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Abstract

Background: Tuberculosis (TB) is a highly contagious bacterial infection caused by
Mycobacterium tuberculosis(MTB). It is the leading cause of death worldwide resulting in
approximately 1.6 million deaths annually, yet only a small fraction of those infected with TB ever
develop the illness depending on the host’s immune status. Our immune system fight pathogens
by secretion of chemicals called cytokines. Cytokines are substances released to help our bodies
fight infection and their levels can determine if we are infected or not. These cytokines serve
multiple purposes: they stimulate the immune response; inhibit bacterial growth; and induce cell-
death. Together these actions protect us from MTB infections by eliminating infected cells and

limiting further spread of bacteria.

Objective: Comparison Of Cytokines And Chemokines In QFT Positive (LTBI) And Negative
House Hold Contacts Of TB Patients

Methods: The study was conducted inhouse hold contacts of TB patients and Community controls
from selected health facilities in Addis Ababa, Ethiopia. A Comparative cross-sectional study was
used from April 2022 to September 2023. Study involed three groups; Household contacts of TB
patients (QFT Negative and QFT positive group(LTBI)) and Community controls with total
sample size of 65 were recruited. Socio demographic data was collected using structured
questionnaires and blood sample of participants were drawn and the QuantiFERON assay which
contains TB antigen tubes(TB1 and TB2) coated with ESAT-6 and CFP-10 peptides to stimulate
IFN-y production. The QuantiFERON assay was performed on House Hold contacts of TB
patients (QFT Negative group 16 and QFT positive group(LTBI) 21) and Community controls
(CC of QFT Negative group) 28 participants. Cytokine analysis was performed using Luminex
technology. Statistical analysis was done using GraphPad Prism 9.5 and Statistical Package for
Social Sciences (SPSS). The unstimulated level (Nil) and the background-corrected TB stimulated
level (TB1 and TB2 -Nil) of each marker were included as separate variables in the statistical
analyses. The Kruskal-Wallis test (the ANOVA one-way non-parametric multiple comparison test
coupled to the Dunn’s multiple comparison test was used to detect differences between the study

groups. A p-value <0.05 with a 95% confidence interval was considered statistically significant.

Results: When assessing socio-demographic, behavioral, clinical and hematological parameters

of all participants, the majority were female including 82% (n=23) of CCs, 76% (n=16) of LTBlISs,




and 69% (n=11) of . HHC QFT negative Regarding age distribution, the majority of participants
across the three groups were in the 26-35 years category, with 29% of CCs, 43% of LTBIs, and
38% of HHC QFT negative in this age range. In terms of BCG vaccination scar, 46% of HCCs,
33% of LTBIs, and 56% of resistors had a visible scar present. Latently infected participants have
shown higher levels of proinflammatory molecules like IFN-y (p<0.0001), IFN- o (p=0.0074),
ILIRA(p<0.0001), IL2(p<0.0001), IL12(p=0.0464), IL17A(p=0.0002), IL17F(p=0.0015)
compared to HHC QFT negative and Community Controls. Likewise, the level of chemokines like
MCP-1(p<0.0001), MIP-1B(p<0.0001), IP-10(p<0.0001), and MIG(p<0.0001) were significantly
higher in the LTBI group as compared to HHC QFT negative and Community Controls. The
growth factors FGF basic(p=0.0175), GCSF(p=0.0009), GMCSF(p<0.0001), VEGF(p=0.0104),
as well as immunoregulatory cytokines like IL-2R(p=0.0002), IL-13(p=0.0172), IL-15 (p=0.0248)
and IL-9(p=0.0361) and anti-inflammatory cytokine 1L-22 were also significantly higher in HHC
QFT negative groups compared with the other two groups. The following cytokines have no
statistically significant difference between the groups (p> 0.05) TNF-a, IL-1a, IL-1 B, IL-3, IL-4,
IL-5, IL-6, IL-7, IL-8, IL-10, RANTES, MIP-1a, Eotaxin, EGF, HGF.

Conclusion: The observed cytokine profile difference indicates that LTBI individuals show a
distinct immunological signature that distinguishes them from HHC QFT negative and
Community Controls in that they have heightened proinflammatory cytokines, chemokines,
growth factors, and immunoregulators and Anti-inflammatory cytokines. This indicates a
sustained activation of the immune system in LTBI individuals which controls the infection from
activation. Our findings could help in understanding the interaction of the immune system with

MTB infection for therapeutics and vaccine delivery and development

Recommendation: Further research should delineate immune cell phenotypes and antimicrobial

functions across infection stages to identify correlates of protection.

