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Abstract

A total of 38 subjects were used to study the levels of serum total cholesterol (TC), triglyceride (TG), high density lipoprotein
(HDL), low density lipoprotein (LDL), total protein, albumin and globulin in pulmonary TB patient on antituberculosis therapy. The
subjects comprised of 8 patients recently diagnosed of pulmonary TB, 10 patients who have been on anti-TB therapy for 3 months,
10 patients who have been on anti-TB therapy for 6 months, and 10 healthy subjects who served as control. Plasma samples were
analyzed using enzymatic colorimetric methods. Student t-test was applied to compare the values obtained using statistical
analysis software (SPSS version 17 for windows). Regarding the whole studied groups, TC and albumin were found to be
significantly lower in patients with new cases of pulmonary TB (128.50±19.27mg/dl and 3.49±0.23g/dl respectively) than in control.
TC and albumin values significantly increased with regular intake of anti-TB therapy to 153.10±13.99mg/dl and 3.76±0.11g/dl
respectively after 3 months. The values further increased to 157.70±23.11mg/dl and 4.21±0.31g/dl respectively after 6 months of
anti-TB therapy. Globulin level was found to be significantly higher in new TB patients than in any other group. According to the
results, the changes observed in levels of the parameters assayed were not sex dependent. Hypocholesterolemia and
hypoalbuminemia were found to be of diagnostic importance in pulmonary TB infection. The findings of the study could be used to
assess the severity of the disease and progress of treatment.
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Introduction

Tuberculosis (TB) is a highly prevalent chronic infectious
disease caused by Mycobacterium tuberculosis, an
aerobic intracellular binding bacterium (Oliva et al.,
2008). Mycobacterium tuberculosis is a bacillus, a
member of the Mycobacterium tuberculosis complex.
After inhaling the bacillus, transmitted by tiny droplets of
saliva, the infected individual may develop the disease
depending on his immunological state (Amin, 2006).
After taking up resistance in the lung, M. tuberculosis
can disseminate to any part of the body (Lima-Filho,
1993).

Globally, M. tuberculosis infection remains at epidemic
levels (Raviglione et al., 1995). One third of the world's

population is infected and approximately 3 million people
die annually from pulmonary tuberculosis, overtaking the
number of deaths due to acquired immune deficiency
syndrome (AIDS), Malaria, Diarrhea, Leprosy, and other
tropical diseases combined (Sundre et al., 1992).

Despite the grave statistics, TB is a treatable disease.
Response rate to effective therapy are excellent when
patients are compliant with their medications. An
effective control has been achieved by the use of
antimicrobial agents such as Isoniazid,Rivampicin,
Streptomycin, Ethambutol,Pyrizinamide,Ethionamide,
and Aminosalicylic acid. Treatment usually involves
combination of four of these antibiotic drugs, given for at
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least 6 months, sometimes for as long as 12 months.
Firstly combined agents with the greatest level of
efficacy and with an acceptable degree of toxicity
include: Isoniazid, Ethambutol, Rivampicin,
Streptomycin and Pyrizinamide (Hardman et al., 2001).
However many Mycobacterium tuberculosis strains are
resistant to one or more of the standard TB drugs, which
complicates treatment greatly (National Institute of
Allergy and Infectious Diseases, 2009). The success of
the treatment depends on the use of appropriate
antituberculous drugs, the adherence of the patient to
treatment, the sensitivity of the mycobacteria to drugs,
and the control of associated diseases (Friedman and
Selwyn, 1994). With the currently available drugs, about
90% of TB cases can be cured (Rieder, 2002).

Tuberculosis is one of the oldest diseases afflicting the
human race since ancient times (Mohamed and
Hesham, 2012). Guzman et al., (2002) and Perez-
Guzman (2008), found that most patients with
pulmonary TB had low total serum cholesterol levels,
and that values of about 90mg/dL were strongly
associated with mortality in those patients with miliary
disease.

