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Abstract

Bovine tuberculosis (TB) is an infectious disease of cattle and one of the biggest challenges in the cattle industry. It is
caused mainly by the bacterium Mycobacterium bovis (M. bovis), which can also infect and cause TB in other mammals. In
this study, we aimed to investigate the presence of the bovine tuberculosis in the El Rank area, north upper Nile State, Sudan.
The semi-structured questionnaire, conventional methods (Ziehl’s-Neelsen staining, culture in Lowenstein-Jensen medium)
and polymerase chain reaction (PCR) were used to detect the bovine tuberculosis in the ElI Rank area. The results of the
semi-structured questionnaire indicated that the Kenana cattle were at a high risk of infection (50%), especially the females
around the age of 3 years. For the conventional methods and PCR, a total of forty milk samples and thirty aspirated lymph
node samples were investigated for the presence of the bacterium. Only 1/30 (3.3%) of lymph node samples showed the
characteristic appearance of the acid fast bacilli of a serpentine cord of M. bovis. This sample also showed a growth in the
Lowenstein-Jensen medium containing pyruvate. The PCR results to amplify the rpoB gene (235bp) of M. bovis showed a
high sensitivity to detect the bacterium. It confirmed the presence of M. bovis in 26 (65%) of milk samples and 12 (40%) of
lymph node samples. Our results confirmed the presence of M. bovis in El Rank area, north upper Nile State, Sudan and it
also indicated the sensitivity of the PCR as a rapid tool to detect the infection of M. bovis.
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Introduction molecular biology techniques such as PCR were

Bovine tuberculosis (TB) is a chronic disease  also used to detect the bacteria. Novel genes were
of animals caused by bacteria called targeted for PCR diagnosis of Mycobacterium [5]
Mycobacterium bovis, (M. bovis) which is closely — such as hsp65 (165bp), dnaJ (365 bp), and rpoB
related to the bacterium that causes human and (235 bp) [6]. The standard measure applied to
avian tuberculosis. Although the cattle are control the TB infection is the policy of test and
considered to be the true hosts of the M. bovis, the ~ slaughter. Pasteurization of milk of has prevented
disease has been reported in many other the spread of disease in humans. Treatment of the
domesticated and non-domesticated animals. Today, infected animals is rarely attempted because of the
the bovine TB remains an important disease of high cost. Vaccination is widely used in animals
cattle, wild animals, and is a significant zoonosis. and a number of new candidate vaccines are
The disease is prevalent in Africa, parts of Asiaand ~ currently being tested [7-10].

America [1]. Animal TB causes loss of animals and No previous data are available about the
its production and it also considered as a risk to  epidemiology of the disease in the El Rank area,
human health [1]. In some African countries, the ~north upper Nile State, Sudan as well as no
co-infection of human immunodeficiency virus Systemic diagnosis of the disease was followed.
(HIV) with bovine TB was also reported [2]. The Therefore, the accurate representation of the
disease is contagious; it can spread by contact with ~ disease in the El Rank area has to be addressed.
the infected animals. The usual route of infection is ~ The results of the study could provide a preliminary
by inhaling infected droplets which are expelled data about the disease prevalence which might help
from the lungs by coughing. Calves and humans  to design the control measures in the future.

can also become infected by ingesting raw milk
from infected cows [3].

The usual clinical signs of bovine TB include:  Survey based on semi-structured questionnaire
weakness, loss of appetite, weight-loss, fluctuating
fever, intermittent hacking cough, diarrhea, large
prominent lymph nodes. However, a sub-clinical
form of the disease was also observed. The bovine
TB could be diagnosed by conventional methods
like smear technique and culture method, especially
Lowenstein-Jensen medium [4]. In addition, the

Materials and methods

In addition to the information obtained from
veterinary health authority, local butchers/meat
inspectors and public health authority in the El
Rank area, a semi-structured guestionnaire was also
used to collect preliminary information about the
disease. Herein, the data of age, sex and breed were
recorded (supplementary materials).
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Collection of the sample

The lymph nodes (inflamed or caseoustic) were
collected randomly from the slaughtered cattle and
carefully aspirated with sterile 10 ml syringes. The
samples were added to sterile screw-top plastic falcon
tube. The milk samples (5 ml) were collected from EI
Rank's market using systematic, random methods. In
both samples, an equal volume of (0.6% cetyl
pyridinium bromide and 2% NaCl) was added to
decontaminate the samples [11].

