH ARROW) AND ME INGES (THIC A 0 
FROM MMUNOSUPPRESSED CHIC HOW G 
P. MULTOCIDA POSITIVE 0 FIS TEST. 

-VI 



10.3.3.3 omp. ri n b l nih P. mulu it/a II IJ i •u.l in 

chicken mo t rgan 

p>O 5 r, 1 

kidney, prunin, gland. ur a fFabriciu • an th •m•l. rl mot 

b erved in 1 

ignals than I l vario 1 IS ( hi k 11 had 111 

signal pre sed etw n l h u1 t 24 h ur 1 .i whil I, ch1 k n had/' multo ula 

ignal that peaked at 1 h ur p.i, and ta ed hi h up to h ur an 

Whereas it was pos iblc to del cl or •ani. m at 0 h ur fr m tit 

d th r llcr 

b ervcd in l chicken . 

l . .4 Pathogen . i of P. multodtltl organism a • luat tl th•·ou$?,h h. t ri I•· 

i I. tion from le ted or an 

10.3.4. I P.mu/to ida o ani m re-i ol. led from I chi ken 

Iucken 

lun 

pi n li r and pruning land I umltoac./, r 

liver (25% and caecal l 

recovered up t the 7°1 day p.i, \ hil th e fr m ther rgan. w rc r th 

second day p.i Mo t flh l'avh•llrclla i I l 1 d wilhin 7.4 h ur p i 



fat d r 111 pnmin gl. 11 no c1 

incrca d t • a th y wcr r • ·r d 110111 th 

and liver -6 h ur p i. and 2 i 

and pleen, whit at J 2th h ur p. i, i 

mlh I m 

pi and liv r. 

t24h ur pi,2i olat \ r cultur dfr rntlt or pita n onl ,r<.ltw p.i 2 

lat from the lun •s and ca call n il n th "1 and t1' <.l • i. lttt w r c hUlcd 

I 5 

fr m the lung and ropharyn . 1 h rc w r n i 

c no week of the tud fr m infected hi ken 

lJ Ofll 11 ()I g· II Oil th 

All rgan f the contr I chkken w re n gativ for /'. multu 1£/a r gani m. 

1 .3.4.2 P. multo ida ,. ni m r -i ol. ci n fr m I chi k n 

P.multo icla organi m i latcd fr m c en 

are pre ented on Table 4 . ame organ a f1 r 

hick n. at ari u p ri< d 

hick en 

organism were recover d from the oropha n °'o lung (5 % . ca 

25%) liver and pi en 8. % cc: ch). J late fr m the r ph ryn. cr d up t 

the slh day whil th c from thcr 

M st 1 .11mlt id 01gani m 

reco ercd from pruning ,Jaml and aca At zcr • I, and 1 h ur pi. ·I i lat 

rec ered from ari u rgan and 

caecal ton il , and li er A total of 

lnt s at 24 h ur ft m th lun ·• 

nd 

or pharynx at zcr hou pi, I hour, p.i, fr m th lun • r ph. 11 and pi nand at 

hour p.i from the lun • or phnryn, and ca cal t n il t and 12 hnur pi 

each, was recovered fr y 24 h ur pi, 6 i lat w re r er d 



I t nd th liv 

· I t m il n da 

w' r lmany fth·tr an unth 

p riod. 

1 ch1cken had li 1htly m rc i · lat thttn I 

tali tically ignilicant p .05 

I' multocrcla r 'ani m \.\ 

n r 

uml 

n t 

10.3.5 mpnri ••n h t t' n the four te t. for J~multocitla or~:mi "' in ntll 

hi k II 

l .3.5. t mon th hi k II 

mpari n f the 1 e ult oft h fl ur m in t t undertaken n a f w I. chi ken 

1 1an wher all te t were d nc at sp ifi d p ri d. are prCl 'Ill d in '! a lc 41. I I Ill 

results c mpared ery v ell with gr and hi t pathol g r ull '"' ll n f /'. 

multo ·ida by cullur and fol ' Ill st \! rc mparabl up t day pi. th rc ancr. tl H. f I 

te twas [I und to detect the bactcri b ltcr in th lung trach ( r ph. ryn. ). pi n, 

liver and caecal ton il . P.multo ·ida Fl ' II ignal wer found in th ptuning gland and 

large int tine , but no acteria were i olat d fr m th I aca nd prunmg gl · nd. 

10.3.5.2 mong the I hicken 

ompari 011 fth 1 • ults ofth fl ur 1 t. uud rtak ·n n a~ I · ~.:hi ·k n r '811 . • 

where all te t were d neat p ilicd peri dare pr 4 I I I II t t r ult 

compared well with th c f ro and hi t path log f P mu/toc:.ula II II 



ignal and culture method wcr comparable up to 24 hour 

was fi und to detect the bacteria ucucr iu th lung 'trach 

cr, th I· lSI II 

n liver 

caecal tonsil. and larg inte tines (cl aca) Whereas. P.mul!t)(.'tcla Fl II ign, I \~ rc 

157 

und in the large int tin , no bacteria wer i lat d fr m th clu, c~ ~ 'lbs 

lmmrnediately after in culation. P. multo ·Ilia c uld only be dete t d by H ·111 1 r 

bacterial culture. Afier one hour, p.i, all tc ts were able t del t th rHgani m ·tecti n 

of 1'. multo 'fda wa po il>lc in I chicken rgans up l the third ll· and up t th 

eco11d day fi r I chicken organs. u ing all the tc ·ts 11 the I 4111 day pi only l·l 'II tc I 

wa able to detect the l 1.1111tltm:tdcr 

here was 11 ignificanl difTercn· hctwc n I and IS hi ken (p 0 OS) 