Serum proteins perform many functions in the body. Due
to their various kinds of functions, metabolism and site
of origin, serum albumin and globulin are subjected to
different influences and hence their concentrations vary,
which is independent of one another. Alternations have
been described in hepatic, renal, acute, and chronic
infectious diseases like tuberculosis (Aziz et al., 1988).
Cholesterol constitutes up to 30% of the total lipid
content in the cell membrane, and participates in the
fluidity of this structure (Delvin, 1992). Consequently
cholesterol is involved in the activity of membrane-
bound enzymes and membrane functions such as
phagocytosis and cell growth. Thomas et al., (2011) and
Drabowsky et al., (1980), demonstrated that cholesterol
content in the cell membrane of human lymphocytes is
important for their cytotoxic function. Gatfield and
Pieters (2000), observed a clear derangement of the
ability of the macrophage to phagocytize mycobacteria
when they were depleted of cholesterol. It is well
established that changes in levels of serum protein
occur in response to both acute and chronic infections.
In air infection like Mycobacterium tuberculosis, it is to
be expected that changes in plasma protein levels will
occur in patients (Zia and Warke, 2012). However, the
change in level of each protein at any particular time
should reflect the net effects of both the rate of synthesis
and rate of catabolism as a result of host-microbe
interactions (Chong and Nilmani, 1989). These clinical
observations are of considerable interest in the present
study.

This present study is aimed at determining, the levels of
serum total cholesterol, triglycerides, high density
lipoproteins, low density lipoproteins, total protein,
albumin, and globulin in TB patients who have been on

anti-tuberculosis therapy for 3 months and compare it
with TB patients not on drugs; changes in serum total
cholesterol, triglycerides, high density lipoproteins, low
density lipoproteins, total protein, albumin, and globulin
in TB patients who have been on anti-tuberculosis
therapy for 6 months and compare it with TB patients not
on drugs; and to compare the levels of serum total
cholesterol, triglycerides, high density  lipoproteins, low
density lipoproteins, total protein, albumin, and globulin
in male and female, treated and untreated TB patients.

Materials and Methods

Study Area
The study was conducted at the General Hospital
Umuguma, Owerri. General Hospital Umuguma, Owerri,
is one of the government approved centres for TB
treatment in Imo state.
Owerri is the capital of Imo state, South-East Nigeria.
Owerri consists of 3 local government areas; Owerri
West, Owerri North, and Owerri Municipal, which cover
an area of approximately 40 square miles (100km2). It
provides home for a population of 127,213 people of
mainly Ibo ethnic group and non-indigenes, made up of
62,990 males and 64,223 females (N.P.C, 2006). Owerri
lies within latitudes 5o25' and 5o29' and longitudes 6o59'
and 7o3'E.

Ethics, Advocacy And Pre-Survey Contact
With a letter of introduction from The Head, Department
of Medical Laboratory Science, Imo State University
(Appendix i), the Head of Clinical Services and chairman
Ethical Committee General Hospital, Umuguma, Owerri
was contacted. On request, the research proposal
(Appendix ii) was submitted and approval obtained
(Appendix iii). Informed consent was sought from
patients, after which the date for sample collection was
fixed.

Study Population
A total of 76 subjects were used for the study. These
include; 16 patients (10 males and 6 females) who had
new cases of pulmonary TB, who had not started anti-TB
therapy, 20 TB patients (12 males and 8 females) who
had been on anti-TB therapy for 3 months, 20 TB
patients (14 males and 6 females) who had been on
anti-TB therapy for 6 months, and 20 (10 males and 10
females) healthy volunteers as control. All the subjects
were in the age group of 15-60 years.

Patient Selection Criteria

(A)   Inclusion Criteria
(i) Pulmonary TB patients of either sex in the age group
of 15-60 years.

(ii) Patients with new cases of pulmonary TB confirmed
by detection of acid-fast bacilli (AFB) by Ziehl Nelson
staining technique.
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(B)   Exclusion Criteria

(i)  Patients suffering from active liver disease.
(ii) Patients suffering from other associated diseases.
(iii) Pregnant and lactating female patients.
(iv)  HIV-positive TB patients.
(v) Patients who did not indicate interest in the study.

(C)   Selection of Control
(i) Apparently healthy volunteers of both sexes in the
age group of 15-60 years.