Identification of the bacteria by smearing methods

A direct smear was prepared in the field from
each sample of lymph node and milk, dried and fixed
with heat by passing it through benzene flame 2-3
times. Later, the samples were stained with
Ziehl’s-Neelsen stain according to the previous
methods [12]. The slides were observed under the
microscope using 100y oil immersion lens to detect
the red or pink color against the blue counterstained
(the characteristic feature of the acid fast bacilli) and
the results were reported, according to the
International Union Against Tuberculosis and Lung
Diseases (IUATLD) as follows: No acid fast bacilli
(AFB) in at least 100 fields (0/negative), 1-9 AFB in
100 fields (actual AFB counts), 10-99 AFB in 100
fields (+) and 1-10 AFB per field in at least 50 fields

(+4).

Isolation of the bacteria by culturing on
Lowenstein-Jensen medium

The samples were washed three times with 35-40
ml of PBS and the pellet was suspended in 0.1 ml of
PBS. About 0.5 ml of specimen was inoculated into
Lowenstein-Jensen medium and cultured at 37°C. The
culture was examined daily to detect the growth of the
bacteria up to 8 weeks [13]. The characteristic
features of the M. bovis (poor, slow growth and
dysgonic colonies) were observed. All the cultures
with a characteristic feature of the bacteria were
further analyzed by smearing methods to confirm the
appearance of the acid fast bacilli.

Confirmation of the bacteria by polymerase chain
reaction (PCR)

DNA extraction and quantification

One ml of milk and lymph node specimens were
centrifuged at 12,000 rpm for 10 minutes. The pellet
was collected and 100 pl of 5% (w/v) Chelex-100
resins (Bio-Rad) was added and heated at 100°C for 5
minutes in a Thermal Cycler machine. The samples
were vortexed for 30 seconds. The heating and
vortexing process was repeated at least 3 times. The
samples were centrifuged at 12,000 rpm for 1.5
minutes and the supernatant was collected as a
template DNA. The extracted DNA was quantified by
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Nanodrop-1000  apparatus and  either  used
immediately or sorted at -20 °C for subsequent use.

Polymerase chain reaction (PCR)

Our study describes a PCR assay using M. bovis
specific DNA markers (rpoB gene, 235 bp) according
to the previous methods with minor modifications
[14]. The target gene rpoB was amplified using
following primers. Thl-F
CGTACGGTCGGCGAGCTGATCCAA and TheR
CCGACAGTCGGCGCTTGTGGGTCAA. The PCR
mixture (total 25 pl) was as follows: 0.7 pl distilled
water, 2.5 pl of 5 mM dNTPS mix, 2.5 pl of 10X
reaction buffer solution, 2 pl of 25 mM MgCl,, 1 pl
of primers (10 pmol), 5 pl of DNA and 0.3 pl of Taq
polymerase. The mixture was transferred to a Thermal
Cycler (Perkin Elmer 480-USA) and subjected to the
following condition: 94°C/5 min, 30 cycles of
94°C/30 sec, 74°C/30sec, 74°C/30 sec and final
extension at 74°C/smin. The PCR product was
visualized in 2% agar along with the DNA molecular
marker 50 bp (S7025, USA) and was documented
with a Gel-Doc System (Bio-Rad and Alphalmager).

Data analysis

Data obtained from different experiments were
recorded as the mean + standard deviation (SD) and
subjected to one-way analysis of variance (ANOVA)
using the SPSS data analysis software (SPSS Inc.,
Chicago, IL, USA). Differences between means were
considered significant at p <0.05.

Results
Epidemiological data

The epidemiological data were obtained from the
analysis of the questionnaire. The analysis of the
questionnaire revealed that the disease affects the
Kenana, Baggara and Fellata cattle by 50%, 30% and
20% respectively. It also showed that the cattle with
age of 3 is highly susceptible to the infection (45%)
followed by the age of 2 (40%) and age of 4 (15%).
The females (55%) were infected more than the
males.

Microbiological analysis
Smear microscopy

The smear prepared from the milk samples were
negative for the acid fast bacilli, while only 1/30
(3.3%) of the lymph node samples showed a
characteristic feature of the acid fast bacilli of the
serpentine cord (Fig. 1).

Culture on Lowenstein-Jensen medium

No growth was observed in cultured milk
samples. Only one lymph node sample 1/30 (3.3%)
showed a growth in Lowenstein-Jensen medium



SCIENCE LETTERS

containing pyruvate (Fig. 2A). It was the same sample
that was positive during the initial screening by the
smearing methods. This sample was further
confirmed by the smearing methods and presented a
feature of the acid fast bacilli of the serpentine cord
(Fig. 1B).

Fig. 1: Smear showing acid fast bacilli of M. bovis under 100y oil
immersion object. Smear from lymph node samples (Cattle). Note the
characteristic appearance of the acid fast bacilli of a serpentine cord.