Keywords: TB, Cytokine and chemokine , QFT Assay, Luminex Assay.
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1. Introduction

1.1 Background

Tuberculosis (TB) is a serious bacterial disease caused by Mycobacterium tuberculosis (MTB) that
primarily affects the lungs, but it can also affect other organs such as the kidney, spine, and brain
(1). Transmission of TB occurs via in air droplets, which are small enough to remain airborne and
disperse in the air(2,3). The disease is more common in adults, accounting for 90% of total reported
cases, and is reported more frequently in males than females(4). According to the 2023 WHO
Report, about 10.6 million people fell ill with TB in 2021, representing a 4.5% increase from 2020.
Over one fourth of world's population contracted TB but do not develop TB. Additionally, 1.6
million people died from TB in 2021, including 187,000 among HIV-positive individuals. The
burden of drug-resistant TB (DR-TB) also increased by 3% between 2020 and 2021, with 450,000
new cases of rifampicin-resistant TB (RR-TB) in 2021(2,5).

Although approximately one-quarter of the world's population may have been infected with MTB,
only 5-10% will ever develop active TB disease. Following MTB aerosol exposure, three potential
clinical outcomes are described. The first possible outcome is resistance to infection or early
clearance, where adaptive immunity has not yet developed and clearance relies on innate immune
functions such as alveolar macrophage activatio. Another outcome is asymptomatic or latent
tuberculosis infection (LTBI), where adaptive immunity contains but does not eliminate bacteria
sequestered within lung granulomas for decades with an approximated 10% lifetime risk of
reactivation into active disease when immunity wanes. Conversely, insufficient immune control
permits unchecked bacterial replication in macrophages, causing active pulmonary TB disease (6—
8).

A significant number of people with high MTB exposure may not have LTBI that can be detected
by conventional Tuberculin Skin Test (TST) or Interferon Gamma Release Assay (IGRA) (9).
Protection against LTBI is dominated by CD4 and CD8 T cells. T cells immune response restrict
the exponential growth of MTB and are responsible for the establishment of a plateau level of
bacterial load in infected tissues, which usually develops 3-4 weeks after infection and remains at
a constant magnitude for months through cellular immunity mechanisms such as macrophage

activation, cytotoxic effects, and cytokine production (9-15).



CD4 T cells are involved in all phases of the acquired immune responses and are pivotal for the
control of MTB during the plateau phase. In the absence of CD4 T cells, MTB maintains
exponential growth without the formation of a stationary phase. Bacterial replication exacerbates
pathology and reduces survival time. The majority of specific CD4 T cells are Th-1 cells, and IFN-
v and TNF-a produced by these cells are considered central for protection. Protective mechanisms
mediated by CD8 T cells include cytotoxicity against infected cells as well as the production of
Th1 cytokines such as TNF-a and IFN- y (9-11,13-15)

Cytokines are small proteins that our bodies produce in response to infection by pathogens such
as the MTB. These cytokines help stimulate and regulate the immune system's response, including
the production of other cytokines needed to fight the infection. The cytokines also act directly on
infected cells to inhibit bacterial growth, enhance cell-mediated immunity, and trigger apoptosis
(programmed cell death). This helps protect our body from TB infections by clearing out infected
cells, preventing further spread of the bacteria. In particular, IFN-y is essential for sensitizing
macrophages to recognize MTB, inhibit its growth and contribute to an overall effective immune
response. In addition, both TNF-o and IFN-y have been shown to not only initiate an inflammatory
response but also promote activation of CD4+ T lymphocytes(16-18).

