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Pathogenicity studies were conducted using two bacteria (Proteus mirabilis and Pseudomonas
aeruginosa) that were previously recovered from oral and cloacal swabs of red-headed rock agamas
(Agama agama) living in poultry farms at Oyo State, Nigeria. Both bacteria were inoculated in two
experiments having 60 broilers each. In each experiment, three groups of 15 broilers were given
separately graded doses of P. mirabilis or P. aeruginosa. A group of 15 non-inoculated broilers were
used in each experiment as negative controls. Clinico-haematological findings, and bacterial
examination of cloacal swabs of the broilers were evaluated weekly for 5 weeks post-inoculation (PI). At
necropsy, some tissues were harvested for bacteriological and histopathological examinations. Apart
from the significant increase (p<0.05) recorded in the total white blood cell and heterophilic counts at
week 3 and 4 Pl in birds with high and medium doses of Proteus, all haematological values remain
within reference intervals in Psedomonas groups. P. mirabilis and P. aeruginosa were isolated from
cloacal swabs in all inoculated birds at the 3-4 weeks PIl. The Proteus groups (25.0%; 15/60) showed
moderate lung and liver congestion, and a few greyish white nodules on the myocardium while
extensive myocardiac fiber degeneration, necrosis and loss of striation with humerous inflammatory
cells were also observed. This is the first documented report of P. mirabilis induced nodular
myocarditis in chickens. These findings also suggested that P. mirabilis could be pathogenic in adult
broilers with possible oral transmission of this microorganism from lizards to poultry, thus, could
represent a threat to human health.
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INTRODUCTION

Proteus mirabilis and Pseudomonas aeruginosa are the necropsied at the Department of Veterinary Pathology,
bacterial species often isolated from commercial chickens University of Ibadan, Nigeria (Happi et al., unpublished



observation). However, there is no documentation of the
pathogenicity of these bacterial species in adult chickens.
A previous study on bacterial isolation from oral and
cloacal swabs of red-headed rock agamas (RHRA)
(Agama agama) co-habiting with poultry in local poultry
farms in Oyo State (Nigeria) revealed numerous species
bacteria among which P. mirabilis and P. aeruginosa
were the most common isolated (Ajayi et al., 2015).
Lizards and rats are commonly found in and around
poultry pens in Oyo State (Funmilayo, 1982; Ogunleye et
al., 2013). They both commonly share poultry feed and
water and while doing so may defecate in them in poultry
houses. Studies on reptiles in connection with emerging
infectious diseases and zoonosis have been previously
reported (Chiodini and Sundberg, 1981; HPSC, 2013;
Johnson-Delaney, 1996). Previous reports of frequent
isolation of Salmonella spp. from free-ranging and captive
reptiles have also been documented (Oboegbulem and
Iseghohimhen, 1985; Kourany et al., 1990; Van der Walt
et al, 1997; Mitchell and Shane, 2000; Geue and
Loschner, 2002). Ogunleye et al. (2013) characterized
Salmonella enterica serotype Pullorum isolated from the
intestine of lizard captured in poultry pen in the South-
western Nigeria. The pathogen was able to produce
varying degree of pathological lesions in experimentally
infected pullet chicks. Other bacterial infections such as
campylobacteriosis and leptospirosis, and parasitic
infections such as trichinellosis have also been
associated with reptile keeping (HPSC, 2013).

In Nigeria, RHRA are commonly seen in poultry houses
having unlimited access to poultry feed, water and
utensils (Ogunleye et al., 2013). There were no previous
report of RHRA as source of transmission of some
poultry diseases through poultry feed and or water
contamination.

In our previous study, 20 bacteria species were isolated
from oral and cloacal swabs from RHRA captured around
poultry farms in Oyo State (Ajayi et al., 2015) among
which Klebsiella pneumoniae, P. mirabilis and P.
aeruginosa were the most common bacteria identified.
These three species of bacteria were also usually
isolated from samples of necropsied chickens sent for
diagnosis to the Department of Veterinary Pathology,
University of lbadan, Nigeria (Happi et al., unpublished
observation). These frequently isolated bacteria are
known to be pathogenic in human with proteus ranking as
the cause of uncomplicated urinary cystitis, pyelonephritis
and prostitis (Gaynes and Edwards, 2005).

Pseudomonas is generally considered to be an
opportunist that produces respiratory infections, sinusitis,
keratitis and keratoconjunctivitis, or septicaemia and its
sequelae when introduced into tissues of susceptible or
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young birds (Saif, 2008). The clinical signs and lesions
vary depending on whether infections are localized or
systemic. These may include anorexia, stunting,
lameness, in-coordination, ataxia, swelling of head,
wattles, and sinuses, swelling of hock joints or foot pads,
respiratory distress, diarrhea and conjunctivitis with
lesions of subcutaneous edema and fibrin, occasionally
with  hemorrhages, exudate in affected joints,
inflammation of serous membranes, pneumonia, swelling
and necrotic foci in liver, spleen, kidney and brain (Saif,
2008).