Sample Collection

With a sterile syringe, 5ml of blood was collected from
each subject from the antecubital vein, using the
standard venepuncture technique between 9am and
12pm. The blood sample was dispensed into lithium-
heparin anticoagulant tube and mixed. The sample was
centrifuged at 3000rpm for 5 minutes to separate the
plasma. The plasma obtained was stored at -20oC prior
to use for estimation of lipid and protein profiles.

Laboratory Procedures

All reagents were commercially purchased and the
manufacturer's SOP was strictly
Followed:

(A)   Lipid Estimation

Cholesterol Estimation
Cholesterol reagent manufactured by Agappe
Diagnostics, Switzerland, LOT number 51204002 was
used.

Principle As Modified By Agappe Laboratories

The enzymatic colorimetric determination of total
cholesterol is based on the following reaction:

Cholesterol esterase
Cholesterol ester + H2O—►Cholesterol + Fatty acids

Cholesterol esterase

Cholesterol ester + O2—►4-Cholesten-3-one + H2O2

Peroxidase
2H2O2 + Phenol + 4-Aminoantipyrine —►Red quinone +
4H2O
Normal range: 150-200mg/dL

Triglyceride Estimation
Triglyceride reagent manufactured by Agappe
diagnostics, Switzerland, LOT number 51410002 was
used.

Principle
The enzymatic determination of triglyceride is based on
the following reactions:

Lipoprotein lipase
Triglyceride + H2O ——————————►Glycerol +
Fatty acid

glycerol kinase
Glycerol + ATP ———►Glycerol-3-Phosphate + ADP

Mg++

GPO
Glycerol-3-Phosphate + O2 ——————
►Dihydroxyacetone phosphate + H2O2

POD
2H2O2 + 4-Aminoantipyrine + TOPS ——————►
Violet coloured complex.
Normal range:
Male: 60-165 mg/dL
Female: 40-140 mg/dL

Estimation of HDL Cholesterol

Agappe Diagnostics reagent for HDL-cholesterol, LOT
number 51010001 was used.

Principle

The chylomicrons, VLDL, and LDL of the plasma are
precipitated by phosphotungstic acid and magnesium
ions. After centrifugation, HDLs are in the supernatant.
The HDL content of the supernatant is measured by an
enzymatic method.
Normal range:
men: 35-55mg/dL
women: 45-65mg/dL

Estimation of LDL-Cholesterol

LDL-cholesterol was mathematically determined using
Friedewald equation:
LDL-cholesterol (mg/dL) = Total cholesterol - HDL-
(Triglyceride/5)

(B)   Protein Estimation
Estimation of Total Protein

The Burette reaction method for total protein estimation
was used.

Principle
The cupric ion in alkaline solution reacts with the

peptide bonds in protein to produce a violet colour
complex which is proportional to the concentration of
protein present in the sample.
Normal range: 6-8g/dL

Estimation of Albumin
Albumin reagent, LOT number 51001002 manufactured
by Agappe Diagnostics, Switzerland, was used.

Principle

This is based on the reaction between albumin in serum
and the dye Bromocresol-Green which produces a
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change in colour that is proportional to the
concentration of albumin.

Reference range: 3.5-5.5g/dL

Globulin Estimation

Globulin was mathematically obtained using
the relationship:

Globulin (g/dL) = Total protein (g/dL) - Albumin
(g/dL)

Statistical Analysis

The statistical significance was set at p<0.05.
The results were expressed as the mean ±
SD.

Results

Table 1: Values of  serum Total cholesterol, Triglyceride (TG), High density lipoprotein  (HDL-C), Low
density lipoprotein  (LDL), Total protein,  Albumin, and globulin in the control (Group I), New TB

patients (Group II), 3 months post treatment patients (group III) and 6 months post treatment patients
(Group IV).

Parameters
Control           New TB              3 months                    6 months
(Group I)        patients            post treatment         post treatment

(Group II) (Group III)                (Group IV)

Total
cholesterol
(mg/dl)

Triglyceride
(mg/dl)

HDL (mg/dl)

LDL (mg/dl)

Total protein
(g/dl)

Albumin
(g/dl)

Globulin
(g/dl)

154.90±19.27         128.50±12.18*            153.10±13.99**               157.70±23.11**

102.98±12.68         72.08±10.07*              84.55±12.77**                   113.03±15.02**

39.00±2.24              40.59±7.41                  53.60±9.06**                        59.20±2.94**

95.30±18.52 73.51±17.03                 82.59±15.32
75.89±22.62

6.33±0.43                 8.30 ±0.40*                    6.95±1.14**
6.66±0.35**

4.23±0.21               3.49±0.23*                       3.76±0.11
4.21±0.31**

2.10±0.36                4.81±0.53*                     3.58±0.45**
2.45±0.53**

Values are presented as Mean ± Standard deviation.
* indicates statistically significant values when compared to control (group I).
** indicates statistically significant values when compared to new TB patients (group II).