Moreover, pro-inflammatory cytokines have been shown to not only initiate an inflammatory
response but also promote activation of CD4+ T lymphocytes. However, excess production of
inflammatory cytokines can potentially cause tissue damage. To counteract this, regulatory
cytokines help resolve inflammation and maintain immune homeostasis. Growth factors also play
a role in regulating immune cell proliferation and activity. Chemokines help recruit immune cells
like lymphocytes and macrophages to sites of infection. The coordinated interplay between pro-
inflammatory cytokines, regulatory cytokines, growth factors, and chemokines is important for
mounting an effective immune response to antigens like those from MTB, while minimizing
negative effects. Moreover, cytokines mediate significant cytotoxicity against MTB by stimulating
the proliferation of cells that recognize specific mycobacterial antigens. This proliferative response
leads to an increase in cells capable of killing infected macrophages. Although there is a lot of
evidence regarding cytokine production in TB as well as in LTBI, there is a gap of knowledge as
to the cytokine production in the QFT Negative of house hold contact of TB paitents. Hence this
study was conducted to evaluate antigen specific cytokine production in household contacts of TB
patients (16-19).



1.2 Statement of the Problem

MTB infections is the leading cause of death from infectious diseases in Africa and an estimated
one-fourth of the world's population have had MTB infections, causing over 10 million new cases
and more than 1 million fatalities annually. Although preventive measures such as vaccination and
medication therapy have been implemented, the growing prevalence of anti-TB drug and difficulty
in diagnosing and treating make TB a severe global health problem with an economic burden.
Moreover, the lack of effective vaccine and inability to identify latently infected individuals who
are likely going to progress to active TB hinder understanding of protective mechanisms involved
in development of a better vaccine, or finding better biomarkers for early diagnosis or progression

from latency to disease (4,20-22).

Despite advancements made regarding the research concerning QFT negative and QFT Positive ,
very few studies have been conducted to understanding how these groups differ in their immune
responses. Analysis of antigen specific cytokine production during TB infection provides insight

into resistance against infection (21,23).



1.3 Rationale of the Study

Globally, TB is the leading cause of mortality from an infectious agent where more than 1.6 million
people die out of it every year. However, majority of the MTB infected population globally clears
the bacteria and only 5-10% develops active TB disease. This indicates that the immune system is
able to control the infection in the majority of cases, and only a small proportion of those infected
go on to develop the active disease. Understanding this scenario and revealing the mechanism to

clearance may contribute to development of better vaccines and prophylaxis.

In this study, we aimed to investigate antigen-specific cytokine production during tuberculosis
exposure and analyze the difference in antigen-specific cytokine production between the QFT
Negative and QFT Positive house hold contact of TB paitents . This information could potentially
help elucidate disease mechanisms, support diagnosis, and inform therapeutic approaches for

mitigating later stage TB symptoms in those at high risk.

Data gathered from this study would be used to better understand how antigens specific cytokine
contribute to host immune response, and how these results can be applied to develop interventions

that could prevent or reduce the spread of TB.



2. Literature Review

2.1 Epidemiology of TB

Tuberculosis (TB) remains a significant global health challenge, with nearly 1.6 million lives lost
each year and 10 million new cases annually worldwide. According to updated global report 2023,
the estimated number of people falling ill with tuberculosis increased by 4.5% in 2021 reached
10.6 million (95% UI: 9.9-11 million). Furthermore, the tuberculosis incidence rate (new cases
per 100 000 population per year) has increased by 4.5% between 2020 and 2021, after 2 decades
of decrease of around 2% per year. Despite this reversal, the net reduction in cases since 2015 only
reached 10%, leaving a 50% reduction to the first milestone of the End Tuberculosis Strategy
(2,4,20,22).

Africa carries an exceptionally high burden of MTB infection compared to other regions. Recent
surveys estimate the prevalence of MTB in the general population across Africa is between 258
and 402 cases per 100,000 population. This is more than double the global average prevalence of
140 per 100,000. Sub-Saharan Africa accounts for the majority of MTB cases on the continent.
High rates of HIV co-infection, which fuels MTB transmission, along with overcrowded living
conditions in urban areas contribute to widespread community transmission(2,4,24). Poverty,
malnutrition, and limited access to healthcare also drive prevalence upward in parts of Africa.
Efforts to control MTB are further challenged by lack of diagnostic facilities in many settings as
well as emergence of drug resistant strains. While a few countries such as The Gambia and
Ethiopia are seeing declines in MTB prevalence, the disease remains entrenched at the population
level across much of Africa. Concerted efforts in active case finding, expanded access to molecular
diagnostics, and research on new vaccines are needed to alter the MTB prevalence
trajectory(4,24,25).

