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Abstract

A total of 712 camels were presented for slaughter at Nyala slaughterhouse
during March 2009 to May 2010. Ninety five camels revealed presence of abscess
lesions in their lungs with a prevalence rate of 13.3%. Ninety five specimens were
collected from the lung abscesses and processed for bacterial isolation and
histopathological examination. Bacterial growth was observed in 70 (73.7%)
samples, 60 (85.7%) of them showed pure growth, while 10 (14.3%) showed mixed
growth on cultured media. Total of 82 bacterial isolates were Staphylococcus spp.
27(32.9%), Streptococcus spp. 18(21.9%), Corynebacterium spp. 10(12.2%),
Pseudomonas spp. 5(6.0%), Arcanobacterium pyogenes 4(4.9%), Proteus spp.
4(4.9%), Micrococcus spp. 3(3.8%), Pasteurella multocida 3(3.8%), Enterococcus
spp. 2(2.4%), Enterobacter aerogenes 2(2.4%), Klebsiella pneumoniae
subsp.pneumoniae 2(2.4%), Bacillus cereus 1(1.2%), Rhodococcus equi 1(1.2%). In
10 samples, more than one species were isolated from a single abscess. For example,
C. renale was isolated with S. aureus, Pseud.aeruginosa with C. pseudotuberculosis,
and Enter. aerogenes with A. pyogenes. The histopathological sections of the lung
abscesses revealed central necrotic areas, acute interstitial pneumonia, chronic
interstitial pneumonia, bronchopneumonia, oedema and emphysema. Most the lungs
abscesses contained S. aureus, Strept. pyogenes, C. pseudotuberculosis, A. pyogenes
and Pseud. aeruginosa. In addition, K. pneumoniae subsp.pneumoniae and S. aureus
were isolated from acute interstitial pneumonia and oedema while Strept. pyogenes,
Past. multocida and Pseud. aeruginosa were isolated from chronic interstitial
pneumonia and bronchopneumonia. This study showed a high incidence of
pulmonary abscesses and we recommend working to avoid this infection in order to
ensure access to safe meat for human consumption.

Key words: Bacterial, Histopathological, Pulmonary abscesses, Dromedary camels, South Darfur
State.
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Introduction

Camel is an economically important animal in the Sudan, where it is used
for production of meat, milk, hides and in transportation. These attributes have
stimulated our interest to study the disease agents which affect the health and
productivity of camels. Abscesses located in the visceral organs represent the most
common problem in the camel meat industry as they lead to wasting animals
slaughtered for human consumption, a public health hazard to abattoir workers, meat
inspectors as well as consumers (Bakhsh Alhendi, 2000). Abscesses of the visceral
organs are only detected after the slaughter of animals, because even hundreds of
small abscesses or several large abscesses rarely cause clinical manifestation
(Nagaraja and Chengappa, 1998). Abscesses of the visceral organs in camels are
among the most prominent emerging problems due to considerable losses in
production and varying mortality rates (Bekele, 1999). The pulmonary abscesses of
the camel develop as single or multiple lesions that affect the upper and lower parts
of the lung, causing cough and emaciation. Suppurative pulmonary abscesses can be
caused by septicaemic emboli of the lung capillaries, fungal infections, parasitic
infections, aspiration pneumonia, traumatic reticulopericaditis and bacterial
pneumonia (Jones et al., 1997). Several studies have focused on bacterial pathogens
as possible causative agents of abscesses in camels (Songer et al., 1988; Radwan et
al., 1989; Afzal et al.,, 1996 and Tejedor et al., 2008). Staphylococcus spp.,
Streptococcus  spp., Corynebacterium  pseudotuberculosis, Arcanobacterium
pyogenes, Pseudomonas aeruginosa, Klebsiella pneumoniae subs. pneumoniae and
Rhodococcus equi were found to be the most frequent agents involved in pulmonary
abscesses (Al-Tarazi, 2001; Azmi, 2008; Younan et al., 2005; Abubakar et al., 2010;
Kinne et al., 2011and Shiferaw et al., 2012). Like arise, lung may constitute an
important source of abscesses dissemination to other vital organs such as the liver
resulting in great economical losses due to condemnation at meat inspection.
Accordingly, this study was designed to isolate and identify the bacteria associated
with pulmonary abscesses and to study correlate the histopathological findings in
affected camels slaughtered at Nyala slaughterhouse, South Darfur State.