Total cholesterol value (128.50±12.18mg/dl) in
group II (New TB patients), was significantly
lower (p<0.05), when compared to that of
group I (154.90±19.27mg/dl). Total cholesterol
of groups III and IV (153.10± 13.99mg/dl and
157.70±23.11mg/dl ) were significantly higher
(P<0.05) than that of the group II
(128.50±12.18mg/dl).

The triglyceride value in group II (72.08
±10.07mg/dl) was significantly lower (P<0.001)
than that of the control group
(102.98±12.68mg/dl). The triglyceride values
in groups III and IV were significantly higher
(84.55±12.77mg/dl and 113.03±15.02mg/dl
respectively) when compared to group II.
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The HDL value in group II (40.59±7.4mg/dl)
was higher than that of group I
(39.00±2.2mg/dl) but not statistically
significant. There was a statistically significant
increase (p<0.0001) in HDL values in groups
III (53.60±9.06mg/dl) and IV (59.20±2.94)
when compared to group II (40.59±7.41mg/dl).
When compared to the control group, no
statistically significant increase was observed
in LDL value of group II. Also, there was no
statistically significant difference (P<0.05) in
the LDL values in groups III and IV
(82.59±15.32mg/dl and 75.89±22.62mg/dl
respectively) when compared to that of group
II (73.51±17.03mg/dl).

In group II (new TB patients), statistically
significant increase in serum total protein
(8.30±0.40g/dl) was observed, as compared to

group I (6.33±0.43g/dl). Also, statistically
significant increase was observed in total
protein level in groups III  and IV
(6.95±1.14g/dl and 6.66±0.35g/dl respectively)
when compared to group II (8.30 ±0.40g/dl).

There was a statistically significant decrease
(p<0.05 ) in serum albumin level in group II
(3.49±0.23g/dl) when compared to group I
(4.23±0.21mg/dl). Also, a significant increase
in albumin level was observed in group IV,
compared to group II (3.49±0.23g/dl).

Serum globulin level in group II(4.81±0.53g/dl)
was found to be significantly higher when
compared to groups I (2.10±0.36g/dl), III
(3.58±0.45g/dl), and IV (2.45±0.53g/dl)
respectively.

Table 2: Comparison of the levels of serum Total cholesterol (TC), Triglyceride (TG), High density
lipoprotein (HDL-C), Low density lipoprotein (LDL), Total protein, albumin, and globulin in New TB

patients according to sex.

Parameters Male                          Female                p value         Significance

TC (mg/dl)

TG (mg/dl)

HDL(mg/dl)

LDL(mg/dl)

Total protein
(g/dl)

Albumin
(g/dl)

Globulin
(g/dl)

123.20±12.38        137.33±5.03 0.115                    >0.05

73.10±5.17           70.33±17.10                 0.736                   >0.05

42.84±7.69             36.83±6.30                 0.301                        >0.05

65.75±16.61             86.43±7.86 0.950                      >0.05

8.20±0.34                 8.50±0.51                0.403                      >0.05

3.42±0.26                  3.60±0.11                0.298                     >0.05

4.78±0.54                   4.86±0.62                0.851                     >0.05

P < 0.05 = Significant
P >0.05 = Non significant

No statistically significant difference was
observed in the levels of serum total
cholesterol, triglyceride, high density
lipoprotein, low density lipoprotein, total
protein, albumin, and globulin in males and
females with new cases of pulmonary TB.
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Table 3: Comparison of the levels of serum Total cholesterol (TC), Triglyceride (TG), High density lipoprotein (HDL-
C), Low density lipoprotein (LDL), Total protein, albumin, and globulin in male and female pulmonary TB patients after

3 months of antituberculosis therapy.

