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Abstract

Background The serum lipid and immunohematological values of tuberculosis lymphadenitis (TBLN) patients is
poorly documented relative to pulmonary tuberculosis (PTB) cases. Therefore, the aim of this study was to investigate
the serum lipid and immunohematological values of patients with TBLN in comparison with PTB (PTB) patients.

Methods An institution-based comparative cross-sectional study was conducted in Northwest Ethiopia from March
to December 2021. The study participants were bacteriologically confirmed PTB (n=82) and TBLN (n=94) cases with
no known comorbidity and whose ages was greater than 18 years and with no current pregnancy. Independent
sample t-test, one-way ANOVA, box plot, and correlation matrix were used to analyze the data.

Results The body mass index (BMI), CD4+T cell count, and high-density lipoprotein-Cholesterol (HDL-C) values were
significantly higher among TBLN cases compared with PTB cases. Additionally, the total white blood cell (WBC) count,
hemoglobin (Hb), total Cholesterol (CHO) and creatinine (Cr) values were relatively higher among TBLN than PTB
(P>0.05). On the reverse, the platelet count and triacylglycerol (TAG) values were relatively higher among PTB than in
TBLN cases. While the mean days of culture positivity were 11.6 days for TBLN, the mean days of culture positivity were
14.0 days for PTB. Anemia and serum lipid values showed no correlation with sputum bacilli load and time to culture
positivity.
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Conclusion Tuberculous lymphadenitis patients were well-endowed with serum lipid, immunological and nutritional
status compared with PTB cases. Hence, the high incidence rate of TBLN in Ethiopia could not be explained by low
peripheral immunohematological values, malnutrition, Anemia, and dyslipidemia. Further study for identifying the

predictors for TBLN in Ethiopia is highly desirable.
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Introduction

Tuberculosis (TB) ravaged humankind throughout his-
tory [1, 2] and over one billion people have died of TB
over the past 200 years alone [3]. In 2020 it became the
second leading cause of death among infectious disease
next to COVID-19. Currently, more than 1.3 million
people died of TB every year [4]. Pulmonary TB (PTB)
and TB lymphadenitis (TBLN) are the two most common
forms of active TB globally [5, 6]. However, the global
TB response strategy is not vigilant and robust towards
EPTB forms such as TBLN. This is because EPTB has
little role in TB transmission [7, 8]. However, evidences
showed that EPTB such as TBLN has future impact on
global TB control by serving as a source of reactivation
TB [9].

As high as 47% of annual TB cases are TBLN in Ethio-
pia [10-14]. The factor(s) behind the disproportionately
high incidence rate of TBLN in Ethiopia remains elusive.
Towards excavating the risk factors, ethnicity, patho-
gen genotype variation, HIV co-infection [15-17], over
diagnosis [18], spill over transmission of bovine TB [19]
and homelessness [20] failed to demonstrate consis-
tent association. Others such as being female, younger
age[7, 17], delayed diagnosis, rural residency [21-24],
chronic respiratory disease [25], end stage renal disease,
immunosuppression [20], rheumatic diseases [26] and
gene polymorphism in the pattern recognition receptors
(PRR) [27] revealed significant association.

The factors that dissect PTB in to low (sputum smear
negative and scanty) and high (sputum smear grade+2
and +3) M. tuberculosis (Mtb) bacilli load are not clearly
outlined. Based on a study from Dakar, Senegal, absence
of cavitation and cough, being HIV positive, having
CD4+T cell count above 200/mm? and age over 40 years
showed significant association with sputum smear nega-
tivity [28]. On the contrary, incarceration, sex, diabetes,
alcohol dependence demonstrated significant association
with smear positivity [29].

Host lipid is the main energy source and structural
substrate for Mtb lipid metabolism [30, 31]. Hence we
hypothesized that host serum lipid values would dem-
onstrated correlation with forms of TB (PTB Vs TBLN),
sputum bacilli load (low, medium and high) and Mtb
time to culture positivity. Several lines of evidences
showed apparent association between serum lipid value
with TB [32-34], risk of TB [35], smear grading [32, 34],
disease severity and inflammation [34].