imrnuno uppr «< ( 
p iii d tim 

~~~~~~----~ 

2 
4 

J 2 

" 
Legeud: - or 0 N I . mullocula i late 

+ P.mullo ida i fated fr m one chicken 
P.multo itJa i olatcd from tw chicken 

X2 calculated n) = 0.72 p>0.05) 

II 
() 

0 
() 

28 
22. 

r 



abl 41: mpari on h nth ~ro 
nd I .multo ·it/(1 i ol ci n lr 

Organs Chtcken Hours rost mfcctioo 
,..;.. Q 

treatment 0 I 3 6 12 24 
- 1- --

Lung Gross NIS - I I 

I I I + +--·-- -- !_;_ 

Htst.O I I I 

f - I I ~ I - -
FISH IS I "I + I I 

I - ~ I t-
~- 1- -8/isola I ~ + + 

I I I I 

Trachea Gross-- IS 1- -1 I .. 
IS I I I + 

Histo ~ 
~ f-

I -t I 

IS - I 1- ·I I 
FISH -

~ - 1-

IS I I I -t 

IS - - I t -t - - - - --8/isola I I -1 - . -
I I I I I I 

~-=- -
Gross 

,_ - - ·- --aecal I I I I 

tonsils I - . - - I 
-- - - - - 1-
Histo NIS - I -t 1-

IS - . - I ~ - - -FISt I I - - I I 

IS - - I - --- - - -8/isola I - + - - -
I - - t - ---- - - -Spleen Gross I 1-

JS . I + + I - -
Histo I - 1 I t -t 

IS - I I I I - - - --FJ II Nl I I I I 

IS I + + I 
f--

B/isola NJS + -1 I 

IS - + - - -

abl 41 ( ontinued n t png ) 

egend. ross - gros 1 i n • IIi to - hi t 
hybridization i nal ~ 0/i Ia - P. mull 
result ~ - n gatjvc result - - not done 

+ 
I 

"-+ 
+ 

+ 

I 

+ 
I --
t 

t --
---+ 
t 

-
-
-
I 

f-_t-

--I 

I --
I 

+ 

-

f I II i •n 

Dal:!post mfcction + r ull5 
2 3 5 7 10 14 - ~orgnn 

--:;::- ... + I - to 
+ + + of· - - Q 

+ + + + ·t- - 10 
I + I I I - 10 
I + + I .. + ll 

_± I + + II - ·-.~--· + 

~!-
. 7 

- -
7 -I t . 

- - - i - . 5 
1- ... + I -I I . Q 

- .. I - I - . ~ - + - -+ 1- 12 
t- i I . 8 - ,_ - -- - + . . 'i 

- - I - - - 7 - () I - - . 
. - . - - . I 
- - f-- 1- -- -- - - - - . 'i 

- - - - . - . 3 - - - - 1- -4 I - - ~ - . 
I - N - . f 3 - - - - --
I - - - . . 2 
- -t - - . - 3 
-1 + I 7 
I - - - - - 6 - ·-1- I I -1 - . Q 

I - - . 6 - ,_ - -_ f"~ 10 I I 

I · I - ·I + 10 
l 

- 4 
- - - - - . I 



abl 41 ( ntinu d) 

Liver Gross IS - - + of + + - ... + + - - - 7 
I - + - - - - 7 

IJisto IS - - I_;_ - f- 1- ·--:-t: - - - 8 
I - I .. I - I - - - ... - 6 - ·- - - + 1-FJ H IS - • f + ... 1- + 10 
IS - I t· + .± ..±. + 10 

f- -- - 1- -- - -B/Jsola IS - - - I - - - - - . - 2 
I - - . - - - - - - - - - 0 

t- ·- --,_ - 1-
Prunmg Gross IS - - I I + - - - - - - t 
g land I - - - - - . - - . - - - 0 

Histo IS 1~ .... -t 
1- f-

N N - - . - - - - 2 
IS - - - . - - - - - - 0 

7rsH NIS 1-:- N 
- N I- f----

+ - I - I 
IS N - J-1 - I • 0 

r-- f-

f 
f--

B/isola IS 0 

1---
IS I - - f--. 

arge Gross I ~ I 

-
4 

antcstino I i I 2 
Histo I f--1- 1- ,_ 1---

- I + I .. I - - - - - 6 

JS - - - t - - ~ - - - - 2 - - 1- 1--- --· 1-
FISH I - + - - - - - - - - 2 

IS - I N - . . I - - - 2 - - - - - - - - '---
Bit sola NIS - - - - - - - - - - - - 0 

I - - - - - - - - - - - - 0 
Gros_s_ - 7 - ·- ~ 10 Totals IS 0 2 3 7 7 5 4 I 36 

IS 0 5 4 3 2 ,- I 0 0 JO 
I- -·· H1sto NIS 2 6 6 7 7 6 5 4 4 1 0 ~I 

I () 4 - ~ 6 ~ 4 
1-:- - 35 2 2 2 

Is f-2 - - 1- -
Fl fl s 'i 5 ~ 4 ~ 3 5 Cil 

IS 6 
- ~ 0 4 ~ 4 4 J 4 4 44 

-- Ts 3 - - -
B/isola I 5 2 2 I 2 2 0 0 0 20 

- 'T '4 I~ 'o 16 I 2 I I 0 I 0 0 
-

e nd r - gr le ion .. IIi t hi t I 'icall ion , fl I l - nuore nt m -"'" 
hybridizati n ignal , llf•sola P. mull< ·ul1 i lati n b \Jlture, t - p tti 
re ult - negative r ult, - n t done 

2 calculated= 0.6421 (p>O 05) 



1 I 

1 .4 Dl. 

The P.multowlu train I C I 0 22
1 

( full t:l e~l I <>R5 b) u I in thi tud • 

caused clinical fo~ I ch lcra in iudigcn 11. chi ken with ut nu rt ht 'I h ' r 

pre erved at - 8 ° · l enmark) and in ur~; t 

in culation. It caused gr k n r "'' at 2 that 

were examin d. The pJUnin and adrenal gland I ')and p ning glanrl ( 

le u ceptible gro sly P. multo ·1da indue d gr 

being een in the rc ptral ry tern a r rted ). 

Respiratory tract lymph id, hepatic. cardiova cular. ncrv u , urinar 

end crinc and ga tr -inte tinal tract cutanc u , and mu 

thi tudy and li und l ha c lesion he inf4 eli n of th '3 tr -int t~ · I tract rai. . a 

p ibility that P. multo •ttla, can cot • r c he thr ugh it, a. u • • .. ·.tctl b · Lc t'/ a/ 

(2 ) and Muhairwa •I a/ 200 I) and a b cr cd in e p riment I chapt r of the 

studie . rgan \ ith I i 11 dUiing m t fth tud peri d' ere lun -. atr , tr ch a. 

spleen liver and ca 

than the I chicken . 

were b erved n the lung 

{j qu ntl an· ct d 

s I . ions' cr omm non the I w c ma;n and onl fc\ 

n t h 2n.l week Peak I si< n ' cr 1 u1 d d 

at the 6., hour for 1 · and It" h ur li r I ·chicken The rv d vcre lc i n wet ' 

slightly m rein I a 

Whereas the P.mu/1 ida e tabli hed it elf in chicken 1 gan cau in6 

the latter were few 3 day po t infection n the 7u. day b th I and i had lc ion only 

in the lung . cnerally the I · bird· had m tc vere le i n than th I ·i'u k ns, 



pos ibility there[! rc, that immun upp1 

P.mullu ida Je i n . 

n h· d 11 0 I on f4 1111 . i n ftl 

I 2 

Infection fthe r pr du live or ,an (tcsti and a ob ·rv d in thi tud • v. r 

as r p rted in o idu t f du k. b Bi. gaard I pnat 

prolonged m derate to c ere l'.mullouda inu eli n 111 I th n in t. 

lesion were due t circulat ry di tur an , d 

f li topath I gicalle ion wer 111 1 utstandiu 

of the 24 organ with le ion r 1 bird . 'I h ever . 1 lc 1 m were in th r • pi rat 

cardio a cular. hepatic lymph ill, ga tr int tina I t1 ct, ncr u and urinary ·. t m. in a 

de cending order The pancrca , cia tic nerve. pruning gland and upcfll .iaJ p t ral 

muscle from 1 bird were nc 7ativc A in gr 1 ion • all ti ue y l m min d had 

lc i n although Nl chic n rgan 

one J Ij to path I gical lc ion \\.-CJ 

or a long p 1 iod a ct,mpar d with I 

rtlllt nly n t d in th fir l -. c' l).i, v ith a w 

ob d n the lung . liv rand bur a ff.ab1 iciu 

at Lh It" h ur in I and 24'" ht ur fl r IS 11 d 

ignificantly m rc in l than I bird p- 5). IIi t path I 

cellular and hum raJ udal , cmphy ema. atcl ta i , urat d p iti .n, thromb f 

bl od es el degen rati n, ne 1 • i .. and 

int m diatc t th . f acute and 

reported elsewhere n ''a/, 20 3 The nt re requ ntly n ount red le i n in 

b th I and I were tho e due t llular infiltrati n (hct 1 phil m n nuclear ell . 

multinucleated giant cell and fibrin c udati n. The inflammat ry cha,,g · \! ere m r 

severe in lS than in IS bird Jn the I bird lympho1d depleli nand ntr ph of lh 



lymphoid organ wa m rc mark d and widely pre. d than 1 bird 

immuno uppre ivc em ct f de am tha one Dird ar r p rtcd t 1 

ceiJular defense that i activated b replicating actcria that inv I . p 1 -m q houu •I· r 

ncutrophils heterophil and macropha 'C • th hi t>/ ,; • 2000 tr tn 

In 

tati n 

p ultry ha been shown t incr sed the infected ird. non 1 

&cherichia oli and 'taphylonx:w.\ tmr u.\ re rtin in le · di 

unlik in iraJ (New ca tic viru ), M • ·oplmma gall1s •pfl 11111 td i cl, I S: 

and olmano I 67,196 • 1970. f-reeman, 1976) and. Ilmtm,•IIJ ntc.!ntu/e, 

infections akamura eta/. , I 974) tre I wer th total I uk cyte unt (I uk 1 m 

impair immun I gical function • r du e appetit and r ducc the wei ht of th ursa f 

abriciu ( iegel and r 5~ l·r man I 71) The d am tha.c: nc 

imrnuno uppre ed birc.l inn ctcd with/'. multo ·tda J 0 22 1 
t• Jll in thi. tud 

appear t ha e I he nonsp cific rc i tan c a rep rted cl wh •rc fl r t her b ct ria h n 

and olman I )67,1 ~CJ.J<7o, 

Nakamuraeta/, 1974, •recman,l97) There~ rc, omcofth c·ltulard may b 

affected y lh de amclha 11 us d l immun Uf rc th 1.' birds. 

Ludic with turkey have h wn that bacteria mullipl in tra hea and 

lung within 2h ur p.i, t reach high numb r b h ur in th rc pir • ry ll uc 

at umoto eta/ , I 91 ). In me ca. e. th /'.multoada r anisrm; i 1 tantan u I 

reached the internal organ via bl od b orne unkn wn m hani m tat um t ·tal. 

1 91 . Thi agrees with the tudie a lesion and bact ria wer ·rv d a early a 

hour p.i in many chicken rgan tudi tcrni•; inv ion f 

P.multocida by 12 hour but n t 6 h ur p i Rh ode and Rimier. I 0) . In thia atudy, 



lesions and bacterial ignals were highc ·tat 6 to 24 h ur pi . I· t mu!tipl in 1'. 

multocida organisms may die during in ubation in Dill br th ultur o rei m 

endotoxins that may have a r lc in in tantanc u prcad oft h rg. 111 .11. into the 1 d 

tream and inOarnmation. 

sing theP.multocida pr be pmhyb 449 ·l I J te t dcvcl J d durin lh studi 

(Mbuthia el a/. 200 I) P.multocula 1 I 0 22 1 wa det 24 IS and in 

22 IS organs thereby fulfilling the aim r diagnostic llli r bi I I •• , hi provid . a to 

for accurate identification fbactcria in di ea ed birds and in the natural n ironm nt 

(Moter and Gobel 2000). Dacteria were ob crved at all . a r iri ial interval in lun • an 

trachea (I 0%), and vari us time in plccn and liver 8J.J~o , air a 75° ' , ursa f 

Fabriciu (58 3%), and Thymu (50%) in Nl chi ken and th trend wa matched in I 

organs although lo" er in frequency. Immediately, aflcr in ulatior., the actcrial I· I II 

signals were eminent in the tracheal and bronchial lurn n cl to th et ith lium. Th 

number of organ with the bacteria increa ed fr m 2 (lung and tr ad1c.1 aflcr in cui lion 

to 10 in one hour t a maximum of 16 rgan at h ur in I chick·'n unlik 

chicken which ro c to I rgan at n h lUI Maj rit of ur nn. lw ignal n I 

to 24 hrs and I hr t 2 day in l. chickens Thi may be a p s i indi ti n facut or 

ubacute septicaemic pha e fthe di ca before a chr nic pha Th rc. pirat ry, 

hepatic lymphoid cardi a 131, ga tr intc tina I tra t. Ul inar , n 1 ou , 1 pr ducti , 

tcm, in ad nding rder art>car to b pr fi n d 

predilection ite fc r P. multo ·1da organjsm in both I and I chid ens 

s the disease progre e , it appear to pr voke an intcn i e inllammat ry reacti n 

that re olves within 2 dRy Aficr 14 doys period, bacterial I i n wane ff, but u in 



pr b pmh b ·4 • P mull< 

e amincd c c pt iatic n 

ill ~ n I lied in ti 

pr uuing gl· nd nd t h mb o th 

bird ) f' ibl an indic ti n I th usilivity o thi pr b 

hi tcchniqu th t had pr 

a/., 2 0 I) ha b 11 nlirrncd t detc t I he bact ria in • II ti uc ol ch: ,k n fi r a p ri 

ulati n. The J·ISIItechniqu • ha b n u. d p1 vi u I to 

I 5 

demon tratc Olh r bact I ia ( immcr 1!1 a/., 1999; Jan I) 1!/ a/, 2 ). Jl ,_,,a/, 2 0 , 

Doje en el ul., 20 ) but n t in a. many ti u fan animal, a in thi tudy. '1 he l I I I 

r suit c 11 clat d w II with gross nnd hislol< •icall si ns a. r p rt I h 

and obcl 2 00). 1 his lc L all ' the aluation f currcncc, numl ·r, m rphology and 

spatial di tribution of P.multo ·u/, 1 in ari u chicken las uc . 

Bacterial recovery wa d n from 5 out of even organ fin C<.l d I ' and I. 

chickens but not pruning gland and cloa a. ropha n yielded the rnaj rit 

lungs plcen caecal tonsils and laver in that order There'> rc lightly nor fJ.multcx.t<J, l 

re-isolatcd from the I than the I chicken . This w~t po sibl due 11 th lt 

of dexamethas neon immun uppre cd bird a rep rt d earlier 

In NJ , more i latcs w re rec vercd in the fir t h ur p. i, whil1 in I th were 

hjgh immediately pi, t 3 hr and a ingle peak at 24hr Re •I l'.multo ida aficr 

24 hrs wa canty in th I but chi kens had many i late up t day 7 p t 

inoculali n. Thi general trend i a reported el wher . re cry aficr 48hr b ing ant · 

( hristcnsen and Oi gaard, 2000, l'ctc1 en el ul 2 crlap d 

with time of e ere t inflarnmati n gro sand hi tol gicall i n and the d m n trati n 

of FJSJl signals. Generally, the 4 different typ s of te t wed that u ing P.multocid 



I 0322 1 in 111 \'1\'u tudi , I iuw were pre set! ub· ut pti m1 withir 

24hr p.i. but th t nd to ward tit chronic natu c, hr "' ar I 

correlation twc n all the t ·t up to day 2, po tin cui tion. 'I h r 11 ·, . ~her I If t 

appear d t corrclal \!ell with gro!i'i nnd hist path lo in IS net J., chick 11 • u~ to 

day I 0 and but h d m rc ignal thcrcan r. 



I 7 

'll1 PI'LI~ll 

)1.()1:, I P IS11i llDI~ I I I I . 0 /1) 1 I 

. 1.. 1) I 1 HI 

J OJ 

11.1 lnfrodu tion 

P.mult id 1 organi m. infc ct \ at rn I p pulati n to u ~ "' I ch I ra an I 

ub quent rna ive mortality iumany c untric 

rgani 111 con nt 1 th cluck· b d 

tall 1 h rc pu at 

au vat iablc path I 

rgani rn r. mthc point fin! tim int th atiou. 

however not well d umcnt d I here i , there~ re, n d to simulate th inf4 ti n b 

infecting the bird thr ugh them . t c mmon p int f ntry. th r pirat ry 1 { ct 

(Mat urn l et crl , 1 I• , b · rvc th r .ultant path I gym 

ariou rgan at at i us inte al l·urth • the ·I II te l d clop clm hapt r uld 

e used t id ntify J>.mu/toctda in duck ti uc · 

A f4 r expcrim nt hapt ' 6 ofthi the i . in thi up f 

duck , on normal and ne amrnun uppr d, wer u d t i immun uppr . ton. 

which i nc manife tati n f tr Ita any 

and the re ultant gr pi path r. l th t 

cavenging illage du k ar n rmally u ~ cted l diffi rent typ ful ndlli n 

Aini 199 b) that may m dulate the 

P.multo ·id. in fi ction. 



he aim thi 

1mmuno uppr d ud n n-iuununo uppr 

included: gr and micr 

us du k I h p r rn l r u 

rgans l'.multr tclll 1 

and its dct cti n in th r pccti ti u . u in nuor · I-IS II 

test 

J 1.2 1at rial amJ m thod · 

11.2.1 p rim ntal due 

Duck at their mo t u ccpti I age of8" ck ( hapter 5, E p rim nt , ftt i 

the i were u ed in thi 

11.2.2 IJn t ria u ed to inre t du k 

P.mullo 'lela typ train T I 0 22 1
) maintain d n I or t gg a~ar, in 

our laborat ry that had I w i1ulcnce than th r P.mullo tda wa 11 d 11 thi tudy It 

was pread nt DA with 5% citra! d calfbl od, incul atcd a r bi · II at 7" , fi r 24 

h urstocheckfirpuritypri rt r1eparati n fthein ulumlndi'vidu(!lc In fthi 

wa in culat d int brain heart infusi n r th~ in u at d a r bicall at l7 •• , n r 24 

hour . A ten fl ld scri I dilution of ne milliliter f the bacteria in 13111 \ a mad and 

25J.tl f each diluti n polled ont BA plat for coloni that w re tran:• ... ed into c I ny 

f4 rming units. 

11.2.3 lmmuno uppr ion f tlu k 

Bird to be immun uppre cd w rc inj intramu cula1l u ing d .un th nc ( gar 

Holland 760 A t, llolland), 4mg/K d w ight p r da ~ don I wher fi r 6 



days prior t experimental in~ ct iun ( ir renk tL and in 1981 (<ni·r nt.l 

DeLoach, 1990· rrier eta/. I 991, akamura et ul , 1 4 

1 1.2.4 xperirnental pr ccJua· 

•xperimental bird " ere random! all cat'ed into in t d nd c ntrol gr ups 

given by teel and Torrie ( 198 ) ' ight-wc k ld, wing-tagg d indi en us du k w r 

used in two eparate experiment ne fi r th immun u pr~ d (I ) C\lck nd 

the non-immun suppr cd ( J ) one , each with rc p cti e ontrol ·1 he bird w r 

separated and put in the c perimcntal r m 48 h ur p ior t in cula•i n. 

For the experiment on I clu k , 3 duck " ere u d. 2-4 w rc i"tCctcd with 

P.mulfo ida rgani m and 10 v ere u ccJ a c ntr Is. · r th expcrim lL on 1 du ·k 44 

ducks were us d: 24 1. ne were infc ted with l'.mlllluuda rganis111 • \i hil th 

c ntrul • c n ist d of 10 I amJ 10 Nt.' ird Fa h in I d ird (buth 

inoculated with 0 5 ml of brain h all infu. ion (Bill br th cuhur· con aming 1.2-1.9 

10 'F of P.mllltouda rganism • whil I and I \ere in ulated 

with 0 5ml f ·ter ile 0111 br th m dium 'he inti ted and c ntrol bir \ er ho J d in 

different r om I cated in dtfTcr nt h u away fr m a h other nio · Utity w . 

maintained during th cntir p ri d r th ·tudy 

wo bird randomly elc t d fr m each c pcrimental gr up w r sacrificed at 

specified times, namely: - hourO,l, 6 12 and 24 and day 2,3,5.7,1(1 attd 14 p t­

infection. The zero h ur wa achic ed by inoculating the bird and immediately 

sacrificing them within 1-5 minute 

sacrifices started with birds in the conlr I hou e before pr ~he i!W t d 

houses. Table 42 shows the gr up. number of birds, and th p cift J 1criftcinl tim 
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Table 42: The number of bini II din p tho, 11 had II I tl11 I iu th 

a rificrd 

Birds 

10 1 ~ 
2 2 2 24 
2 2 10 
2 2 24 
2 
2 2 
10 4 10 4 4 tO 7 

Legend: - o bird wa sacrific tl at that time - immun upptc · d, Nl n n-

imrnmun suppre ed 

Po t- mortem examination wa done on the sacrific d bird and grr lc ion on 

rgan and ti ue n ted and ec rdcd At the arne tim w. ~ w r tak n 

a eptically fr m the ropharyn , I aca, lung , ca cal l n its, prunin • gland, liver and 

pleen for P.mullo ·ida re-i lati nand charactcrizati n 

Ti ue sample including - lung, trach a, I wer cor~uncti a, air oc , pi 11 li r. 

heart, thymus llardeJian gland, pancrca brain, ciatic nc c kidn y, tc ti 

adrenal gland, bur a f •abrici , r ventri ulus du d num midgut at the rkel ' 

diverticulum , caeca It n il lat g int tine, pruning gland c 111 and pcct al mu I • 

were rem ved~ immediately immcr ed in r; 1111alin wh r th y rc ~ pt f4 r hi t I gicaJ 

proces ing. orne paraffin-emu dded ti ue ecti n wer m unl d ,1 adh i c up r-

frost plus slide for the fl 1J pr ·e ing and e aminati n f- rea h vrgtln e amin d the 

r ultant histological e. aminati n, bacterial re-i olati n f l .multc uia and fJ I I r uh 

were recorded. 
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J J .2.5 P t-11101 111 .anaiu ti n 

li II I 0 I Ill ll Ill 

a d rib d by B rrnudc1: 1 d .'lc\ a•t-Orm n 2 ) I h lc d hit r: 

a ptically ti ue indi\!idu lly. and rn · I ion nd 

rec rded. For micr 

xamin d. he c rity ofth lc iun was ·emi- uantllall I red c u th b 110 

minimal or hght lc 1011. - r 0) llllllllltllm, li1>hl o few I siun ( 1 m mild), m n 

le ion in a lo alized area or in many ti uc cti n 2 r m d rat ) and r di u 

le ions and iu all tis uc c lions (J or e rc a de crib db thcr (•"':r. ls and i ,el. 

1965 lman , I 67. 'luvapra ad and Dr ual, 2002). 

ll.2.6 IIi tolo ical pro e. ing f ti uc 

he tis ·uc sample were k pi fully imm r ed in labeled botll c •ntaining I ~~ 

fonnalin lution G 1 24 hour. I h y' ere thcnlraH 11 dint 70°n at h I,' h •e th 

remained untilttimming \i as d nc ([lro' n, 1998) Th (j , d ti u . w r manuull 