Parameters Male                     Female              p value               Significance

TC (mg/dl)

TG (mg/dl)

HDL(mg/dl)

LDL(mg/dl)

Total protein
(g/dl)

Albumin
(g/dl)

Globulin
(g/dl)

148.66±13.25    159.75±14.00          0.240                       >0.05

83.73±13.37       35.78±13.72           0.821                        >0.05

53.33±10.88        54.00±6.98            0.917                        >0.05

78.59±15.19        88.59±15.48           0.341                       >0.05

7.40±0.50             7.27±0.33              0.673                        >0.05

3.77±0.51              3.75±0.17              0.826                      >0.05

3.63±0.48              3.53±0.48              0.108                       >0.05

Legend:
P < 0.05 = Significant
P >0.05 = Non significant

No statistically significant difference was observed in
the levels of serum total cholesterol, triglyceride, high
density lipoprotein, low density lipoprotein, total

protein,  albumin, and globulin in males and females
with  pulmonary TB after 3 months of anti TB therapy.

Table 4: Comparison of the levels of serum Total cholesterol (TC), Triglyceride (TG), High density lipoprotein (HDL-
C), Low density lipoprotein (LDL), Total protein, albumin, and globulin in male and female pulmonary TB patients after

6 months of antituberculosis therapy.

Parameters Male                  Female                   p value Significance
TC (mg/dl)
TG (mg/dl)
HDL(mg/dl)
LDL(mg/dl)
Total protein
(g/dl)
Albumin
(g/dl)
Globulin (g/dl)

149.43±22.99        177.00±4.36             0.081                    >0.05
113.16±16.21       112.73±15.06             0.970                   >0.05
58.43±3.05             61.00±2.00               0.223                    >0.05
68.37±23.31           93.45±3.51               0.111                   >0.05
6.79±0.16                6.37±0.55                0.084                    >0.05

4.14±0.36                4.37±0.58                 0.330                    >0.05

2.64±0.44                  2.00±0.50               0.760                    >0.05
Legend:
P < 0.05 = Significant
P >0.05 = Non significant
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No statistically significant difference was observed in
the levels of serum total cholesterol, triglyceride, high
density lipoprotein, low density lipoprotein, total
protein,  albumin, and globulin in males and females
with  pulmonary TB after 6 months of anti TB therapy.

Discussion

The result of this study showed that patients with new
cases of pulmonary TB in Owerri have
hypocholesterolemia. This is in agreement with the
report of Perez-Guzman et al., 2002. They suggested
that hypocholesterolemia was a risk factor for the
disease. The present study supports the assertion by
Mohamed and Heshman (2012), that patients with
pulmonary TB have hypocholesterolemia that proved
to be a consequence of the disease itself rather than a
risk factor. The present study found that serum
cholesterol increased significantly to a comparable
level to that of control after 6 months of regular intake
of anti-TB therapy. If hypocholesterolemia is being
corrected during anti-TB therapy, then the patient
would have had normal serum cholesterol value
before being diseased and consequently,
hypocholesterolemia would be considered as
consequence of the disease rather than a risk factor,
as risk factors should be present before, during, and
after treatment.

Malnutrition is known to be a major cause of
hypoalbuminemia. As evident in the result of this
study, a significant decrease in albumin level was
observed in new cases of pulmonary TB when
compared to that of patients who have been on anti-
TB therapy for 6 months. This observation is similar to
that of Abdur-Rehman, 1995 and Kailasam et al.,
2005. The decrease in serum albumin in new TB
patients could be attributed to loss of appetite in TB
patients due to exotoxins produced by bacteria, which
results in low intake of proper diet, thus leading to
malnutrition.

The result also revealed that the increase in total
protein before the commencement of treatment was
due to the increase in globulin level. In infectious
disease such as TB, one possible mechanism which
may be at work is increased globulin formation in the
body as a result of increased immune response
involving antibody production. The results also
showed that the changes observed in the levels of the
parameters assayed were not sex dependent.