Proteus, another sporadic bacteria occasionally cause
embryonic death, yolk sac infections, and mortality in
young chickens, turkeys, and ducks as reported in Saif
(2008). Septicaemia due to Proteus spp. has occurred in
quails and broilers suspected of having immunologic
deficiency (Saif, 2008). However, reports of Proteus spp.
occasionally producing arthritis, salpingitis, airsacculitis,
septicaemia, and granulomatous inflammation of salt
glands in waterfowl have been found (Saif, 2008).
Several authors also reported the presence of P. mirabilis
in poultry meat and in layers in Asia (Kim et al., 2005;
Wong et al., 2013; Dadheech et al., 2015). In Africa and
in Nigeria in particular, reports of Pseudomonas or
Proteus as the causative agent of poultry disease are
almost non-existent or very scanty. Despite reports in
Asia and particular India (Dadheech et al., 2015), these
microorganisms, however, have no established pathology
in adult broiler chickens.

In this study, we sought to investigate the clinical and
pathological changes induced by P. mirabilis and P.
aeruginosa isolated from oral and cloacal swabs of
RHRA in broiler chickens.

MATERIALS AND METHODS
Experimental birds

One hundred and twenty unsexed Arbor Acres broiler chicks were
used for this study. The chicks were initially raised in a deep litter
brooder house and later transferred to experimental cages at the
age of two weeks. Both brooder house and cages were managed
under strict hygienic conditions throughout the period of study. The
broilers were fed with antibiotic-free broiler starter feed for the first

4 weeks of age and broiler finisher feed from the 5™ week of age,
and chlorinated water ad-libitum. The birds were vaccinated against
Newcastle disease, coccidia, infectious bursal disease, fowl pox,
Salmonella spp. and fowl cholera following the manufacturer
recommendations.

At the age of 6 weeks, the 120 chickens were bacteriologically
screened for P. mirabilis and P. aeruginosa using cloacal swabs.
The birds were also examined for some other notable bacterial
diseases in the locality of Oyo State such as fowl typhoid, fowl
cholera, infectious coryza according to previously standardized
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bacteriological methods (Ewing, 1986; Barrow and Feltham, 2004).

Prior to bacterial inoculation, 2 ml of blood samples were
collected from each bird in lithium-heparinized bottle by
venipuncture for haematological evaluation according to previously
standardized methods (Schalm et al., 1979). Subsequently, the 120
broiler growers were divided into 2 experimental groups of 60
chickens each inoculated with graded doses designated as none
(control), low, medium and high for P. mirabilis or P. aeruginosa.
Each experimental group was subdivided into 4 subgroups of 15
birds each and designated as PRO, PR1, PR2 and PR3 for the P.
mirabilis groups and PSO0, PS1, PS2 and PS3 for P. aeruginosa
groups.

Bacteria inoculation

Viable count of P. mirabilis and P. aeruginosa isolated from RHRA
was done 24 h after incubation at 37°C in broth culture using the
plate count methods (Miles et al., 1938) for the determination of
infective dose. Broiler chickens of the P. mirabilis inoculated groups
were orally administered with 0.5 ml of 8 h broth containing low
(10%) for PR1, medium (PR2) (107) and high (PR3) (10°) colony-
forming unit (CFU)/ml of P. mirabilis. Those in the P. aeruginosa
inoculated groups were orally given 0.5 ml of 8 h broth containing
low (PS1) (10%), medium (10°) (PS2) and high (10®) (PS3) CFU/mI
of P. aeruginosa. Both non-inoculated control groups (PRO and
PSO0) of broiler chickens were given 0.5 ml of plain sterile nutrient
broth. All broiler chickens were examined daily for clinical signs and
mortality for a period of 5 weeks PIl. Two milliliters of blood samples
were obtained weekly from each bird in each group for
haematological analyses.

Bacteriology

Cloacal swabs of both inoculated and non-inoculated birds were
collected weekly for P. mirabilis and P. aeruginosa isolation using
standard methods (Ewing, 1986; Barrow and Feltham, 2004).
Briefly, swab samples were inoculated on blood, Mac Conkey,
Deoxycholate Citrate and nutrient agars separately. These were
incubated at 37°C for 24 h. Inoculated plates were examined for
bacteria growth and all the discrete colonies of the various bacteria
growth on the laboratory media were subjected to further
morphological and biochemical screening using standard
bacteriological methods (Ewing, 1986; Barrow and Feltham, 2004;
Garcia and Isenberg, 2007).