Materials and methods

Study area and target host

A total of 712 camels were presented for slaughter at Nyala slaughterhouse
during the period from March 2009 to May 2010. Post-mortem examinations were
carried out using routine visual, palpation and incision methods. Ninety five camels
showed abscess lesions in their lungs. Samples were collected from all affected
lungs and each one was divided into two portions.
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The first part was placed into sterile plastic bag on ice and transported to the
Bacteriology Department at Nyala Veterinary Research Laboratory for examination
within two hours of collection. The second portion was fixed in 10 % buffered
neutral formalin and transported to the Department of Pathology at Veterinary
Research Institute (VRI) to be processed, paraffin embedded and sectioned at 5pm
thickness. These sections were stained with Haematoxylin and Eosin (H&E)
(Bancroft and Stevens, 1990).

Bacterial isolation and phenotypic identification

The surface of the affected lungs was touched by a heated spatula. An
incision was made with a sterile scalpel blade; impression smears were made and
stained with Gram stain. Pus from the inner part of the lesion was removed using a
sterile loop and inoculated into blood agar with 7% defibrinated sheep blood and
MacConkey agar plates. The plates were incubated both aerobically and
anaerobically (Gas-pack anaerobic system, Cat. no. 70304) at 37 °C for 24 h. If no
growth was observed after 24 h, the plates were incubated for additional 48 -72 h.
Bacterial colonies were characterized morphologically (e.g., colour, size, and edge).
If the culture had showed a variety of bacterial colonies, a portion of a single colony
was picked and subculturing was performed to obtain pure culture (Carter, 1984).
Identification of bacteria isolated to the species level was performed using
biochemical analysis (Don et al., 2005; Barrow and Feltham 1993). In addition,
analytical prolife index kits were also used to identify Enterobacteriaceae spp.
(KB003: Hi25), Staphylococcus spp. (KB004: HiStaph) and Streptococcus spp.
(KBOO05: HiStrep) (Quinn et al., 1994).

Results

Out of 712 camels presented for slaughter at Nyala slaughterhouse during
the period from March 2009 to May 2010. Ninety five camels showed abscess
lesions in their upper and lower parts of the lungs; the lesions were encapsulated by
a relatively thick layer of fibrous tissue and contained odourless thin, creamy or
watery pus; yellowish white, white, grey or yellow in colour and sometimes
contained blood. The overall prevalence rate was 13.3%. Twenty five (26.3%)
abscess samples failed to yield bacterial growth, while bacterial growth was
observed in seventy (73.7%) of the samples. sixty (85.7%) showed pure growth,
while ten (14.3%) showed mixed growth.

The recovered bacterial species are shown in Table 1. Furthermore, some isolates
were identified to the species level as shown in Table 2. In 10 samples, more than
one species were isolated from a single abscess. For example, C. renale was isolated
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with S. aureus, Pseud.aeruginosa with C. pseudotuberculosis, and Enter. aerogenes
with A. pyogenes.

Table 1: Bacterial isolates from lung abscesses of dromedary camels slaughtered at Nyala
slaughterhouse, South Darfur State during 2009-2010 (n = 95).

Bacterial isolates Frequency Percentage (%)
Staphylococcus spp. 27 329
Streptococcus spp. 18 21.9
Corynebacterium spp. 10 12.2
Pseudomonas spp. 5 6.0
Arcanobacterium pyogenes 4 49
Proteus spp. 4 49
Micrococcus spp. 3 3.8
Pasteurella multocida 3 3.8
Enterococcus spp. 2 2.4
Klebsiella pneumoniae subsp.pneumoniae 2 2.4
Enterobacter aerogenes 2 2.4
Bacillus cereus 1 1.2
Rhodococcus equi 1 1.2
Total 82 100

(n = Total of samples)
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Table 2: Bacterial species isolated from lung abscesses of dromedary camels slaughtered at
Nyala slaughterhouse, South Darfur State during 2009-2010 (n = 95).