Conclusion

As evident in the results of this study, patients with
pulmonary TB have hypocholesterolemia and
hypoalbuminemia, which proved to be a consequence
of the disease itself. The hypocholesterolemia and
hypoalbuminemia proved to be correctable with
regular intake of anti-TB therapy and normal diet. The

findings of the study are of diagnostic importance in
pulmonary TB infection and could be used to assess
the severity of the disease and progress of treatment

References

Agarwal R., Malhotra P., Awasthi A., Kakkar N., and
Gupta D. (2005). "Tuberculosis dilated
cardiomyopathy: an under-recognized entity?"
Biomed Central Infectious Diseases 10 (18): 1186-
1196.

American Lung Association (2009). "Tuberculosis"
American Thoracic Society (2000). "Diagnostic

standards and classification of tuberculosis in
adults and children" American Journal of
Respiratory and Critical Care Medicine; 161
(41):1376-1395.

Amin Z.(2006). "Clinical tuberculosis problems and
management" Acta Medica Indonesiana,
Indonesian Journal of Internal Medicine 38, 109-
116.

Aziz S., Lodi T.Z., and Hassan T.(1988). "Serum
protein electrophorosin healthy subjects" Journal of
Pakistan Medical Association; 38:18-70.

Boehme C.C., Nabeta P., and Hillemann D. (2010).
"Rapid molecular detection of tuberculosis and
rifampicin resistance" New England Journal of
Medicine; 363:1005-1015.

Center For Disease Control and Prevention (2009).
"Division of Tuberculosis Elimination."

Chong T.W., and Nilmani S. (1989). "Serum
immunoglobulin and acute phase protein
concentrations in pulmonary tuberculosis patients
in Singapore" Tropical and Geographical Medicine
41:218-221.

Delvin T.M. (1992). "Biological membranes: structures
and membrane transport" In: Textbook of
Biochemistry With Clinical Correlations" John
Willey and Sons, New York; 226-236.

Dheda K., Booth H., and Huggett J.F.(2005). "Lung
remodeling in pulmonary tuberculosis" Infectious
Diseases;192:1201-1210.

Drabowsky M.P., Peel W.E., and Thomson A.R.E.
(1980). "Plasma membrane cholesterol regulates
human lymphocyte cytotoxic function" European
Journal of Immunology; 10:821-827.

Falzon D., Jaramillo E., and Schunemann H.J. (2011).
WHO guidelines for programmatic management of
drug-resistant TB" European Respiratory Journal;
38:516-528.

Frieden T.R., Sterling T.R., Munsiff S.S., Watt C.J. and
Dye C.(2003). "Tuberculosis" Lancet; 362:887-899

Friedewald W.T., Levy R.I., and Fredrickson D.S.
(1972). "Estimation of the concentration of low-
density lipoprotein cholesterol in plasma, without
use of the preparative ultracentrifuge" Clinical
Chemistry 18:499-502.

Friedman L.N. and Selwyn P.A. (1994). "Pulmonary
tuberculosis: primary, reactivation, HIV related, and



Int. J. Curr. Res. Chem. Pharm. Sci. (2016). 3(2): 20-28

© 2016 IJCRCPS. All Rights Reserved 27

non-HIV related" In: Tuberculosis: current concepts
and treatment. CRC Press, Buca Raton; p.93-112.

Gatfield J. and Pieters J. (2000). "Essential role of
cholesterol in entry of mycobacteria into
macrophages" Science; 288:1647-1650.

Goodman A. and Lipman M. (2008). "Tuberculosis"
Clinical Medicine 8:531-534.

Goyot-Revol, Innes J.A., Hackfort S., Hinks T. and
Lalvani A. (2006). "Regulatory T cells are
expanded in blood and disease sites in patients
with tuberculosis" American Journal of Respiratory
and Critical Care Medicine;173:803-810.

Grosset R.. (2003). "Mycobacterium tuberculosis in
the extracellular compartment: an under-estimated
adversary" Antimicrobial agents chemotherapy;
47(3):833-836.

Guzman-Perez C., Vargas M.H and Torres-Cruz A.
(2002). "Cholesterol-rich Diet Accelerates
Bacteriologic Sterilization in Pulmonary
Tuberculosis" CHEST 127: 643-651.