(A) (B)

Fig. 2: The growth of M. bovis from lymph node sample. (A)
Mycobacterium colonies in Lowenstein-Jensen medium containing
pyruvate. (B) Smear from lymph node growing colonies to confirm the
acid fast bacilli that were detected in Fig. 2A.

Molecular detection by PCR

The rpoB gene was detected in 26/40 (65%) of
milk samples and 12/30 (40%) of lymph node
samples. The band showed the typical size of rpoB
gene (235 bp) for the M. bovis (Fig.3).

e
250w rpoB

235bp

250bp

rpoB
235bp

Fig. 3: Amplification of M.bovis rpoB gene. (A) Lymph node samples
and (B) Milk samples. DNA marker 50 bp (S7025, USA) was used.

Discussion

Although bovine tuberculosis could affect the
animal production and increase the risk to the
public health, still there is a less attention from the
veterinary authorities to establish a routine
surveillance system for the diagnosis of the disease.
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The ultimate goal of this study was to detect bovine
tuberculosis in cattle and to raise the awareness of
the concerned authorities. The findings of this
study indicated that tuberculosis in cattle is an
existing problem in the ElI Rank area. We did not
observe a severe contamination in the culture of
Lowenstein-Jensen medium except two samples
(7%). This indicates the efficiency of the 0.6%
cetyl pyridinium bromide + 2% NaCl as a transport
medium to detect M. bovis [15].

The data showed that three breeds were
common in the investigated area: Kenana, Baggara
and Fellata breeds. The accurate data about their
population size was not available. However, this
study indicated that Kenana breed was highly
affected among other breeds. This might indicate
the breed effect in the disease spreading. These
results were similar to the observation in Chad that
local breeds have different susceptibility to the
disease (Mbororo zebu and the Arab zebu cattle)
[16] and was further supported by the same
observation in Cameroon [17]. The difference in
breed susceptibility to the disease could suggest the
genetic contribution in the development of the
disease in addition to the environmental effect.

The present study reflects the early onset of the
disease since the age around 2-4 was infected. This
represents a health threatening situation where the
disease gets worse with age progression. The
results from this study could also address a serious
health problem since drinking un-pasteurized milk
and eating raw meat still abundant in some
societies. Smear results showed no acid fast bacilli
except one lymph node sample, this could be
attributed to low Mycobacterium load in the
collected samples [18]. The Mycobacterium load is
often low in bovine specimens and they can only be
visualized if the bacterial quantity is at least 5x10*
mycobacteria/ml [19-20].

In conclusion, this study revealed the presence
of the bovine tuberculosis in the El Rank area,
although there were no clinical signs of the disease
observed in cattle herd. It also proved that PCR
using rpoB gene (235 bp) is a rapid, accurate,
sensitive and specific test to diagnose the bovine
tuberculosis. However, culturing methods are still
essential to monitor the response of the disease to
the therapeutics and to test the antimicrobial
susceptibility as well. Finally, early detection of
tuberculosis is crucial to initiate the treatment and
interrupt the train of the transmission of the disease.

Acknowledgement

We thank the Department of Tuberculosis in
STAC laboratory, Sudan for their effective
cooperation. This project was funded by the
research program of the Institute of Endemic



SCIENCE LETTERS

Disease (IEND) University of Khartoum, Sudan.

References

(1]

[

Bl

(4

[l

(6]

(7]

(8]

[

Cosivi O, Grange JM, Daborn CJ, Raviglione MC, Fujikura T,
Cousins D, Robinson RA, Huchzermeyer HF, De Kantor I,
Meslin FX. Zoonotic tuberculosis due to Mycobacterium bovis in
developing countries. Emerg Infect Dis 1998;4:59-70.

Thomson B. Polymerase chain reaction detection of Mycobacteria
tuberculosis complex in formalin fixed tissues. In: Thoen CO,
Steele FH, Gilsdorf MJ (editors). Mycobacterium bovis infection
in animals and humans. 2™ ed. lowa State University Press, Ames,
lowa, USA. 2006, p. 63-67.

Ashford DA, Whitney E, Raghunathan P, Cosivi O. Epidemiology
of selected mycobacteria that infect humans and other animals.
Rev Sci Tech 2001;20:325-337.

Blumberg BM, Galyean TA. Multi-level direction of autonomous
creatures for real-time virtual environments. In: Proceedings of the
22" annual conference on Computer graphics and interactive
techniques.ACM. 1995, p. 47-54.

