PREVALANCE OF Mycobacterium tuberculosis COMPLEX IN HIVV SERO-POSITIVE
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Abstract

Tuberculosis is a public health problem especially in developing countries, including Nigeria. The
aim of the study was to determine the prevalence of Mycobacterium tuberculosis complex in HIV
patients attending Dalhatu Araf Specialist Hospital Lafia, Nasarawa State, Nigeria. A total of 399
sputum samples were collected from HIV patient and examined using culture technique, Gene-
Xpert, and SD-Bioline techniques. SD-Bioline test was used to differentiate between MTBC and non-
Tuberculosis mycobacteria (NTM). Risk factors for MTBC were investigated. One hundred and
forty-eight (148) MTBC isolates were detected using the culture techniques, 88 MTBC by the Gene-
Xpert technique and 37 by the Ziehl-Neelson staining method, and 88 by the rapid test (SD- Bioline
test kit) differentiating MTBC from NTM. This result indicates that most of the samples contained
NTM (77.9%; 311/399) signifying latent tuberculosis, and 22.1% (88/399) were MTBC. Rate of
rifampicin resistance was 13.5% (n = 54) in the study population. RIF resistance was higher in
samples from male patients (16.5%; 22/134) than in those from female patients (12.1%; 32/265).
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Introduction

Tuberculosis is caused by one of several Mycobacterial species that belongs to the
Mycobacterium tuberculosis complex. The Mycobacterium tuberculosis complex is a genetically
related group of Mycobacterium species that can cause tuberculosis in human or other living
things, and they include Mycobacterium tuberculosis, Mycobacterium africanum,
Mycobacterium bovis, Mycobacterium caprae Mycobacterium canettii, Mycobacterium
pinnipedii, Mycobacterium caprae and Mycobacterium microti [3,12]..

Although tuberculosis (TB) is an age-old disease, its burden continues to present a public health
problem especially in developing countries. The World Health Organization (WHO) estimated
more than one million TB deaths in 2015, and an additional two-fifths of a million TB deaths
among HIV-positive people. Most of the cases were male patients [22].

Previous reports have shown that the disease is preventable and curable, even though it has
remained a significant cause of morbidity and mortality in resource poor nations [5] .The disease
seems to have re-emerged in developed nations due to its synergy with Human
Immunodeficiency Virus/Acquired Immune Deficiency Syndrome (HIV/AIDS), demographic
changes, and subsequent immigrations [7,9]. On the basis of Tuberculin reactivity, a sign of
prior infection, one third of the world’s population appears to have been infected with
Mycobacterium tuberculosis complex, the etiological agent of the disease. Infected individuals



are thus at risk of presenting with disease later in life as immunity wanes due to aging or as a
result of HIV co-infection [3,14].

Study Area

The study was carried out at the Gene Xpert Laboratory of Dalhatu Araf Specialist Hospital
Lafia, Nasarawa State, Nigeria. The hospital is situated along Shendam road Lafia, Nasarawa
State Nigeria. The Gene Xpert laboratory was established in 2013 by the National TB program
in conjunction with KNCV/TBCARE 1 to assist in the rapid diagnosis of TB in HIV patients and
the diagnosis of drug resistant TB.

Ethical Clearance

Approval for the study was obtained from the research ethics committee of Dalhatu Araf
Specialist Hospital, Lafia, Nasarawa State, Nigeria.

Inclusion and Exclusion Criteria

The inclusion criteria for the study were to give an inform consent and willingness to know the
HIV status of the patients. Exclusion criteria were unwillingness to give an inform consent or
refusal to disclose or take HIV test.

Study Population
The targeted population was all suspected TB cases attending Dalhatu Araf Specialist Hospital.

Since tuberculosis affects all ages, the study population comprised all ages, that is, less than one
year and above.

Sample size

The sample size was determined using the following equation as described by (Naing et al.,
2006) and a prevalence of 32% from a previous study on TB at Dalhatu Araf Specialist Hospital
was used.

n=Z2P X (1-P)
d2
Where
n = Number of samples to be collected.
Z= Standard normal deviation stipulated at 1.96 at 95% confidence limit.
P= Prevalence of previous report (32%).

d= Allowable error taken as 5%.