trimmed t a thicknc f2 to millim tcr Th trimm d li .. uc. w tP. th n pi cJ in n 

aut malic ti ue pro so• lo• th foil win • treatm ut : - (I) d h •.1tion u ing· - (i) 

80% ethyl al oh I for the lit st 4 h ur • (ii) 6% al h I fl t th n ·t 11 ur, and (iii) 

I 00% ale h l for 4.5 hour; 2 clearing with x len f4 rat tal f 5 h ur , and { 

impregnating with m lten paranin v ax at60 <> r a total o 6 h ur 1 he ti:. uc w r 

then removed from the pr e rand were embedded int wa bl d u ing am It n 

wax di pen er. The indivic.lualti ue bl cks were cpa rated and fi 

chunks u ing a searing spatula n r which they were ecti n d t 3-.; ; :n thickn • ·., 

fl atcd on a water bath at 50 " to flatten ut, placed n a mi ro fJ • Iitle and dried iu 



an o en at 6 11 fi r a 

and wa h d in nl ohol 

haemato lin aud e in, mount d in d .It 

th lid I fi to dry bel 1 e anunation under th micro 

11.2.7 Fluor ent in \illl It ddi7ation t hniqu 

tl n qui in 

i ue ction were pto .. cd a given in I 2.5 a ' up th tag o ti s 

ning The paraOin-cmb ddcd cti n wer then m unted on up r- r t plu ltd 

( en7cl- I er, ermany) and h l ridi7ed a de cri d on chnpt · eli n 9.2 .7. 

1 1.2.8 tali ti al analy i 

Data obtained during the study up to 14 day po t infecti n \ a ar.:.!·•zed u ing tJ1 

analy i of variance pr edurc fthe tati ti al analy i A , 19 and chi-

quared test (X2
) (Steel and 11 ie, 1980). 

I 1. R ult 

11.3.1 Pathog ne i of P.mullo ·it/a or ani m d thr ugh gro ion 

11.3.1.1 r·o 

rgan fr m Nl · duck with Jf n . t pc and th ir 1csp 11 c s riti at 

specified period are presented in able 4 c 1 ns cue r d in 22 f .he 2 rgan. 

examined except pruning gland and the kin There were n gr 

0 h ur po t inoculation pi . Lesi n wer c mmonly b rv d th1 u J1 ut th in th 

lung and airsacs 91.7%) liver and heart 58 %) conjunctiva, pie 11 and peel raJ 

J72 

muscle (50%), trachea, kidney bursa offabriciu , duod num and large int tin 1.7%). 

At one hour p.i, It (45.8%) rgan with lc i n were, the lung . tracu~. conjuncltva 



airsac , pleen. liver heart, kitln • ur f 1 abriciu • duod tum 11 

while at rd h ur 18 (75%) f th 

adrcnaJ gland and pr cntriculu. 

lesion . Mo l organ . pr 

0
' h ur p.i 22 f 24 

nl in th lung • c njur t iv • a it 

large intestine, and th pe toral rnu cl The e le i n wer c 

liver or the heart n the rd and 511
' day and t the lung and ail a 

17 

7to II 

( ccond week pi 'I he rgan. with I siun incrc cd r m. wtal f II t th I huur pi, 

t a rna imum of22 at the 6°' h ur and d creased ''atluall to 2 at day 14 p.i. 

c ion aried from mild 7 7 6" · t mod rate 24 (I . %) aud a ~ w being cv r I 

13%). evere and m derate lc ·ion were observed m tly n the lung, air ac , trachea 

conjunctiva, spleen liver heart. thymu , kitln y , du dcnum cae !ton il larg 

intestine, and pectoral mu clc . d rate to e ere le ion \i ere bsc. ed n th lungs 

I hour- 5th day , airsacs (3 h ur 5111 day), trachea I 6 h ur uunctiva 

hour ), li er (6-24 h ur ) pi en and heart 6-12 h ur ), du denu 1 ('1-6 hour ·), and 

thymu large inte tine. ca al t n il , kidney, and p t ralmu clc ( h ur ) 

Table 44 how 3 inllarnmat I recorded rr m 22 ofth 24 '8 n 

e amined per bird ver the 14 day tud period Th wcr inular in natur and 

di tributi n butm re verc than th e in chicken lesi n 

p t in ulation Aller that the mmonly r pncurn nia and air 

acculiti 91.7% Figl3) fi rind p iti n(8 .3%.n cr i (Fi 14)andthickairsac 

(66.7% , conge Lion, fibrosi , plcuriti • my arditi hcpatiti (58 3 Yo). pus e udati n 

fibrinopurulent exudati n. hydropericardium, sinu iti • p rit niti •. pi niti nd my itis 
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50%). tone h ur, pi, 17 (4 ng tion h nu rh 

emphy ema pncum uia, air uliti , tra I citi • inu iti pic riti p•!J it or iti. 

or~unctiviti • my car<.liti, h patiti. pi nitis, n pluiti , ntcriti • , n~ my iti . nth 

J'dhour p.i 27 70 OYo) I i n ' rc en untcr d, n urtl ub. rv tion purul Ill 

exudate fibrin exudate. thick air ac • h dr peri rdium. mucu · xud tc r m t an 

inte tin , collap ed lung and. m ningiti.. iatic n 1 e m · liti and 11.Jilg I 1 ati..-.ati n 

fter 6 h ur p i, fi 1 inopurul m udate. n cro is, fi th. pal n 

splen megally hepat rnegally and p ricarditi " ere b r cd, making at tal of . 5 

8 7% fthc inOamrn. tory I si< n. nth 12th h ur pi 6 ( 2 1%) lc ion h d I n 

ob ervcd, and included pi nic cap uliti ·h Ia t lc ion r cord d \ ere fib 

perihcpatiti at 24°' h ur and , picnic atrophy that wa ed n the 3rd day po t 

infection M t rgans h wed le. i n. between I h ur and the 2"d da)' By th 5th day, 

n the econd we k of b crvati n fibrin d po iti n, 

fibrinopurulent exutlatc, nccro i ·, fibr is thick air· c , pn urn nia, , ir cculiti , ·picnic 

atrophy were recorded . The numb ·r oflesion increa. ed fr 111 I 7 at hour peaking to 36 

at 12 h ur and deer a ed gradually l 4 11 day 14 p.i t lc ·i 1 • wer mild { 127 

59.4%)}, m dcrately e ere {57 (26 6%)) anti e rc {30 (14 . 1~o}} one. Th 

le ions were pneumonia (6 h ut l day 2). nge ti nan l, inu iti • ( l 12 h ur 

airsacculiti , and fibrin depo iti n 6 l 24 h ur dcma ( r.J h ur J, h em rrhagc, 

emphy ema (3 to 6 h urs , tJ a h it is (6111 hour), and pleu11ti ( 12'" h ur), lun 

hcpalizali n and p r it niti I 2'" h ur), and mucu. . udatc and nc ·1 i (241
h h ur) II 

the control dud. were negati c. 
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I J.3. 1.2 ro I in ofl due~ 

rgan from I duck· with '' s I i n. t p and their r 1 ti 

pecified peri d ar pres nted ln I able 4 . I 1011 ·u11 din 20 ,r th 2 

ampled e cept the auren I laud, pro entJiculu , kin and ruuning ::..od . 

gr o le i ns in all r 'an on 0 h ur. 1 1 crvcd n th Jun 

(8 .3%) air acs (91. 7%) li r 7%) •. pi en 41 7°-o}. tra hca, ( ll.7°o) kidn ll%), 

aud c njunctiva, ( 3 %) heart ( I I 7%), rain, caecal t n. il and p t'lral mu cl • 

(3 . % . 

At on h ur p.i, th re w r 4 (I 7°n) 1 •an with I si ns, n tn I . lung~, tra h • 

a1r..ac and Ji er. The organs incr . d t II 45 8% y the 1'd h ur a th re w r 

le ion n the c r~uncti a pi n, heart. thymu , rain kidney, an the pect raJ mu le. 

At the 6°' hour rgan with lc i ns incrca ed t 16 (66 7%) due to )('' ns n the 

Harderian gland ciatic nerve, ursa fFabricius and large inte tine r•the Iih h ur, 18 

75%) organ had hown ale ion as pancrca du denum and rmd ut r'Cre po iti 

while the ex rgans were the Ia l t be po itive on the cc nd day. pi o l rgan 

expressed I ions between 3 t 2 h urs pi Dy the 2"d day pi le i n \ ere nl pr nt 

in the lungs, airsac plecn live•. heart, and ex organ. Th e I ·ion cecamc limit cJ to 

tbe lung, air ac li er and kidney n the J'd day and t the lungs air ac and live r 

kidney n day 5 and 7 and 1 lun and air ac n day 10 l 11 p.i. fh organ with 

Jcsi n increa eel from a total f at the, .. h ur p.i, l a ma imum f :8 at the 12 'h ur 

and declined t 2 at day 14. 

severe 6 (9.8% . oderatc to 

ion \! cr mild 62 75 . %), 111 d ral 12 14 % and 

n wer ob crved m tly on tile lung I hr da 

5) airsacs hours - 5111 da ) trachea - 12 h urs), and the heart -24 hour 



Inflammatory I ion a in I • <luck ' re rcc rd trnm 20 lh 

over the 14 da tudy period a 

ducks. o le ion wer ul> crvcd n 0 h ur. p.i. lh c mmnrtly o scr 

pneumonia~ fibrin dep it ion (Fig 15 , air sac uliti (91 7% , 1 hick air 

(75%), conge lion, n ro i , fil>ro i , h ·drop ricardtum, fibrin purul 1t e udat 

66 7%) purulent e udatc. pi u11ti . pcritoniti • my carditi 58 JO.o) haem rrh 

ed ma urate dep ition. trach iti , inu iti ', pleniti • and myositi~ (500/o 

At nc h ur, p.i 12 ( .6%) I il n. ob rved, v er , conge It n, ha m n ha s, 

edema, fibrin. emph cma, hydtopericardium. lung h pati1.ati n. pn um nia, air 

sacculiti tracheiti , inu iti , pcntoniti • conjunctiviti , m ocarditi , h• patiti • plcniti 

and nephriti . On the 3'd hour pi, 2 66.7%) lc i n v er encount r don furth r 

rec rding of fibrinopurulent xudatc, fibrin e udate thi k air ac, mucu. exudat . 

collapsed lung pi uriti , mcningiti , and peel ral mu clc my . iti Afi r 6 h ur p.i, 

necrosis froth palcne • , urate dcpo it , pi nomcgally. h patomcgall • pericarditis, 

nerve myeliti and bur iti , were ob rvcd, a total of 5 8 . 7%) inn .... • at 

17 

birJ 

n the 121
h hour p.i 37 94 .9%) lc i n had ecn observed aficr the n~c rding ffibro 1 • 

and splenic cap ulitis. The last lc ions to be rec rd d v rc pcrihepatit:c; at 24 h ur und 

splenic atrophy on the 2"d day p i. 

Mo t organ expre ed le ion etween I h ur and the 5th day pi d crca ing t a ew 

by the 7111 day. he number oflc i n in rea cd from 17 at I hour, t a maximum f 7 at 

12 h urs and gradually declined t 4 n da I pi l I . ions w r mild { 125 

(53 .3%)}, moderate {68 ( 0.1%)}. and evcre { (I .6%)}. he (,vcre lei n w r 

thick airsacs (3-24hrs), pneumonia, haem rrhage (3-12 hr) conge tior . purulent e udate 
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(6-24 hours), edema, fibrin dcp it ion, air sacculiti • trach ati (6-12 hr) pleuriti ( 12hr­

day 2), emphysema (6~ hour), and fibrinopurulent e. udate (I 2"" hour) I e ion an 

and IS did n t differ significantly (p ·0 05) 



ble43: n. of I nnd I • duck ' ith r 
ifi d tim 

..--
rgan u k I lours J~l infection 

treatment 0 I 3 6 . 12 
Lung ! NIS - 3 3 J 

I - J 2 - T -
'I rach I . - ] 2 I 

I - I 2 2 
~. - · - - - - :- -

llJUn ll\' I - 1 I 
I - - I I 1 - -- - - - - -

It c I ~ I J 
IS - 1 3 

I· I - - - - 2 pi en 1 I 2 
JS - - I I I - - - - - -

1 er I . - I I 2 
I - I I I I - - ., T I teart IS 2 2 
IS - - 2 I 2 - - - - ·-T -

Thymu I. 2 I 
IS - - I I 1 - - - - -

1 larderian NIS - - I I I 
gland . I - - - I I 

- - -
Pancreas NIS - - - 1 I 

I - - - - _!_ - -
Brain Nl - - I I I 

IS - - I I I 
Sciatic nerve NlS - - - I I 

I - - - I I 
Kidney Nl - I I 2 I 

IS - - I I -- -
Testis/ovary NJS - - I I I 

IS - - - - -
AdrcnaJ gland NIS - - - - 1 

rs - - - - -

Table 43 ( ontinuell nc t pag ) 

L end: d - Mild lesi n ; c:- Moderate I 

17 

nd th ir \' rif 

a ~ t inl1 cti n % 1 in 
24 2 T 7- 10 14 per o~g_an 
J' 2T2i:J~I I 91 .7 
2 2 2 2 I I I 83.3 
I - - - - - - 41.7 
I - - - . - - 41.7 - - - - - -
I I - - - - 50 
1 - - - ~ - -- - - - ,......_. -

2 2 2 I I I 91 .7 
2 I 2 I 1 I 91 .7 - f- - - -

I I - 50 
I I - - - - - 41.7 - - - - 1-
) I I - 58.3 
I I I I - - - 66.7 - - - - 1- -
I I I - - - 58.3 
2 I - - - - - 41.7 - - -
1 - . - - 3l3 

- - - - . - - 25 - - - --- - - - - - - 25 
- - - - - - - 16 7 
- !- - - - -- - - - - - - 16 7 

- - - - .. - - 8.3 
I - - - . - - 33.3 
I - - - - - - 33 3 
- - - - - - - 16 7 

- - - - - - - I .7 - -
I - - - - - - I 7 
I - I - - - - 33 3 
- - - - - - - 25 
I - - - .. - - 8.3 ·- - -
- - - - - - - 8.3 

- - - - .. - - 0 

le ion en 
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T bl J ( ontinu d 

Bur a of NfS -- I I I I I - - - - - - n.7 
Fa riciu IS - - - J I - - - - - - - I ,7 

1-- - --,_ - - .T" - :-" - r-Pr ventriculu. I ,. I - - - - - - - 16 7 
I - - - - - - - - - - - - 0 

Du denum IS - I 2 2 I I - - - - - - 41.7 
IS - - - - I I - - - - - - 16.7 

~idgut - - - - - - - - t- "--I . I I I - - - 25 
I • - - - - I I - - - - - - ~6 .7 

Caecal Lon ils - - - - - - - -Nl - - I 2 I I - - - - - - 33.3 
IS - - I I I I - - - - - - 33.3 - t-Large inte tines NIS - - I 2 I I I - - - - - 41 .7 
IS - - - I I I - - - - - - 25 

Pruning gland 
t- - 1- - . 
NIS - - - - - - - - - - - - 0 
lS - - - - - - - - - - - - 0 - - - -Comb NIS - - - - - - - - - - - - 0 
IS - - - - - - - - - - - - 0 
Nl S 

- - f- - t---Pect ral mu cle - I I 2 I I I 50 
IS - - I I I 1 - - - - - - _n.J 

~ rrr- -~-r2 Total mild 0 Nl. 0 9 I 8 17 6 I 2 2 73 
IS 0 3 8 I 1 12 3 I 12 2 2 6 - - - 7 --Total m derate e NIS 0 0 2 9 0 2 2 f) 0 20 . I. 0 0 2 2 3 2 2 I 2 I) 0 

··~ T tal evere r 
t- -

0 3 2 3 0 0 0 0 '<> I •I I 2 0 
IS 0 I 

'-
2 3 I I 0 0 0 Q 0 _Q 8 

Legend: d - Mild lesion · c - Moderate lesi ns; r- evcrc lc i n. ; - N I . i n c n 

X2 calculated= . 22 (p>O 05) 



abl 44: d 

u ...!! u~pust mfcxtion D:~~~~~ mfcction '~!~ions ,x:r 

Congcst1 n 
lr ln~nl II I l (, 12 24_ 2 3 5 7 Ill 14 or~111 

IS - 1Vi111tv -,- :~ '1 1 • • - • ~BJ 
I • I 2 J J l 2 I I - · . (.,(, 7 

Haem rrh gcs I --- 2 'T 3 2 1 • ~ :- - - - -11 .7 
---+-1 I J l l 2 I - • - - • 50 

t-Ocdc=-::-I0-13- I --I- 2 J 2 :2 I . . . - . . 41 .7 

1-=-----,---4- I • 2 2 1_ ) 2 I - - - - - -':5~~0 ---
Suppurate c. udalcs NIS 2 :l 3 2 -~ - I - - - - 50 

----+- I - - 2 l J :l 2 I I_ ..:_ • - ~XJ 
Fibrin c ·udatcs Nl - I- 2 :l l l !l 2 I I I I X1 3 

~-:::-,.......,...----:---4 I - I 3 3 1 2 2 I I I I I 91 .7 
Fibrino- u putative IS I- 2 J '\ 2 2 '! I I - 50 

t-E:-::<.:-IU_da_l.,..cs ____ ~IS~---f-· - I 2 1 2 • I I I - - SXJ 
Nccr is NIS - I-- 2 1 l 2 I : - 1 I - (>6 .7 

I. · - - I 3 2 I I I I I • 6<1 .1 
t-E=n- ,p--:-h_ sc_ m_a ___ -t I -- 2 1 ~ -1- - - · - - - - - 33.3 

IS - I 2 l 2 I - - - • 41.7 
t-F=.i::--blro.,-s:i-----t--:-N~I --t- - 1 2 I I I 11 I ...;.:'i..;;.:ft ;.;...l __ -t 

1-:::---:------t IS - - - - I 2 l I I I I _!_ -7<-;G.;;:-:··:.;...7 __ _ 
Fr th IS 2 I I 25 

I - - I 2 I • • - • • 25 
1-:P::-a~lc-n------1 Nl. - I- I 11 12 T ..;;;11~1---t 

I - - - I I 2 I I - • • • 17 
~,=.h:-:i~k:-a--:-i-r ----f NIS 2 1 J 2 I :T I .. G, 7 --

1 - - 1 l l 2 I I I • ...;.7.:...5 ___ -l 
I - I-- I 2 2 2 I -~ - :-:-- :- 50 II dropcricardium 

I - I I 2 2 2 I I I • - (it 7 
I - J 1l 2 I I 1-:- '-- - t-4;;..;;1.:.;7,_---J Mu c. ud 1 

I - - I 2 2 I • • · · - · JJ .. 'l 
Urate d -~~---t I - -_- -. - -- - -2- -~ - - , - -- - -. - -- - ~ -- - -. - ~2~:'i ;.._ __ 

1. - • - I 2 2 I I - - - 511 
~pse<l-lun -, -- IS -:- -_- 2 - I 1l I - - - - · -:- • -4~1:-::.7::---

1. - - 1 2 2 2 I • • • - • ~4~1 • .;,..7 __ _ 
Lung hcpatin1llor~ Nl. -- :- -- - I l I - ~ · - · • • 25 

IS - 2 3 2 I _. _ • • 1_ .:... • • .;;.JJ,~I .J~--
plcnomc_ga_ll __ --1 NIS - - - I 2 I I • • • - • '\3, 1 

~---------~~ - - - - 2 2 2 I · · · · · 1~1~~~ .. 3 __ ~ 

, bl 44 ( ontinu tl n t pn ) 

nd: & - ild Je i n ~ h - M derate lc ion ' n 
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l';tbl 44 (Continu d) 

r-
II pat m g;JII • NIS - - - I 2 I I - . - - JJJ . 

IS ~ - - 2 2 :+= .J_ 1= 
. . - lEd 

Pn um m:1 NIS ~ I l 1 1 I I 1 I I ~ ~,, 

f-
IS - 2 \ l ' l ~ I~ 1-!-- I J I 91 7 

Airsacculitis NIS -2- '1 - I l 2 2 I I I I 91 .7 

t-Tra hc1tis 
I . I 2 l l 2 ~ I I I I I !117 
Nl - I -2- l I I . . - . . - -... 1.7 

t-::;--. 
I - c.l_ 2 l '\ 2 I_!_ 1-T- . - - . .so 

Smu 111s -2- 1-::---I . I I l I . . - . ~I 

f- . 
I . ...!__ I 2 2 I I_!_ - - - - . ;SO 

Plcunlls Nl - I I 2 3 2 I I . . .5K1 
-- IS . - I 2 l l l .L I - - ~R .J 
Peritonitis - - ·-· I I I 2 2 2 I - . - - . SCI 

IS - I 2 2 2 2 I I . - - . 511 ,3 
Conjuncti\ iti NIS - I I I I I - - - - - . 41 ,7 

IS - I I I 1 I . - - - . 41 ,7 
Pericarditis - --IS - - - I 2 2 I :H} 

I - - - I 2 I I - . - - . 33,1 
M)ocarditi IS T - - -- I I 2 2 I - . - - . SlU 

IS - I ~ I 2 I I I - - - .SRJ 
Hepatitis 

- ~ 'T I ~-Nl - I I 2 .S!I3 
I - I 2 ..L 2 2 I - . - - - .510 

Perihepalili IS - I I I(· 7 
IS - - - I 2 . - - - - Itt 7 

Splenilis NIS I I 2 I I I 
f-·-

50 -

Splenic capsulitis-
I - I ,1.. 2 2 I I - - - - ~() - - - - 1-

I - - - - I - . - - - - . !I , . 
IS I 8 l - - - - - - - - . . 

Splenic atr phy IS 
1- -- - - - - . . I I I I . 11,3 

I - - - - - . I I I - - . 2<i6 

Ncphriti 
-- - - - ·-- - -

I I 2 2 I I . 41 7 
IS - I I 2 2 - I_!_ I ,_!_ . - - . 41 7 

Entcri ti NIS 
-- I I I I I 41 7 

I - - I~ I .I I - - . - . . 41.7 
Meningitis N IS I il I I 3'\:l 

IS - - I I I I . - . - - - H ,l 

Nerve myelitiS NIS - - - - - - - -. - I I I I . . . - - . H ,3 

IS - - - I I . - . . . . HJ 

Bursitis N IS I I I ~ 1- lU - - . - - - - . 
IS . e.:- - I I - . . . - - - .33.3 -

Myo ili NIS - I I I I I I - . - . 'i() 

IS . . 1 I I I . :io . - . . 50 -
Total mild 8 NIS () 14 1.1 14 19 18 14 10 ~ !I 4 132· 

I () 14 I I 10 12 17 II) 14 9 () () 4 122 

Total moderate h 
NIS () 3 )() 12 9 J() 4 () 0 0 () () 48 
I () 3 9 14 20 II 2 I :· () 0 () 41 

Total severe 1 NIS () 0 4 I) ~ ~· () (l () () 0 0 22 

IS (I () 6 II .5 I I () () 0 () 0 24 

Le end: g - Mjld lesi , h '-'-" . ' -No le ton n -M derate lestons· ' - Severe le 100 cen g , 
X 2 calculated = 0.4534 (p>O.OS) 



FIG.13. LUNGS FROM NON- IMMUNOSUPPRESSED D 
SHOWING HAEMORRHAGES A B)· 
AIR-SACCULITIS (C AND CONTROL L D . 

A 

_. 
(I) 



FIG. 14. PNEUMONIC L GS FROM NO -IMMUNO UPP 
DUCK SHOWING HEAVY FIB DEPO IT (ARRO . 

IB 

-<» 
w 



FIG.l5. LUNGS FROM OSUPPRESSED DUCKS SHOWING 
CONSOLIDATION AND FIDRIN STRANDS (LEFT) 
COMPARED TO L GS FROM ORMAL CO TROL 0 -
I OSUPPRES ED DUC S ( GHT). 



11.3.2 Patho en i of P.multuddu or anisnt a ,·nlu. t d , "' hi aup th 1 

I ion of du k orgau 

11.3.2.1 Hi topalholo icnll iou in 1 du k 

rgans from I du k \.\ith hi topath I 1 ,icall 

at specified period are pre ent d in raul 45. 

histopathol gical lc i ns. flow cr. th rc wcr n I 

and lh ir 1 ti 

pectoral mu cles and in all rgan at Olu p i Iattin from I h ur m ard I 

I it j 

commonly obsciVed n the lun • ( I. 7%), liver (75%) atr a , c njun li a. pi n. 

thymu 66.7%) trachea (58. ~o • kidney • bur a f ·abriciu. (5 % . h an and midgut 

(41.7%), in that on.ler. 

Within I h ur pi lc ion w re b cr cd in 5 20 %) rgun '. nam : fun , ll a he 

I 5 

conjuncti a air acs li cr, and th mu . By lh incr a d 

t 13 (54.2%) duet lc i n in the plecn. kidney, adrenal gland. r< ~ off"a riciu • and 

midgut caecal ton ils, and large inte tine. 1 an with I i n \ ere II (45 8°/o y the 6111 

hour duet path logy in the heart and pnmin , gland. At the 1211
' h ur p.i, I 62 5o/c) 

rgans had itivc liard rian gland and duod •urn h Ia ·t 

organs t sh w le i n \; er t ti · ary, and 1 1 vcnll iculu 24 It >tll • and LH 

(2"d day . Organ with hi t logical le i n increased fr m a total f 5 n the I h ur p,i, 

t amaximumofl5allh 12'11 11 uranc.Jd ra. ed •raduall t latda 14 fth tud . 