Tuberculosis cases often became either leukopenia or
leukocytosis [36] with neutrophilia [36, 37] and throm-
bocytosis being most common [38, 39]. High prevalence
of anemia among TB patients and high rate of TB among
people with different forms of anemia have been reported
by different studies [40—42]. However, whether anemia
is a predisposing factor for TB or the vice versa remains
an open question [41, 42]. The mean CD4+T cell value
among PTB and disseminated TB was significantly lower
when compared with TBLN (p<0.05) [43]. These findings
suggest that different clinical forms of TB might have dis-
tinct profiles of peripheral blood markers. In general, few
studies so far assessed the immunohematological and
serum lipid profile of TBLN cases relative to PTB cases in
Ethiopian context.

Hence, the aim of this study was to compare the immu-
nohematological and serum lipid values between PTB
and TBLN cases and then assess the correlation between
sputum bacilli load and Mtb time to culture positivity
with serum lipid values.

Methods

Study design, period and setting

An institution-based comparative cross-sectional study
was conducted in Bahir Dar, Northwestern Ethiopia from
March to December 2021. There are 10 public health
centers and three governmental hospitals in Bahir Dar
city administration. The data were collected from four
of these health facilities namely Felege Hiwot Compre-
hesive Specilized Hospital (FHCSH), Han, Bahir Dar and
Shum Abo health centers. The four health facilities were
selected based on patient load and availability of data col-
lector. No sample size allocation was done to each health
facility.

Bahir Dar was established in the first half of 13th cen-
tury. It became the capital city of the Amhara Regional
State since 1993. Bahir Dar is the heart of Blue Nile River
and located 578 km away from Addis Ababa, the capi-
tal city of Ethiopia. The city is located at an elevation of
1808.01 m above sea level. The city has a temperate high-
land tropical climate with an average yearly temperature
of 22.26°C. The population of Bahir Dar is estimated to
be 455,901. Of whom 228,189 were male and 227,712
were female (Projection for 2022-07-01). It was also esti-
mated that 81.2% of the population are urban inhabitants
and the rest are living in rural kebeles around Bahir Dar
[44, 45].
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Participants

Despite, the study was conducted in Bahir Dar, the
source population included surrounding zones (South
and North Gondar, East and West Gojjam and Awi).
The study participants were bacteriologically confirmed
PTB (N=82) and TBLN (N=94) cases. The PTB cases
were bacteriologically confirmed by GeneXpert and/
or Microcopy. The TBLN cases were initially diagnosed
with cytology and then confirmed with culture or Ziehl-
Neelsen (ZN) staining techniques. The TBLN cases who
were diagnosed by cytology but were negative by bacte-
riological techniques were excluded. Among those bacte-
riologically confirmed cases, subjects whose age less than
18 years, with comorbidity such as HIV or diabetes mel-
litus and with current pregnancy were excluded from the
study. Patients who had both PTB and TBLN were also
excluded. The instruments and enrolment procedures
were the same throughout the study and, the study set-
tings were similar for all TB patients.
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Sample size and sampling technique

The sample size was determined using G*Power v3.1.9.4
statistical power analyses tool. The estimation considered
the mean difference of two independent sample T test
with effect size 0.5, a error probability of 5%, 95% power
(B) and allocation ratio of 1. Substituting these, it gave a
total of 176 sample size. To achieve this, newly diagnosed
cases were consecutively invited to be included in the
study. A total of 200 TBLN and 104 PTB cases were iden-
tified and screened (Fig. 1).