Necropsy,
examinations

gross pathology and histopathological

At the end of the 5™ week P, all birds were euthanized in batches in
chloroform chambers, followed by necropsy examinations. Fresh
organs such as lungs, liver, kidney and heart were aseptically
collected for bacteriological culture using standard methods (Ewing,
1986; Barrow and Feltham, 2004). Tissue samples of liver, kidney,
lungs spleen, bursa of Fabricius, (small and large) intestine and
brain were also collected, fixed in 10% neutral buffered formalin for
24 h. Later all tissue samples were processed for histopathology
according to standardized procedures, and were stained with
Haematoxylin and Eosin (H&E) (Lee, 1969) and examined.

Statistical analysis
Statistical Package for Social Sciences (SPSS. 17) was used for

statistical analysis. Haematological data of the inoculated and non-
inoculated P. mirabilis and P. aeruginosa groups were studied by

using analysis of variance (ANOVA) for comparison among various
groups. The correlation analysis were also carried out using
Pearson Correlation analysis to establish any relationship between
the bacterial pathogens inoculated and the lesions scored as well
as the association between the gross and/or microscopic lesions
and the inoculums dose of the bacterial pathogens isolated. Data
were presented as mean * standard deviation (SD) at p<0.05
considered significant.

Ethical approval

Institutional ethical approval was obtained from the Animal Care
and Use Research Ethic Committee (Ul ACUREC) with the
identification-ACUREC/APP/2015/036, while international
guidelines for animal use under experimental conditions were also
followed (Naderi et al., 2012).

RESULTS
Clinical and haematological findings

All inoculated and non-inoculated birds showed no
observable clinical signs and no mortality during the 5
weeks period of the study.

Broiler chickens inoculated with P. aeruginosa showed
no significant difference (p>0.05) in the erythrocyte,
platelet and leucocyte values among the dosage groups
compared to the non-inoculated controls for the 5 weeks
of the study period (Tables 1 and 2). There was no
significant difference in the erythrocyte and platelet
counts among the P. mirabilis inoculated groups and
compared to the non-inoculated control group. Although
the leucogram findings in all inoculated and non-
inoculated control groups remained within the reference
interval for broiler chickens, there was a significant
increase (p<0.05) in the total white blood cell and
heterophilic values among the medium and high dosage
groups of P. mirabilis inoculated broiler chickens at the
3" and 4™ week PI (Table 3).

Pattern of bacteria among inoculated groups

Cloacal swab samples of inoculated broiler chickens did
not yield P. mirabilis and P. aeruginosa in the 1% and 2™
week Pl. The P. aeruginosa inoculated groups started
shedding this bacteria species in the 3rd and 4™ week PI
(13.33% in high dose), after which P. aeruginosa was not
isolated in the inoculated groups (Table 4).

Cloacal swabs from broiler chickens in all the
P.mirabilis inoculated subgroups yielded bacteria from
the 3" week PI, and they continuously shed the named
bacterium throughout the remaining period of the study.
Forty percent (6/15) of the broiler chickens inoculated
with high dose of P. mirabilis showed the microorganism
in their cloaca compared to 33.33 (5/15) and 26.67%
(4/15) in the medium and low doses groups, respectively.
However, the difference between these three sub-groups



Ajayi et al. 37

Table 1. Erythrogram* comparison and platelet among chickens infected graded dosages of Pseudomonas aeruginosa for 5 weeks.