Most organs h wed lc i ns ctwc n rei h ur and day I p.1. hcrcafl r only the lung 

had le ion . Mo t hi topathol gical I ·i 11 w re mild 69 69 7%), rnc,dciJte I 9 ( 19 2% , 

and severe I 1 I 1. 1%) one . e ere le ions were ob crvcd mostly 011 the;; lung lb hour). 



airsacs (6- 24hours), trachea 6m hour), pleen (6~~'~ -24hour th mw. t'2 h ur) nd 

brain (2"d day). 

A total of20 different type of hi topath logical lei 11 w r r 1d <.1 fr rn th 21 

out of 24 organs as hown in Table 46 These wer 

around blood ve sel ) haem rrhage em ph · ema a tel ctasi • fi 1 in d,• iti n, 

infiltration of tis ues by heter phil mononuclear and giant cell • 'Januloma f nuati n 

mucus exudate, urate depositi n, degeneration of th epith lium and bl <.1 v 

(especially artcrie and arteri lc ), tin 111 i formati n in blo d v 1·, mu ular 

degeneration (especiall on th heart \ ith prcd minant 7enk r' d g n rati n), d plct d 

lymphoid tissues necrosi fibro i and cro iti (mainly on the plcur:.t J.cn rdium nd 

intestinal serosa). As in gros I si n no le ion v cr b rv d at 1. r h ur p 1 

Comm nly observed lc ions w 1 e infiltrati n with hetcr phil • r iti•;. and 

mononuclear cell , fibrin cxudat ·,and cong lion 

ne h ur p.i 2 (I 0%) obs 1 d I i lllS wc•c ng ti n, and in lit., tti n 

heterophil . By the 3'11 h ur p.i 12 (6 % le i n \: cr e n duet fttrthcr r c rding of 

edema, haemorrhage , emphysema, atclc la i . fibrin and mucu c. udatc. pitheliaJ, 

blo d ves I and mu cular dcgcn ·• at ion and e• iti fl r hOlll pI, lc ion in tea •d 

further t 18 0%) a m nonucl ar cell granuloma urate dcp it · t hrom 1 • 

lymphoid cell depletion, and ne n the 12°' h ur p i the Je i n 

decrea d gradually l I 7 (85% al 24 hour p i, and 2 I 0-'o at day 14 1 i 

The number of lesion increa cd fr m 2 at ne h ur pi~ to a ma irnum of20 at 12'" 

hour and decrea ed gradually to 2 on day J 4 p.i DiiTerent le ion had b n r c rded by 



I 7 

the 24th hour and the peak lesions time were from the 3rd hour to the 241h our. th 7 

day, there were few lesions ob erved. 

On the second week of th study nly ca ional iuftltr ti 11 with h t wplul nu 

mononuclear cells serositis and fibr i were recorded. Majorit of the I i n. w rc nuld 

71 ( 68.9% ), wltile thers we1 e m derate 19 ( 18.5% • and 

of these ere lesi ns were b erved within 24 hour p t infccti m. ·h 

were congestion ( -6 hours , oedema (6th hour emphy ema ( r..t hour) fibrin 

12 hours, heterophil infiltrati n (J-24h ur, ro iti ( rd hour) and nc r sJ 1hh ur) 

No lesions were bserved nan ofth rgan fthe outr I clu k• 

11.3.2.2 Histopathological I ions in I duck 

Organs from IS ducks with hi Lopath I gicalle i n , and th ir r . p ti e 111i s at 

specified times are present d in Table 45 A total of2l ut of24 rga.~~ :iad 

histopathologicallesi ns e cept the pruning land, kin and p t raJ mu . Th r w 1 

no le ions ob erved at Ohr and da I I p.i mm nly b rv cl , r in th lun 

83.3% , liver (75%), air sac ( (, 7%), tra hea, h rt. llrud ri, n gl n I (41. 7% • 

conjuncti a, bursa f ·abriciu , midgut,, nd kidn y 

Within n h u p.i. 4 1 7"·o) lung. arr a , li r, and 

I rd I · pancrea . y t 1c l ur p r, f 1 lU1 n had in rea d t 6 lCi0 o), du l le i< n 

in the tra hca, thymus, and J lard rian gland n the '" h ur p.i I ( • I 7% rgan with 

le i n were c njuncti a kidney. adrenal gland and ur a f l•abriciu . t the I 2'" h ur 

p.i, 15 62 5% rgan pi n, b1 in midgut, al 

ton il , and large inte tine. nth 24th hour. I (79 . 2~o organ had lc ; n. due to I 



in sciatic nerve, ex organ, and pr ventriculu . The Ia t rgan t 

duodenum on the 3rd day p.i. 

Organs with hist I gical le i n increa ed from a t tal of 4 by thl.; 1 hour p i. 

peaking to 19 at the 24
11
' hour, and decreased graduaJJy to 2 at day 1 uf the tudy. 

organs showed lesions bet' een J'd hour and J'd day p.i and de rca. d gradu lly to 5 

namely: lungs, li er brain kidney, and bur a of f'abriciu n da 5 and t 4 < rgan 011 

day 7 p.i namely: -lung ajrsac liver and ex organ and finall t ~organ with 

lesions at day I 0 p.i namely the lung and heart. Mo t hist patholugi I lesion w ·r mild 

59 (73 .8%), moderate 15 ( 18 7%) and ever 6 (7.5% nc 

observed mostly on the lung -12 h ur ), trachea, plcen, c njunctiva 12th h ur). nd 

liver (241
h hour). 

A total of20 djfferent type finflammatory lesi n were re rded ft· m the 21 

organs on histopathological examination a hown in Table 46. The c !TH nly 

encountered lesions were lymphoid ell depletion infiltration with h tc:r phil , 

granuloma formation. ero itis. fibrin e udate, m n nu lear cells. 11 ern i ug ti 111 , 

and fibrosis. 

Lymphoid cell d pletion v a pre cnt at zero h ur while at ne h ur p i, 2 I ~o 

lesions were congestion, and lymphoid cell deplcti n 0 the rd h ur p i, lc i n 

increased to 9 45%) as edema, haemorrha emph cma. atclecta is, fi rin c udatc. 

heterophil infiltration and necr i \' ere recorded Afier hour p i I•! ron in rea d to 

14 70% a granuloma. rnu u 

degeneration and ser iti wer 

pithelial and 111·1 cular 

n the I 2'" h ur p.i, a t tal of 18 

were observed due to further r rding of mononuclear cell , giant c lJ bl d e cl 



tlcgen ration, and thr mb i All th lc ·ion, II' d b n b ·cf\ d l I '2 I. >U · J>.i. 1 2 hr 

p.i, the I ion \ er I 

1 he number of I i d fr m I at 7cr h ur p i p king 1 • 18 t 12 h ur 

and de r a d gradually to I t 11 tlay 11 p i I he lesions 1 each ·d 1 a~ 01 th '11 h< ur t< 

3'd day p.i ·ed 

n the comJ w 1.. only mononuclear ell , granulom • lymphuitl cell dept ti n, 11 I 

fibro is were r c rd d Maj rity of the lc ions wc1 mild 72 (76%),, n I th 1crn ining 

w rem derate II I I 5%), ami s vc1c 12 5%) 

observed between 6 l 2 h ut s p i rhc . 1 m ~ ere mg tiun 12-2·1h ut ), 

oedema (I i 11 hour), fibrin c udatc ( rd hour), hctcr phil infiltrati n ( 12-24h urs), gi nt 

cells 24 hour) granul ma fonnali n (6-24h ur , and nccro. i 21°'hour . 

IS and 1 ducks were not clifli r cnl tali ticall (p · 05) alth ugh th1' 

more than the l . 

N le i ns were ob crvcd nan ofthc rgan of the contr I due's 

f I were 



Tabl 

r-

irnmuuu uppr 
tim 

rit in • r ~am; of u n-
Uj)flr d (I 

rgan Ouck I lours t infcct~on r ( post infection 
T 6 · 12 24 trcatm nt 0 I 2 1_ 5 7 10 1_1 

Lung NIS - I. 30: 3 1211- :tl_J_'tll 
l - I 2 3 2 I I I I I I -1---- - - 1-- - -Tra hca I - I 2 2 I I I - I - - -
I - - I 2 I 1 - - - - --- ~-- , - t-- - - -onjuncti a - - 2 2 I l I I I I -
l - - - I I - 1 - - - -

~ - - - - - t-
Air ac 1 I I 3 2 2 2 I - -

I - 2 I 2 2 I I I - I - -- - - 1- - !--Sple n I I 2 - I I I I -
I - - - - I 2 - -:-t ~ - -

Liver ----1-
~ I . I I 2 I 2 I I -

I - I I I 2 2 I I I - -- - - - - 'T - - ,_ - - -I Jcart IS - - - 2 I I I - -
I - - - I I I I - - - I -- - - 'I - t- ~ Thymu IS - 2 I 2 2 I 1 
1 - - 1 - - 2 - I - .. - --- - - - - - - t- -l lardcrian Nl - - - - I I - - I - - -

gland lS - - I 2 l I - I - - - -
t- t- - f.- - -Pancrca NIS - - - - - - - - I - - -

IS - I - - I I - - - - - -
1--- - - 2 - - - -

Brain NIS - - - - - - I 
( ' - - - - I I - - I . - -

t- - - - t- - --t- -
Sciatic nerve IS - - - - - - - - - - -

IS - - - - - - I - - - - -- 'I t-
Kidney N l ' I I I I I 

I - - - 2 I I - - I - - -- - - - - - -
Te ti I vary I - - - I - - - - - . 

IS - - - - - 2 - - I . - -- - - - - -· 
Adrenal gland NlS - - I - I - - - - - - -

IS - - - I - - - - - - - -- T - - - - ·-
Bur a f NIS - - 2 2 I I - I -
Fabricius IS - - - I 2 I - - I - - -

Table 45 ( ontiuucd IH' t pn~ ) 

eull : o- Mild le i ns, h- cr lc i n . - u I . i n c n 

% I i n 
Jl_£r~n 

91 .7 
_83.3 
58.3 

_-!1.7 
66.7 

-
7 

.5!!!_.7 
66.7 
25 --75 
75 
111.7 
41.7 
66.7 
25 -25 
41.7 
8.3 
25 --
25 
25 --
n 
50 

- -
16_7 
16 7 
8.3 
50 
_ill 



bl 45 ( ntinu d) 

I 
2 

------

Peel 

T tal mild • 

Total 
moderateb 
Total severec 

Le nd: 8 
- Mild le i 11., h - 1 

X2 calculated d = 0.366 (p>O 05 

-

7 8 
7 
2 
2 
0 
0 

cv rc I si n .• -

I' I 

- 6i1 
8 I 
6 I 56d 

0 0 I a 

0 0 15d - iT 0 0 
0 0 611 
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Tabl 46: IIi. top thol gi .II i n nd th ir rif oh J inn n-
immuno uppr cJ ( I ) and imn mun uppr ed (I . ) du 
p cifi d tim . 

L ion liC Hours l~st inre tion Ua,.:;... JOSl inrection %1 ion 
lf· :tlmcnt _Q_ I J 6 12 24 2 3 5 7 10 14 I or2,an 

Conge lion ld Jf --I . - 3 2 2 I - - - - - 50 
I - - I 2 3 :l I I I - - - 41 .7 

Oedema I . - - :-
- - I 3 2 I - 33.3 

I - - I I 3 I - - - - - - 33.:1 -- -
Haem rrhagc IS - - 1 2 I I - - - - - - :33.3 

I - - 1 I 2 I . - - - - -
Emphy ema - I - - - - - -

lS - - I I - - - - -
IS - - I I 2 - - - I - - - - 25 --

Atelecta i NIS - - I 2 I I - - - - - - 33 
IS - I I I - - - - - - - 25 

Fibrin exudates N IS 
1- 2- f- -

58.3 - - 2 I I I - - -
IS - ,_!_ 2 2 I - - - - 50 
NIS 

- "-- ·- 2 'T I - gj 3 lleterophils I 2 1 -
l - - I 2 I I I I - - 7 

t-- - - - - 1- -· -
Mononu lear cell NIS - - - I 2 2 I 

I I' I I - 6 7 
IS - - - - I I 1 I - - I - _41 7 

Giant cell 
- - T -- -

1 - - - - I I - 25 

. IS - - - I I - . - - - 25 - - - - - - - -
Granuloma IS - - - I 2 2 - - I - -

IS - - - I I I I I - 7 
- - - r- -- -

Mucus e udate NIS - - I 2 2 - - - - - - - 25 
IS - - - l I I - - - - - _25 - - ,_ -

Urate dep its NIS - - I I - - I 7 
I - - - I - I - - - - - - 16 7 

Epithelium degn-- - - - - - - - -
I - - I I I 1 - - - - - 3 

IS - - - I J I I - - - - - 3 

~ 

~ - f-- - ,_ - -
Blood ves I Nfs I 2 I - 1 - - - 417 - -

1~ Degeneration IS - - - - I 1 I - - 25 

Thrombo is Nls - - - I I I I - - 417 

IS - - - - 1 2 I - - 25 

Table 46 ( ontinu d nc t p:t~ ) 

Legend: d - Mild le ion e - M derate lesior , r- evere le i n ; - c' I n cen 
pithelium degn - ~ pith lium deg neration 



Tabl 46 ( ontinu d 

2 

Nc ro is 

Fi ro is 

ro itis 

T tal m derate e 

T otaJ se ere r 

cg nd: " - Mild le ion .• c- Moderate lc 1 ns; r- Scv rc I . i< n , -

2 calculated d. c. t 2 (p 0 05 

I' 

" 

I 1 
12 
12 



11.3. 3 Patho~ene i of P.mullo ·itlll r~nni m a " lu 1 d throu •a i~n t o 

flu r c rll ;, .~ilu h hricJir tion 

Jl.3.3.1 P.multocitlo Fl II i nat in r~an. clu k 

ccurcn e of P.multo ula I· I I I ignals in the 211 

presented in Table 47 All organ had P multo u/a 1-1 II i •nat durin •h 14 d tud 

peri d, aJthough omc organ w 1 c mi d at omc ta 'C du1 ing th pr c aug th 

lite t 

Lung and tracheal lumen o vari u bird had P. multo ula fo I 'II 1 nal fr m z ·ro 

h ur (Fig. l6 up to 14°' day of the tudy thcr rgan c mm nly four,d to hav r>. 

multocida ignal were spleen 1.7%), liver 8 .J%), heart ( 6 7% irsac · bur · of 

abricius and thymu gland (5 %). 

By nc hour p.i, J (54 2%) 1 ,an with P.mullo ·1clct ignal \ rc. -lung, tr chca. 

COJUUOCtiva air ac , pleen, Ji Cl, h art, thymu , cia tic ncr C, bursa of J·abriciu , 

proventriculus, du dcnurn and caecal t 11 it Fig. I ), and pruning glr,::d n the •ol 

hour organs with f>. muff ·ic.la si •nat incr I to I 5 ( 2 5%) du tn i nal 

in conjunctiva, kidney, e r an, adrenal •land, and p ct01al muscle. At lh Ia ur. th 

I farderian gland brajn, midgut. and head kin, h wed I . 11mllv ·1da ·ignal making the 

total observed organs l be I 7 (70.8%) Afier 12 h ur p.i, rgan. w1tl. P. mu/ux.:ula 

incrca cd to 19 (7 .2%) as Jar 'C intc tine and pruning land wcr po• itiv At 2 h ur 

I I 

p.i orne rgans had no signal uch that II (45.8% rgan \ere po~tli . l thi time. 

only pancreas had no ignaJ which it had n the sec nd day. rgan. with P. mulll ·1da 

were 2 at zero ( 1-5minutc aficr in ulati n hr and the incrca d t · maximum f 19 at 
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the 121h h ur. 'I hey remained high r m th I h ur t ' d hut 1 bilit d t It 

p itive organ 1 th 

11.3.3.2 P.mullocitla l f II ignaJ in o~nn f I tlu k 

tim ccurence ofFI 'I I P multlX i Ia ignal in the 2 

pre ented in a lc 47 All the 2 ~ rgan had the. ignal tully 

period, alth ugh ome rgans wer mi d at orne tagc during th pr 1 th 

ISH te t. ung and trachea r vari u ird had P. multocttl.t i nal from th I h ur 

until the 141.11 day (9 I. 7%, ca h f the tud ther r an where the b cter ial ign I 

were comm nly detected were li cr 8 °-'o), bursa fFabricius (75%; ~p i n (50% 

Fig.l7),air ac (66.7%),h art. 50%),brain, kidncy andadrenalgland (41.7%.ea h) 

At one hour p.i, 13 (54.2%) organ with P. mulfocuJ. signal , were - un trach a. 

air acs, spl en, liver, heart, pan ·rC<U c 1gan, adrenal gland bUI s ,f Fabric1u 

duodenum caecal ton il and latge int .tine n the rd h ur. or an ith P. multoada 

signals decrea ed to 12 (5 % although m re signal w re ob r\ d on the th mu and 

the brain. At 61
" hoUJ , the or •an \ ith. i •nal",,. ere I 41 .7°o ahh u~h liard nan gland 

and the kidney became p it i e fler 12 h ur , rgan with ?. lllltl/'luda inc rea d t 15 

(62.5%) as sciatic ner c and head kin " re then p iti c. At 24111 h ur. 17 70 8~o 

organ had signal a er th I ttw organ provcntriculu and prun111g gland b 

positive. rgans with P. multomla were high at I 1 at I h ur pi, and "~ay d high t a 

peak of 17, at 24 hrs to de rca to 2 at the 14°' day. 

he Nl ducks had more ignal c mpared with Lh I but the differ~n wa n t 

significant p>0.05 . 



b r 
nd iuunun upp 

able 47 ( ontinucd 11 t p. ) 

gend. + po itivc ·I ll ignal - negative Fl H ignal · - rgan n t e amined 



Table 47 ( ontinuetJ) 

Bursa of 
Fabricius 
Proventriulus 

Duodenum 

Midgut 

Caecal 

Total 

end + itive Fl II ignal : - n gative Fl l r ignal , 

I 7 

rgan r t • amm 



FIG.l6. TRAC A (A) AND CAECAL TONSILS (B) FROM NON­
IMMUNOSUPPRESSED DUCKS POSITIVE FOR P. 
MULTO 1DA ON FISH TEST (ARROWS). 



FIG.l7. BURSA OF FABRICIUS (A) AND SPLEEN (B) 
FROM IMMUNOSUPPRESSED DUCKS POSITIVE 
FOR P. MULTOCIDA ON FISH TEST (ARROWS) 

B 
A 



l t. . Patho n i of P. multo ·ida o • ni m 

i olation from rl cted o an 

luatrd throw. a b ct ri I re-

ll.3.4.l Pnr11llocida or ani m r i olat d fa' m I duck 

P. mull 1da rgani m 1 e-i Ia ted fr rn seven rgan fr m 1 duck at 

pecified peri d are pre nted in Table 48. he rgan wabbed w r lung 

pha ~ cloaca caecalt n il spleen, li er and the pruning gland. P. · u/1 ida 

200 

organisms were re ered fiom the 1 -pharynx (58. %), lung ( 7 •% spleen (25%), 

liver 42% and caecal t n il (42%). Isolate fr m the or -pharynx were recovered up to 

the I 4lh day p i, while tho e from lung up to the 51
h day, and the spleen 7lh day p. i. Most 

of Pasleur4/a i alate were recovered v ithin 24 hours 

No isolate were recovered from pruning gland and loaca. At zt>ro hour (ducks 

killed 1-5 minutes afier inoculation), 2 isolates were recovered from lllm~ and the oro­

pharynx. At I hour p.i the i olates increased to 7, as they were recovered from the lungs 

oro-pharynx caecal tonsils and spleen. t 3-6 hr p.i 3 and 2 isolates, ,·espectively, were 

reco ered from the lung and spleen, while at 12lh hr p.i, I i alate was : covered from the 

spleen. At 24 hrs p.i 4 i alate from lung , liver and oro-pharynx anu ·!:- days p.i, 1 

is late each from the lungs. n the 511
' da ne isolate from the lungs while at the 7'11 day, 

isolates were cultured from the pleen and ro-pharynx f infected du k. 

All rgan fthe contr I du k were negati e r:; r P. multo ida. 

11.3.4.2 P. lllllftocida or anism re-i olated from J ducks 

P.mulfo i ·a rgani ms i olatcd from seven organs of IS duck at ' pecified peri d 

are presented in Table 48. Same rgans as those for NI ducks were swabbed. P. 

multo ida organisms were reco ered from the oropharynx (45.8% • lu:-.gs (33 .3%), and 
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pleen I .7%). 1 olatc from the r pharyn, \-.ere re t'11 day \ hile 

lh se from other organ were rcc vcrcd up t th nJ da po t infection 

f .multo rda organi m were r crcd within 24 h urs p i 

cl aca At zer hr 4 i late w re rec vcrcd from the lung and r pharyn . By I h ur 

p.i 5 is lat were rec ercd fr m lun , oro-pharyn, and plcen while at the rd h ur 

they were i lated from lung and plcen. At the 61h 12'11 2 lh h ur and 2nd day p.i one 

isolate recovered from ro-pha n and lungs, re pectively. At the "'day p.i, there were 

i olates fr m lung and oro-phat me. 

J\11 organs f the c ntr I duck were negative li r P. mullm:ida. 

NLS ducks had more isolates than l ducks but the difference was n t r-ignificant 
(p>0.05 
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Table 48: Re-isolation of P.multocida or ani m by ultur m th l1 fr m r an f 
non-immunosuppr sed ( I ) and immuno uppr e<J (. "' ) du k at 
sp cific time 

Organs Ducks Uours post infection Da~ost inf ction i olat -treatment 0 1 3 6 12 24 2 l_ 5 - 10 14 organ r-- - i- -Lungs NIS ++ ·H ++ + - 1- - - -1 . - - 9 
IS ++ ++ -t + - + - - - 8 
NIS c- - _ , __ 

f- r-Oropharynx ++ ·H - - - +I- I ._ - 1- -t .. 14 
lS -1 ... - - + - -1 -t t· - ·I ; II 

f- r--- -Caecal NIS - + - - - - - - - - - - I 
tonsils IS - - - - - - - - - - - - 0 

f-Spleen NJS - -1 ... + + - - - - -t - - 6 
IS - -1-t ++ - - - - - - .... - - 4 

Liver NlS - - - - - + - - - .. - - I 
IS - - - - - - - - - - - -- 1-Pruning NIS - - - - - - - - - - - - 0 

gland IS - - - - - - - - - .. - - 0 
Cloaca NIS - - - - - - - - - - - - 0 

IS - - - - - - - - - - - - 0 
Total NlSh 4 7 3 2 l 4 I 2 l 3 1 2 31 
isolates ISh 4 5 3 1 1 l I 3 0 I 1 2 23 

Legend: + positive isolati n of I .mull cicla; - negative is lation f 1 multo ·icla 

X2 calculated 11 = 1.185 p>O .. OS) 

I 
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11.3.5 Compari on bch e n th ~ ur t t u ed in th in th P. 

nmltocida 1>atho ene i tud 

om pari son of the result f the fc ur te l undertaken on a few 1 • due rgan. , 

where all tests were carried out at pecified peri ds are pre ent d in T te 4 

results compared very well with gr s and hist pathology and bacteri~l i olati n up to 

day 3 p.i. There after the FI lJ test had arne r ult a gro and hi. t logical le i n for 