Laboratory methods

Two to five milliliters (ml) of sputum and 6 ml of venous
blood were collected from bacteriologically confirmed
PTB cases. From cytological diagnosed TBLN cases,
another fine needle aspiration cytology (FNAC) sample
and 6 ml of venous blood were obtained. The FNAC
samples were further confirmed by ZN microscopy and
culture at Amhara Public Health Institute (APHI) before
enrolment in the final analysis. Sputum bacilli load was

304 patients were diagnosed as TB by cytology/gene
Expert/Microscopy/Culture

128 cases were excluded
-Negative by bacteriological
techniques:

-Age <18 years

-Presence of Comorbidity
(HIV and Diabetes Mellitus)
-No sample given/lab done

176 (94 TBLN+ 82 PTB) cases were included in the analysis

83 TBLN & 61 PTB
cases

Included in the
immunohematology
analysis

94 TBLN & 82 PTB
cases

Included in the lipid
profile analysis

57 TBLN & 64 PTB
Included in the TTD

75 PTB
Included in the bacilli
load analysis

Fig. 1 Study participant enrolment and selection strategy, Northwest Ethiopia, 2023
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measured using ZN acid fast bacilli (AFB) staining tech-
nique. The Mtb time to culture detection/positivity
(TTD) was measured using Mycobacterium growth indi-
cator tube (MGIT)-960 technique.

The collected blood sample from each participant was
aliquoted into EDTA and serum separator tubes, each
3ml. The EDTA tube was shipped to APHI or FHCSH
immunohematology laboratory for complete blood count
and CD4+T cell count. The hematological variables were
measured using five part (BC-5800 Mindray, Shenzhen
Mindray Bio-Medical Electronics Co., Ltd) or three part
(sysmex xs-500i) auto hematology analyzer. The abso-
lute CD4+T cell count was measured at APHI using BD
FACSPresto™ system which has over 96% agreement with
gold standard methods (BD FACS Calibur and sysmex
systems) [46].

The serum samples were separated and stored at -80°c.
Serum concentrations of total cholesterol (CHO), triglyc-
eride (TAG), HDL-cholesterol (HDL-C) and creatinine
(Cr) were determined by the closed system Dimension
EXL 200 Integrated chemistry analyzer at Tibebe Ghion
Comprehensive Specialized Hospital. We used the prod-
ucts of Siemens Healthineers reagents for the determi-
nation of CHO, TAG, HDL-C and Cr. Total cholesterol
was determined by cholesterol oxidase- horseradish per-
oxidase methods with the analytical sensitivity of 1.295
mmol/L (0.0259*50 mg/dL) and 1.295 —15.54 mmol/L
measurement ranges while TAG was determined by glyc-
erol-3-phosphate-oxidase-peroxidase technique with an
analytical sensitivity of 0.1695 mmol/L (0.0113*15 mg/
dL) and 0.1695-11.3mmol/L measurement ranges. HDL-
cholesterol was determined by the modified cholesterol
esterase and cholesterol oxidase methods with the ana-
lytical sensitivity of 0.0777mmol/L(0.0259*3 mg/dL)
and 0.0777-3.885mmol/L measurement ranges while
creatinine values was measured by the modified Jaffe
technique with an analytical sensitivity of 13.26pmol/L
(88.4*0.15 mg/dL) and 13.26—1768 umol/L measurement
ranges. The tests were performed in batches according
to the manufacturers’ instruction. Before performing the
laboratory analysis, the machine was calibrated and vali-
dated with standards. In addition internal quality control
was performed to maintain the quality of generated data.
The analysis was performed using the laboratory stan-
dard operating procedure.

Variables

The study variables include age, sex and body mass
index (BMI) in kilogram per meter squared (Kg/m?),
white blood cells count (WBC*10°/L), platelet count
(PLT*10°/L), the CD4+T cell count (CD4+cell*10°/L),
hemoglobin (Hb g/L), Cholesterol (CHO mm/L), triacyl-
glycerol (TAG mm/L), high density lipoprotein-Choles-
terol (HDL-C mm/L) and creatinine (Cr pmol/L).
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The BMI was calculated using the formula, weight
in Kg/height in M? The BMI were classified based
on Nuttall 2015 [47] and WHO classification [48].
Accordingly, BMI (Kg/m?<18.5 is classified as under-
weight (UW), BMI (Kg/m?)=18.5-24.9 (Normal), BMI
(Kg/m?)=25-29.9 (Over weight/pre obese) and BMI
(Kg/m?)>30 (Obese).