Ethiopia, is one of the 30 nations with a heavy TB/HIV burden, in 2019, Ethiopia's TB incidence
was 157 per 100,000 people, with 23,800 deaths from the disease. The prevalence of MDR-TB
was 0.71% in newly diagnosed cases and 12.0% in previously treated patients. A study in Eastern
Ambhara, Ethiopia, showed a decrease in Mtb prevalence from 13.9% in 2015 to 8.8% in 2017,
then a slight increase to 9.5% in 2018 and 9.3% in 2019. Another study in Addis Ababa found that

the prevalence of pulmonary and extrapulmonary TB was 46.0% among people with chronic



psychotic disorders. Ethiopia had an estimated TB incidence rate of 140 per 100,000 populations
and 21,000 TB deaths in 2018. The age-standardized TB incidence rate decreased from
201.6/100,000 to 88.5/100,000 between 1990 and 2016. Despite the consistent decline in the tTB
incidence rate, the decline in TB mortality in Ethiopia has been slower than the decline in

incidence. However, Ethiopia is on track to achieve the WHO End TB milestone(26-31).

2.2 Transmission and risk factors of tuberculosis

TB is a highly contagious disease that can be contracted through the inhalation of the bacillus
released in the air by coughing, sneezing, or talking of those who have active TB (32). The bacteria
enter the lungs and begin to replicate, forming a primary lesion. From there they are able to spread
to lymph nodes, as well as other parts of the body such as the meninges, joints and kidneys (20,33).
According to the World Health Organization (2004), two weeks of coughing, producing sputum
and weight loss are key signs of pulmonary TB. Other symptoms, such as chest pain, hemoptysis,
breathlessness, fever, night sweats, fatigue and loss of appetite can also be present in persons
infected with this condition (34).

There are several risk factors that might influence the occurrence and spread of TB, according to
a number of studies. The most significant is HIV, which has been discovered to be a separate risk
factor that has a particularly strong link to active pulmonary cases of TB (35). It has indicated that
age can be a contributing risk factor to the development of TB, as well as a higher rate of
susceptibility in men than women. A correlation has been found between TB risk factors, such as
overcrowding and financial hardship, and incidence rates of the illness in industrialized countries.
Furthermore, economic and financial obstacles can impede access to health care services for
diagnosis and completion of treatment, leading to catastrophic costs for nearly half of all TB
patients and their households(20,36,37) .

2.3 Out come after tuberculosis exposure

After inhaling aerosols containing MTB, individuals can experience three different potential
outcomes. These are early elimination of the bacteria, the development of latent (asymptomatic)
tuberculosis where the bacteria remain dormant for years, or active disease that can lead to

pulmonary problems and the spread of infection (35).



Latent TB infection (LTBI) is an asymptomatic, long-term condition in which a person has been
infected with MTB but not yet developed active TB disease. The concept of LTBI has been known
for more than 60 years and involves a persistent immune response to antigens of MTB without
evidence of clinical manifestation as active tuberculosis disease. Some individuals with LTBI will
progress to active disease while others will remain without any symptoms or illness indefinitely.
People with LTBI may be at higher risk for progression to active tuberculosis due to co-existing
medical conditions such as HIV infection, diabetes mellitus, and malignancies. The highest
number of new tuberculosis cases per year can be expected in individuals with latent tuberculosis
infection. A systematic review and meta-analysis reported Household contacts (HHCs) of
tuberculosis cases are more likely to acquire latent tuberculosis infection (LTBI) than the general
population, with prevalence ranging from 34.8% in high-income countries to 52.9% in lower and

middle-income countries(7,38-41).

Early Clearance (EC) of MTB has been postulated to occur when the bacteria have been
successfully removed before a body's immune system can mount a response. This theory is
evidenced by contact studies indicating that individuals in heavy contact with MTB do not always
become infected, as well as through genetic expression markers associated with individual
reactions to tuberculin. EC largely depends on alveolar macrophages being able to kill the bacteria
at an initial stage of infection, and cytokines or chemokines produced by these macrophages
activate target cells for further infection. It was reported an effective early clearance process of
MTB can be achieved through various approaches such as phagocytes activation, cytokine
responses and macrophage functions. A study found that individuals with a T-cell count greater
than 1,000 cells per mm3 were substantially less likely to develop active tuberculosis than those

with lower numbers (42,43).