the lungs and spleen but it wa able t detect the bacteria better in th li er caecal ton it , , 

and other organs than the bacterial culture and other te ts. Most rgan had higher 

frequency of P. multo ·ida detecti n with fl I I te t than ex pre ion o gro s 

histopath logical lesions and i olati n by culture. At zer hour only Fl.. H and bacterial 

culture could detect P. m11lto ·ida. 

11.3.5.2 A"!ong the IS ducks 

Comparison of the results of the four tests undertaken on a few tS duck organ at 

specified periods are presented in table 49. FlSH test results compar d well with those of 

gross and histopathol gy. Detection f P. multo ida Fl H signals and c.ulture meth d 

were comparable up to 24 hrs p.i, thereafter the FISH te t was found lo detect the 

bacteria better in the lungs, trachea (oro-pharynx), spleen, liver caeca tonsil and large 

intestines (cloaca). Wh reas, P.multo ·ida Fl H signals were found in the large inte lines, 

and pruning gland, no bacteria were i lated by culture fr m the cloCI.c:t swabs and the 

pruning gland. 

ducks had more p iti e resulls in all te ts than the l birds but tlte clifference was 

not significant (p>O.OS) 



bl 4 omp ri n bth n the ~r nd hi t paCholo icall ion • b 
i lati n nd H II . ign I fr m o n of non-irnmuno .. ,•pp 

nd immun UJlJH" d (J ) duck 

,.....,... --. 
rgans Duck Hours post infection Days post mfectton 

treatment 0 I 3 6 12 ~ 2 3 5 7 10 14 
~ Lung Gross IS - i + + + 1- .. I I+ + 

I - _-1_ + + + + + + .. + + -
Histo IS 

t- ... + + + + + 1- ~ + 
I - i • 1- .. 1- I + -- - - - - - - - ------r:;- -FISH IS + I· + 
I - ... I ; 1 + + + .. + + 

B/isola t~ - r-
t I + - + - - + - - -

IS ... t -f I I - + - - - -
Trachea Gross - - 1-

IS - I I I I - - . - . -
I - - i + .. + - - . - - --Histo NIS - ~ + + i + I 1- . . - -
IS . - of + I I 1 - - - - . 

FISH NIS 1- I -1 -1 I I + + + -1 + + 
IS - I I + ·I I -1 + I I + ... 

B/isola NIS - . . - + I· . + I· 
IS I I - - - - 1- 1- - -t ,... -1 

Spleen Gross NIS - I ·I ... I + + - - . - -
IS - - ·I I + + ~ - . - - -

Histo NIS - . + + i + - 1- ~ + -- + -. I - - - - + 1- -1 - - - - -
FISH NiS -1 + r:;- + + + + ... + + 

IS - .. - -4- + + 1 - - + - -
B/isola NIS . .. + + + + . - - + - . 

IS . 1- -t - . - . - - - - . 
Liver Gross NIS . -1 + + + - + - - -

IS - . ·I- + + ... + + + I - -
Histo NIS . + ·I + + 1- I + + - + -

IS - · I 1- ,.. I I I ... + ... - -7JSH-- IS - - - - - -- - ------- ... + of + + + + + + - + 
IS - 1- + + 1- 1- + + 1- of + -

B/isola NIS - - - - - + - - - - - -
IS - - - - - - - - - - - -

able 49 ( ontinu d nc t pag ) 

Leg nd: Gross - gross les1ons; Histo histological lesions ~ FISH- fluores ·nt In situ 
hybridization siguals; B/isola - P mu/tocida isolation by culturo; -positive 
result; - uegative result; - not done 

2 

Pos1tive 
rcsuiLS 
I I 
10 
I I 
10 
12 
II 
6 
6 
5 
4 
7 
5 

12 
11 
7 
7 
6 
5 
8 
3 

II 
6 
6 
2 
7 
8 
9 
9 

10 
10 
I 
0 



ble 4 ( ontinu d) 

Caecal 
-~ -., 

I t + ross . - + - - . - - -
tons tis IS . . -t . - . - . -

- - :- - r-tlisto IS . - . + . - - . . . -
IS . - . . + + - . . . . . 

Fl H IS - + + + + . + + . . . -
IS . . ~ . N . - . .. . . -- -Bfi Ia I . - - - . - . . - I 

. -
IS + I . - - . . - . . . I - -~-~ - -Pruning Gross 'IS . . I .. + + . . - I - -

I gland I . . . . . . - . . - - -
IS- 1-- -Histo - .. . . . . N . - - -

I . . . . . . - . . . - -- - - 1-- - -Fl H I I I - - . - - -
IS . - - - . + - . . + - -1-- ,......... 1- -B/Jsola IS - - . - . . - - -
IS - - - - . - . . - - . 

Large Gross IS 
1- . - . . . . - . . - . 

intestine IS . . - I ·I + - - . - - . - 1- -Htsto IS . . ·I . . . N . . - . 
I . - . . • + - . . . . . 

7fsH - - - -
N NIS - I - - . N N . . N 

IS . I - . I . . N . - - . - - - - - - f - - 1---B/isola IS . - - - - - . - - . - -
IS . . . . . . - - . . - . 

Total Gross • NIS 0 4 _6 6 6 6 4 I 2 I 1 I 
IS - 0 I 6 5 6 '6 3 2 2 ~· I 0 1-- I 3 Histo IS 0 6 5 l_ 4 3 4 3 l 3 J 
~s ro 2 ~ 3 6 6 4 2 2 2 1 0 1---
N IS 6 FJSJJ 11 2 5 5 7 5 5 4 5 4 3 3 
IS 0 6 4 4 5 5 4 2 4 4 3 2 ~-~ is -

B!lsol ' 2 4 2 2 I 4 I I I 2 I I 
IS 2 3 2 r-r- I I I 2 0 I I I 

Legend: Gross - gross lcs1ons; Histo - histological lesions; FISH - fluorescent m slfu 
hybridizatt011 s1gnals· 8/Jsol - P. multoc:1 Ia isolation by culture; t- ·positive 
result; ·negative result; N - not done 

X2 calculated • = 0 .6687 (p> 0.05) 
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2 
2 
5 
3 
1 
0 
5 
3 
1 
2 
2 
2 
0 
0 
0 
0 
I 
0 
2 
2 
0 
0 

38 
24 
39 
31 
54 
44 
22 
16 
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11.4 Di cu i n 

1 he P.mullo ·1dct . train · I I 0 22 1 utter eta/. I 985 ) u · tl in thi tudy, 

cau ed clinical ign pathol g ut no m 11ality in indigen u ducks 'I he gr s and 

hi t path I gicalle ion ob ervcd in this tudy were imilar to those pr viously reported 

by llunter and Wo c er 1980 and lis. on el a/. 2 03 for intermediate to chr nic ~ wl 

n we1e further upp rtcd by the finding ofFI II test u ing a 

P.multocicla p ilic pr b n th same organ and the bacteria were re-isolated by 

cullur from selected 1gan . Furthcnnorc no other di ea e c nditiOitS •t.~ere detected by 

hi t path I gic r bacteriological e. amination in infected and the c ntr I duck . Le 

viwlent i late of l'.mu/tvc:nla, a u cd in thi tudy pr duce chronic ir feet ion in 

water~ wl I lunt rand W be cr 80 Pehlivanoglu el a/ I 9 ) 

h lung • air ac liver, heart, plecn c njuncti a, peel rat mu ·d !, trachea, kidney, 

bursal of Fabriciu , du denum and large inle tine were frequently involved in that order 

for I: and 1 ducks. lluwevcr , the IS duck were m 1 c aOcctcd thun l duck in terms 

f number f infe ted rgan , c erity of the le ion and re-currency oJ lesi n r 

infe tion in organs at variou interval . The high frequency fie ion in the lungs and 

liver than other organs, ha al 

cholera. 

c n rep 1 ted y Rh a de and Rimier ( 1989) ~ r fowl 

The train f P.mullo ·ida and r ute finoculation may affect the pathogenicity 

Pehlivanoglu el a/. 1999) and path genesi of P.multocida (llunt and W beser 1980). 

In their detailed work on paUtology in Mallard duck Hunter and Wob~ er (1980) gave 

an account on the lesions for acute and chronic fowl cholera a seen or. lungs, heart, 

spleen, liver inte tine airsac , eye, joint, serou membranes brain, kjjneys and peri-
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bronchi Jar lymphoid aggregat in the lung from 12 hr p.i up t 5 d1 pi In the 

current tudies we ha e further b erved lesion in the thymu , llarderi n gland 

pancrea sciatic nerve, tcsti or ovary adrenal gland, bur a f ·abriciu prunjng glaud 

and the pectoral mu cle immediately after inoculation and u to 14 day po t in culation. 

These organs bad mild to moderate lesi ns varying from congestion haemorrhages, 

oedema, necrosi fibrinopurulent exudate, myositis bur iti , nerve myeliti to fibr sis in 

the 2"d week of infection. They were infected as early as I h ur post inoc•Jiati n and 

lesions were recorded up to the 711
' day in some ducks. ·vents immediately after 

inoculation up t 14 da s post inoculation are imilar t tho e de crib d by Aye eta/. 

(1000) in turkeys, who reached 14 days p.i and gave a detail f the ga•,trointestinal 

respiratory kidney, brain spleen bursa of Fabricius le ions. nlike the turkey 

experiments events afier immediate inoculation and one hour and the I 011
' day p.i are also 

reported. Whereas we have not c mpared the different P.multoc:hla trains as done by . 
others Hunter and Wobe cr, 1980; Pehlivanoglu el al., 19 9; Aye ef a/. 2000), the study 

compares the events in normal and irnmunosuppre sed village ducks. 1 he le i ns have 

also been correlated to the bacterial culture re-i solation from infected birds at an u 

intervals when the infection is active and further compared with the P.multo ·ida 

organi ms detected using the species pecific probe in the flu re cent in ilu 

hybridization test (Mbuthia eta/., 200 I). The severity of infection it1 arious organs and 

lesions are also described. 

Organs with gro sand hisl pathological lesions at variou acrificial intervals were 

lungs airsacs, liver (NlS and 1 ) heart spleen conjunctiva, and pect raJ muscle for NlS 

ducks. The lesions were ob erved as early as the 1 hour p.i for NI •· d 3rd hour p.i for 



20 

ing at 2·1 In p.i. f r th two lJ calm nt 'J h main lc i n. ' r pn um ni~ 

tliti fibtin c udalt n Jlcuriti . ongcstion. rn · · rditi , h ·r atiti , uppurattv 

udation. fibt in purulent, h dr p ricmdium, . inu iti • p ritoniti • splcniti · and m o it is 

fi r th . I · and I duck. !'.multo 1cla rganism \! r fr 1u ntl c b erved n the lung 

trachea. pte n, liver, hca11, air acs. th mu and bur a f l•a riciu ir1 Nl and I duck 

crificial interval , using the Fl lite t Thi correlat d clo ely with the 

I ion ob rved previ u ly n path logy and the P.multo ida re-i la!ion from the oro-

pharynx for the whole period, but up t the rd I ) and 51
h 1 ) day for lung i olates and 

earlier than the 1211
' hour r i. olates fr m the plecn. ultural meth d f isolation of the 

P.multoc1da was found inferior to the Fl II meth d in the detection "! :hi bacterium 

e pecially afier 24 Ius pi. ompared to the pathologicallesi n the Fl H tc twa 

c mparable up to the lOth day for Nl bird and up to the 71
h day p.i. tbr l bird ; 

tbereafler the ISlltest detected the organisms better. While a the r thol gicallesions 

are not always pecific for !'.multo ·ida, the ignals b rved with ·ISll te t refers I this 

bacteria Fl II te t has been used t del ct vari us aetiological agent (McNicol and 

Farquharson. 1997. M tcr and ·· bel, 2000) and a a tool in path I t~ical diagn is 

(Brown 1998; Bojescn eta/., 20 ) and was developed in the c stJdics c; r P.multo ·ida. 

Earlier tudies howed it u e in detecting !'.multo ida in lung ti ue~; (Mbuthia el a/., 

2001) but this study shows that it can pick this bacterium from all the 24 organs of ducks. 

It i there~ rea useful diagnostic t ol for P.multodda. 

The FlSH te t proved t c an adequate and accurate diagno tic microbiology tool 

for detection of the bacteria in duck ti sues (Moter and Gobel, 2000). The bacterium was 

detected immediately afier inoculation ( 1-5 minutes) in the tracheaJ aa.u lung bronchial 
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pith lium. and d p i ludic ith tuJ 1.. nd ""that 

bact ·a multi pi e ten i in tra ·hea and lung. within 2 hour p i, aud aim 

in tautan int rn< I rgans via bl d by om unknO\\dl m hani. m 

( 1at urn to el a/. I 1 ri hita eta/, 19 7 ·1 hi may n 1 b unique to the e bird 

alone, a path I gicalle i n , and fl.multoc:ula were identified in many ti ue a early a 

one h ur p.i in thi tudy h re i a need there r t inv stigate the acterial cv nt 

within I h ur po t inoculati n, u ing the Fl II te t 1o l bacteria w r i lated by culture 

immediately afier ino ulati n and thereafter. 

P.multo ·ida was found in variou organ of 11 nnal and immun uppre d duck . It 

po sible therefore, to e crete it from vari u e retions and excreti ns of the e ducks, 

hence the isolation of P.multo Ilia from the ga trointestinaltract a11d cloaca as reported 

el ewhere (Lee el a/., 2000· tuhairwa el al., 200 I b· and in experiment 1, hapter 3 of 

thi thesis). 

The P.multocicla u cd wa of I w irulcnce as dem n trated by mild nature of the lesions 

aJm t 65% of all the cas s, 20% m ucrate and nly 15% cvcrc in oth Nl and I. 

ducks. Mo t gr s and hi t pathological lesion ccurred between I hr and 3 days p.i for 

NJS and 3rd hour to 2"d day(; r 1 duck . Thi strain f P.mullo ida appear t provoke 

cellular and fibrin u exudate that i n n- pccilic cellular defen e in the ducks Toth 

2000~ Qure hi el al., 2000 . 1 he inflammation appears to be m dulat•'d by 

immun suppre ion like in tuuies of E. cherichia oli (Or 1976) lowering the 

inflammatory reaction as well a delaying it and making the bird to recover fa ter than in 

NI ducks. 
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In conclu 1on. the path gcn i of P.multoculo . I 0322 1
) ha b n documented 

in village duck • \ here it pr \Ok mild tom derate 1 ·ion inti ue r r 2 day or more 

p i, and where the organi m app ar to be o crwh lm d by th h t dclcn mechani m · 

thcreafier ·I lit t pr d to beau efultool in d tecting thi train inti ucs with or 

w1th ut inflammat ry I ns and in n rmal and immuno uppre d duck . The I 

duck had m re e er rcacti n to thi l'.multoc1da than I duck , \l hich may indicate 

that immuno uppres i n m dulal the P.multocida infecti n in duck~ 
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II Pl 'R 12 

12. . \L 01 

12.1 ion 

cr n d fi r th pr cnc f P.multoc .. ulct, fr m wab 

hickcn · and du k v er 

m r pharynx and 

aca u ing th mi c pa age and culture m th u a de db th r (Mull r et c1/ , 

1uhairwa et a/ , 2 I a, f th 21 bird am pled 162 chickens and 54 ducks), 

2 11.11%) yield d l'mt •urellc1 rgani m • 10 (4 63%) from chickens and 14 (6.48%) 

from duck 1at were P.m.galli ·1da, II w d by l'.m.mult ·ida, and 

l'.m.:; 'fJ/Ic:u and mainly fr m oropharyngeal wab All the three subsp cies of 

P.multoc/CJ, 1 were rcc ercd ri om indigcnou chickens and duck that were reared in peri­

urban illages marketed alive r being slaughtered in various trading centres in airobi . 

tigati n f occurrcn e of /'.multo ida were done n farm chicken and 

duck but n t n traded ( laughter and ma1 ket) bird ( urtis and Ollerhead, 1981 · 

uhai ,va el a/ , 2 

Kenya. 

uch a study has n t been earned ut previ usly in 

lau }Her and market bi1d in thi tudy nginated from rural and ur an di tricts. 

P.mullo ·ida organi m wer rcc v red fr m bird that originated fr m Kiambu, Ki ii 

achak s, akueni, and air bi di 11 ict The tudy agree with the findings of 

Muhairwa el a/. 200Jb that duck yielded m re is lates of the rgani m than chickens. 

ll i po ible that duck are eller re erv irs of I . multo ·ida organi m : than chickens. 

Previou rep rts of P. mull ida and fi wl cholera in Kenya were in wild birds Hudson 

1959; iringa I 975 and our tudy is the fir t on indigenous chickens and ducks. his 
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tud nlinn tl t /'. multocu.l' or ani m arc pr nt m ng th inc.lig nou n ck that 

ar ·ial and ri-·::-~·'Ul communitie 

in H PI ar ntly h · hh • /'. multm.icla carri r bird in fi rn1 fa gifi can casil 

intt du ami main tam /'. mulloc u/a on the r tivc farm and po . ri k to both 

indi en u and mm r ial flocks A nallon v ide pid mi I gical ur. ey can show th 

. t nl f /1.mullcx:itla f 

th p ultry indu tr !, 

urr nee and di tributi n, and the po iblc ri k of fi wl cholera 

J lavm r c rd d the curr •nc r arri r of/~. 1111tflocula am ng the indigen u. 

n ck in enya.. it w. · prud nt tu in e ti late the m t u c ptiblc are gr up among 

bird • t 1'. mullocula I'. multo ·tda ha. a wide range f avian h t • with variable degree 

ptibilit am ng diflbrcnt t p fi.Jird and age group (Joadd ul el ul., I 67, 

Rh adc and Rimier, 198 To deter mine them l su ccptiblc age fi r chickens and 

duck • th birds were gr up d into fl ur et 4,8 12 and 16 week-old birds and 

e pcrim ntall in ulatcd with a kn " n l'.mulla ·ida train T 22 T intratracheally 

a pr iou ly d ne Mat umoto •I a/., 19 l, Petersen I a/ .. 200 I u) . .. , .· both 

e perimcntal and c ntr I bird linical ign , temperature and weig lt were monitored 

fi r 2 we k Thi P multo 'Ida . train wa fi und to be fl w virulenct. with bird 

expr ing variou clinical ign , fever and weight chang but no JtH rtality Jn the 

chick n e p riment the 12 w k- ld indi 'en us chicken showed more evere clinical 

ign that reached a peak within a few day po tin culation than tb se of the other age 

group that i 4 8 and 16 week- ld bird . The clinical ign were similar to tho e 

rep rted by olher ( lui ten nand Bi gaard 2000· lis n el a/.,). 0 . Previou Jy it 

has been rep rted that m<Hure chicken were more su ceptible than y ung ones 
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Heddle ton 1962· lleddl t nand atk , I 65 to !'.multo ·1Ja organi m. 1 hi could be 

true when compari on i made b l\ een oung bird (9 -30 ' · ne (52 

week ). Howe er, am ng the w r chicken b l\ ccn 16' cek- ld, the 12 week-

old chickens appear m re u ceptible than th th rage gr up . Thi mpar well with 

pre ious work that have hown that the n ct of fo\i I chol ra in turk .y was 12 weeks 

in c rgia, (Morri eta/., 198 ) In the urrcnt study, non f the c ntr I 

chjcken had clinical sign or ever throu h ut th 14 day of bscrvations 

II the infi ct d indigenuu. chicken had I wer weight gain than the contr I birds 

and h nee P. multo •tJa wa. innu ncin • th w i ht gains The rindin . agre with th c 

in feed 

efficiency arnon • turke . ·rom the fl re ing re ult ., it can 1 ightfully e a sumed, that 

th 12 week-old indigcn u chick n arc mot us eptiblc t !'.multo ·ida than the other 

gr wer chicken ag •roup . 

In the duck experiment. a imilar pictutc wa bserved, 8 week- ld ducks had more 

i n than tho c o 4 12, and 16 week ld. This i in agreement with the work of 

llunt rand W be er ( 1980) th l oung Mallard ducks le than I J v·• .:. old were m re 

u. ptiblc than lder duck of I t I we ks ld nc fthc contr I duck had clinical 

manifc tali n of fowl cholera 

Infected due shad low r \! eight gain than the c ntr I bird , al\h ugh older bird 

lo t marginally more than the 'Ounger bird a p sibility therefore that infection with 

P.multocida decrea ed feed efliciency (Mort i eta/., 1989 I nfe ted wild birds have been 

rep rted to have belo\ n rmal \ eight ·addoul el a/., 1967) a finding confirmed in the e 



tudi Th • ar. r -nam d p ram ter upp rt d th 

indigenou du k were m r u · ptible than the 

hicken and du k u c ptibility tudi r p >rt that dtiTct nt 