Number of weeks PI Doses** PCV (%) HB (g/dl) RBC (xlOB/pL) MCV (fl) MCH (pg) MCHC (%) Platelet
28.2840.7  12.1940.2 2.14+0.06 113.8441.33 48.94+2.87 42.25+1.13 1.72+0.19
Reference
value to to to to to to to
35.7+0.77 15.97+0.24 3.1+0.05 132.3£3.30 57.11+¥1.56 44.77+0.35 2.14+0.40
PS1 32.90+0.29 13.3040.21 2.29+0.33 113.8842.30 54.75+4.00 42.80+1.73 2.03+0.17
Pre-infection PS 2 31.60+0.17 12.20+0.21 2.35+0.13 122.50£1.48 53.25x1.29 42.95+0.80 1.94+0.19
PS 3 32.04+1.17 12.13+0.41 2.30+0.12 123.2143.51 54.29+2.01 42.65+1.05 2.00+0.16
Control group  31.40+0.57 11.23+0.37 2.21+0.60 127.2943.23 53.89+1.59 42.62+1.34 1.91+0.19
PS1 32.50+0.97 12.29+0.39 2.96+0.32 118.81+5.03 52.61+3.71 42.72+1.62 1.92+0.17
1Pl PS 2 30.60+0.35 12.11+0.21 2.88+0.16 125.14+2.03 51.99+1.04 42.96+1.56 2.04+0.11
PS 3 32.00£1.05 13.36%0.45 2.47+0.04 114.5145.11 52.94+2.59 42.52+1.93 1.89+0.19
Control group 32.30£1.06 12.20+0.29 2.53+0.19 120.26+0.98 52.27+1.72 43.12+1.84 2.04+0.14
PS1 30.70+0.34 12.21+0.23 2.74+0.17 121.60+2.14 51.34+0.83 43.14+1.35 1.94+0.15
2Pl PS 2 32.70+0.49 12.21+0.31 2.68+0.19 118.73+2.01 50.67+1.52 42.23+2.01 1.97+0.20
PS 3 32.00+1.41 13.10+0.49 2.62+0.15 123.51+0.92 52.00+2.12 42.42+0.50 2.03+0.13
Control group 32.40+0.18 12.24+0.46 2.70+0.18 114.82+2.63 52.52+1.61 42.89+2.46 1.97+0.12
PS1 31.70+0.34 12.25+0.23 2.57+0.17 125.16+4.46 50.92+1.75 42.93+1.68 1.81+0.16
3Pl PS 2 32.70+0.34 13.21%0.37 2.51+0.16 119.49+4.61 51.55+151 42.13+0.28 1.84+0.16
PS 3 31.70£1.35 12.21+0.18 2.55+0.20 121.03£1.05 51.16+1.24 42.32+1.76 2.05+0.13
Control group  30.50+0.08 12.29+0.34 2.42+0.16 119.324¢1.05 52.91+0.61 42.71+0.01 2.00+0.01
PS1 31.90+0.37 12.30+0.38 2.53+0.15 116.66+5.12 51.48+2.12 42.93+1.53 2.08+0.15
4Pl PS 2 32.30+1.89 12.18+0.39 2.58+0.14 122.64+1.14 50.76x1.62 42.49+1.81 2.03+0.12
PS 3 30.60+£0.35 12.89+0.47 2.37+0.10 115.15+4.31 53.89+1.63 42.97+1.57 1.90+0.17
Control group 32.40+1.35 12.25+0.39 2.89+0.24 119.53+5.24 52.11+3.13 42.52+2.22 1.83+0.21
PS1 31.404+0.26 12.24+0.30 2.51+0.33 115.1343.15 52.33+3.92 42.60+0.78 1.95+0.15
5 Pl PS 2 32.30+0.16 13.18+0.21 2.73+0.10 123.14+4.33 53.33+1.13 42.63+1.07 2.06+-0.19
PS 3 30.20+0.14 12.2040.19 2.31+0.11 114.3745.22 53.45+1.38 42.67+1.54 1.93+0.19
Control group  32.50+0.03  12.29+0.32 2.57+0.29 113.91+4.21 54.98+4.11 42.59+1.63 1.94+0.21

*Values (mean + SD) within a column without superscripts are not significantly different (p>0.05). **PS1, Pseudomonas aeruginosa low dose; PS2,
Pseudomonas aeruginosa medium dose; PS3, Pseudomonas aeruginosa high dose, n=15in each group; PIl, post-inoculation; PCV, packed cell
volume; HB, haemoglobin; RBC, total red blood cell count; MCV, mean corpuscular volume; MCHC, mean corpuscular haemoglobin concentration
(Talebi et al., 2005).
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Table 2. Leucogram* comparison among broiler chickens infected graded dosages of Pseudomonas aeruginosa across 5 weeks.