Hardman J.G., Limbird L.E. and Gilman A.G. (2001).
"Isoniazid, rifampicin, ethambutol and
pyrazinamide" In: The Pharmacological Basis of
Therapeutics, 10th Edition, Mc GrawHil Medical
Publishers, U.S.A, pp 683-685.

Harries A.D. and Dye C. (2006). "Tuberculosis" Annals
of Tropical Medicine and Parasitology 100:415-
431.

Hill A.N., Becerra J. and Castro K.G.(2012). "Modeling
tuberculosis trends in the USA" Epidemiology of
Infections; 140:1862-1872.

Jacob J.T., Mehta A.K. and Leonard M.K. (2009).
"Acute forms of TB in adults" American Journal of
Medicine 122(1):12-17.

Jacobson K.R., Tierney D.B, Jeon C.Y., Mitnick C.D.
and Murray M.B. (2010). "Treatment outcomes
among patients with extensively drug-resistant
tuberculosis: systematic reviews and meta-
analysis" Clinical Infectious Diseases;51:6-14.

Jensen P.A, Lambert L.A, Iademarco M.F. and Ridzon
R. (2005). "Centers for Disease Control and
Prevention: Guidelines for preventing the
transmission of Mycobacterium tuberculosis in
health-care settings" Recomm Rep.54 (RR-17):1-
141.

Joe M., Bai Y., Nacario R.C. and Lowary T.L. (2007).
"Synthesis of the docosanasaccharide arabinan
domain of mycobacterial arabinogalactan and a
proposed octadecasaccharide biosynthetic
precursor" Journal of American Chemical Society;
129(32) 9885-9901.

Khan Z. (2011). "Essence of Paediatrics" Elsevier
India p.401.

Knechel N.A. (2009). "Tuberculosis: Pathophysiology,
clinical features, and diagnosis" Critical Care Nurse
19(2): 1-8.

Kumar V., Abbas A.K, Fausto N. and Mitchell R.N.
(2007). Robbins Basic Pathology (8th edition),
Saunders Elsevier pp.516-522.

Lawn S.D. and Zumla A.I. (2011). "Tuberculosis"
Lancet; 378:57-72.

Lee R.B., Li W., Chattergee D. and Lee R.E. (2005)
"Rapid structural characterization of the
arabinogalactan and lipoarabinomannan in live
mycobacterial cells using 2D and 3D HR-MAS
NMR: structural changes in the arabinan due to
ethambutol treatment and gene mutation are
observed. Glycobiology; 15(2):139-151.

Lima-Filho M.T. (1993). "Patogenia da tuberculose"
Journal of Pneumology 19;11-18.

Martin T.R. (1987). "The relationship between
malnutrition and lung infections" Clinical Chest
Medicine; 8: 359-372.

Mc Nerney R., Maeurer M. and Abubakar I. (2012)
"Tuberculosis diagnostics and biomarkers: neeed,
challenges, recent advances and opportunities"
Journal of Infectious Diseases; 205(2)S147-S158.

Mohamed M. and Heshman A.R. (2012) "Lipid profile
in tuberculosis patients: a preliminary report" Life
Science Journal; 9 (1):719-722.

National Institute for Health and Clinical Excellence
(2011). "Tuberculosis:
clinical diagnosis and management of tuberculosis,
and measures for its prevention and control"
(http://www.nice.org.uk/nicemedia/live/13422/
53642/53642.pdf).

National Institute of Allergy and Infectious Diseases
(2009). "Tuberculosis (TB)" The new challenge for
TB research.

National Population Commission (Nigeria) (2006).
"Census Report" Nicod L.P.(2007). "Immunology of
tuberculosis" Swiss Med. Wkly; 137(25-26):357-
362.

Nigeria Tuberculosis Fact Sheet(2012). "Tuberculosis
in Nigeria"

Nwanjo H.U. (2009). "Lipid metabolism" In: Metabolic
control in health and diseases, Press Printers,
Owerri. pp 186-189.

Nwanjo H.U. and Nwokoro E.A. (2005). "Plasma
lipids" In: Blood Chemistry: Theory, Analysis and
Interpretation. Hacyn Publishers, Owerri. pp. 88-
120.