ty s of bird and different age gr ups within a typ ary in their t. tibility to the 

· a r ult th 12 ame strain of P.mulloc:1da rgani m (Rh ad 
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week-old chicken and the 8 week- ld indigen u duck app ar d m .. rc su ceptiblc t P. 

multo ·ida than other a •e group for these indigenous ird 

At farm level marketing point and during tran p rtation f binJ r. to and r m the 

market chickens and duck arc subjected t an u tre c. u h a t ugh handling, 

stressfultran portation mcth d conge ti n in cage and coops, p r ceding housing 

parasitic infestation ubclinical infecti n and threat t predator :111 f which may 

induce cau ing flare-up finfecti n Stress can pre ipitat outbreak • offowl cholera at 

fam1 level and in mark t areas (Uiackall eta/, 1995 . With the d tet mination of lite 

su ceptible age to P.multo ida rgani m among the indi enou ird it wa nece ary t 

d cument the clinical picture f fbwl cholera in these bird and ob c e whether 

immunosupres ion, one f the crrect of stre s has any effect n their manife lation. 

arne strain of !'.multo ·ida wa u cd ami inoeulati nand b ervati n were as previously 

done for age su ceptibility. The bird were gr upcd and eparated into non­

immunosuppre sed and immun suppressed with their rc pccti c contr Is. 

lmmunosuppres ion was carried ut a done by other authors ( or.i('r and DeLoach, 

1990· orrier el a/. I 91 akamura eta/. 1994). hickcn and duel{ of the susceptible 

age groups ,. ere used. ro ly and hist logicaJiy U1e lymphoid organ of 1 bird ,. ere 

atrophied and depleted of the lymphoid cells an indication that dexamethasone had an 
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h bird 1gn int nn dial tw nth uba ·ute and hr ni 

fc wl b th r Rimier el a/ . 1998 n en ar d i gaard, 200 

d pre ion, ruffied feather • cr. na al da charge 

n zing, d pn ea. diarrh ea p ntane u tra heal raJ • muc u di charges from the 

m uth. no e and eye c ano i , and an 1 ra crvou tics, ala i~ and head cratching 

were additional clinical ign that\ re exprc cd by b th I and I birds. Torticollis 

r m meningeal infe ti n in chr nic owl ch I era li son eta/ 20 3) wa not ob erved. 

he nervous tics could be a reaction to mild r severe laryngiti , r an '!!Tort to clear the 

n strils and th upper re pi rat ry trac~ or may be a sign of meningiti!. or meningo-

encephalitis. Ataxia wa crved a w b ling m vements taggering, unsteady gaits 

shivering flipping ever) that c uld e a central nerv us di turbancc, while head 

scratching was comm n in chi ken but n t duck . This c uld e a further sign of 

irritati n of the head regi n ( titi and r sinu iti ). 

lrc sin poultry ha been h wn to i1ncrea d n n pecific re i tan~e to ome 

bacteria (E. ·cherichia coli re rting in less disease manife tations unlike in viral and 

and lman , 1967, 1969, 

1970, ·reeman 1976) tre I wers the t tal leukocyte count (leuk penia) impair 

immunological functi n , reduce bird appetite and weight of s me ly1. phoid organs 

iegel and r s 19 5· •rccman. 1971 ). In this tudy JJasleurel/a multocida infecli ns 

appear to have a similar effect in chickens and duck a E .. cherichia oli NI birds had 

more severe clinical signs than the I birds. p to 5 different clinical .;gns were observed 

on a ingle bird during the bservaLion peri d. n post m rt m I bird appeared 

qualitatively to have m re fat dcp iti n than Nl bird . The main post mortem finding 
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were ca eat eel fibrino-suppurativc exudates, fibrosis on lung and air. ac hicken 

expre ed more clinical igns than duck However, dyspnoea wa m r~ marked in ducks 

than in chickens. 

In the e studie , the carrier latus, mo t u ceptible grm er bird age group and 

clinical picture in nonnal and immunosuppressed birds infected with P.multo ·ida have 

been established. However small- cale famter often keep mixed fl r.k. with indigenous 

chickens and ducks (Minga el Cll., 1989, yaga eta/., 2002· Mbuthia eta/. 2003) under 

the arne management. This type of management can easily facilitate eros transmission 

of common pathogens. o evaluate thi , 2 experiments were conduct(d where indigenous 

chickens were infected and mi ed with na1ve ducks and another where ducks were 

infected and mix d with na"ive chicken . The bacterial inoculation were a previou ly 

d ne (in this thesi ) and infected and cntincl birds were m nitored for the presence of 

P.mullv tda by swabbing of the 01 pharyn and the cloaca n a daily •a i for 14 days. 

At the ame time omc cntincl bird were acrificed at vari u intervals after mixing 

with the infect d on 

Jn th case fchicken t duck Iran mi ion 40% of sentinel u ceptible indigen us 

duck had picked P.muftocida after 24 hr , and 80% had the organi m by the 2"d day 

while all had the infection on the 6th day post in culation. F r the duck to chicken 

transmis ion 80% of the sentinel u ccptible indigcn u chickens had j:icked 

P.multocida after 24 hr , while all the chicken had the organism by the 2"d day po t 

inoculation. The direct contact through birds pecking ou the bills of ca ... h other (chicken 

to chicken, c,hicken to ducks· duck to duck) and indirect contact thr ugh exposure to 

water and feed contaminated by infected bird , successfully transmitt ~(. infection 
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bet ild Rh ad and Riml r I 9' 
' 

od rham, 1 ). 

B ide • the int4 I material ma al 

play a r le in cr Iran mi i n f the rgani m • as Ji.mul/o(.f(la ha\ l n i lat d 

from cl acal wab 1uhairwa 1 a/, 2 and 2 I b hapter • • p riment I f thi 

the i ). · I e~ h re, it ha b en 1 p rtcd that p ultry train acquir d by 1 in culat int 

wildlife have als been h wn to e tran mitted back top ullry mp eta/., I 88). It 

can therefore be c ncludcd that !'.multo ·u/a N I 0 22,. can be tran mitted ct ween 

the indigenou chickens and duck . AJI ird infected y cross tran mi ... ;,Jn expre sed 

clinical igns ( hapter 6 of this th sis and le ions as reported el cwhere Hunter and 

Wobe er, 1980 Glisson eta/., 2003). The contact cro tran mi sion, May play a role in 

the maintenance of I .11111llo ·ida at village level especially due to the Leek of aU-in all- ut 

management sy tems for the scavenging village birds. 

Diagno is of fowl cholera in ick birds is dependent n cultural meth d and 

ub equent characterizati n f P.multocida ( hristen en and Oi gaard. 2000). Thi 

limited by presence of V- fact r requirement, non-typable strains anr! viable but non-

culturable cells (Krau. c Ia!.. I 87; M ter and el, 2000 . here i a need t dcvel p 

a culture-independent te t for prcci e localizati n of P.multo ·ida in ulture and within 

histological sections Brown 1998). luore cent in . ilu hybridizati n i~ uch a lest and it 

had not been de eloped for I .multocida. A pecific oligonucl tide probe pmhyb 449 

(AJm et al. 1996) for specific detection of P.multo ida was selected ao;ed on 16 rRNA 

sequence comparison. The probe was later optimized for hybridizatiou :;inditions with 

fixed bacterial strains. The plimized probe was further te ted, initiall.i· with pig lung 

injected with P.multvclda to e tablisb whether it can detect the organir..n in tis ues and 
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lcr in lung ti uc r. Ill chi k 1\ ith r; wl h I ra hri ten II e/ al .• 199 ) In b th 

the pr b cmill d •tfi · and narrow flu r ccnc that di tin ui h P. multo ·icJ, 

a tcrial cell y a red nu r nc • ' hil the lung ti uc c lis flu 1 t! ed gre ni h to 

rowni hand red bl d c lis v re y llov n examinati n afier 111 Mfr1 hybridizati n 

he probe was later tc ted a' in t tw nty two fix d bacterial train and it ga e good 

ignal for P. multoc:ida c mparable to pr be 4 B 8 ' hilc it complementary pr be 

did n t gi e any ignal with the amc act rial train All other bacteria te ted except P. 

avium biovar 2 and P. canis biovar 2 were negative with probe Pmhyb449. Th e two 

taxa that were described by ad n eta/ ( 1985) and subsequently nawed by Mutters el a/ 

( 1985 ~b) clu tered with the type train of P. muilo ida and not with Pasteurella avium 

(Dewhirst eta/. 1993) or P. cani . Their similarity t P. mullocida are higher than 94-

98.6% and po ibly in future th y may be placed together with P. multo ida (Petersen et 

a/. 200Ja). 

ln this way, the ·1 H te t allowed imultaneou visualization, identification 

and localization f fl. multo ·u/o cell. in the lung tissues Muter and Gob I, 2000). The 

te l was supcri r to cullure-ba ed methods as it was less time con uming and can be used 

for fastidious yet to be cultured bacteria and could pick out the specific target 

microorgani min a mixture ofba terial communities or microbial diver ity in infe tions. 

WhjJeas other microbial tajning methods, molecular techniques like PCR (Polymerized 

chain reaction) are good, but they do not provide information about morphology, number, 

spatial di tribulion or the cellular environment of the organisms (Moter and Gobel, 2000). 

The 16 rRNA based method are advantageous in detection and idc:-:~fication of 

microorganism due to the fact that each bacterial cell contains multiple copies of the 16S 
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rRN in it rib orne , that ca v luti na h' rl cons d 16 

rR A regi n c mm n t ba tcr ia and ' hi ·h mi ht h ilic 

( long el a/. 1989 Krimm ref a/., I 9) h am unt 1f und pr tl 

correlated to the cellular rR c nt nt which i d pendent n physrol gical a tivity at 

the time of fixation ( iovann ni el a/, I 8, mann eta/., I I , und direct I c rrelate 

with the bacterial gr wth rate ( cl ng eta/, 1989). ing rRNA a a target in •I £1 test, 

phenotypic variali n d n t p c a pr l>lern, unlike immun logical meth ds Bo eel a/., 

2000 . Probe Prnhyb449 clearly dem n tr a ted the P. m11flo ·ida bacteri.al rods in various 

crucken lungs wtder mild m uer ale or severe lung inflammation. 'J he bacteria oc urred 

singly. in pair~ in aggregates like micro-colonie and in mas es ccupying large areas of 

the lungs. Their individual morphology wa clearly demon trated b thi probe as 

reported in FISH procedures of other bacteria (Delong el a/., 1989; , \Jnann eta/., 1991; 

Bojesen ef a/. 2003). he test limitation are its dependence on the r.rmber of copies of 

rRNA in the target bacterial cell (Amman eta/., 1995) and hence on the physiol gical 

activity of the micro rgani rns pri r to fixati n f samples. ul lysi f the tissues does 

not hinder the detection f bactcr ia by FlSil Nuov , 19 7) north innammat ry reacti n 

due toP. multocida. In this tud , pr c pmb b 44 was devel ped 1nd is rec mmcnded 

for tudie of P. mulfocida pathogene i and it infection in animals. It canal · be u ed 

to confirm and diiTercntiate P. multocida from ther Pasleure/Laceae iu culture. lL i a 

simple te t applicable in m st re ca1 ch and diagno tic lab rat rie . 

To add more insight on P. multo ·ida infections it i w rthwhil t understand orne 

aspects of the pread of thi bacterium in vari us ti ues of indigen \..IS chicken and 

ducks that are immunosuppr s ed and non-immuno uppre ed. The typl' and severity of 
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th b 111 rg n ari u int al nd I 

rta n t h lp und r t fP. 

train th b t ra. 'I chicv 

chi en and due o th 

Birren U and 

a amura 1 a/. I 4) h 

nu up r 

rri r and I 

~ ith P multo .,~ t and 

rib d 

•t ul I 

aminali n \' a und rtak n, 2 ti u 

t and P. mull ida ba terial re-

an 1 hi l path I gical 

pictur fi r the indigcn u chick n and duck w re as de rib d by ther (llunter and 

be er 198 Rh ade and Rimier 19 P hlivan glu t a/. I n eta/., 

2003 . wer m re am etc than l bird in terms of numb r o; mfected rgans, 

erit and r -cuncncy fl r infection in rgan: at variou 

int rval . AJth ugh in me ca . the e differences v ere n t tali ticn,:y significant. 

ore rgan wcr includ din thi tudy than examined b II ntc1 and Wobe r 

19 fi r d k , while th y were imilar l th giv n y Rh ad 1964 , alth u >h the 

lalt r u d a highly indent P. 11111/to ·ida that gav micr copic le i 

ch lera and nnot e c mpar d' ith th finding fthi tudy 

facute fowl 

Jn th chi ken e pelimcnt. , •1 ly the lung, air ac trach a plecn li rand 

e f I ' bird were 

marginally m r am t d 

the g tr inte tinal tract, a p ibility that P. mull •tda can be hed tnrough it as 

uggested el ewhere ce el a/. , 2 , Muhairwa el a/., 2 I b and hapter of thi 
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th . e pr nl in m t rgan b th 6 h ur in , IS nd 1"'111 hour fi rl 

chicken 

The pi lure \: as imilar for hi t 

while 8 % f I rgan cv re t le i n. wcr c in r pir at ry y tern, 

cardiova ular, hepatic tem I mph id tem ga tro-inte tinal tract, ncrv u and 

urinary ystem as r p rted cl C\ h re Rhoad s and Riml r, I 8 . Peak I ns v ere 

ob erved at 6th h ur in I aud I ih h ur 14 r lS and rn t c. f them w re rec rded in the 

first week of ob ervation. Pre i u tudie with turkey have h wn that the 

I. nwllocida i able t in tantau u I reach the internal rgan via bl od by orne 

unknown mechanism Mat um to el a/., 1991 ). his wa confirmed in thi study, le ions 

being observed a early a I hour p t in culation and the P. mullocida organisms were 

demon trated immediately 1-5 minutes aficr in culation on the epithelium ofthe 

trachea and lung bronchi A number of organ had the bacteria by th-" ; hour post 

inoculation. A similar pi ture t the distribution oflesions was obser cd when FJSH test 

was performed. It was easier to demonstrate P. multo ·ida rganism in the tis uc ofNl 

than 1 chickens. The ccurren e f the bacteria was more in the lungs, trachea, spleen, 

air acs, bursa of Fabricius and thymu in N I and I using fl Sll test other organs. Fl ll 

test wa ucce sfully u ed to demon trate P. multo ida in all ti ue of the chicken 

examined. On recovery of P. multoc:ida from tis ues, m st bacterial isolati ns were done 

at the time of peak le ions and in the first week. Nl birds had lightly more P. multocida · 

isolates from them than I bird . · he picture in ducks i imilar to that of chickens except 

that the lesion were intensive and prcad {; r a longer period in ducks than in chicken . 

P. multo ula organisms appear to provoke cellular ami fibrino uppurarive exudates after 
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non-specific cellular defen e by the h st duck T tl~ In b th the duck and 

chickens the inOammation ap car t b m dulat d b irnmun uppr i n, I w ring the 

inflammatory reaction a w Ll as delaying it, making th bird tor c \ r fa ter than in 1 

ducks. everity of the le ions in anou rgan and at pe Hied tim '''terval ha b en 

d cumented in both I and I ird,. While vere I . ion w r arli ·r 11111 I th y 

disappeared early in J bird 

l lJ te t correlated well with gro and hi topathol gicalle i n and with bacterial 

rec very by culture up t 2 h ur p.i . n r the 2"d day po t inoculati n ·J I J te twa 

observed to be more sen iti e and hen e superi r t the ther te t 10 l and J bird 

Although Fl ll test i pecific for P.multo ·ida le ion al ne are n t spc ific as other 

aeti Iogie can provoke imilar path logy ( li tu y has demon trated 

for the first time the distributi n of P. multo ·ida in various organ f indigenous chickens 

and ducks at ariou interval . 

12.2 onclu ion and COfl for furth r wod< 

12.2.1 on lu ions 

In this study the foil ing were achieved. 

I. or the fir llime, the car ricr- latu of 1'. multocida (involving :.t' the three }J. 

multocicla ub pcci in the locaJ cavenging indigen us chicken and ducks. 

2. The u eptible age fl r 1'. multoc1da and it clinical manifc lations among the grower 

indi 'en u chickens and du k . 

3. Pa, teurel/a mullo ·ida rgani m can ca ily be tran milled from infected to non­

infected birds~ and duck were more u ceptible tban chickens and seem to act as the 

natural re ervoir . 
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4. r oli ' nu I tid probe r I . multoctda rgani m 

fully, or th fir t tim . 

lop d and 

u ed uc 

5 Th pathog ne i f P. multoc.:tda infection in immun uppr ed aa1d normal 

indigen u chicken and du k wa · e tabli h d. that le i n were an rein then n­

immuno uppr ed bit d 

6. p d diagn tic to I r I P. multo ·id.l 

detection in culture and ti. u s and wa able t d teet the bacterium in 24 rgans f 

indigenou chickens or ducks 

7. hat Fl H te t wa a better t I in dete Ling P. multo ·ida organism than the other 

diagno tic te t evaluated. 

8. lmmun uppre ion rn dulates clinical sign and le i n ex pre n in J>. multo ·ida 

infection 

12.2.2 ope for further work 

I. ountry wide P.multo ida studies are needed to establish the dist ibution of this 

rganism in indigenous bird and commercial poultry. 

2. ludy the ocio-economic impact of fowl cholera and 1 .multo ida infections in 

indigen us poultry farming c La li hment . 

3. Further studies on cro s transmi ion involving other avian specie •.;nder the 

smallholder p ultry farm . 

4. Te t the virulence of the Kenyan !'.multo ·id. i late 

5. · stabli h the role of ariou phagoc te in the inOammation of P.multocida and 

ex pres ion of fowl cholera clinical igns and pathological lesions. 
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14. pp 01 

Jll> nc.li I: Pust urella multoddu r co ery fr·om wab of healthy-appearing 
( rm bird : ~ :acir no k ize t p of bird di i ion .1d di tricts of 

ri in in n. n 

Di. tri t Ohi i n T) pr or Farm Flock Total bird P. multodda i. olat 
hint cod . il . ampl d c p 

f-:':-; I . Embak i 1- -
ll/6 0/6 arro H Iucken I ~I 6 -

6 ot6 2 20 0/6 .. 
1 36 6 _'116 0/6 

" 4 52 6 0/6 0/6 
l\1a h k Ath i Rl\ r .. 5 25 12 0/12 0/12 .. 6 56 II 0/1 1 0/11 .. 

7 74 6 ()/(, 0/6 
Kiambu Gilhunguri .. - 8 35 35 Oi.l5 1/35 
