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Introduction Goats in the tropics are often reared under the 
traditional extensive management system and are Pneumonia is one of the most common respiratory 
transported over a considerable distance for the livestock problem in small ruminants throughout the world with 
to be marketed or slaughtered outside where they are its attending increased cost of treatment. The most 
being produced [6]. This transportation, an age long important bacterial causes of caprine pneumonia are 
inevitable husbandry practice have untold stress on the Pasteurella multocida and Mannheimia haemolytica. 
animals. Studies investigating the effect of stress on 

Often, these pathogens occur as a result of poor mana-
small ruminants' productivity have generally focused 

gement practices or as a consequence of severe stress. 
on a single stress at a time with limited information on 

Stressful conditions including transportation, viral inf-
the effect of multiple stresses on caprine pneumonia.

ections, overcrowded pens, poor housing conditions, sudden 
With the myriad of multiple stress factors that 

environmental changes, had been reported to increase 
goats are constantly subjected to, there is need to 

goats' susceptibility to these bacterial pneumonias [1]. understand the interactions between multiple stresses 
Observable clinical signs of acute respiratory and diseases occurrence especially in different breeds 

distress usually develop within 10 to 14 days in adult of goats [7] and climatic conditions for proper planning 
animals after being exposed to stress. The role of stress for the control of respiratory diseases. Based on this, 
either alone or in combination with other management the observations of goats, subjected to repeated 
lapses in the natural incidence of pneumonic pasteu- transport and dexamethasone treatments in the course 
rellosis had been well documented especially that of of an experiment was hereby presented to highlight the 
distant transport or shipping in cattle [2], sheep [3] and effect of single and combination of stressors on the 
goats [4,5]. Artificially induced stress by administra- occurrence and severity of pneumonia especially in 
tion of certain drugs and the susceptibility to pneumonia goats in a hot humid tropical environment.
had also been reported to be similar to natural incidence [1]. 

Materials and methods

Animals: Sixteen, clinically healthy, Boer aged 2–3 
years, non-pregnant does weighing between 23–25 kg, 
were used and divided into four groups of four animals 
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Abstract

Aim: The information on the effect of multiple stress and caprine pneumonia especially in a hot humid environment is limited 
in literature. 

Materials and Methods: Sixteen goats were divided into 4 groups. 

All goats were observed for respiratory signs while temperature was monitored daily. Dead ones were 
necropsied while the s The clinical, gross, histopathological, 
immunohistochemical scores were according to standard methods. 

Results: The mean total clinical score was higher in group B than group A, C and D. T
 The dead goats in groups A, B, C had lung lesions typical of pneumonic pasteurellosis. 

An average of the lung consolidation of dead animals in group A was 15%, in group B, 8.5% and group C, 6.5% mostly 
involving the anterior and ventral part of the lung. The immunostaining results was also similar with all the lung samples 
positive for both Pasteurella multocida and  haemolytica especially in the groups A, B, C with enhanced severity 
in A > B > C. 

Conclusion: This further buttress the need to reduce stress in farm animals and the emergence of P. multocida over M. 
haemolytica in the epidemiology of bacterial caprine pneumonia in stressed goats in Malaysia. 

Keywords: caprine pneumonia, dexamethasone treatment, humid tropical environment, road transport stress

Group A were subjected to 8 hours and 3 hours 
transportation, group B to 8 hours transport stress once and dexamethasone injection, group C to 8 hours transport only while 
group D was the control. 

urvivors and the goats in group D were sacrificed on day 21. 

wo goats of the groups A, B and C goats 
died 21, 14 and 7 days post treatment.

Mannheimia
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each. The animals were housed in well-ventilated roof pick-up van (Ford, UK), and popularly used in 
sheds with asbestos roofing at 2.4 m. The sheds were Malaysia for transportation of animals and goods, was 
open from sides and the sheds were also maintained used for the journey. The floor of the van was provided 
under proper hygienic conditions. The goats were kept with beddings (wood shavings) covered with smooth 
in individual pens, fed on cut-grass and supplemented sand for secure footing. The goats were stocked at a rate 