The Hb values was used to classify anemia based on the
WHO recommended ranges for adult. As such, anemia
was classified into three categories: mild (110-119 g/L)
for non-pregnant women and (110-129 g/L) for men,
moderate (80—109 g/L) and severe (<80.0 g/L)[49].

Ethical considerations

The study was approved by research and ethical review
committee of Science College of Bahir Dar University,
with reference number PGRCSV/111/2012. Informed
written consent was obtained from each participant
before data collection. This study was conducted in
accordance with the Declaration of Helsinki. All the
information obtained from the study subjects were coded
to maintain confidentially.

Bias and quality assurance system

The immunohematological and serum lipid analyses
were conducted in laboratories which have standard-
ized quality assurance system and were under continuous
external quality assurance system. There were daily qual-
ity control activities using three level (low, normal and
high) commercial quality control (QC) materials. Then,
the analyzers were calibrated as per the manufacturer
recommendations.

Statistical analyses

Chi square test was used for summarizing categori-
cal variables. The mean with standard deviation (SD)
and median were used for describing the continuous
variables. Normality was assessed using Kolmogorov-
Smirnov (K-S) and Shapiro-Wilk tests. Independent
sample T test with 2 sided P-value was used to compare
mean difference between PTB and TBLN with regard
to the included immunohematological and serum lipid
parameters. One way ANOVA with post hoc pair wise
multiple comparison test was computed to determine the
correlation between sputum bacilli load (low, medium
and high) with serum lipid and other continuous vari-
ables. Box-and-Whisker plots were created for depicting
the correlation of sputum bacilli load with TTD, TAG,
CHO and HDL values. The relationship between time to
Mtb detection and serum lipid value was assessed using
Pearson Correlation (r) and scatter plot matrix. The over-
all analyses were carried out using R version.4.0.4 (R Core
Team 2021), URLhttps://www.Rproject.org/) and SPSS
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version 25 (IBM Corp. Released 2017. IBM SPSS Statis-
tics for Windows, Version 25.0. Armonk, NY: IBM Corp.).

Results

Characteristics of participants

Among the total 176 TB patients, 94 (53.4%) were TBLN
and 82 (46.6%) were PTB. Of the total 176 TB study par-
ticipants, 100 (56.8%) were males. The mean ages (SD)
were 33.7 (14.2) and 32.2 (12.2) years for TBLN and
PTB cases, respectively. There were no significant dif-
ference in terms of age between PTB and TBLN cases
(P=0.466). Among the total 176 TB patients, male PTB
accounted 53 (30.1%) and female TBLN accounted 44
(26.7%). When classifying total female TB patients into
TBLN and PTB, 61.8% were TBLN (X*>=3.82, P=0.05).
The Kolmogorov-Smirnov test P-value and visual inspec-
tion of the histogram showed that, the data were roughly
normally distributed.

Comparative lipid,immunohematological and BMI values
between TBLN and PTB
Independent sample T- test and Mann Whitney U tests
were performed for comparing mean and median dif-
ference, respectively between TBLN and PTB cases. The
overall statistical results were concordant between the
two models. Hence, in cases of the p-values of Levene’s
test>0.05 (age, WBC, CD4 cell count, BMI, Cr and TTD),
the P value of t-test with equal variance assumed was
considered and otherwise, P-values for equal variance
not assumed was used for comparing means between the
groups. The mean, median, SD and independent sample
T test statistics are summarized below (Table 1).

Table 1 shows that, there is statistically significant dif-
ference between TBLN and PTB in terms of CD4+T cell
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count, BMI, HDL-C values. While immunohematologi-
cal values of both groups of patients fall within normal
range, the lipid profile is variable when comparing with
normal reference range. For instance, total CHO and
TAG values are within the normal range and HDL-C
which is the good part of cholesterol is below the normal
range. The mean BMI value of PTB patients is below the
reference limit.