By substitution the values into the formula above, we have
n= (1.962) x 0.32 x (1-0.32)
0.05 x 0.05 =334
The calculated sample size was 334, but 400 sputum samples were collected for the study.
Sample Collection
A total of 400 samples of sputum were collected from patients attending TB Laboratory Dalhatu

Araf Specialist Hospital from March 2017 to October 2017. Sputum samples were collected
from HIV patients suspected to be TB patients especially those with persistent cough that had
lasted for more than three weeks, having blood-stained sputum, weight loss and prolonged
tiredness, and those without symptoms.

Patients were instructed on appropriate sample collections as follows: patients were asked to
rinse mouth with clean water, take 3-4 deep breaths holding for 3-5 seconds after each
inhalation; cough after the last inhalation, empty the sputum produced into a clean sterile,
transparent, wide mouthed container that is provided, taking care not to contaminate the outside
cup. The sputum container was then tightly closed with appropriate cover and stored at 2-8 0C
until ready for processing.

Sample Analysis

Samples collected were examined using three different methods: GeneXpert method, microscopy
method using Ziehl Neelsen Stain, and Solid Culture Method (MTBC and NTM)

Detection of Mycobacteria by GeneXpert

The Xpert MTB/RIF assay is a nucleic acid amplification test that uses a disposable cartridge
with the GeneXpert Instrument system. Sputum sample collected from the patient with suspected
TB was mixed with the reagent that is provided with the assay Kit, and the cartridge containing
this mixture was placed in the GeneXpert machine. All processes from this point were fully
automated. At least 1ml of sputum was required. The sample was inspected for quality, and
sample reagent containing sodium hydroxide (5-10%) and isopropyl alcohol (10-20%) was
added to the sample in a ratio of 2:1. The sample reagent was added to sputum in order to break
down the mucous component of sputum. With the lid closed, the sample was shaken 10-20 times
and was incubated for approximately 10 minutes. The sample was then shaken and incubated for
another 5 minutes. Two-ml of liquefied sample was transferred into the GeneXpert cartridge in
the GeneXpert MTB/RIF assay system. The computerized system was used for analysis
according to standard operating procedures.



The GeneXpert Dx instrument was turned on, in the Dx system window, the option “Create
Test” was clicked, a scan cartridge barcode dialog box appeared, the barcode on the cartridge
was scanned, and the software automatically fills the boxes for the following field, Cartridge
serial number, Reagent Lot ID, Expiration Date. In the sample ID dialogue box, all the patient’s
information were correctly entered and the “Start Test” button was selected, the instrument
module door was opened with blinking green light and the cartridge was loaded, the module door
was closed, after which the test started and the green light stop blinking, when the test finished,
the light turns off, at this point the module door was opened and all cartridges were removed.

On the GeneXpert DX system, the option “Viewed Result” was clicked, the window on the mean
bar and the result was displayed. This result indicates whether or not MTBC was detected in the
sample. If the result reads “Invalid”, the test was repeated. Result also states whether resistance
to “Rifampicin” was detected or not.

Detection of Mycobacteria in Sputum Using Solid Culture Method

All supplies and reagent needed were arranged in a Bio-safety Cabinet. At least 2 ml of the
sputum was required. Decontaminating solution (NALC-NAOH) (2 ml) was added to each
sample in the conical tubes, and the tubes were vortexed for 20 seconds at a moderate speed. The
tubes were properly mixed and were allowed to stand for 15 minutes after which sterile 0.067M
phosphate buffered saline (pH 6.8) was added to the digested and decontaminated specimen to
reduce the continued action of NaOH and lower the viscosity of the mixture. The tubes were
recapped tightly, the content mixed, and the tubes were centrifuged (40C, 15 minutes, 3000 x
gravity (g). After centrifugation the supernatant from each tube was carefully poured into a
discard container (with funnel to avoid splash or aerosol generation) containing Lysol (a
disinfectant). The sediment was re-suspended in 2 ml phosphate buffer saline.

Preparation of Lowenstein Jensen Media for the Isolation of MTB

Lowenstein-Jensen, a selective medium for cultivation and isolation of Mycobacterium species
was used to isolate Mycobacterium species. Preparation of this medium was as specified by the
manufacturers.