2with commercial concentrates pellets. The goats were of 0.2 m  per animal [11]. The journey commenced by 
not immunised against any respiratory infections. 1000 hours and was terminated at 1800 hour for the 
Upon arrival to the experimental house, anthelmintic first journey while the second journey was 3 hours. The 
(Ivomectin, Suffolk, UK) was administered subcutaneo- vehicle travelled on a typical asphalt double lane road 
usly at the rate of 0.2 mg/kg body weight. The experiment from Johor to Serdang (3°00'N, 101°40'E) town and 
started only when all goats were negative from carrying Serdang to Melaka, covering a total distance of about 
M. hemolytica and P. multocida. 350 and 140 km respectively. The vehicle travelled 

with an average speed of 50 km/h and was driven on the 
Ethical approval: The experimental procedure was 

first journey by two licensed drivers; each drove the 
approved by the Animal Care and Use Committee of 

vehicle for 4 h in a similar pattern. During the journey, 
the Universiti Putra Malaysia. Drinking water was 

the vehicle had two stop-overs and each stop-over time 
given ad libitum. Access to veterinary care was 

was less than 15 min. During the resting period, the 
available at all time and the animal well-being was 

vehicle was parked in shade to avoid the direct effect of 
assessed regularly.

sunlight and rapid build-up of heat inside the vehicle. 
The goats were not fed or watered during the resting Experimental design: Group A were subjected to 8 h 
period [10]. and 3 h transportation at four weeks interval, group B 

were subjected to 8 h transport stress once and four 
Bacterial isolation

weeks later were given dexamethasone injection i/v at Detection of Mannheimia  haemolytica and Pasteurella 

0.2 mg per kg for 8 days. 8 h and 3 h transportation at multocida: Nasal swab from each goat in each group 
four weeks, and the dexamethasone treatment was post transport or dexamethasone treatment was smeared 
adopted to create additional stressful conditions that over half the surface of a seven per cent sheep blood 
mimic a field situation. Group C were subjected to 8 h agar plate prepared by pouring a thin layer of blood 
transport only while Group D was not subjected to any agar over a clear infusion base in order to aid till 
stress. The All were housed separately in a standard detection of characteristic haemolysis. Following aerobic 

2goat farm pen, stocked at a rate of 1 m /goat [8]. All incubation for 18 h at 37°C, plates were examined for 
goats were observed clinically for respiratory signs colonies resembling M. haemolytica, and P. multocida 
while temperature was monitored daily and dead ones and representative colonies subcultured aerobically in 
were necropsied while the survivors and all the goats in 5 ml. of infusion broth for 18 h at 37°C. These broth 
the control group were sacrificed on day 21 post cultures of all the samples were cultured aseptically 
transport or dexamethasone treatment. onto the agar (Oxoid, UK) and incubated at 37°C for 24 

h for bacterial examination. Gram stain and biochemical The clinical signs were scored based on the 
tests were used to identify M. haemolytica, and P. modified scoring system as described by Gilmour et al. 
multocida [12,13]. [9] as follows: demeanor (dull, depressed and 

recumbent) 1–3; nature of respiration (increased effort, 
Pathology and immunohistochemistry: At day 21 post-

labored, and dyspnea) 1–3; nasal discharge (mild, 
transport or dexamethasone treatment, all surviving 

moderate, and profuse) 1–3; appetite (depressed and 
goats were euthanized in accordance with the 

anorexic) 1–2; lacrimation (mild, moderate, and 
Guidelines of the Animal Care and Use Committee, 

excessive) 1–3 and salivation (mild, moderate, and 
Universiti Putra Malaysia. During necropsy, attention 

excessive) 1–3. A total clinical score was calculated for 
was on the respiratory tracts. Presence of pleurisy was 

each animal in a group and the mean total clinical score 
scored between 0 and 3; 0 = no pleurisy and 3 being 

for each group was subsequently calculated. The nasal 
most severe. The gross lesions along the respiratory swabs that were collected from all animals before and 
tract were described following visual examination and after day 7 post transport or dexamethasone treatment 
palpation before they were scored. Briefly, no were subjected to cultural isolation.
significant lesions = 0, 5–10% lung surface affected 

Climatology and transportation: The experiment was considered mild and scored 1 point, 11–25% 
carried out during April to July. The climate was hot considered moderate and scored 2 points and over 25% 
and humid with average day temperature at 35°C and considered severe and scored 3 points. [14]  Represen-
night temperature at 25°C. The relative humidity fell tative tissue samples were collected from the nasal 
within 70 to 90%. The handling, loading and transpor- mucosa, trachea, and lungs and associated lymph 
tation of the experimental goats were carried out nodes of the respiratory tract, liver, kidney and spleen 
humanely in accordance with the guidelines governing were collected in 10% neutral buffered formalin for at 
animal transport welfare by road [10]. All the handling least 12 h. The samples were processed routinely for 
and loading procedures were conducted between 0900 histopathology using the paraffin embedded technique, 
and 1000 hours (GMT+1). A standard Bedford, open- sectioned at 4 microns and stained with hematoxylin 
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and eosin (H&E). The histological lesions were total clinical score was higher in group B than group A, 
recorded and overall grading for severity was assigned: however, two goats of the groups A, B and C goats died 
No significant lesion = 0; mild lesion = 1; moderate 21, 14 and 7 days post treatment period while the rest 
lesion = 2; and severe lesion = 3. showed clinical signs of respiratory distress such as 