Number of weeks Pl Doses** WBC(x10*/uL) LYM(x10%uL) HETE(x10%uL) MONO(x10%uL) EOS(x10%uL) BA (x10%pL)
20.09+0.05 8.57+0.9 5.79£0.27 0.58+0.08 0.60+0.04 1.67+0.05
Reference o o to o o o
+
value 30.13:0.27  21.47+0.85 9.82£0.15 1.47+0.02 1.39+0.03 2.51+0.09
PS 1 21.64%2.90 11.2440.78 5.91+0.02 1.00+0.03 1.20+0.07 1.80+0.10
Bre-infection PS 2 21.17+1.78 11.57+0.54 6.25+0.36 1.40+0.06 0.60+0.20 1.75+0.05
PS 3 22.12+1.74 11.40+1.20 6.09+0.30 0.70+0.26 0.60+0.05 1.82+0.09
Control group ~ 22.14+2.09 12.02+1.13 5.31+0.07 1.00+0.05 1.30+0.06 1.75+0.05
PS1 21.61+1.72 11.42+0.46 6.81+0.43 1.40+0.01 1.10+0.04 1.75+0.09
PS 2 21.91+2.96 11.57+0.38 5.80+0.28 1.27+0.04 1.30+0.05 1.69+0.04
1PI PS3 21.59+0.62 10.60+0.48 5.93+0.42 1.30+0.21 0.80+0.21 1.95+0.05
Control group ~ 22.56+1.81 11.7340.12 5.83+0.16 1.20+0.18 1.300.04 1.75+0.12
PS1 21.36+1.34 11.27+1.02 6.60+0.06 1.20+0.05 1.30+0.05 1.95+0.17
PS 2 22.65+2.47 11.54+0.69 6.10+0.80 0.70+0.01 0.90+0.11 1.75+0.43
2Pl PS3 21.14+1.34 11.40+0.19 6.08+0.80 0.90+0.22 1.27+0.25 1.98 +0.06
Control group ~ 23.92 +0.17 11.61+1.36 5.79+0.83 1.50+0.09 1.32+0.05 2.08+0.23
PS1 21.31+0.57 11.23+0.95 6.66+0.23 1.40%0.05 0.70+0.04 1.75+0.21
PS 2 22.48+1.38 11.27+0.62 6.44+0.98 1.40+0.07 1.30+0.03 1.78+0.08
3Pl PS3 22.42+2.47 10.90+2.47 5.79+1006 1.20+0.18 1.300.14 1.78+0.07
Control group ~ 22.83+0.31 11.70+0.27 5.95+0.17 1.10+0.03 1.20+0.22 2.12+0.09
PS1 22.58+2.51 12.59+0.53 6.47+0.90 1.3040.01 0.80+0.05 1.73+0.30
4P PS 2 21.42+1.52 10.85+1.93 6.42+0.78 0.80+0.01 0.80+0.03 1.80+0.26
PS 3 21.76+0.82 11.23+0.56 6.29+0.20 1.40+0.08 1.11+0.17 1.70+0.40
Control group  23.31+0.30 11.81+0.61 6.48+0.20 0.70+0.03 1.15+0.14 1.70+0.29
PS1 21.42+2.02 11.38+0.81 5.81+0.34 0.90+0.05 0.90+0.06 1.75+0.44
5 p| PS 2 21.75+0.73 11.78+0.48 5.85+0.40 0.85+0.08 1.30+0.04 1.80+0.14
PS3 21.23+0.81 11.69+0.53 5.76+0.55 1.24+0.32 0.89+0.13 1.72+0.06
Control group  23.2520.20 11.78+1.34 5.80+0.67 1.40%0.25 1.30+0.05 1.55+0.17