Nairobi Embakasi Ouck 9 30 12 0/12 0/1 2 .. 

)() 18 12 ()/12 0/1 2 .. 
II 85 6 ll/6 2/6 

DagorcLJ .. 12 10 3 J ' 0/3 
Kiambu Kikuyu .. 

~1 II I I 1/ 1 J 5/J 1 
Githunguri " 14 14 3 0/3 1/3 

Total 481 135 2/ 135 9/t35 -

gend : · 
- I acaJ wab· P- oropha ngcal wab~ P.multo ·ida- I asleurell··' ultocida 
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ppendi · 2: Pasteurella multocido r cov ry from wab taken '.'rom rural 
indigenou hi ken at th time of lau hter in t ,.{, lau hter·houses in 

air bi 

Le end 

otal chicken 
. am pled 

12 
lU 
6 

13 
45 

- loacal wab· P - ro-phar ngcal swab, I .multo itlu - Pa 1 •urella multo ·lela 



Appendix 3: Paste11rella multocida i olat. d from swabs tak n from rural 
indigenous birds from various trading centres in airobi 

Markel trading Rural di trict of Total bird P. nmltocida isol:!'"'" 
Center origin sampl d c p 

A. Chickens 
Jogoo Rc ad Bomct 4 0/4 0/4 

Kisii 3 1/3 J/3 
Makueni 2 0/2 0/2 ·--

Kariokor Kitui 1 0/1 Oil 
Makucni 2 0/2 0/2 

M''i ngi 2 0/2 012 
Ua in Gi hu 2 0/2 0/2 

Nairobi South Machakos 8 2/8 2/'/. 
Makucni 3 1/3 1/] 

Wcsllands Mwingi 2 ()/2 0/2 
B. Ducks 
Kasarani Nairobi 7 tn 3/7 

lfotaJ 36 5/36 I 7/JG 

Le end : 
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- loacal wah· P - oropharyngeal wab; P.mult cida - Pasteurella mu/tocida 

Appendix 4: T pe total numb ·· and verity of the liuical si r •. in duplicate 
e periments conducted on 4 week-old chickens 

C UnicaJ Numb rand verily of Number and Ycrity of A'•crage number and 
i~ns clinical si2ns in cxpt.l clinical si2ns in cxpt 2 sc,•crity of clinical sigos 

J 2 3 L 2 3 1 2 3 
Depression J3 20 18 41 5 2 28 l !7 10 
N/tics - - - - - - - - -
Rlfcatber_! 12 21 15 5 6 7 9 16 11 
SncC7Jng l2 10 I 2 - - 7 5 I -
Ataxia I - - - - - I - -
N/discharge 2 I I - - - I I 1 
D.) S1>noca 4 - - 2 - - 3 l --
M/dischargc_ - - - - - - - - --
Diarrhoea 1 - 2 12 I I 7 I 2 
Cyanosis - - - - - - - - -
Ral~ 17 9 I 9 - - 13 8 1 
Fcyer 13 20 I 12 5 2 J] 14 2 
H/scratchin2 - - - - - - - - -
Total_ sig"! 75 71 39_ 85 J7 11 82 63 28 

Legend: - o observed clinical ign· everity of clinical igns: 1- mild 2 - moderate 3 -
severe sign· /tic - nervou tics· R/feathers - ruffled feather ·· N/discharge nasal 
di charge ~ M/discharge- m uth discharges· H/scralching - head scratching. 
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pp ndi 5: Typ t tal num r. nd rit f th lioi 
p .-im nt ondu t d n th 8' k- ld hi 

Clinical Numl r :1nd \ rit f Numb rand ' rit) of A' rn~c numb rand verity 
ign clinical signs in cwt.t clinical si2ns in cwt.2 of clini~al the signs 

I 2 :l 1 2 3 I 2 3 
Depression 1 1 9 18 16 26 16 28 18 17 
Nen·ou1 tics 2 - - :l - - 3 - -
R/fcathcrs 25 II 17 17 26 15 26 19 16 
Sneering 14 11 17 3 I - 12 6 9 
Ata~ia - l - 6 I - 3 2 l 
N/ discharge 4 - 5 - - - 3 - 3 
D)Spll()Cjl 9 2 '\ l5 - - 14 I 2 
M/di~cha~ - - - 1 - - 2 I -
Diarrhoea j - - 4 - - .. I -
Cyanosis - - - - - - - - -
Ralc.<l 18 ') 4 11 - - 20 3 I 
F'_e_ver 10 15 13 20 32 9 25 IR 10 
JJ/scratching I 3 - -1 - - J I -
Total signs 117 (,l 77 102 86 40 J4J 70 59 

Legend: 1 - mild, 2 - moderate: - evere ign· - No observed clinical sign· N/tics -
nervous tics~ R/feather - ruffied feather /djscharge - na al di charges· Midi charge -
mouth discharge ; H/scratching- head cratching· expl. 1 or 2 - exp<:rirnent I r 2 . 

Appendi 6: Type totalnumiJ •· and c erity of clini al i ns aft r duplicate 
e pcriment.'ltion on the 12 week-old chick n 

Clinical Number and ev rily of Numb r and severity of AYca·agc and verity of 
Si n clinical signs in CX(lt. J clinical signs in expt. 2 clinical signs 

I 2 3 I 2 3 I 2 3 
Dct•rcssion 59 14 6 38 10 18 52 15 12 
N/tics 12 I 2 6 - - 9 2 2 
R/fcathcrs 55 14 10 J() 11 13 4'/ 15 12 -
Sneeziog 3 - - 33 15 12 

., 
I.IJ 9 7 

Ataxia 9 I 2 2 3 4 1l 3 3 
N/dischaf"2es - - - 26 17 18 16 9 9 
Dyspnoea 13 - - 12 1 - 13 2 J 
Mldischarge 5 - - 2 I I 4 J I 
Diarrhoea 9 2 3 3 2 3 ~ 3 3 -

_!:yanosis - - - 4 - - ., - -
RaJ~ 7 - - 5 - - (, 2 -
Fever 21 30 12 23 17 9 23 24 13 
H/scratcbiog 9 5 J 6 4 3 8 5 2 
Total !ligns 192 67 38 190 81 81 217 90 65 

Le end: I - mild · 2 - m derate· - evere sign· - No observed clinical sign· N/tics -
nervous tics· R/feathers - ruffied feather · N/di charge - na al discharges· Mldischarge -
mouth discharge ; HI cratching- head cratching; expl. I or 2 - expenment 1 or 2 . 

: 
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1 pp ndi 7: · yp , 101 I numb~r ami r er duplicate 
e p rimentation on the 16 we k-old chi k n 

,......,..lini - - -~ 

-A,~tr gc and I omh rand . erit) of umb r. nd . 'crit) or :n~rity 

ign clinical sivn~ in C:\Jlt.l clinitlll 8i2J]S in CliPL 2 ontr. • r of clinical sil!IIS 

I 2 3 I 2 3 

1 ~ 
3 

Dcpres3ion 24 10 3 iO 8 12 21 10 9 
N/tics 11 1 - 18 5 - 15 1 3 
Rlfcathcn 24 10 3 J 4 3 n Ill 4 .__ 
Sneezing 4 - - 20 6 3 15 .I 2 
Atnia J - - 2 - - 4 - -
Nfdis_chargc - - - 1 - - I - -
Dyspnoea 4 - I J4 2 - 10 2 J 
1\1/discbargc 3 - - - - - 2 I ; -
Diarrhoea 9 - - 2 - 2 6 I 
~anosis 2 - - - - - I I - -

RaJcs I - - I - - 2 - -
FC\·er 20 J I - 20 16 5 20 15 j 

11/scratching 4 2_ - 4 2 I 4 2 J 
1otal signs 1419 34 6 lOJ 43 26 Jl(, 47 24 

end: I - mild~ 2 - m derate; evere ign· - o observed clinical sigrr N/tics-
nerv us tics; R/feather - rufficd feathers· N/discharge- na al discharges; M/discharge­
mouth discharges· scratchjng- head scratching· expt. I r 2 - expenment I or 2. 
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pp mli : \\ i ht ban in ve k-old hicken 

a.~ontrol birds 
~h!c_kcn Numbe r Starting ' •ight final n cighl G ain in weight 
J" batch 
J IG9 15U 250 1()0 
1170 175 200 25 
1171 150 r1.50 I I()(} 
1172 75 100 25 
1173 137 
2"" batch 

200 1_(3 

1247 125 275 IJO 
1248 75 125 50 
1249 187 325 138 
1 2~0 150 250 100 
Total 750 
A\cragc IJJ.3 

I ~ b" a. n cctcd anls 
Wing band Starting "eight F'mal n eight 1 Gain in wcigbt 
t•• batch 
I 174 162 225 63 
J 175 150 225 75 
ll76 10() 87 -13 
1177 125 200 75 -
11 78 11 2 162 50 
11 79 11 5 175 . 60 
11 80 100 175 75 
118 L . 75 162 l~7 
Jl82 100 175 75 
11 83 100 175 75 
2"0 batch 
1237 75 300 225 
1238 137 100 -.>7 
J239 75 125 j ,) 

1240 75 125 50 
1241 125 250 125 
1242 JOO 162 62 -1243 100 150 50 
1244 100 187 87 
1245 100 175 7'i --
1246 100 175 '·' Total 1384 
Avcral.{c 69.2 
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pi)endi 9:\1 ht ch n e in r. m for ontr I and infected . k-old chick n 

a.Control birds -
Twci~ht _eain Wing band Starting ci2ht Final 1\Ci~ht 

, .. batch 
I 162 -l25 525 100 
1164 400 600 100 
1166 325 475 ;so 
1167 375 675 1()0 
2.., batch 
1192 225 325 100 
1194 375 575 I 1!10 
1195 325 575 lj() 

1196 275 450 . -
• I:\ 

1223 300 450 150 
Total 1625 
A,·eragc 180.5 -

I ~ t db' d a. n CCLC~ II ' JS 

Wingband Starting weight Final weight 1_-.Gajn in weight 
1" batch 
1156 325 475 150 -1157 275 425 150 
J 15R 175 475 J()() 

1159 475 650 175 
1160 475 725 250 
J 161 425 600 175 
J 163 325 450 125 
11 65 . 325 50() 175 
11 68 550 725 ! 175 
2"" batch -
11 93/1206 JOO 400 .uo 
I 197 225 362 137 
J 198 350 575 225 
11 99 375 500 125 
1200 315 525 2()0 
120 1 250 425 175 
1202 250 400 '50 
1203 287 450 163 
t204 325 475 ISO 
1205 325 575 250 
Total I 3050 
A\'cragc IJhO.S , 



249 

PI> ndi I rnm for contr I nd in t d 12 w k- ld 

. 011tr~l birds 
W ing b and I Sta rling " ciJ!ht Final \\Cig ht Wcig'bt gain 

l " l>:ttch 
1107 725 900 175 
1120 1250 1625 375 
II% 6Gl 850 188 
II 0 l 775 875 100 
1133 675 85() 175 
2.., batclt 
1232 50() 662 162 
1227 25() 487 237 
1220 700 1000 300 
1235 450 600 ISO 
Total 1862 
A\·cr32c 206.9 

a. ln rcctctl birds 
Win2:bant1 Starling " eight Final weight - Wcjght gain 
1 .. batch -· 1102 1200 1225 25 
1108 1075 ))()() 225 --· l lJG 1300 1400 100 
1129 775 1025 250 
I 130 750 1025 275 
I 141 825 J ()(){) 175 
1l·l2 . 75() 1000 250 
1143 800 1075 275 
11 05 550 575 25 
11 1 1 975 1275 300 
2•d balch 
11 94 700 850 150 
1222 512 712 200 
1210 600 8()() 200 
1233 450 612 162 
1234 550 750 200 
1228 375 512 . 137 
1230 600 750 I )5() 
1219 450 600 150 
1212 500 700 200 
1213 675 850 175 
Total 3624 
Avcraftc 181.2 
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pp ndi I J: i ht chnn in r m for contr 1 nnd infected 16 w k- ld 

a.Control birds 
Winst ba nd Starting n eight Fina l n eight I Weight gain 
1 <~ batch . 
1()86 1125 1425 300 
1095 1025 1325 300 
1149 925 11 00 175 
1153 725 85() 125 
1154 600 850 250 
2"" batch 
1131 1500 1775 275 
11 39 875 I 125 250 
11 26 1400 1675 275 
)106 1100 1287 187 -1122 825 11 50 325 
Total ~462 

AYe rage 24~.2 

a. In~ db. d cctc 1r IS 
Wingbaod Starting \\Cight Final weight r Wcigbt gaio 
1"1 batch 
1087 90() 900 1o 
1090 1075 1200 125 
11 45 1075 11 50 75 -1100 1075 1125 50 
11 51 11 00 1000 -100 
1099 975 1200 225 
109 1 11 50 1325 175 
11 44 875 90() 25 
11 48 800 875 75 
11 5~ 900 I()()() I JOO 
2"d hatch -JJ34 875 1025 150 
11 ()3 1475 1550 75 
I 115 850 J(l()(l 150 
11 13 1275 13 12 37 
11 37 650 712 62 
111 4 1075 11 50 75 
11 23 lJ OO 1 22~ 125 
1140 1200 1300 100 
1135 1200 1212 12 
I Ill 900 950 50 
Total 1586 
An~ragc 79.3 



pp ndi 12: I numb rand ri f th lini nl . · .,n in e ch 
nt ndu ted on th 4 l e k- ld duck 

~nical Sign E'tJcrimcnl I f.'\(lCrimcnl 2 A\Cragc number sign, 

- 1 
Sc\Cnt\ IC\CI 

1-
~· lc\cl - ~erity level 

2 '\ I 2 3 I 2 3 
DcprCSSIOil II 2 2 I I 4 . II 1 I - -Nervous tics . - - . . - - . -- -Rufficd feathers 11 2 - I I 4 2 I I 3 l 
SnCC7ing I I . 1 I - 2 I . 
Ataxia . - . - . . - - -
Nasal discharges ~ 2 2 9 2 12 7 2 7 
Dyspnoea 3 3 I 2(i 4 4 15 4 3 
MouL11 discharges 1 - I I . I 2 . I 
Diarrhoea 2 . . . - 2 I . 1 
CyanosiS - - - - - - - - -
Ralcs 9 2 I 10 3 2 LO 3 2 
Fever 22 8 4 3 4 9 13 6 7 
1 lead scratching - - - - . - - - -
Coughing - - - - - - - - -
E)·e discharges - - - - - - - - -
Total si2n11 66 21 11 74 22 32 72 , L2 2J 

Legend:- No sign recorded; everity -l : mild ign; 2: moderate sign; 3: severe sign 

Appendi 13: Type, total number and everity of the clinical ~;ign in each 
e periment conducted on the 8 week-old duck.j 

Clinical i~n E pcrim nl I E. p rimcnl2 A' cra~c sign. 

Sc,crit)' IC\Cl Scnrit · level Senrit level 
I 2 3 I 2 3 I 2 3 

Depression 6 4 1 (j 3 2 (i 4 3 
'--:-'. -
Nervous tics . - . . . - - . -
Rufficd fcaU1cts 6 4 3 (j 3 2 (i 4 3 
Sneezing 20 2 L. lR 4 3 19 3 3 

-4 -/\taxi a 5 3 1 I 5 2 I 
Nasal discharges II 8 26 34 10 25 23 9 26 
Dys_1>ooca 12 9 5 15 5 5 14 7 5 -Mouth discharges 2 4 I 6 3 2 4 4 2 
Diarrhoea I . - . . - I - -
Cyanosis . . . - - - - - . 
Rales - 2 - 2 - . I I -
Fever 15 7 6 6 8 l II ]_ 4 
Head scratching_ . . . - . - . . -
Coughing 4 I 3 . 5 - 2 3 2 
E)c Discharges - - - I J . I I -
Total si~ns 82 44 so 98 43 41 93 46 49 

Legend : - No sign recorded ; evenly - I : mild ign; 2 : moderate sis.. ~· severe sign 
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(lpeodi 14: ype, total numb r and rit 
p rim nt condu ted n 12 

f th lini at !'\ n in each 
-old due 

Clinic l gn E:\(lCrimcnt I :sign'! Extlcrimcnt 2: sign~-A,erngc sign'l 
SC\eritv level Severity Je\ cl Se\ crity IC\ cl 
l 2 3 I 2 3 I 2 3 

Depression 3 2 - 4 2 - 4 2 -
Nervous tics - - - - - - - - -- --
~mcd feathers 3 2 - 4 2 - 4 2 -
Sneezing I I 2 I IJ I 2 11 2 2 
Ataxia - - - - - - - - -
Nasal discharges 11 4 4 2() J 19 17 ~ 12 -----
Ojspnoca 1 - - - - - 1 - -
Mouth discharges 2 - - 2 - - 2 - -
Diarrhoea - - - - - - - - -
CJanosis - - - - - - - - -
Ralcs - - - - - - - - -
Fever 9 3 5 7 3 3 R · 3 4 
llead scratching l - - - - - I - -
Coughi ng l - - - - - l - -
Eye Discharges - - - - - - - - -
Total signs .... 13 10 50 9 2·t 50 t2 18 

egend: - o sign recorded· everity - I: mi ld sign; 2: moderate sig:• .. : · severe s1gn 

Appendix 15: Type, totaluumber and everity of the clinical signs in each 
e periment conducted on the 16 week-old duck~o 

Clinical igns Expcriment1: signs Exm:rimcnt 2: signs A\ ~r~ •!C si~ns 
Severit lc\cl ScYcrit ' level Seven\ level 
I 2 3 I 2 3 I 2 3 

Depression 3 I - 2 l - 3 I -
Nervous tics - - - - - - - - -
Ruffied feathers 3 I - 2 - - 3 I --
Sncc1ing 10 (, I R 2 I \1 4 I 
-i\t:l'<ia - -- --- - - - - - - - -
Nasal discharges- ----

11 i3 - 8 17 21 10 2 1 () 17 
Dyspnoea - I - 3 - - 2 I -
Mouthclischarges - - - I - - I - --
Diarrhoea - - - - - - - - -
Cyanosis - - - - - - - - -
Ralcs - - - - - - - - -
FcYcr lO 4 3 2 4 5 6 4 4 
Head scratching - - - - - - - - -
Coughing - - - - J - - l -
E_Je discharges - - - - - - - - -
Total signs 47 23 25 31 14 J9 41 : 20 22 

Le end:- o sign recorded; Severity - I: mild ign · 2: moderate sig 1· 3: severe sign 
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pp ndi I : \\ ei ht change in nun for control anti infec(f(; 4 we k-oltl ducks 

n.Control birds 
Wing bantl Star-tine weight Final" i ht Gain in ncigbt 
, .. batch 
1184 375 7()() 275 
I 185 500 ROO 300 
11 R6 537 f\87 350 
2 .... batch 
1597 212 4()() 188 
1578 150 150 200 
15R7 325 575 250 
159 1 250 487 237 
1590 325 512 187 
Total 1987 
Aleragc 248.4 

a. n ec e u· IS 

Wing band Starting ncight Final wcieht Gain in wei2ht 
1" batch 
11 87 437 575 138 
11 88 400 675 275 
1189 475 775 300 
J Jl)O 500 1(75 375 
I 191 450 700 250 
2'"' batch 
1589 187 375 188 
1584 325 625 300 
1596 275 562 287 
1576 275 487 212 
1577 287 537 250 
1582 350 600 250 
1595 11 2 200 88 
1594 300 575 275 
15R3 437 GG2 225 
IJ_92 3 12 512 20() 
Total wcieht 3613 
A l·era_ge weight 240.9 
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pp ndi 17:V ci ht han c in ram for ontrol and infi ted w ek-old ducks 

a.G_ontrol birds 
Wing band Startin~ nci~ht Final ncieht Weight ~ain 
1" batch . -1934 1025 1625 600 
1928 837 1237 400 
194 1 800 1387 587 
1948 70() 111 2 412 
1945 750 1050 300 
2'"' batch 
1921 13()() 1700 400 
100() 875 1250 375 
156-J 812 1300 488 
1915 875 1225 _35() 
1913 750 11 50 400 
Total 4312 
AYe rage 431.2 

( fi t db' d a. o ec e ar IS 

Wing band Starting ncight Final weight Weight gains 
tot batch 
1938 825 1075 250 
1952 575 1075 500 
1932 1125 1600 475 
1937 662 1125 463 
1939 800 900 100 
1940 712 J 125 413 
193 l 662 1000 338 
1933 887 11 75 288 
1929 1011 1462 450 
1944 975 141 2 437 
2•a batch 
1568 787 I 125 338 -· 1907 1425 1987 562 
1566 750 1200 45() 
I ? IG 912 1487 575 
1919 875 1325 500 
1994 787 1200 41 3 
1909 437 800 363 
1914 750 1312 562 
1925 725 12()0 475 
1997 775 1200 425 
Total 8377 
AYerage 418.9 
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PI> ndi 1 : v Itt ban in gram for ntrol and in~ cled 12 ek- ld du 

a.Control birds 
Wing band Starting n cieht final nci2ht Wcigbt2:Un 
111 batch 
1508 1075 1375 J 100 
1511 11 5() 1475 I 325 
1523 1025 1225 200 
1513 1075 1600 525 
1520 1450 J 85() 400 
2" batch 
1954 887 1200 :\ 13 
195 1 1050 1450 400 
1993 1025 1325 300 
1946 1487 1837 450 
1947 1075 1525 450 
Total 3663 
A1'cra2c 366.3 

a. n 'ecte ar Is I fi db. d 
Wing band S tarting weight Final weight Weight gain 
1" batch 
1516 12()() 1700 50() 
1505 120() 1425 225 
1514 1625 2037 412 
1515 1275 1862 5R7 
1503 1275 18()() 525 
15 12 1200 1687 487 
1501 . 

1450 2025 575 
1517 1300 1850 550 
150-l 1000 1275 275 
1?2 1 11 50 IG62 512 
l "d batch 
1943 1925 2200 275 
1934 1950 2150 200 -1950 900 950 50 
19:\0 11 50 1450 300 
1949 1087 1387 3()(' 

1936 82_~ 1062 237 
1935 1700 2037 337 . 
1942 1250 1425 175 
1928 1425 1337 -88 
1927 1800 2125 325 
Total 6757 
A\'CJ"32C 337.95 
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Appendix 19: eight change in gram for control and in~ ted 16 week-old du 

a. c 1 b' d onh·o If IS 
Win~ band Startingwcight Final weight }_V_2f._ht _g_ai"!_ 
1"1 batch 
1506 1637 IGSO 13 
1525 1487 13.87 -100 
1524 2700 28QO 100 
1504 1550 1550 II 
2•d batch 
1311 2.500 3087 58"1 
1307 3 175 3112 .{, · 

1300 1700 17()() () 

1303 1562 1700 138 
1306 2550 2950 400 
Total 1075 
A\·c.ragc J 19.44 
a. lif< db' d •ecte •r ts 
Win2 band Startjng \lCigbt Final weight Wcight_gain 
l rt batch 
1511 150() 1612 Jl 2 
1510 2262 2200 -62 
1519 1500 1600 J(l() 

1509 1350 1612 262 
1518 2187 2200 13 
1508 1387 1500 113 
1510 2150 2)()() 150 
1522 1337 1487 150 
1507 

. 
2337 2700 363 

2"" batch 
1304 1375 1362 -13 
1299 1350 1250 -100 
1310 1537 1600 C)J -
1309 2425 2362 ·63 -
1308 2450 2437 -13 
1301 230() 24()() 100 
1298 2375 2550 175 
1305 2400 2612 212 
13 12 2337 2562 225 
1302 1350 1375 25 
Total ISH 
Average 90. 
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AJ1pendix 20: ombinntion of th dail number of lini al . i~n observed in th 
immuno uppres ed iudigeuou chick n 

Clinical Sign Days post infection Total 
1 2 3 4 5 6 7 8 9 10 II 12 J_l 14 Signs 

D+S+Ala - - . - - 1 I - - - - - - - 2 
D+RF l 2 2 - 2 - - 2 - - l 2 - I - 12 
D+S+RF I - - - - - - - - I - - - - 2 
Dys+NT - - 1 I 2 - - . 2 - - - - - 6 
D+ND+Ata+MD - - - - - - - . - - - I - - I 

f- -
S+Cys I - - - - - - - - - - - . - I 

S+Ata+NT - - - - - - - - - J - - . - I 
D+Dys 1 - - - - - - . - - - - - - I ·-
ND+Ata - - - - - - - - - I - - - - I -
D+S+NT - I - . - - - - - - - - - - I . 
S+Ata - - - . - - - - 1 . - - - - 1 

D+S+Dys - I - . - - - - - - - - - - I 
StNT+RF - - I I I - - - I - - - . I 2 
Dt-ND - - I - - - - - - . - - - 1 2 
D ~Ata - - - - - - - I - - - - - - l 

D+NT +-RF - . - 2 I 2 - - - - - - - - 5 -
Ala+NT - . - I - - - - - - - - - - L 
S+ND - - - I - - - - - I - I - ] 

- - -
D-1 O,s ~Ata+NT - - - - - 1 - - - - - - - - l 

Total signs 4 6 6 ft 9 6 ~ 5 5 4 5 5 5 3 77 

end: D-Depre i n· Ata-Ata ia; - neezing· R-Rale · ND-Na aJ discharges; 
Mouth di charges; RF-Ruffied feathers; Dia-Diarrhoea· Dy -Dyspnoea· ys­

yano i · NT- erv u tics 
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Appendix 21: ombinalion of th daily numbea· of lini I n ob erv din th 

non-immuno uppr ell indig nou hi k n 

Clinical Sign Dnvs post infection Tot I 
1 2 3 4 5 6 7 8 9 10 11 12 I 13 14 Sistns 

D+S 2 - - 2 I - - I I - - 2 - - 9 -D+ND 2 I I - - - 2 - - I - - - I 8 