mild to moderate (Table-2).
Immunohistochemistry: The immunohistochemical 
detection of M. haemolytica, was as described by Yener Bacterial isolation: Isolation rate, the number of 
et al., [15] while that of P. multocida was also based on animal positive for the organism per evaluation time 
the modification of Yener et al., [15]. The degree of was more frequent from groups A and B than group C 
immunostaining was assigned a score according to and D. The isolation made from the lung was 100% 
Yener et al., [15]. No significant immunostaining = 0; (4/4) of group A and B, and 50% (2/4) of group C. 
slight immunostaining = 1; moderate immunostaining However, none of the group D had M. hemolytica (MH) 
= 2; and deep immunostaining = 3. Grading the staining and P. multocida (PM) in the lungs and heart. 
on the nasal mucosa, bronchial and bronchiolar 

Pathology: As observed for clinical signs, the gross and 
epithelial cells, pneumocytes, interstitial macrophages, 

histopathology lesions in surviving goats of groups A 
pleura, in blood vessels and lymphatics. The represen-

and B ranged between mild and moderate severity, 
tative pictures of the groups were presented in Figure-1 

which included acute rhinitis, acute fibrino-haemorr-
(M. haemolytica) and Figure-2 (P. multocida).

hagic bronchitis, acute fibrinous pleuropneumonia and 
pleurisy. (Table-2). Four goats (two from each group) Statistical analysis: Mean total clinical signs, gross, 
that died in groups A and B showed severe hyperaemia histological lesions and immunohistochemical scores 
and had mucoid discharge covering the nasal mucosa. were summarized and subjected to Mann-Whitney test. 
Similar but less severe lesions were observed in goat All statistical procedures were estimated using the 
that died on day 7 and sacrificed on day 21 in group C predictive analysis software 17 (PASW version 17; 
while lesions were absent from the remaining goats SPSS Inc., Chicago, IL, USA) and tested at 5% level of 
sacrificed in the groups including D.significance.

The goats that died in each of the groups A, B and 
Results

C had lung lesions typical of pneumonic pasteurellosis. 
Clinical observations: The clinical signs observed An average of the lung area of dead animals were 
among goats of group A, B and C ranged between mild affected in repeated transport stressed group A 15% 
and moderate severity that included dullness, (12-19%), in group B 8.5% (2-16) and group C 6.5% 
depression, anorexia, salivation, lacrimation, dyspnoea, (6-7) (Table-1) mostly involving the anterior and 
coughing, nasal discharge and ear biting. The mean ventral parts of the lungs with more of the right lung. 

Figure-1. A: M. haemolytica antigens demonstrated by the red chromogen in the cytoplasm of alveolar macrophages, exudates in the 
bronchioles and in blood vessels B: in the cytoplasm of interstitial, alveolar macrophages, bronchial epithelium and in alveolar spaces and C: in 
the cytoplasm of alveolar, interstitial macrophages and pleura Avidin-biotin-peroxidase method

   

Figure-2. A. M. multocida antigens demonstrated by the red chromogen in the cytoplasm of alveolar macrophages, exudates around the 
bronchioles and in blood vessels B: in exudates in bronchioles and on the bronchiolar epithelium and C: in exudates in bronchioles and on the 
bronchiolar epithelium Avidin-biotin-peroxidase method
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Affected parts appeared dark red and firm with distinct in pneumonic pasteurellosis as earlier opined by 
demarcation between the lesions and the normal lung Zamri-Saad et al., [4]. This study showed that repeated 
areas. The remaining goats in groups A, B, C and D transport stress and combination of transport stress 
euthanized at day 21 showed no lung lesion. with other stressors as mimic with the use of dexa-

methasone influence the development of pneumonic 
Microscopic lesions: The main microscopic lesions 

pasteurellosis in goats. This showed the possible 
observed in the nasal mucosa of goats in groups 1 

additive effects of repeated transport and dexamethasone 
include acute rhinitis, tracheitis, fibrino bronchitis, 

treatment on transport stress induced caprine 
fibrinous pneumonia and pleura pneumonia.