2.4 Antigen specific cytokines related to TB exposure

In regard to tuberculosis, antigen-specific cytokines are integral in helping detect the presence of
an infecting bacteria (MTB). These cytokines can be detected not only in infected individuals but
also in those exposed through close contact to an infected person in a household setting. It has
been found that production of specific cytokines for example: IFN-y, TNF-a, IL-2, and interleukin-
17A (IL-17A) are frequently seen among household contact TB patients but not necessarily in
symptomatic individuals(44). IL-2 levels were significantly higher in those infected with both

7



active TB and LTBI than in TB-uninfected controls, though it was not sensitive enough to
differentiate between active TB and LTBI(45).

Cross-sectional study done in Ethiopia including newly diagnosed smear-positive and smear-
negative PTB patients, non-TB patients, and healthy contacts with or without LTBI, finding that
smear-positive PTB had higher MTB-specific TNFo+ and IFN y+ CD4 T cells than smear-negative
PTB, albeit not statistically significantly, and both smear-positive and -negative PTB had
significantly higher antigen-specific cytokine responses than non-TB patients and LTBI- controls,
with smear-negative PTB displaying higher levels of activation and proliferation markers on
antigen-specific cytokine-producing CD4 T cells than controls and smear-positive PTB showing
even higher cytokine, activation and proliferation marker expression than other groups, while
consideration of the fraction of activated/proliferating cells among antigen-specific cytokine

producers helped discriminate smear-negative TB from LTBI and non-TB illness(46).

The study investigated the cytokine responses (IFN-y, TNF-a, IL-10) to the latency antigen in
active TB patients, their household contacts, and community controls in Ethiopia. At baseline,
specific cytokine responses were highest in controls, intermediate in contacts, and lowest in
untreated TB patients, suggesting they may be biomarkers of latent/protected TB status. IFN-y/IL-
10 and TNF-o/IL-10 ratios were lowest in untreated TB patients and highest in controls, suggesting
these ratios may indicate infection outcome. Contacts had significantly lower cytokine responses
to ESAT-6-CFP-10 at baseline(47).

The Longitudinal study done in Addis Ababa Ethioipa aimed to identify plasma biomarkers to
differentiate active TB cases from latently infected contacts and assess treatment responses. 17
cytokines/chemokines were evaluated in untreated TB cases, contacts and post-treatment cases via
multiplex analysis. At baseline, TB cases had significantly higher levels of EGF, IFN vy, IL-4,
MCP-3 and IP-10 versus contacts. No markers differentiated QFT-positive and -negative contacts,
suggesting cytokine levels did not correlate with LTBI. After effective TB treatment, IFN y, MCP-
3, MIP-1 levels increased while IL-4 and IP-10 decreased significantly. HIV coinfection did not
affect cytokine levels in TB cases(48).

The study done in north Shewa Ethiopia a total of 80 study participants comprising of 40 newly
diagnosed smear positive TB patients and 40 healthy blood donors were included in the study.



From our study participants 19 (23.75%) were females and 61(76.25%) were males with mean age
of 30. Results from the study showed that the median level of IFN- Y (72.8) and IL-6 (13.45) in
TB patients was higher when compared with controls IFN- Y (44.8) & IL-6 (4.08) (P > 0.001)
while on the other hand, the median level of CD4 (565.5) and BMI (18.00) were lower compared
to controls CD4 (857) & BMI (20.9) (P > 0.001)(49) .

Acquired resistance to mycobacteria involves a complex interplay of T cells, macrophages,
cytokines, and Reactive nitrogen intermediates (RNI). IFN-y, IL-4 and IL-6 trigger macrophage
functions that are responsible for inhibiting the growth of mycobacteria. TNF-o stimulates the
production of RNI while IL-10 suppresses it. Understanding this process better may lead to

improved treatments for tuberculosis ((50)

The results of a study examining the cytokine response to exposure to MTB antigens in healthcare
workers with latent infection found that those with a positive latent TB infection (LTB+) exhibited
greater levels of proinflammatory cytokines GM-CSF, IFN-y, IL-1p, IL-2, IL-6, IL-8, IL-12p70
and TNF-a than those with a negative latent infection (LTB-). Although there were statistically
significant differences detected between the two groups in terms of the th2 cytokines IL-5 and

IL10, these absolute differences were relatively minor(21).