Mondragén-Barreto M, Véazquez-Chacon CA, Barrén-Rivero C,
Acosta-Blanco P, Jost Jr KC, Balandrano S, Olivera-Diaz H.
Comparison among three methods for mycobacteria
identification. Salud Publica Mex 2000;6:484-489.

Kim BJ, Lee SH, Lyu MA, Kim SJ, Bai GH, Kim SJ, Kook YH.
Identification of mycobacterial species by comparative sequence
analysis of the RNA polymerase gene (rpoB).J Clin Microbiol
1999;37:1714-1720.

\ordermeier HM, Chambers MA, Cockle PJ, Whelan AO,
Simmons J, Hewinson RG. Correlation of ESAT-6-specific
gamma interferon production with pathology in cattle following
Mycobacterium bovis BCG vaccination against experimental
bovine tuberculosis. Infect Immun 2002;6:3026-3032.

Buddle BM, Wards BJ, Aldwell FE, Collins DM, de Lisle GW.
Influence of sensitisation to environmental mycobacteria on
subsequent vaccination against bovine tuberculosis. Vaccine
2002;7:1126-1133.

Skinner MA, Buddle BM, Wedlock DN, Keen D, de Lisle GW,
Tascon RE, Hewinson RG. A DNA prime-Mycobacterium bovis
BCG boost vaccination strategy for cattle induces protection
against bovine tuberculosis. Infect Immun 2003;9:4901-4907.

[10] Buddle BM, Keen D, Thomson A, Jowett G, McCarthy AR,

26

[11]

[12]

[13]

[14]

[15]

[16]

17

(18]

[19]

[20]

2015 | Volume 3 | Issue 1 | Pages 23-26

Heslop J, Aldwell FE. Protection of cattle from bovine
tuberculosis by vaccination with BCG by the respiratory or
subcutaneous route, but not by vaccination with Kkilled
Mycobacterium vaccine. Res Vet Sci 1995;59:10-16.

Smithwick RW, Stratigos CB, David, HL. Use of cetyl pyridinium
chloride and sodium chloride for the decontamination of sputum
specimens that are transported to the laboratory for the isolation of
Mycobacterium tuberculosis. J Clin Microbiol 1975;5:411-413.
Collins CH, Grange JM. The bovine tubercle bacillus. J Appl Bact
1983;55:13-29.

Drobniewski F, Strutt M, Smith G, Magee J, Flanagan P. Audit of
scope and culture techniques applied to samples for the diagnosis
of Mycobacterium bovis by hospital laboratories in England and
Wales. Epidemiol Infect 2003;130: 235-237.

Kim BJ, Hong SK, Lee KH, Yun YJ, Kim EC, Park YG, Kook YH.
Differential identification of Mycobacterium tuberculosis complex
and nontuberculous mycobacteria by duplex PCR assay using the
RNA  polymerase  gene  (rpoB).J  Clin  Microbiol
2004;42:1308-1312.

Pardini M, Varaine F, lona E, Arzumanian E, Checchi F, Oggioni
MR, Fattorini L. Cetyl-pyridinium chloride is useful for isolation
of Mycobacterium tuberculosis from sputa subjected to long-term
storage. J Clin Microbiol 2005;43:442-444.

Diguimbaye-Djaibe C, Vincent V, Schelling E, Hilty M, Ngandolo
R, Mahamat HH, Zinsstag J. Species identification of
non-tuberculous mycobacteria from humans and cattle of
Chad. Schweiz Arch Tierheilkd 2006;5:251-256.
Njanpop-Lafourcade BM, Inwald J, Ostyn A, Durand B, Hughes S,
Thorel MF, Haddad N. Molecular typing of Mycobacterium bovis
isolates from Cameroon. J Clin Microbiol 2001;39:222-227.
Castelo Filho A, Kritski AL, Barreto AW, Lemos ACM, Netto AR,
Guimardes CA, Pinto WP. Il Consenso Brasileiro de Tuberculose:
diretrizes brasileiras para tuberculose. J Bras Pneumol 2004;1:1-5.
Quinn PJ, Carter ME, Markey B, Carter GP. Mycobacterium
species. In: Clinical veterinary microbiology, Wolfe publishing,
London; 1994, p.156-170.

Berk RH, Yazici M, Atabey N, Ozdamar OS, Pabuccuoglu U,
Alici E. Detection of Mycobacterium tuberculosis in
formaldehyde solution-fixed, paraffin-embedded tissue hy
polymerase chain reaction in Potts disease.  Spine
1996;21:1991-1995.


http://www.ncbi.nlm.nih.gov/pubmed/9452399
http://www.ncbi.nlm.nih.gov/pubmed/11288519
http://www.ncbi.nlm.nih.gov/pubmed/11201575