Inoculation and Incubation

Sputum sediment (0.2 ml) was inoculated into a slant of Lowenstein-Jensen medium, and the
slants were incubated (350 C, 8 weeks). Smears from positive culture were made in Biosafety
Cabinet by taking a portion of the visible growth with inoculating loop and placing it on a clean
grease-free slide and spreading it on a part of the slide. The smear was air-dried, heat-fixed, and
stained by Ziehl-Neelsen stained technique. Cultures that were positive for acid fast bacilli
(AFB) were identified using the rapid identification (SD Bioline) Kit.

Interpretation of Sputum Culture Result



The culture result was recorded as positive if the growth on Lowenstein-Jensen medium is
confirmed Ziel-Neelson stain and SD-Bioline to be acid bacilli. However, the result was
considered negative when no growth was observed in the L-J medium media, hence using the
SD-Bioline assay detects None-Tuberculosis Mycobacterium (NTM).

Confirmation of Positive Culture Using Ziehl-Neelsen Stain

A heat-fixed smear of each of the positive culture on a grease-free slide was flooded with a
solution of carbol fuchsin and heated until the steam arose. The solution was allowed to stand for
10 minutes after which the slide was rinsed with water, and was flooded with 3% acid alcohol.
After further washing with water, a counter stain 0.2% aqueous solution of methylene blue was
applied. The methylene blue stained the background material providing a contrasting colour
against which the red AFB could be seen under the microscope. The result was interpreted based
on the standard recommended by International Union against Tuberculosis and Lung Diseases
(IUATLD).

Identification of Positive Samples using Rapid Kit

The culture positive samples were processed for identification of the MTB complex using the SD
Bioline rapid test kit. This is a one-step immuno-chromatographic identifier which tests for
MPTG64 protein secreted by MTBC and is found in the culture fluid of only strains of MTBC.
Using a sterile pipette, buffer (100 ml) was transferred into a tube, and colonies from the culture
plate were suspended into vial tubes containing the 100 ml of buffer. The vial tube was vortexed
for 5 minutes and the suspended solid cultures (100 ul) in buffer was transferred into a sample
well. A purples color moving across the result window in the center of the test device was an
indication that test reaction is working. After 15 minutes, the result was read. Purple red color
on both the test and control areas was to indicate a positive result, while only one purple red
color on the control area signified a negative result. All samples positive by Rapid Identification
were regarded as true

Data Analysis

SPSS wversion 20.0 (2016 Model) was the software used for the statistical analyses of data.
Descriptive (e. g., mean, percentages) and inferential statistics (e. g. chi-square) were the
statistical techniques used to analyze results. Chi-square test was used to determine associations
between variables. Statistical level of significance was set at 0.05 level.

RESULTS

The study was carried out to determine the prevalence of Mycobacterium tuberculosis complex
in HIV patients at Dalhatu Araf Specialist Hospital, Lafia, Nasarawa State, Nigeria. The culture



method detected 37.1% (n = 148) from the 399 cultured specimens. Sputum smear microscopy
using the Ziehl-Neelsen staining technique detected 9.3% (n = 37) acid fast bacilli (AFB).

Table 1: Mycobacterium tuberculosis Complex detection rates in HIV Patients using Gene
Xpert, Culture, and Ziehl-Neelsen Stain Techniques

Method Total No. MTB MTB Not y Df P Value
Used of Samples  Detected  Detected (%)

Tested (%)
Gene 399 88(22.1) 311(77.9) 191.473 1 0.002
Xpert
Culture 399 148(37.1) 251(62.9) 69.568 2 0.003
Z-N Stain 399 37(9.3) 362(90.5)
on
Sputum

KEY: MTBC: Mycobacterium tuberculosis Complex
RIF: Rifampicin
HIV: Human Immunodeficiency Virus

The male patients had a higher prevalence by culture 39.5% (n=53) than the female patients 35.8
% (n = 95), thus having (3x?=0.725, df =2, P=0.696) and (x°=1.199, df =2, P=0.549) showing no
association with gender. A prevalence of 22.6% was obtained among the married patients by
Gene-Xpert method (y?=1.365, df =2, P=0.505) and 37% by culture method (32=0.725, df =2,
P=0.640). The single patients had a prevalence of 22.1% and 38.9% for Gene-Xpert and culture
method respectively. The lowest prevalence 8.3% was found among the widowed patients by
GeneXpert. Hence, this analysis shows no statistical association with marital status.