*Values (mean = SD) within a column without superscripts are not significantly different (p>0.05). **PS1, Pseudomonas aeruginosa low dose; PS2,
Pseudomonas aeruginosa medium dose; PS3, Pseudomonas aeruginosa; high dose, n=15in each group; PI, post-inoculation; WBC, total White blood
cell count; HETE, hearophil; Lym, lymphocytes, MONO, monocyte; EOS, eosinophil; BA, Basophils (Talebi et al., 2005).
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Number of weeks Pl Dose** WBC (x10%/uL) LYM (x10°/uL) HETE (x10%uL) MONO (x10°/uL) EOS (x10°/uL) BA (x10°/uL )
Reference 20.09+0.05 8.570.9 5'79;0'27 0.58+0.08 0.600.04 1.67+0.05
value to to 9.82+0.15 to 0 0
30.130.27 21.47+0.85 1.47+0.02 1.39+0.03 2.51+0.09
PR 1 20.40+0.66 12.45+1.76 6.65+0.97 0.90+0.60 1.21+0.23 1.70+0.05
Pre-infection PR 2 21.98+1.57 11.50+0.83 6.61+0.03 1.40+0.15 1.14+0.43 1.69+0.06
PR 3 21.03+0.39 10.46+0.66 5.88+1.17 0.80+0.51 0.61%0.32 1.90+0.04
Control group ~ 21.14+2.09 10.02+1.13 5.81+0.07 1.030.08 0.88+0.16 1.95+0.08
PR 1 21.45+0.96% 10.19+1.12 6.27+0.13° 0.90+0.07 1.3620.07 1.70+0.13
1P| PR 2 21.80+0.15°2 11.02+1.61 6.38+0.14°2 0.60+0.35 1.06+0.14 1.80+0.07
PR 3 22.84+0.85° 11.10+1.07 6.41+0.20° 1.40+0.33 0.91+0.38 1.70+0.10
Control group  21.56+1.81°2 11.73+1.12 5.83+0.16 2 0.87+0.18 1.01+0.04 1.75+0.27
PR 1 23.42+1.32° 10.05+0.54 5.94+0.02° 0.65+0.25 1.35+0.02 1.75+0.08
PR 2 24.08+1.32° 11.75+0.04 6.17+0.19°2 1.40+0.50 1.24+0.27 1.78+0.06
2 Pl PR3 25.54+0.36° 10.83+0.61 6.64+0.26 " 0.67+0.83 0.81+0.23 1.70+0.05
Control group  23.02+0.17 2 11.31+1.36 5.89 +0.13° 0.65+0.09 0.94+0.05 1.75+0.23
PR 1 24.59+0.93° 9.92+0.80 7.56+0.18° 0.91+0.14 1.31+0.34 1.70+0.06
3P| PR 2 27.1010.473 10.89+1.14 8.2210.162 1.42+0.25 1.22+0.12 1.76+0.27
PR 3 28.75+1.12 11.73+0.48 9.51+0.39 0.68+0.32 0.750.02 1.81+0.07
Control group ~ 22.83+0.31% 10.70+0.27 5.85+0.17 ° 0.81+0.40 0.92+0.22 2.15+0.06
PR 1 23.12+0.29° 11.33+1.94 6.15+0.61° 1.36+0.02 1.04+0.33 1.75+0.09
4Pl PR 2 27.15+0.84° 10.01+1.10 8.01+0.17°" 0.72+2.09 0.74+0.08 2.05+0.26
PR 3 28.21+1.36° 11.60+1.13 8.49+0.24 " 0.64+0.13 0.81+0.08 1.75+0.15
Control group ~ 22.71+0.30% 11.64+0.61 5.78+0.20° 0.70+0.03 1.02+0.06 1.98+0.08
PR 1 21.43+0.92° 11.35+1.99 6.16+0.26° 0.85+0.14 1.02+0.34 1.76+0.21
5Pl PR 2 23.69+0.83° 11.67+1.13 7.05+0.14 2 0.78+0.12 1.28+0.04 2.15+0.83
PR3 23.34+0.38° 10.34+1.06 7.07+0.29° 0.62+0.02 0.79+0.81 1.90+0.08
Control group  22.25+0.20 ° 11.19+0.34 5.80+0.17 ° 0.82+0.25 1.01+0.12 1.96+0.04

*Values (mean + SD) within a column without superscripts are not significantly different (p>0.05). **PS1, Pseudomonas aeruginosa low dose; PS2,
Pseudomonas aeruginosa medium dose; PS3, Pseudomonas aeruginosa; high dose, n=15in each group; PI, post-inoculation; WBC, total White blood cell
count; HETE, hearophil; Lym, lymphocytes, MONO, monocyte; EOS, eosinophil; BA, Basophils (Talebi et al., 2005).
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Table 4. Comparative isolation rate of Proteus mirabilis and Pseudomonas aeruginosa from cloaca of experimentally

infected chickens based on inoculation dose.

Weeks (Pl) Graded doses Proteus mirabilis (%) Pseudomonas aeruginosa (%)
Low n=15 0 0
1PI Medium n=15 0 0
High n=15 0 0
Control group (n=15) 0 0
Low n=15 0 0
2PI Medium n=15 0 0
High n=15 0 0
Control group (n=15) 0 0
Low n=15 2(13.33) 2(13.33)
3Pl Medium n=15 5(33.33) 2(13.33)
High n=15 4(26.67) 3(20.00)
Control group (n=15) () 0)
Low n=15 2(13.33) 0)
4P| Medium n=15 5(33.33) 0)
High n=15 5(33.33) 2(13.33)
Control group (n=15) 0) (0)
Low n=15 4(26.67) 0)
5PI Medium n=15 5(33.33) 0)
High n=15 6(40.00) 0)
Control group (n=15) (0) (0)

PI, post inoculation.

of the P. mirabilis inoculated chickens was not significant
(p>0.05) (Table 4).

The broiler chickens of the P. mirabilis and P.
aeruginosa non-inoculated control groups did not shed
both microorganims throughout the course of the period
of study.

Gross pathological and tissue bacteriological
findings

There was no gross lesion in both P. aeruginosa
inoculated and non-inoculated groups of broiler chickens.
However, 13.33 (2/15), 33.33 (5/15) and 53.33% (8/15) of
the low (PR1), medium (PR2) and high dose (PR3)
respectively, showed gross lesions in the P. mirabilis
inoculated broiler chicken groups. Such lesions were
identified as moderate and diffuse pulmonary and hepatic
congestion together with hepatomegaly. In addition,
13.33 (2/15) and 53.33% (8/15) of the broiler chickens
which belonged to the medium and the high dose groups,
respectively, showed single to multiple greyish white,
soft, discrete, nodules of about 0.4 cm in diameter
affecting the myocardium (Figure 1). No other gross
lesions were seen in the P. mirabilis inoculated broiler
chickens.