Bacterial species Frequency Percentage (%)
Staphylococcus aureus 16 195
S. lentus 3 3.7
S. chromogens 4 4.9
S. epidermidis 4 49
Streptococcus pyogenes 12 14.8
Streptococcus equi subsp. zooepidemicus 2 24
Strept. uberis 4 4.9
Corynebacterium pseudotuberculosis 8 9.8
C. diphtheriae 1 1.2
C. renale 1 1.2
Pseudomonas aeruginosa 3 3.7
Ps. vesicularis 2 24
Arcanobacterium pyogenes 4 49
Proteus vulgaris 2 2.4
P. mirabilis 2 24
Micrococcus luteus 2 24
M. Kristinae 1 1.2
Pasteurella multocida 3 3.7
Klebsiella pneumoniae subsp.pneumoniae 2 24
Enterococcus durans 1 12
Enterococcus faceium 1 1.2
Enterobacter aerogenes 2 2.4
Bacillus cereus 1 1.2
Rhodococcus equi 1 1.2
Total 82 100

(n = Total of samples)
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Most of the histopathological sections of the lung abscesses revealed central necrotic
areas and inflammatory cells mainly macrophages, lymphocytes, plasma cells and
neutrophils that were surrounded by fibrous tissue (Figure 1). Acute interstitial
pneumonia, chronic interstitial pneumonia, bronchopneumonia, oedema and
emphysema were also seen in some sections, they were characterized by thickening
of alveolar septa, infiltration of inflammatory cells and surrounded proliferation with
fibrous tissue and enlarged alveolar spaces (Figures 2, 3, 4, 5, 6).

5

Fig. (1): Lung abscess showing central necrotic area and inflammatory cells surrounded by fibrous

capsule. H&E stain, x100 magnification

Fig.(2): Acute interstitial pneumonia showing thickening of alveolar septa and infiltration of

inflammatory cells (lymphocytes). H&E stain, x100 magnification
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Fig. (3): Chronic interstitial pneumonia showing thickening of alveolar septa with proliferation of
fibrous tissue and inflammatory cells. H&E stain, x100

Fig. (4): Bronchopneumonia showing infiltration of inflammatory cells around the bronchiole and in
the alveoli. H&E stain, x100 magnification
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Fig. (5): Oedema in alveoli and interstitial area. H&E stain, x100 magnification .

Fig. (6): Lung emphysema (enlarged alveolar spaces). H&E stain, x100 magnification.

Discussion

This study investigated the bacteria associated with abscesses in the lungs of
camels slaughtered in Nyala. The prevalence rate was 13.3 %; this is similar to the
findings of Al-Tarazi, (2001) who reported 10.2 % lungs with gross lesions in
camels slaughtered in Jordan.

Staph. aureus, Streptococcus spp., C. pseudotuberculosis, A. pyogenes were isolated
from the lungs abscesses. These findings were in consistent with previous reports
showing that Staphylococcus spp., Streptococcus spp. and Corynebacterium spp. are
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bacterial agents commonly isolated from abscesses in the lungs of camels (Al-
Tarazi, 2001; Azmi, 2008; Abubakar et al., 2010 and Kinne et al., 2011). The
isolation of A. pyogenes in this study showed its involvement with these abscesses.
Based on available literature, A. pyogenes has not been previously reported as a
pathogen in the abscesses of camels in the Sudan. Abubkar et al. (2010) isolated A.
pyogenes from dromedary camels having pulmonary abscesses. This pathogen is
often isolated from the abscesses of lungs in ruminants, pigs and sometimes humans
(Hommez et al., 1991).

The recovery of R. equi in this study supports the findings of Kinne et al. (2011)
who isolated R. equi from camel lungs that were diffusely consolidated with large
caseous areas. The organism was also associated with diffuse necrotizing
lymphadenitis in the bronchial and mediastinal lymph nodes of a 2-year-old male
[lama (Hong and Donahue, 1995).

The isolation of C. pseudotuberculosis serotype | and serotype Il in this study,
strongly supports the findings of Tejedor et al. (2008), who reported that dromedary
camels can be susceptible to serotype Il and that preventive measures should be
considered when camels are in contact with horses or cattle affected by
pseudotuberculosis.

Other bacterial isolates in this study, such as Pseud. aeruginosa, M. luteus, E.
durans, B. cereus, Prot. vulgaris, Enter. aerogenes, Past. multocida and K.
pneumoniae subsp.pneumoniae were previously reported as having association with
pneumonia and mastitis in the dromedary camel (Barbour et al., 1985; Bekele, 1999
and Younan et al., 2005).