Table 2: Prevalence of MTBC by gender, age and marital status using GeneXpert and
Culture Methods

Variables  Total No. of No. Positive  No. Positive by ¥’ Df P Value
Samples by Gene- Z-N Stain on




Examined (%) Xpert (%) Culture (%)
Gender
Male 134(33.6) 32(23.8) 53(39.5) 0725 2 0.696
Female 265(66.4) 56(21.1) 95(35.8) 1199 2 0.549
Total 399(100) 88(22.1) 148(37.1)
Age
group
(YYears)
1-10 7(1.8) 1(1.2) 3(2.0) 5.711 8 0.680
11-20 23(5.8) 3(3.4) 6(4.1) 0.088 8 0.527
21-30 147(36.8) 35(39.8) 57(38.5)
31-40 125(31.3) 30(34.1) 52(35.1)
41-50 55(13.8) 11(12.5) 15(10.1)
51-60 29(7.3) 5(5.7) 10(6.8)
61-70 5(1.3) 2(2.3) 3(2.0)
71-80 5(1.3) 0(0.0) 1(0.7)
81-90 2(0.5) 1(1.1) 1(0.7)
Total 399 88(22.1) 148(37.1)
Marital
Status
Married 292 66(22.6) 108(37.0) 1.365 2 0.505
Single 95 21(22.1) 37(38.9) 0.893 2 0.640
Widow 12 1(8.3) 3(25.0)
Total 399 88(22.1) 148(37.1)

(%)




67.7% of the study populations reported that they consumed raw milk, whereas only 32.9%
reported they were not. Many of the patients admitted to taking alcohol (66.4%), and many were

not smoking (54.1%).

Table 3: Description of Study Population by Socio-behavioral Lifestyle

Raw Milk Consumption Frequency Percentage
No 129 32.3
Yes 270 67.7
Total 399

Alcohol Intake

No 265 66.4
Yes 134 33.6
Total 399

Smoking

No 216 54.1
Yes 183 45.9
Total 399

Table 4: Distribution of MTBC and Rifapin Resistance by Gender, Age and Marital Status

Variables Number of MTB Detected  RIF Resistance  y? df P
Sputum (%) (%) Value
Examined (%0)

Gender



Male 134(33.6) 32(23.9) 22(16.4) 0986 3  0.805

Female 265(66.4) 56(21.1) 32(12.1) 1791 3 0.617
Total 399 88(22.1) 54(13.5)

Age group

(Years)

1-10 7(1.8) 1(1.1) 1(1.9) 6.214 8  0.623
11-20 23(5.8) 3(3.4) 1(1.9) 5711 8  0.680
21-30 147(36.8) 35(39.8) 21(38.9)

31-40 125(31.3) 30(34.1) 17(31.5)

41-50 56(14.0) 11(12.5) 7(13.0)

51-60 29(7.3) 5(5.7) 5(9.3)

61-70 5(1.3) 2(2.3) 2(3.7)

71-80 5(1.3) 0(0.0) 0(0.0)

81-90 2(0.5) 1(1.1) 0(0.0)

Total 399 88(22.1) 54(13.5)

Marital

Status

Married 292(73.2) 66(22.6) 40(13.7) 1365 2  0.505
Single 95(23.8) 21(22.1) 14(14.7) 2003 2  0.367
Widow 12(3.0) 1(8.3) 0(0.0)

Total 399 88(22.1) 54(13.5)

Discussion

Mycobacterium Tuberculosis Complex detections rates of 22.1% by Gene-Xpert technique and
36.8% by culture method were obtained in this study. Similar results using culture methods have
been obtained in Pakistan [13] and in Nigeria [23]. A higher prevalence obtained by the culture
method than by other methods (e.g., Gene-Xpert techniques) could be as a result of the fact that



culture method is the gold standard for MTB detection. Not properly processing the sputum
specimens may be responsible for the lower rate of MTB detection obtained by the Gene-Xpert
method. However, the low rate of MTB detection by the Gene X-pert technique agrees with a
similar study in Nigeria [20], in India, and in Ethiopia (Fanosie et al., 2016).