Correlation of sputum bacilli load with serum lipid values,
Hb and TTD

Studies showed that the Mtb bacilli load was very low in
FNA samples [56, 57] including the present study. Hence,
FNA samples were excluded and bacilli load was enu-
merated only for PTB samples. Based on box and whis-
ker plot depicted in Fig. 2 below, the sputum bacilli load
showed significant correlation with TTD in MGIT liquid
culture. The median TAG and CHO values are slightly
higher among patients with high bacilli load compared
with PTB patients with low sputum bacilli load (Fig. 2B &
C). The HDL-C (good cholesterol) value was high among
TB patients with low bacilli load (Fig. 2D). However,
none of the lipid profiles (CHO, TAG, and HDL-C) dem-
onstrated significant association with sputum bacilli load
(Fig. 2).

Anemia (mild, moderate and severe) was more preva-
lent in PTB (30/61, 49.2%) than in TBLN cases (31/83,
37.3%), Pearson x*>=2.02, p=0.156. Exploring anemia
among female and male TB patients revealed that, the
prevalence of anemia (mild, moderate and severe) was
43.1% and 42.3% among female and male TB patients,
respectively (Pearson x*>=0.75, p=0.688). Out of the total
29 anemic and 30 non anemic TB patients, only 7 (24.1%)
and 7 (23.3%) had high bacilli load in their sputum. The

Table 1 Mean and median values with SD of age, BMI, immunohematological, serum lipid and creatinine values of PTB and TBLN

patients in Northwestern Ethiopia, 2023

Dependent Variables TBLN PTB P-

N Mean Median SD N Mean Median SD  Value
Age (Year) 94 337 30.0 142 82 32.2 29.0 122 0466
BMI (Kg/m?2) 94 189 18.7 22 82 17.3 17.2 2.7 0.001
WBC*10%/L 83 74 74 2.1 61 72 6.9 26 0534
Hb (g/L) 83 1266 1300 19.7 61 1206 1260 277 0152
PLT*10%/L 83 301.04 2920 101.8 60 3159 3080 131.0 0463
CD4 cell*10%/L 40 759.0 7925 2943 48 456. 400.5 279.0 0.001
CHO (mmol/L) 94 25 2.7 14 82 24 24 09 0.749
TAG (mmol/L) 94 0.7 0.7 05 82 0.85 0.8 04 0.065
HDL-C (mmol/L) 94 0.8 0.9 04 82 0.6 0.6 03 0.019
Cr (umol/L) 94 733 66.7 1244 82 716 729 19.8 0.902
Time to grow (days) 57 11.6 11 60 64 14.0 8.7 13.0 0.19%4

BMI: body mass index, TB: Tuberculosis, WBC: White blood cell count, Hb: Hemoglobin, PLT: Platelet, N: number of cases, TBLN: tuberculous lymphadenitis, PTB: Pulmonary
tuberculosis, CHO: Cholesterol, TAG: triacylglycerol, HDL: High density lipoprotein, UW: Underweight, SD: Standard deviation

Normal values for: BMI (Kg/m2): 18.5-24.9[47, 50]. WBC*10%/L: 4.8-10.8[51]. Hb (g/L): non-pregnant women (15 years of age and above): >120 g/L, Men (15 years of age and

above):>130 g/L[49]. PLT*10°/L: 150-400. CD4+ Cells*10%/L: 3961598 [52]. CHO (mmol/L) : <5.17 is normal, 5.17-6.18 is high, >6.21 is high.TAG (mmol/L): normal: <1.7, mildly
increased: 1.7-5.6, moderately increased: 5.6 to 10.0, Very high: >10.0..HDL-C (mmol/L): =21.55 excellent, < 1.03 is considered lower than desirable [53]. Cr (umol/L): 61.9 to 114.9 umol/L

for men and 53 to 97.2 umol/L for women [54, 55].
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Fig. 2 Box and whisker plot showing the correlation between sputum bacilli load with serum lipid values and time to Mtb culture positivity, North-
western Ethiopia, 2023. (Box and whisker plot depicted the minimum score, the lower quartile (25%), the median (50%, horizontal line), upper quartile (75%),
maximum values and outliners (black dots).Low: sputum smear negative and scanty, Medium: +1, High: +2 & +3)

Chi square (x*=0.2) test and one way ANOVA revealed
absence of correlation between anemia and bacilli load
(p=0.89).