The histopathological sections of the affected lungs revealed pulmonary

necrotic areas, acute interstitial pneumonia, chronic interstitial pneumonia and
bronchopneumonia. These results are in agreement with similar findings related to
pulmonary lesions of the dromedary camel (Bekele, 2008; Al-Tarazi, 2001; Kane et
al., 2005; Shiferaw et al., 2012). Al-Tarazi, (2001) reported that chronic pneumonia
that affected older camels was mainly caused by M. haemolytica and Pseudomonas
aeruginosa, whereas interstitial pneumonia that affected young camels was caused
by Klebsiella spp. and E. coli.
The evidence of emphysema in this study supported the results of Lopez, (2001)
who reported that emphysema in animals is always a secondary lesion. The oedema
as found in this study is generally reported in association with pulmonary lesions at
the early stage and is an integral part of inflammatory response as indicated by
Lopez (2001).
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Conclusion

This study showed a high incidence of prevalence rate (13.3), it appears that
although camels generally feed away from contaminated soils, they are still infected
with several microorganisms due to environmental changes and husbandry practices
herds mixing, sharing of water and pastures, and migration with other animal
species. These microorganisms include bacteria which lead to abscesses formation in
the lungs; some of these were S. aureus, Strept. pyogenes, C. pseudotuberculosis, A.
pyogenes and Pseud. Aeruginosa, and Actinomyces pyogenes and Rhodococcus .
Furthermore, more than one species may be isolated from a single abscess e.g. C.
renale was isolated with S. aureus, Pseud.aeruginosa with C. pseudotuberculosis,
and Enter. aerogenes with A. pyogenes. On the other hand, some species were
including Strept. pyogenes, Past. multocida and Pseud. aeruginosa were isolated
from areas of chronic interstitial pneumonia and bronchopneumonia, while K.
pneumoniae subsp.pneumoniae and S. aureus were isolated from sites of acute
interstitial pneumonia and oedema. Twenty five abscess samples failed to yield
bacteria when cultured, which suggested that either bacteria were not viable, due to
treatment with antibiotics just before slaughters or that the abscesses were caused by
other causative agents. Finally, we recommend working to avoid this infection in
order to ensure access to safe meat for human consumption and further studies are
necessary to verify the impact of isolated bacteria on human heath.

Acknowledgements

The authors would like to thank the staff members of the Department of
pathology at Veterinary Research Institute (VRI) in Khartoum for their technical
assistance. Thanks are due to the Director of Veterinary Research Institute and
Animal Resources Research Corporation for their permission to publish this article.

36



Aljameel et al.

References

Abubakar, M.S.; Fatihu, M.Y.; lbrahim, N.D.G.; Oladele, S.B. and Abubakar, M.B. (2010).
Camel pneumonia in Nigeria: Epidemiology and bacterial flora in normal and
diseased lung. Africa. J. Microbiol. Res. 4, 2479-2483.

Afzal, M.; Sakir, M. and Hussian, M.M. (1996). Corynebacterium pseudotuberculosis
infection and lymphadenitis (Taloa or Mala) in the camel. Trop. Anim. Health
Product. 28, 158-162.

Al-Tarazi, Y.H. (2001). Bacteriological and pathological study on pneumonia in the one-
humped camel (Camelus dromedarius) in Jordan. Revue. d'elevage. Medecine.
Veéte.Pays tropicaux. 54, 93-97.

Azmi, D.H. (2008). Corynebacterium pseudotuberculosis infection (caseous lymphadenitis)
in camels (Camelus dromedarius) in Jordan. Am. J. Anim. Vet. Sci. 3, 68-72.
Bancroft, J.D. and Stevens, A. (1990). ‘Theory and practice of histological techniques’. 3"

edn. Churchill living stone. Edinburgh, UK, pp., 21-118.

Barbour, E.K.; Nabbut, N.H.; Frerichs, W.M.; Al-Nakhli, H.M. and Al-Mukayel, A.A.
(1985). Mastitis in Camelus dromedarius in Saudi Arabia. Trop. Anim. Health.
Product.17, 173-179.

Barrow, G.I. and Feltham, R.K.A. (1993). In: Cowan and Steel’s Manual for identification of
medical bacteria 3" edn. Cambridge University, Press, Cambridge, U.K pp. 50-150.