The results of MTB complex using Ziehl-Neelsen staining technique for sputum smear
microscopy and culture microscopy shows “scanty positive” acid fast bacilli on sputum
microscopy. Sputum smear is a rapid test to detect the presence of acid-fast bacilli (AFB) but a
single sputum test lacks sensitivity [18]. One of the reasons for low sensitivities of a single
sputum test is that 10,000 microorganisms/ml of sputum are required for AFB to be seen on
microscopy [18]. Furthermore, sputum culture requires 10-100 colony forming units of AFB/mi
of sputum to confirm the diagnosis of TB. As stated earlier, culture technique is the gold
standard for TB detection due to its high sensitivity and specificity [15,25]. The low prevalence
of MTB complex in this study as detected using microscopy falls within the range reported in
other parts of Nigeria such as Abia State (Nwachukwu et al., 2010), Ebonyi State [23], Anambra
State [11], Osun State [2], and Gombe State [17]. According to WHO (20140 report, other
States in Nigeria that have high TB prevalence (ranging from 38.0 to 49.0%) include Kano,
Lagos, Oyo, Benue and Kaduna State.

In this study, the chi-square tests show that prevalence of MTB/RIF resistance is not
significantly associated with gender. The male patients showed higher rifampicin resistance than
the female patients. This finding is similar to reports from other parts of Nigeria [8,19]and in
Benue State[20]. The high prevalence in the male gender could be due to factors such as high
risk and poor health seeking behavior compared to their female counterparts [19].

The age group with the highest occurrence of rifampicin resistance in this study was between 21
and 30 years. Similar findings were observed in a study in South Africa where patients between
ages 21 to 25 years had a higher prevalence of rifampicin resistance [5]. A large number of
patients who are MTB positive and rifampicin resistant were aged between 22 and 40 years old.
This is similar to reports from Kwara and Benue States in the North Central Nigeria. Age was
not significantly associated with MTBC. Similar findings were reported by Daniel and Eltayah
(2011).

The high number of positive cases as shown by Gene-Xpert and culture techniques in those aged
21-30 years could be because persons within these age groups are most exposed to TB risk
factors such as smoking and alcohol intake. Patients in the age group 1-10 years had the least
prevalence probably because of the immunity conferred on them by the BCG vaccine. This
finding agrees with the results of the study carried out in Benin where patients within age 25-49
years had the highest proportional distribution [11].

Prevalence of MTB by Gene-Xpert and culture show no significant association with gender, age
groups and marital status respectively. The male patients had a higher prevalence; this could be



because of their lifestyle in relation to smoking and alcohol intake. This agrees with the study
carried out in Malawi where males were more infected [7]. MTB disease was not significantly
associated with marital status even though married patients had the highest prevalence. This
could be because of their lifestyle, especially the married males who engage in several social
activities that require them to have contact with a lot of people, who then infects their wives. In
contrast, a report from Ethiopia has it that marital status was significantly associated with TB
disease: the unmarried (single) patients in that study had a higher prevalence than the married,
the reason being that unmarried male patients can migrate from one town to another [18]. The
results of this study revealed no statistical association between TB disease and geographical
areas of residence. Patients coming from Lafia West had the highest prevalence. This could be
because of the nature of their environment which tends to be dusty. This agrees with a similar
study carried out in Kaduna State [1], Nigeria where patients in Northern Nigeria recorded a
higher prevalence which could be attributed to dusty weather of the North, especially during the
period of sample collection. There was no significant association between milk consumption and
TB infection. Of the positive patients for TB, many had consumed raw milk, agreeing with a
study in Kaduna State [1] where a lot of patients consumed raw milk and there was no
association with TB and raw milk consumption. The data on smoking and alcohol consumption
showed no association between that lifestyle and TB infection. A study in China reported that the
correlation between TB and active smoking or alcohol intake remains controversial [4].
However, a study in Botswana attributed TB infection to smoking and alcohol consumption [19].

Conclusion

Prevalence of MTB complex was 22.1% by Gene-Xpert and 36.8% by culture methods. Patients
aged 21-30 years and female participants were the most affected. Furthermore, MTB infection
was not significantly associated with milk consumption. For instance, a large percentage (63.6%
by Gene-Xpert and 68.2% by culture technique) of the 270 patients who consumed raw milk
had/did not have the infection.