The correlation between times to Mtb detection with host
serum lipid values

In the TTD analysis, Pearson correlation and scatter plot
matrix (Fig. 3) were used for the evaluation. Body mass
index showed statistically non-significant positive cor-
relation with TTD. Patients with higher values of BMI
(good nutritional status), tend to have delayed culture
positivity (r=0.16) (Fig. 3). As shown in Fig. 3 below,
no significant correlation was found between TTD and
serum lipid values (r~0.0, p>0.05).

Discussion

The purpose of this study was to investigate mean dif-
ferences in serum lipid, selected immunohematological,
BMI and creatinine values between TBLN and PTB and
further confirm the correlation between serum lipid val-
ues with time to Mtb culture positivity and sputum bacilli
load. Hence, the evaluation provided important meta-
bolic, nutritional and clinical information about TBLN
and PTB cases.

The results in Table 1 indicated a significant mean dif-
ference between TBLN and PTB with regard to BMI,
HDL-C and CD4+cells; all being higher among TBLN
than PTB. The mean total WBC and Hb values were

also relatively higher among TBLN than PTB cases. The
higher values of all these variables imply better nutri-
tional, metabolic and immunological status for TBLN
compared with PTB [58, 59]. In line with this study, a
study in Jimma University Hospital found lower mean
CD4+cells count and Hb value among PTB cases com-
pared with TBLN [60]. Patients with disseminated TB
showed significantly lower CD4 cell counts compared
with those with localized form of TB in the lymph nodes
[61].These results provided further support for the
hypothesis that unlike disseminated TB which is char-
acterized by lower values of peripheral blood immuno-
hematological parameters relative to the PTB, TBLN in
Ethiopian could be characterized as a unique form of TB,
with higher mean values of WBC and CD4+T cell counts
relative to PTB. However, the sample size of our study
and the study carried out in Jimma [61] were small which
precluded us from making strong conclusion.
High-density lipoprotein is involved in lipid metabo-
lism, organism’s immune and antioxidant defense and has
a role in transport and in the removal of exogenous sub-
stances [62]. Unfortunately, the value of this good lipid is
below the normal range for both groups of TB patients.
This might be due to the association of HDL-C with
Mtb Lipoarabinomannan (LAM) nanodiscs in human
serum [63]. Higher serum CHO levels were associated
with lower mortality and considered as a marker of lower
levels of inflammation in TB patients and this condition
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Fig. 3 Scatter plot matrix showing the correlation between times to Mtb detection with BMI, serum lipid and creatinine values 2023. (TTD: time to detec-
tion/culture positivity, BMI: Body mass index, CHO: Cholesterol, TAG: triacylglycerol, HDL: High density lipoprotein, Cr: Creatinine)

was unaffected by BMI [64]. On the contrary, low serum
CHO in PTB cases might be due to high oxidative stress
and elevated cytokines [32].

The peripheral blood platelet count was marginally
higher in PTB than in TBLN cases with no significant
difference. Evidence showed that TB is associated with
thrombocytosis and this condition is correlated with dis-
ease severity [38] and Mtb smear positivity [65]. Unlike
Renshaw and Gould (2013) [65] study, the present study
did not identify any correlation between platelet count
and sputum smear bacilli load. Based on the PLT counts
value, it can confirmed that the degree of inflammation
in TBLN was relatively mild compared with PTB; hence
lower disease severity. Platelets mainly drive TB immu-
nopathology on their effect on other immune cells,
chiefly monocytes and neutrophils. Like innate immune
cells, platelets also participate in the initial detec-
tion of Mtb through their PRR. Moreover, platelet also

participate in inflammatory process through the release
of Reactive Oxygen Species (ROS), pro-inflammatory
cytokines, activation of monocyte and neutrophil effector
functions [38].