All broiler chickens of the non-inoculated groups
showed no evidence of gross lesions.

Bacteriological examination of tissues (lungs, liver and
heart) did not yield any of the tested bacteria at necropsy.

Histopathology

Only P. mirabilis inoculated broiler chickens showed
histopathological lesions. Almost all the recorded
microscopic lesions were found in the high, medium and
low dose P. mirabilis inoculated groups. However, a
higher number of the broiler chickens inoculated with the
high dose of P. mirabilis showed a severe grade of
histopathological lesions. Moreover, 60% of those
inoculated broiler chickens showed moderate congestion
of portal blood vessels, panlobular vacuolar degeneration
of hepatocytes and centrilobular atrophy of hepatic cords
with sinusoidal dilatation (Figure 2).

Forty percent of all the P. mirabillis inoculated broiler
chickens showed marked vascular congestion of the
epicardium. The grossly identified nodular lesions on the
myocardium of several broiler chickens of the medium
and high dose P. mirabilis subgroups had multiple foci of
marked necrosis of the myocardiac fibers with
inflammatory cell infiltration mainly composed of
macrophages, lymphocytes and few heterophils (Figure
3A and B). Similar inflammatory cell infiltrations were
found in the adipose tissue of the epicardium of the
named inoculated broiler chickens.

Eighty percent of the high dose P. mirabilis inoculated
subgroup showed lungs with marked congestion of
vessels, moderately thickened mucosa of mesobronchi
and haemorrhages with cellular debris in the atria. Also,
33.33% (5/15) of the high dose P. mirabilis inoculated
subgroup showed mild to moderate degree of tubular



Figure 1. Heart of broiler chicken infected with
high dose Proteus mirabilis showing two discrete
gray nodules of about 0.4cm in diameter around
the apex and the base (arrows).

epithelial cell degeneration, necrosis with moderate
heterophilic and mild mononuclear cell infiltration of
interstitium in kidneys as well as moderate villi atrophy
with moderate inflammatory cell infiltration by
macrophages and lymphocytes in the lamina propria and
within crypts of the duodenum. However, no visible
microsocpic lesions were observed in non-inoculated
control group.

DISCUSSION

This study sought to assess the clinical and pathological
changes induced by P. mirabilis and P. aeruginosa
isolated from oral and cloacal swabs of RHRA in broiler
chickens.

The absence of clinical signs and mortality recorded in
P. aeruginosa infected broilers between 6 and 11 weeks
in this study were in agreement with the results
previously reported by Mohamed (2004) who recorded
zero clinical sign and mortality in 9 week-old broiler
chickens. Todar (2007), Janda and Abboh (2010) also
reported that P. aeruginosa is an opportunistic pathogen
that rarely cause disease in older chickens. Walker et al.
(2002), however, suggested that the organism can invade
fertile eggs causing death of embryos and virulent strains
can cause diarrhea, dehydration, dyspnea, septicaemia
and death to newly hatched chicks. Devriese et al. (1975)
also described upper respiratory tract infection to P.
aeruginosa with heavy losses in broilers less than 5
weeks of age. Fekadu (2010) and Abadi et al. (2013),
equally described P. aeruginosa as the causes of Yolk
sac infection and omphalitis with high fatality only in
chicks of less than 11 days old.
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Our study concluded that the P. mirabilis isolate orally
inoculated in broiler chickens from 6 week-old did not
produce any discernable clinical signs which agreed with
the previously reported findings described by Jiang et al.
(1996).

There were no differences of the haematological
profiles between the P. aeruginosa inoculated and non-
inoculated broiler chickens. However, the P. mirabilis
isolate caused a significant increase in the total leucocyte
and heterophilic counts in the medium and high dose P.
mirabilis inoculated broiler chicken subgroups. The
increase in the total leucocyte and heterophilic counts
while it is suggestive of an inflammatory response due to
bacterial infection also indicates a clinical manifestation
of a disease, which was not detectable by physical
evaluation of the affected birds. Thus, this finding could
suggest that the use of haematological examination is
necessary for disease monitoring for early detection of
inflammatory conditions of chickens during the health
monitory of an experimental study or routine check-up
and may offer a valuable help as diagnostic and/or
research tool.