COMPETING INTERESTS DISCLAIMER:

Authors have declared that no competing interests exist. The products used for this research
are commonly and predominantly use products in our area of research and country. There is
absolutely no conflict of interest between the authors and producers of the products because we
do not intend to use these products as an avenue for any litigation but for the advancement of
knowledge. Also, the research was not funded by the producing company rather it was funded
by personal efforts of the authors.

Reference



. Aliyu, G., El-Kamary, S. S., Abimiku, A., Ezati, N., Mosunmola, I., Hungerford, L. and
Blattner, W. (2013). Mycobacterial Etiology of Pulmonary Tuberculosis and Association
with HIV Infection and Multidrug Resistance in Northern Nigeria.Tuberculosis Research
and Treatment, 5(24), 212-219.

. Alli, O. A. T., Ogbolu, D. O., Salawu, M.A.,Oyedeji, J.G., Oladokun, L and Obaseki, F.
(2010). Molecular Identification and Prevalence of Mycobacterium tuberculosis Complex
amongst People Living with HIV in Osun State, Nigeria..African Journal of Clinical and
Experimental Microbiology, 11(3), 138-145.

. Amir, A., Rana, K., Arya, A., Kapoor, N., Kumar, H., and Siddiqui, M. A.
(2014).Mycobacterium tuberculosis H37Rv: In Silico Drug Targets Identification by
Metabolic Pathways Analysis. International Journal of Evolutionary Biology, 2(8), 41-
47,

Bates, JH and Stead, W.W. (1993).The History of Tuberculosis as a Global
Epidemic.The Medical Clinics of North America, 77(6): 1205-1217.

. Coovadia, Y. M., Mahomed, S., Pillay, M., Werner, L. and Mlisana, K. (2018).
Rifampicin mono-resistance in Mycobacterium tuberculosis in KwaZulu-Natal, South
Africa: a significant phenomenon in a high prevalence TB-HIV region. PLoS One, 6(8):
DOI: 10.1371/journal.pone.0077712

. Corbett, E. L., Walker,C.J., Maher,D., Williams, B.G., Raviglione,M.C and Dye,C.
(2003). The Growing Burden of Tuberculosis: Global Trends and Interactions with the
HIV epidemic. Archives of Internal Medicine, 163, 1009-1021.

. Crampin, A.C., Glynn, J.R., Malema, S.S., Mwinuka, V.K., Ngwira, B.M., Mwaungulu,
F.D., Warndoff, D.K. and Fine, P.E. (2004). Tuberculosis and Gender: exploring the
patterns in a case control study in Malawi. International Journal of Tuberculosis and
Lung Disease, 8(2), 194-203. Daftari, A and Padayatchi, N. (2013). Social Constraints to
TB/HIV Healthcare: Accounts from Co-infected Patients in South Africa. AIDSCare,
24(12), 1480-1486.



10.

11.

12.

13.

14.

15.

16.

17.

Daftari, A and Padayatchi, N. (2013). Social Constraints to TB/HIV Healthcare:
Accounts from Co-infected Patients in South Africa. AIDSCare, 24(12), 1480-1486
Daniel, T. M.(2011). The Ethno-medical Context of Tuberculosis in a Northern
Ecuadorian Province. Respiratory Medicine, 145, 208-227.

Davies, P.D. (2003). The World-Wide Increase in Tuberculosis: How Demographic
Change, HIV Infection and Increasing Numbers in Poverty are Increasing Tuberculosis.
Annals of Medicine, 35, 235-43.

Enwuru, C.A., Idigbe, E.O., Ezeobi, N.V., Oparugo, C.T., Udensi, K.U. and Onyewuche,
J.I. (2004). Comparative Study on Specific and Early Detection of Pulmonary
Mycobateria Complex using Smear and Culture Method and Serological Pathozyme EIA
Kits. African Journal of Clinical and Experimental Microbiology, 5(2), 7375-7380.
Hopewell, P. C., Pai, M., Maher, D., Uplekar, M. and Raviglione, M. C. (2006).
International Standards for Tuberculosis Care. Lancet Infectious Disease, 6(11): 710-725
Imran, K., Ahmad, N., Khan, S., Muhammed, S., Khan, S. A., Ahmad, I., Khan, A. and
Atif, M. (2014). Evaluation of treatment outcomes and factors associated with
unsuccessful outcomes in multidrug resistant tuberculosis patients in Baluchistan
province of Pakistan. Journal of Infection and Public Health, 12(6): 809-815