Anemia was more prevalent in PTB (49.2%) than in
TBLN cases (37.3%), Pearson x*>=2.02, p=0.156. Explor-
ing anemia among female and male TB patients revealed
prevalence of 43.1% and 42.3% among female and male
TB patients, respectively (earson x*=0.75, p=0.688).
Similarly, previous reports revealed a much higher pro-
portion of anemia among TB patients [66—68]. Anemia
is potentially a risk factor for TB disease severity [67, 68]
and delayed smear conversion [69]. However, whether
TB or anemia is the risk factor is largely unknown. Ane-
mia did not showed any correlation with sputum bacilli
load in the present study.

The lipid profiles (CHO, TAG, and HDL) and immuno-
hematological values failed to demonstrated significant
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6 lipid droplets

Fig. 4 Mycobacterium tuberculosis lipid droplets in dual ZN-Sudan black
B staining, Northwest Ethiopia, 2023

association with sputum bacilli load in the present study.
Unlike this study, studies done elsewhere, reported a neg-
ative correlation between serum lipid values and sputum
bacilli load [32, 34, 70]. This negative correlation might
be due to high oxidative stress and elevated cytokines
[32].

Significant negative correlation was observed between
TTD and sputum Mtb load (Fig. 2A). Further attempt
was made to measure correlation of TTD with bacilli
lipid body count/lipid droples (Fig. 4). However, the
Sudan black B staining technique became imprecise for
accurate enumeration of the lipid droplets and excluded.
As shown in Fig. 3, the correlation between time to Mtb
culture positivity with serum lipid values was trivial (r~0,
p>0.05). Host lipids act as the major source of carbon
and energy for Mtb. Fatty acids derived from the host
cells are converted to TAG and stored in the bacterial
cytoplasm [71].

The mean TTD was 11.6 days for TBLN isolates and
14.0 days for PTB isolates. However, the difference was
not statistically significant (p=0.194). The relatively
delayed positivity for sputum isolates relative to FNA
isolates might be due to the organic load present in the
sputum sample and the presence high number of lipid
droplet positive Mtb in sputum samples [72]. Addition-
ally, sputum samples were decontaminated with NALC-
NaOH while FNA samples were inoculated directly
without pretreatment. This sample treatment step might
weaken the viability of sputum Mtb and took longer lag
phase than FNA originated Mtb isolates.

Limitations

This study determined the mean serum lipid, Cr, BMI
and selected peripheral blood immunohematological
values among TBLN cases in comparison with PTB. The
study has some methodological limitations. Despite the
data collection was carried out at four health facilities,
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the study was not multicenter; not from different geo-
graphic locations to make better comparison. The sam-
ple size from each study group was small. The use of two
hematology analyzer might not a good practice. Lipid
profile might be affected with meal and the current study
was done using random sample rather than fasting sam-
ple. The population were not stratified with urban versus
rural. Despite that, our analysis was detailed to validate
the analysis output. Hence, this finding would be an
important addition to the existing and future literature
to better understand the risk factors responsible for the
higher incidence rate of TBLN in Ethiopia.

Conclusions and recommendations

Except the PLT and TAG values whose values are rela-
tively lower among TBLN, the immunohematologi-
cal variables such as WBC (p>0.05), Hb (p>0.05),
CD4+cells (p<0.05) and the serum lipid values; CHO
(P>0.05), HDL-C (P<0.05) and Cr (p>0.05) values were
relatively higher among TBLN than PTB. The mean TTD
was 11.6 days for TBLN isolates and 14.0 days for PTB
isolates. Serum lipid values and anemia have no any cor-
relation with sputum bacilli load and TTD. The relatively
higher values of WBC, CD4+T cells, Hb and BMI and
lower PLT count among TBLN confirmed the unique
immunological, inflammatory, nutritional and “clinical
evolution” of TBLN. Further research involving healthy
controls, with multicenter study design, using probablity
sampling strategy and using large sample size with fasting
blood sample is very desirable.
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