pneumonia when such goats are not challenged as 
earlier observed [4]. Immunohistochemistry: The immunostaining was 

Although in this investigation, the goats were not similar in terms of cells involved and spread while the 
infected, the possible stress induced immunosuppre-intensity as graded showed that the immunostaining 
ssion [18] could have aided the proliferation of score was more in PH than MH and that of group B was 
respiratory bacteria in the nasal cavity and subsequent more than A and C as shown in Table-2 where the 
invasion as earlier observed by Jasni et al., [19]. In this pattern of the survival time, clinical, lung consolidation, 
case, the enhancement of the fibrinous bronchopneu-postmortem, histopathology and immunostaining scores 
monia observed in dexamethasone treatment and for goats with different treatment groups was summarised 
repeated transport stress groups could have been and presented.
associated with the level of immunosuppression. This 

Discussion
proliferation and subsequent colonisation of P. 

This investigation describes for the first time the multocida and M. haemolytica could have accounted 
effects of repeated transport on the occurrence and for the significant lung consolidation, gross and 
severity of pneumonia in goat. The effect of these histopathological changes observed in these groups 

when compared to the single transport stressed group. treatments on the animal was evaluated using the 
An average of 8.5% consolidation score and fifty clinical, gross, lung consolidation, histopathological 
percent of the animal affected in repeated transport stressed and immunostaining score. Although the effect of 
and dexamethasone treated group is comparable to transportation stress has been reported to affect many 
19% reported by Zamri-Saad et al., [4] in experimen-physiological parameters in goats [16,17], the patho-
tally challenged stressed goats. logical derangements has not been accorded due attention. 

The findings of the immunostaining further This present study, further reaffirm the fact that 
corroborated that combined P. multocida and M. dexamethasone in combination with other stress result 

Table-1. Percentage pulmonary consolidation in goats subjected to single and combine dexamethasone treatment and 
successive road transport stress.

Sr. No. Groups PD Left cranial LPC Left caudal Accessory Right cranial RPC Right middle Right caudal Total
5% 6% 32% 4% 6% 5% 7% 35% 100%

1. A 21D 0 3.0 0 0.2 5.7 4.75 1.4 3.5 18.55
2 A 21D 0 0.6 4.8 0 3.0 2.5 0.7 0 11.6
3. A 21S 0 0 0 0 0 0 0 0 0
4. A 21S 0 0 0 0 0 0 0 0 0
5. B 14D 1.0 1.5 0 0 5.82 3.75 1.75 1.75 15.57
6. B 13D 0 0 0 0 1.5 0 0 0 1.5
7. B 21S 0 0 0 0 0 0 0 0 0
8. B 21S 0 0 0 0 0 0 0 0 0
9. C 7D 0 3.6 1.6 0 0.54 0.7 0.21 0 6.65
10. C 21D 0 0 0 0 4.5 1.25 0 0 5.75
11. C 21S 0 0 0 0 0 0 0 0 0
12. C 21S 0 0 0 0 0 0 0 0 0
13. D 21S 0 0 0 0 0 0 0 0 0
14. D 21S 0 0 0 0 0 0 0 0 0
15. D 21S 0 0 0 0 0 0 0 0 0
16. D 21S 0 0 0 0 0 0 0 0 0

PD: Post-exposure days, LPC: Left Posterior Cranial, RPC: Right  posterior cranial, D: Death, S: Sacrified

Table-2. The average mean survival time, clinical, lung consolidation, post mortem, histopathology and immunostaining 
scores for goats with different treatment groups.

Group Treatment MST ( n=4) CS ( n=4) LCS ( n=2)  n=2) HPS ( n=2)                   ISS 

MH PH 
                
A Successive  Transport 21 7.25±0.03* 15.1±4.0 5.0±0.03* 6.0±0.02* 3.5±0.01* 9.0±0.01*

 B Transport+Dexa 14 9.75±0.03* 8.4±7.17* 5.5±0.02* 5.5±0.01* 6.0±0.02 11.5±0.02*
 C Single transport 14 3.25±0.02 6.2±0.45* 2.5±0.01 3.0±0.01 4.0±0.03* 6.5±0.01

D Control 0 0 0 0 0 0 0

PMS ( ( n=4)

MST: Mean survival time, CS: Clinical score, LCS: Lung consolidation score, PMS: Postmortem score, HPS: Histopathology score, ISS: 
Immuno-staining score, MH= Mannheimia haemolytica, PH= Pasteurella multocida, Values with the similar * are not significant
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