Ismael, K. and Ray, C.G. (2004).Sherris Medical Microbiology.Fourth edition, McGraw
Hill.ISBN 0-8385-8529-9. Lawson, L., Emenyonu, N., Abdurrahman, S. T., Lawson, J.
0., Uzoewulu, G. N., Sogaolu, O., Cuevas, L. E. (2013). Comparison of Mycobacterium
tuberculosis drug susceptibility using solid and liquid culture in Nigeria.BMC Research
Notes, 6(1), 215.

Lawson, L., Emenyonu, N., Abdurrahman, S. T., Lawson, J. O., Uzoewulu, G. N,
Sogaolu, O., Cuevas, L. E. (2013). Comparison of Mycobacterium tuberculosis drug
susceptibility using solid and liquid culture in Nigeria.BMC Research Notes, 6(1), 215.
Lilleback, T. A., Dirksen I., Baess, B.,Strunge, V. O., Thomsen, A and Andersen,B.
(2002).Molecular Evidence of Endogenous Reactivation of Mycobacterium tuberculosis
and where do we need to go.PLOS pathogens,8(5):21-25.

Lynn, M. (2012).Prevalence of Tuberculosis among HIV/AIDS Patients attending
Zambuk General Hospital.New York Science Journal, 5(5), 33—-36.



18.

19.

20.

21.

22.

23.

24,

25.

26.

Mawak, J., Gomwalk, N., Bello, C., Kandakai-Olukemi, Y. (2006). Human Pulmonary
Infections with Bovine and Environment (atypical) Mycobacteria in Jos, Nigeria. Ghana
Medical Journal, 40, 132-136.

Nwachukwu, E., and Peter, G. A. (2010).Prevalence of Mycobacterium tuberculosis and
human immunodeficiency virus (HIV) infections in Umuahia, AbiaState, Nigeria, 4(14),
1486-1490.

Nwadioha, S. I., Nwokedi, E. O., Ezema, G. C., Eronini, N. C., Anikwe, A., Audul, F. et
al. (2014). Drug ResistantMycobacterium Tuberculosis in Benue, Nigeria. Br Microbiol
Res J, 4:988-995.

Otu, A., Umoh, V., Habib, A., Ameh, S., Lawson, L., and Ansa, V. (2013).Drug
Resistance among Pulmonary Tuberculosis Patients in Calabar, Nigeria.Pulmonary
Medicine, 235190. doi:10.1155/2013/23

Steen, T.W. and Mazonde, G.N. (1999) Ngaka ya Setswana Ngaka ya Sekgoa or both?
Health Seeking Behavior in Botswana with Pulmonary Tuberculosis. Social Science and
Medicine, 48: 163-172.

Ukwaja, K. N., Alobu, 1., Lgwenyi, C., & Hopewell, P. C. (2013b). The High Cost of
Free Tuberculosis Services: Patient and Household Costs Associated with Tuberculosis
Care in Ebonyi State, Nigeria. PloS One, 8(8), e73134.
doi:10.1371/journal.pone.0073134

Wokem, G. N., Azuonwu, O. and Josiah, N. A. (2018). Evidence-based comparison of
molecular-genexpert and microscopic method in the diagnosis of mycobacterium
tuberculosis among subjects in the limited resource setting of Niger delta. Journal of
Microbiology and Experimentation, 6(2): 98-102

World Health Organization (WHO). (2016c¢). Tuberculosis prevention care and control: A
practical directory of new advances. Available at http://whglibdoc.who.int/publications
Yu, F., Lee, J., Wang, M., Hsu, H., Chen, T., Cheng, C., Yang, Y., Wang, G and Yu, M.
(2014).Evaluation of a modified direct agar proportion method for testing susceptibility

of Mycobacterium tuberculosis from MGIT samples.Journal of Microbiology,
Immunology and Infection, 1182(14), 15-21.


http://whqlibdoc.who.int/publications