D+S+ND+RF 4 4 3 I 2 I - I I I - I l - 22 
D+S+Dys 1 - - - - - - - - - - - - - l 
D+S+ND+Dys+RF l 1 l 

-:-
3 - - - - - - - - - - -

D+S+ND+Dys+R - 1 - - - - - - - - - - - - I 
D+Dys+R - I - - - - - - - - - - - - I 
D+RF - - I I - - I I I - 2 - I - I 8 
D+S+ND+R - - I - - - - - - - - - - - I 

S+ND+D} s+RF 
---~ 2-- - I - - - l - - - - - ~ - -

D+NDI-Ala~RF - - I I I - - l - - - - - 4 

S+ND - - - I I - - - I I I - t - - 5 
D+ND+Dia - - - I - - - - - - - - - - I 
D+S+NO 1-Ata+RF - - - - I - - - - I - - - - 2 
0 1-S+ND+NT+RF - . - - - I 1 - - - - - - - 2 
S~NDI-NT 

1-
I I - - - - - - - - - - - - --

D+ND+ Ala+Cys - - - - - I - - - - - - - - l 
NT·lCy - - - - - 1 - - - - - - - - I --
St-AlaiC} - - - - - - I - - - - - - - J 
S-IR - - - - - - I - - - - - - - I 

D+S+R - . - - - - - I - - - . - - I 

ND+O)s+NT - - - - - - - - I - - - - - 1 . 
D 1-S+ND 1-ALa-t Cy - - - - - - - - 1 - - - - - I ·-
S+MD+Ata+Dia - - - - - - - - - I - - - I --
ND+MD+RF - - - - - - - - - - - I - - I 

Total signs 9 8 8 7 7 7 8 6 9 7 6 6 .. 5 97 

Legend: 0- epres ion; ta-Ataxia: - neezing; R-Rales~ N -Na ai discharge · MD­
Mouth discharges, R£'-Rufiled feathers; Dia-Diarrh ca· Dys-Dyspnoea; y -
Cyanosis; NT- ervous tics 
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pp ndi 22: om inati n of Ch daily numb r f lini al 
immuno upau·f< d indigenou duck 

• ob er ed in th 

~. -. -
hnt I ign D:l)_'~ >O:St infection Tot :a I 

I 2 J 4 5 G 7 8 9 10 II 12 11 14 Sign!! 
,~ - -

~D+R - - - - 1 - - - - - - - - J -
S+IAstND I I I - - - - 1 - - - - - - 4 - -S+D\s+R+Ata I - . - - - - - - - - - - - J 
S+D\ s+ND+Ata+MD I - - - - - - - - - - - - - I 
ND+D}s - 2 I 2 - - . I - J 2 - - I 10 
ND+S+D\s - - - - - - . - - - I - - - I -S+l)}s I - - I - I . - - I - - - - 4 
Total si2ns 6 8 6 6 7 5 4 5 4 5 5 3 -~ 2 68 

g nd: D-Depression Ata- ta ia, - neczing· R-Ral ~ D-Na n! discharge , MO­
Moulh di charge RF-Rufficd feathers~ Dia- iarrh ea· Oy:-.-Dy pnoea, ys­

yanosis, T-Nervou Lie 

ppeodix 23: ombination of the daily number of clinicnl sign observed in the 
non-immuno upp.-c d indigenou duck 

Clinical DIIYS 1ost infection T tal 
Signs I 2 3 4 5 6 7 8 9 10 I J 12 11 14 Sign~ 

ND t-MD I - I . - I - - - - - - - 3 -NDt l)} si R I - - - - - - - - - - - - - I 
ND+S 1 2 - - - - I l 1 I - - 1 - 8 
NDtS-tD)s - - I I - J - . - - - - - - 3 
ND+S+ Ata - - - - I - - . - - - - - - J 
ND+D}s~·Ata - - - J - - - - - - - - - - l 
l!_Dt-Ou - - - - - 3 I - - - - - - - 4 
l'I_D t-MD+ED - - - - - I - - - - - - - - I 
Total signs 7 6 10 7 7 9 8 7 6 6 5 3 2 0 83 

Legend: D-Dcpre sion ~ Ala-Ataxi a~ - neeziog· R-Rale · NO-Na ·~, t eli charges~ MD­
Moulh discharges Rf-Ruffied feathers Dia- iarrhoea· Dys-Dyspnoea; ys­

yanosis, T-Nervou tic 
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Appendix 24: Comparison between the combination and numbe of clinical 
signs observed in lS and ~lli~~hickens and du:.ks 

Clinical igns Chicltens Ducks 

~~::-;-;------+-::'=---S -I N IS IS 
O+S+lU; 2 9 -

Dys+NT S - -
ND+D+MD+Ata I - -
S+Dys I - 4 
S+Nf+Ata I - -
D+Dys I - -
Dt-S+Ata 2 - -
D+S+NT I - -
S+Ata+Cy • ---r~~ -------;-_--------r--------

S+Ata I - -
~St-~s I I -
S+Nr-IRF 5 - -
D+ND 2 & -
D+Ata I - -

D~ N!+RJ1 5 - -t---------1"-------
NT+/\ta I -
S-+ND 3 S 8 
S+R - I -
l>t l)ys+Ata+NT I - -

~S+ND+ru~ - n ~-------_,~--------
1}1 S+Nl)H)ys·HU - '\ -

f)tS I R • ~~-------+---------t--------1 
J)~l)ys~R - I -
IJ+St-NJ}t-.1\ta+C} - I 1-_ ---

DtSINDt-R - I -
NDI ~s+NT - I · 
S t NDH)\s IIU - l · 
1>1 Nl>l .1\taHU: • 1. ______ 

1
1---------ii------

NINDII>tn • I · 
JHSt-NDt-.1\la+Rf - .,;.2-------•-.-------t-------
I)IS+NI}IN"HRJ· - 2 -
S-1Nl>+NT - l -
l>tND+t\ta+Cy - I -
NHCytRf - I -

S I Ml>t-1\tatDin I -------t---------I------
NI}t-1\ta I - -

RtNl> - - 2 
S I [)ys-t R-1 .1\ta - - I 
ND+S+Dys - - 5 
ND+Dvs • • 9 
NJ)+MD - - 3 

NJ)+J)ys+Ata • - I 
NDt-St-.1\ta • - -
N[}tMJ}lED - - I 
ND+Ml>+S+Dvs+/\ta - - I 
Total sians 77 97 68 83 

Le end: D-Depres ion· ALa-Alaxia· $-Sneezing~ R-Rales· NO-Nasal discharges~ MD­
Moulh discharge · RF-Ruffied feathers~ Dia-Diarrhoea~ D)'!i-Dyspnoea· Cys­
Cyanosis· NT- ervous tic 
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pp ndi · 25: ' ro path I ~i aile ion and bact rial i oh•tion from the ducks 
and hi ken nt the end of cr tran rni i n (chi ken to du k) 
tully 

'Uu k Da~ or -,-Or --
nnith •ro. lc. ion. P.nmllndtlu - - -numb r criri c ir (' h r Lung Pleura It isol:•c d 

-- -- 1-- - -
1-417 1 - I - - + 
1-421 1 - - - - .. 
1418 3 - - + - -
1422 3 + - + + + 
1431 5 - - - - + 
1434 _5 - - - - -
1430 7 - - 1- - -
1436 7 - - - - -
1419 10 - - ~ - I 

1424 10 + - + - -
1414 14 - + - - + -
1425 14 I I I - I 

l-l27 14 - - - - + 
1428 14 - - - - -
1433 J4 - - + - -
Chicken 
number . 
157 1 14 1- - 1- - + 
1572 l4 - - - - -
1~73 14 - - + - -
1574 l4 + - + - 1-

1598 14 - - - - -
1599 14 1- - - - -

ends + Lc i ns on rgan r bacterial reco cred fi· m the oro-pharynx and cloaca 
\i ab , - o ignificant finding . 
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pp ndi 26: ro. vath loJ!i aile ion and bn t rial i olnti n from the chick n 
auc.J duck nt the nc.J or r trnn mi i n tud (duck to hick n ) 

0 . an. n i hgro~., ~~ion - - --
Chi ken D f P.nm/to ·ida 
numhcr 'iacrificc Alr~ac!l Lhcr Lun~'l = 'I I ur- Rf i oh\Ccd 
1285 I + - .. - + 
1290 1 + - 1- - -t 

1292 3 - - - - -
1293 3 - - - - -
1295 5 + - - - I 

1297 5 - - - - -
1286 7 - - - - -
1294 7 - - - - + 
1296 10 - - - - -
1284 14 + - - - t 

1287 14 - - - - --· 1288 14 - - - - -
1289 14 - - - - -
129 1 14 - - - - -
Duck 
number 
190 1 14 - - - - -1 

1902 14 - - - - -
1903 14 + - .. - + 
1904 14 + - + - • 
1905 14 .. - t-:--· .. - I --
1906 14 - - - - -

Le end: + Le ion n rgans actcrial rec ered fr m the r -pharyn and cl aca 
swab , - ignilicant finding . 
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p cific D t ction f Pa teurella multo ida m with 
nt h 1 ra and in Pig ung 

rR A In 
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Pasteurella multocida p ci · pecific oligonucleotide prob pmh b449 targeting 16 rRN wu de igned 
and e\aluated by wh le-cell hybridization a ain t 22 elected refereo e rraio in animal ti u . ll dilfercn­
tiated P. mul/Qcida from other ba terial p cie of tb famili Pasteurellaceae and Enterobacteriaceae and at o 
from divergent pecie of th order Cytophagales (except biovar 2 train of Pasteurella avium and Pasteurella 
canis which ba e hi h 16 rRN imjlarity toP. multocida ). The potential of the probe for pecific identifi­
cation and differentiation of P. mullocida wn further detected in formalin· fixed pnraffio-emb dded lung ti ue 
from e. perimental fo"l cholera in chicken and infection · in pig . ln chicken lung ti sue P. mullocida cell 
were detected ingl in pair , a microcolonie . and a mn si e colonie within air capillari ( epta and 
lumen) para bronchial epta and bl od ves el (wa ll nod lumen). [n pig lung po. tmortem-inj cted P. mullo­
cida wa detected in the alveoli (lum n and wall) and in both animal lbe bacterial cell were . en in the 
bronchi. The re ult howed that with the oli onucleotide probe pmhyb449, fluore ·cent in itu b bridization i 

uHa bl and fa t method for pecific d tection of P. multocida io hi tologica l formalin-ti ·ed ti u . Th ' tc t 
wa replicable and reproducible and i r commended a a upplem ntary te t for diagno i and a a tool in 
patho enesi tudie or fowl cholera and respiratory traer inti tion in pig du toP. mu/Jocida. 

Pasteurella multocida i an important pathogen rhat infect · 
many production animal and i an opportuni tic human 
pathogen (7, 11). lo p uluy, infecti n ~ith P. multocidi1 may 
rc ult in ~ wl ch !era, a di ase of econ mic importance in 
commercial production that may occur in different form , uch 

peracute, acute and chronic infection (16 43). In pig, P. 
multocida is comm nly a sociated with atrophic rhiniti . . pneu­
monia, and pticcmic pasteurcllo i . Pneumonic p teurello­
i due to P. multocida i common and is of maj r ec nomic 

imponance for industrial pig production (41). Tb hi tology, 
clinical ign , and macroscopic le ion a ciated with P. mul­
tocida infecti n in p uluy and pigs are not path gnomonic 
and can be mixed up with other re piratory sy tern infection 
characterized by upper re piratory tract inflammation , pneu­
monia. ai acculiti . p lysero iti. and septicemia (14, 33, 41, 
43). and hence the diagno i dep nd on pecific detecti n of 
the cau ative organi m. 

Dctccti n and characterization of P. multocida b phen -
rypic characteristics including serotype have been dependent 
on the ability to cultivate and purify the bacteria in the labo­
rarory (16). ultivation and identification by tandard bacteri-
logical method can be ambiguou becau e of -factor re-

quiremen or nontypeable train , including cr -reaction in 
serotyping and iable ut nonculturable cells (30 . 

· Ulrre ponding author. Mailing addr : Department f eteri­
nruy Microbiology. The Royal eterinary and griculrural niversity. 

tigb0jlen. DK-1 70 Frcul riksberg Denmark. Ph ne: 5 
35282 . Fax: 45 35 27 7. E-mail: jeo tLkvl.dk. 
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ln itu hybridization (I H) allow preci e localizati n of a 
peciJic egment of nucleic acid~ ithin a hi ·tol gic ecti n ( 13) 

or detccti n f pecific rR in morpho! gicall inta t bacte­
ria cell (5). J H combine ba ic mol cular biological tech­
nique and the ability t appreciate ublle hi tomorphologic 
change (13). The key feature distingui hing 1 'H fr m other 
molecular method logic (filter hybridizat.i nand PCR) i that 
the ample D A or R A i. detected directly in the intact cell 
rarher than being e tracted fr m the cell bet r te ting {40). 
1l1e c II morph logy and i abundance and pa tial di ·tributi n 
can be analyzed in itu C. 42). 

With fluorescent-label d pr b . in itu hybridization 
ha e cellenr patiaJ re olution ( 42 . Fl H has been u ed t 
vi ualize the patial di tributi n f Escherichia coli in inte tinaJ 
mucosa (4-); to c aluate c lonizati n of m use intestine by 
a/monel/a enterittl erovar Typhimurium (32); and to pecifi­

cally d teet a/monel/a serovar · in pig intestine and mou e 
lung 40), ctinobacillu pleuropneumoniae trains in di ea ed 
porcine ti u (23 26), Brach plra ( erpulina) pilosicoli infec­
tion in th inr tin of gr wing pigs (II , 27), L0111 onia imra­
cellulari.s in porcine proliferative enteropathy ( 10), treptococ­
cus uis infection in pig. ( 12), and bacteria in bl od cu ltur 
(25 29 . 

The aim of rhe pre ent stud ' as to develop a culture­
indep ndent FI H te I for P. multocida ba. ed upon hybridiza­
tion of ragged oligonucleotide probe to bacterial rRN . The 
diagno tic potential f thi t t ' a evaluated u ing lung from 
chicken infecred with P. multocida that developed clinical fowl 
cholera and with pig luog ti ·ue injected with P. multocida. 
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FrG. I. Photomicrograph demon trating specific detection of P. multocida in pure cuhurc and fotmalin-fixcd lung ti u by u of the FI H 
technique. hown are a pure culture of P. multocida ub p. multocida strain 40605-1 (A) and lung ti ue section of chicken (B, , D, and F) 
or pig (G, H, and I) following light microscopy (C) or epifluorescence microscopy (A. B. and D through J) and I H wilh the P. mulrocida- pecific 
Cy3-labeled probe pmhyb449 (A, B D, E, G, and H) and a nonsense Cy3-labeled probe, non-pmhyb449 (F and 1), used as a control. A normal 
chicken lung ( ) ·how the location of the bacteria detected inca es of fowl cholera with an indication of the parobronchi (1), infundibulum (2), 



ot.. 9. -001 

fi e n:e 

Bronchi 
Parabronchi 
lnte titium paces 
mooth muscl 

Infundibulum pa 
\ir capi!Jari r alveoli pacel 
Air capillaries or alveolar septa 
Pleura 
Vascular areas 

D 

Bacteria detection in" 

Chicken after an 
mfecuon period (h) 

12 24 

+ r 

- + + + 
+ 

+ .,. 
d 

+ + +++ 
++ ++ + +++ 

+ + 

• - . n bactena detected; • few bacteria detect d; + • mode rot<! number of 
bactena detected; +. many bactllria detected. 

b Bacte ria were injected into pig lung po. tm rtcm. 
<From bronchi le lumen. 
4 A. n t applicable. 

re pirat ry atria. me bacteria were een in pair or in fou 
in a ring formation in phagocytic cell. (macrophage or het­
erophil ) ithin the parabronchial pace and blood ves l 
and in aggregation of lymphoid ti ue within the lung tissue . 

t 4 h mo t bacteria ~ ere detected in the air capillari , air 
capillary ails. and infundibulum pace and a few were de­
tected on the piral m oth muscle of the parabr nchi (Table 
3). m bacteria were found in a ring formation in phagocyte 
(in bronchi an~ blood ve el ) and in lymphoid aggregation 
areas of the lung ti ue, indi ating either phag cyto i r the 
pr ence of circulating pbagocyt with bacteria. The role f 
these cell in pathogene i of P. multocida need further in e -
tigation. 

In the pig lung, I H with probe pmhyb449 clearly detected 
P. multocida among tissues and cell of the lung. The bacteria 
were found mainly in th alveoli, t rminal bronchiol . and 
inte titial areas, and a fe bacteria were b rved in the 
bronchi, bronchioles and terminal bronchiole (Table 3 and 
Fig. lG and H . 

lnfectcd as well as noninfected tis u were negati e hen 
hybridized with then n-pmhyb449 probe (Fig. iF and f). Th 
intlammat ry reaction f the Lung ti u in r p n e t the 
bacteria did not hinder the binding of th pr be in fowl chol­
era. The re ul of thi tudy indjcate that pro e pmhyb449 i 
suitable for detection and determination of the in vivo local­
ization of P. multocida in ti ue . 

FI H of 
prob h 

DIS 10 

hole cell with rRN -targeted oligonucleolide 
een exten ively u d a a tool for pecific detection 

PA t.:RE.LU \ILL T< ID t fl 'l .I I 

air capillary (3), pleura ( 4 ), and arterioles 5) (hematoxylin and eosin tain). AI h wn are chicken lung infected with fO\ I cholera (experimentally 
infected with P. mult.ocida subsp. multocida train 40605-1 ). with the location of P. multocida cell near two blood ve Is (anery and arteri le) (B). 
with P. multocida cells within the lumen and the waU of the air capillari and peri ascular pace (D), and with P. multocida cells a individual 
organism or 35 microcolonies (E): a control t" ue section hybridized with probe non-pmhyb449 is abo hown (F). lso hown is lung fa pig 
infected po tmortem wilb P. multocida subsp. seprica . train HIM 746-6T howing P. mulrocida bacteria in the lumen and wall of the alveoli (G), 
the area close to the pleura (H) and a control ti! ue section hybridized with ooo-pmhylH49 (1). Bars = 10 jUI1 ( , B, D, F, G H, .and I) and 
100 ).t.ffi ( ) . • 
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of bacterial gr wth rate and metabolic activitic., p 1, 4-1) al­
~ ugh ce~lular rib me are m re abundant in rapidly g;uw­
mg bactena (1 ). Th amount of b und probe 1 direct! cor­
relat~d t~ the c~ll~lar rRNA coment, which i dcpcndc"nt on 
pby aologacal acnv1ty at the time of fixation ( 4. _4 ). In ca c of 
fO\ _I cb~le~a the P. multocida cell could have been high I 
actrve wtthm the lung ti ue. as th y ga c ·tr ng ignal with 
probe pmhyb449. In fast-growing bacteria, the rRt A cnnt nt 
correlate di~ectly \\'ith the gr th rate ( l ). although it may 
not be valtd tn the ca e of slow-growing or . tarved rgani m 
(28, 44). tarved and dormant bacteria can, howe er. be dc­
t~cted ~ith FISH as active bacteria if they till po e rcla­
ovely hJgh 16 rRNA level as reported for . emerica er ar 
Typhimurium (44). 

Probe pmhyb449 clearly detected short rod f bacteria in 
variou parts of the chicken lungs under mild or cvere lung 
inflammation. In chjcken , P. mulJocida wa h wn to occur 
ingly in aggregate probably repres nting mi r colonie , or in 

m es occupying large area of lhe lung . Their individual 
morpho Iogie w re clearly detected by the pmhyb449 pr be, as 
reported in imilar FISH procedure with other bacteria (4, 18, 
24). 

There are limitations to the ISH a ay, a the test depends 
on the number of copi of rRN in the cell (5) and hence on 
the phy iological acti ity of the microorgani m prior to fixa­
tion of ample and as it i re tricted to eutrophic environ­
ment uch as tb lung of the chicken . Another limitation i 
the autofiuore cence background of the eucaryotic ti ue. 
Howe er, in contra t to immunological method that rely on 
the cxprc ion of pccific antigen ic markers which may not be 
constant, phenotypic variation doe not po e a problem when 
rRNA i u ed a a target (11, 12). Furthermore the inflam­
matory reaction ob erved with P. nwlrocido infections during 
tbi tudy did not binder the detection of bacteria by Fl H. 
The tability of the ribo orne target allowed for the detection 
of . ingle cells even in cliillcal material a ell a identification 
in mear of pure culture (39) wh.ich correlate with our ob­
ervations here. 
In their tudy of P. multocida carrier in commercial poultry 

in Denmark, Muhairwa et al. (35) found mouse inoculation to 
be more effective in the recovery of thj organism than the 
commonly used elective merua. Yet mou e pas age may only 
select train pathogenic for mice. The developed test can offer 
a complementary role in active clinical ca e diagno i and ran 
be applied in pathogene is and pathogenicity tudie of P. 
multocida. 

The probe pmhyb449 i recommended, a our re ult ugg t 

that the probe might be applied with ad antage to tudies of P. 
multocida pathogene is and it infections in poultry, pigs and 
maybe other animal . Furthermore, re ults can be obtained 
qujckJy since pure cultures of the bacteria are not needed. It 
canal o be u ed to confirm and differentia te P. multocida from 
other Pa teureUaceae in culture. The te t i implc and can be 
applied in mo t r earch and diagno tic laboratories. 
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