Bekele, S.T. (2008). Gross and microscopic lesions of camels from Eastern Ethiopia. Trop.
Anim. Health. Product. 40, 25-28.

Bekele, T. (1999). Studies on the respiratory disease ‘Sonbobe’ in camels in the eastern
lowlands Ethiopia. Trop. Anim. Health. Product. 31, 333-345.

Carter, G.R. (1984). Diagnostic procedures in Veterinary Bacteriology and Mycology 4™ ed.
Charles C. Thomas, Publishing Co., Springfield, IL, USA., pp. 3-166.

Don, J.B.; Noel, R.K. and James, T.S. (2005). Bergey’s Manual of Systemic Bacteriology.
Inc. 233 Spring Street’, New York, USA.

Hommez, J.; Devriese, L.A.; Miry, C. and Castryck, F. (1991) Characterization of 2 groups
of Actinomyces-like bacteria isolated from purulent lesions in pigs. J. Vet. Med. 38,
575-580.

Hong, C.B. and Donahue, J.M. (1995). Rhodococcus equi-associated necrotizing
lymphadenitis in a llama. J. Comp. Pathol. 113, 85-88.

Jones, T.C.; Hunt, R.D. and King, N.W. (1997). The respiratory system. In: T.C. Jones, R.D.
Hunt and N.W. King (eds), Veterinary Pathology. Lippincott Williams & Wilkins,
Philadelphia, USA, pp. 947-973.

Kane, Y.; Kadja, M.C.; Bada, A.R.; Bezeid, O.E.; Akakpo, J.A. and Kaboret, Y. (2005).
Lung lesions and bacteria of the one-humped camel (Camelus dromedarius) at
Nouakchott slaughterhouse in Mauritania. Rev. Elevage. Méd. Vet. Pays trop. 58,
164-171.

Kinne, J.; Madarame, H.; Takai, S.; Jose, S. and Wernery, U. (2011). Disseminated
Rhodococcus equi infection in dromedary camels (Camelus dromedarius). Vet.
Microbiol. 149, 269-272.

37



U of K. J. Vet. Med. & Anim. prod. Vol. 4, No. 2,2013 (26-38)

Lopez, A. (2001). Respiratory system. In: Thomson’s Special Veterinary Pathology, 3 edn.
Mosby, Chicago., pp. 125-379.

Nagaraja, T.G. and Chengappa, M.M. (1998). Liver abscesses in feedlot cattle- A review. J.
Anim. Sci. 76, 287-298.

Quinn, P.J; Carter, M.E; Markey, B. and Carter, G.R. (1994) Bacterial pathogens:
Microscopy, Culture and Identification. In: Clinical Veterinary Microbiology.
Wolfe Publishing, London, U.K. pp. 21-60.

Radwan, A.l.; El-Magawry, S.; Hawari, A.; Al-Bekairi, S.I. and Rebleza, R.M. (1989).
Corynebacterium pseudotuberculosis infection in camels (Camelus dromedarius) in
Saudi Arabia. Trop. Anim. Health Product. 21, 229-230.

Shiferaw, J.; Nesibu, A.; Gelagay, A.; Esayas, G.; Haileleul, N. and Getnet, A. (2012) Gross
and histopathological studies on pulmonary lesions of camel (Camelus
dromedarius) slaughtered at Addis Ababa abattoir, Ethiopia. Trop. Anim. Health.
Product. 44, 849-854.

Songer, J.G.; Backenback, K.; Marshall, M.M.; Olson, G.B. and Kelley, L. (1988).
Biochemical and genetic characterization of Corynebacterium pseudotuberculosis.
Am. J. Vet. Res. 49, 223-226.

Tejedor, M.T.; Lupiola, P.; Schulz, U. and Gutierrez, C. (2008). Isolation of nitrate-reductase
positive Corynebacterium pseudotuberculosis from dromedary camels. Trop. Anim.
Health. Product. 40, 165-167.

Younan, M.; Estoepangestie, A.T.S.; Cengiz, M.; Alber, J.; El-Sayed, A. and Lammler, C.
(2005). Identification and Molecular Characterization of Streptococcus equi subsp.
zooepidemicus isolated from camels (Camelus dromedarius) and camel milk in
Kenya and Somalia. J. Vet. Med. 52, 142-146.

38