Nwosu D.C. (2007). "Analytical techniques employed
in the determination of lipids" In: A Handbook of
Chemical Pathology (Theory and Analytical
Techniques), Press Printers, Owerri; pp.80-89.

Oliva V.M, Cezario G.A.G., Cocato R.A. and
Marcondes-Machado J. (2008). "Pulmonary
tuberculosis: hematology, serum biochemistry and
and the relation with disease duration" Journal of
Venomous Animals and Toxins Including Tropical
Diseases.19 (1): 1-20

Perez-Guzman C., Vargas M.H., Salas-Martir C.,
Trejo-Santacruz T., Gallegos-Discua C. and Flores-
Lopez F. (2008). "Lipid profile in household
contacts of patients with pulmonary tuberculosis"
Revista Medica-Instituto Mexicano del Seguro
Social 46(3): 347-352.



Int. J. Curr. Res. Chem. Pharm. Sci. (2016). 3(2): 20-28

© 2016 IJCRCPS. All Rights Reserved 28

Porth C.M. (2002). "Alterations in respiratory function:
respiratory track infections, neoplasms, and
childhood disorders" In: Pathophysiology: concepts
of altered health states. Lippincott Williams and
Wilkins, Philadelphia: 615-619.

Raviglione M.C., Snider Jr D.E. and Kochi A. (1995)
"Global epidemiology of tuberculosis: morbidity and
mortality of worldwide epidemic" Journal of
American Medical Association 273; 220-226.

Rieder H.L (2008). "Interventions for TB control and
elimination, Paris France" International Union
Against Tuberculosis and Lung Diseases; 10: 15-
93.

Rosenkrands I., Slayden R.A. and Crawford J. (2002)
"Hypoxic response of mycobacteria tuberculosis
studied by metabolic labeling and proteome
analysis of cellular and extracellular proteins"
Journal of Bacteriology; 184:3485-3491.

Skolnik R. (2011). "Global health" 2nd edition. Jones
and Bartlett Learning, Burlington, MA; p.253.

Stop TB Partnership (2011). "Tuberculosis vaccine
candidates"
www.stoptb.org/documents/tb2012.pdf.

Stryer L., Berg J.M. and Tymoczko J.L. (2007).
"Biochemistry" (6th edition), WH
Freeman,Sanfrancisco.

Sundre P., Ten Dam G. and Kochi A. (1992). "
Tuberculosis: a global overview of the situation
today. Bulletin of World Health Organization;
70:149-159.

Thomas S.T., Van der Ven B.C., Sherman D.R.,
Russell D.G. and Sampson N.S.(2011). "Pathway
profiling in mycobacterium tuberculosis: elucidation
of cholesterol-derived catabolite and enzymes that
catalyze its metabolism" Journal of Biology and
Chemistry; 286(51):43668-43678.

Thrupp L., Bradley S., Smith P., Simor A. and Gantz
N. (2004). "Tuberculosis prevention and control in
long-term care facilities for older adults" Infection
control hospital epidemiology; 25:1097-1108.

Van Crevel R., Ottenhoff T.H.M. and van der Meer
J.W.M. (2002). "Innate immunity to mycobacterium
tuberculosis" Clinical Microbiology Reviews 15:294-
309.

World Health Organization(2009). "Tuberculosis (TB).
www.who.int/tb/en.

World Health Organization(2010). "Tuberculosis Fact
Sheet" No.104.

World Health Organization (2012). "Global
tuberculosis report 2012"
www.who.int/tb/publication/global-report/en

World Health Organization(2012). "WHO policy on
collaborative TB/HIV activities" WHO publications.

Zia H.K. and Warke S.S.(2012). "Effect of
antituberculosis drugs on the levels of serum
proteins in pulmonary tuberculosis patients"
International Journal of Pharmaceutical Research
and Allied Sciences Vol. 1, Issue 3, 94-100.

Zignol M., van Gemert W. and Falzon D.(2012).
"Surveillance of anti- tuberculosis drug resistance

in the world: an updated analysis" Bulletin of World
Health Organization; 90:111D-119D.

Zumla A.M.D., Mario Raviglione M.D., Richard Hafner
M.D. and Fordham von Reyn C. (2013). "Current
concepts: Tuberculosis" The New England Journal
of Medicine; 368:745-755.