The fact that P. mirabilis and P. aeruginosa inoculated
groups did not shed pathogen in the first 2 weeks PI may
suggest a period of incubation. In addition, only the
subgroups inoculated with the higher dose P. aeruginosa
shed the bacterial pathogen between the 3" and the 4™
week, after which no pathogen was further shed till the
end of the study. This finding suggested that there was
probably an infection, which was aborted and resolved
thereafter, and healthy birds above 6 weeks of age are
probably tolerant to the P. aeruginosa infection. Our
results also showed that the P. aeruginosa inoculated
broiler chickens were able to ward off the bacterial
pathogen within a shorter period. On the contrary, broiler
chickens of the P. mirabilis groups continually shed the
bacterial pathogen throughout the period of the study. In
addition, the rate at which the bacteria were shed from
the cloaca of inoculated subgroups was highly dependent
on the dose of the bacterial pathogens inoculated. Thus,
given the zoonotic potential of P. mirabillis, it poses a
threat to poultry farm workers, consumers during
processing and consumption of poultry meat, other
chickens and to the environment.

Due to the fact that there were no clinical signs or
mortality throughout the period of the study and both
groups shed the inoculated bacteria, it may suggest that
broiler chickens may act as reservoirs of these bacteria,
and possibly disseminate them to the environment risking
susceptible animals and humans.

P. aeruginosa did not produce pathological lesions in
infected broiler chickens 6 weeks and above. Dinev et al.
(2013) reported pathologies such as pododermatitis,
periarthritis and arthritis in 5 weeks old chickens
parenterally inoculated with P. aeruginosa. However,
absence of clinicopathological findings, mortality and
lesions in P. aeruginosa infected birds can be ascribed to
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Figure 2. Photomicrograph of liver of broiler chicken given high dose of Proteus mirabilis (A) showing panlobular
moderate vacuolar degeneration and accentuation and congestion of hepatic sinusoid. (B) Liver from non-infected
control group (x400 original magnification; Haematoxilin & Eosin).

A

Figure 3. Photomicrograph of myocardium of broiler chickens infected with medium (A) and high dose (B) of
Proteus mirabilis (PR2) showing marked fragmentation and extensive diffuse degeneration and necrosis of
myocardiac fibers replaced by cellular infiltrate (macrophages, lymphocytes and few heterophils) (x400 original

magnification; Haematoxilin & Eosin).

the age (> 6 weeks) or oral route of inoculation and/or
health status of experimental chickens. The lack of
pathological findings in birds infected with P. aeruginosa
in this study could also be due to genetic variations in
strains of bacterium, thus resulting in milder infections in
birds. Overall, our findings complement some of the
already known facts that P. aeruginosa rarely cause
disease in adult healthy chickens (Kebede 2010;
Mohamed, 2004).

An overall 25% (15/60) of the P. mirabilis infected birds
showed significant gross and microscopic pathological
lesions recorded in some vital organs. The main

pathological findings in the P. mirabilis inoculated birds
comprised congestion of lungs and liver with
hepatomegaly. The congestion of organs corroborates
the work of Sah et al. (1983) where organs such as liver
and lungs were reportedly congested in Japanese quail
chicks infected with P. mirabilis. In one other study,
Jiang et al. (1996) recorded osteomyelitis as main lesion
in less than 5 weeks chickens parenterally infected with
P. mirabilis in an experiment. A very unique and
interesting finding in this study was the gross and
histopathological findings of multiple nodular myocarditis
in  proteus-inoculated chickens. This is the first



documentation of this observation in proteus infected
broilers chickens

Our study shows that the pathological findings were
dose-dependent, considering the highest dose of the P.
mirabilis causing the above named gross lesions. The
nodular lesions found in the heart of infected broilers
need to be differentiated from the heart nodules caused
by other poultry diseases such as Salmonella enterica
ser. Gallinarum-Pullorum septicaemia, chronic respiratory
disease, Marek’s disease and lymphoid leucosis.

Bacteriological examination of organs (lung, kidney,
liver and heart) of chickens infected P. aeruginosa and P.
mirabilis did not yield any of the tested bacteria at
necropsy. In a study conducted by Sah et al. (1983), P.
mirabilis was however recovered from the heart blood
and lung of infected quail chicks, where it was associated
with septicaemia. It may suggest that the selected organs
for the isolation of both bacteria in this study could have
been correct, but other factors might negatively
influenced the isolation of these organisms. Furthermore,
isolation of proteus from the heart may thus depend and
the severity of the condition or the window of time in
which there is clinical manifestation of the condition.

Conclusions

Overall, our study corroborated previous results in which
reptiles constitute a potential health and zoonotic risk as
reservoir of several pathogens. The study also suggests
the potential public health hazard that these lizards pose
to human population, particularly the attendants and their
dependents and their animals. Broiler chickens older than
6 weeks of age may not be susceptible to P. aerugonosa.

A major unexpected finding from this study was the
presence of nodular myocarditis in broiler chickens
infected with P. mirabilis. This is the first documented
report of P. mirabilis induced nodular myocarditis in
chickens. This infection in broiler chickens may thus
result in significant economic loses under field conditions.
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