A study conducted in Uganda reported latently infected health care workers (HCWSs) and
community control (CCs) had significantly higher IFN-y, IL-2, IL-5 and IL-8 responses than their
non-infected counterparts, whereas high TB exposure in infected HCWSs caused production of pro-
inflammatory (GM-CSF, IFN-y, IL-1B, IL-2, IL-6, IL-8, TNF-a) and anti-inflammatory/ Th2
cytokines (IL-5 and IL-10) (39)

A study conducted in Ghana showed that a combination of different cytokines (IL-6, IL-10, and
IP-10) can effectively distinguish between TB patients based on the levels of different cytokines
in their plasma, namely IL-6, IL-10, and IP-10, and that IL-6 has potential as an early biomarker
for treatment response. Four of the seven cytokines (IL-6, IP-10, IL-10, and IL-22) were detected

in the majority of tuberculosis patients (51).

IL-4 expressed within MTB infected human macrophages can subvert the containment of
mycobacterial infection by altering host TLR pathways and expression of cytokines(52). Another

study reported the role of IL-10 in MTB infection and how it can modulate the processes of
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inflammation and immunity. Furthermore, they found that other cytokines, such as TNF-a, IFN-y,
and CXC chemokine receptor 4/CXCR4 play an important regulatory role in MTB infection,
acting as both stimulants for immune activation and mediators to inhibit inflammatory responses
(53).

A study conducted in China investigates the patterns of cytokines and chemokine combined with
IFN- y production reflecting MTB infection and disease. The results demonstrate that the
expression levels of these combinations not only differ between individuals with TB infection or
disease, but also exhibit clear temporal dynamics throughout the course of the disease. Moreover,
a combination of IFN-y with IL-2, IL-10, IL-6, IL-9 was identified to be significantly associated
with MTB infection or disease; this combination may provide diagnostic applications for TB

screening or management (54).

In conclusion, the exact role of antigen-specific cytokines in tuberculosis infection has yet to be
fully elucidated. However, there is increasing evidence that suggests the involvement of several
cytokines may play a key role in promoting an effective immune response to TB and possibly also
modulating the subsequent pathology. Although more research is necessary, some studies suggest
that modulating cytokine signaling could be a promising approach toward treating TB infections.
Additionally, further research should focus on elucidating how antigen-specific cytokines interact
with other components of the innate and adaptive immune system to influence the course of TB

infection.
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3. Objective of the study

3.1 General Objective
v" Comparison Of Cytokines And Chemokines In QFT Positive And Negative House Hold
Contacts Of TB Patients
3.2 Specific Objectives

v To measure the level of cytokine and chemokin production among: QFT Positive And QFT
Negative House Hold Contact Of TB Patients and Community controls.

v To identify antigen specific cytokines and Chemokin that can differentiate LTBI from HHC
QFT Negative

11



4. Methods and Materials

4.1 Study Setting

The study was conducted among 7 Health Centers (HC) found in Addis Ababa, Ethiopia. Those
were Jagema Kelo HC (NifaSilk Lafto sub city), Alem Bank HC (Kolfe- keranio sub city),
T/Haimanot HC (Lideta sub city), Kolfe HC (Kolfe- Keranio sub city), Addis Raey HC (Addis
Ketema sub city), Hana Mariam HC (Nifasilk Lafto sub city) and Meshualekia HC (Kirkos sub
city). Addis Ababa is a capital city of Ethiopia with a population of over 4 million people, located
at 9° 1' 48" north and 38° 44’ 24" east. The city spans an area of 540 square Km and has an annual
growth rate of 4.4%. It is divided into 10 sub-cities, which are in turn divided into 116 Woredas,
making up the smallest government administrative units. Health centers in Addis Ababa are
managed by Addis Ababa City Administration Health Bureau (AACAHB) and provide primary

health care services(55-57).

4.2 Study Design and Period

A comparative cross-sectional study was conducted from April 2022 to September 2023 to
compare Cytokines And Chemokines In QFT Positive And QFT Negative House Hold Contacts
Of TB Patients

4.3 Source of Population

The source population was all household contacts of TB patients visiting the selected health

facilities and all HIV negative individuals who seek for medical service at the ART department.

4.4 Study Population

The study population was household contacts (HHC) of TB patients who lived with newly
diagnosed TB patients for 1 month and above. Based on the results of an interferon-gamma release
assay (IGRA), they were categorized into two groups:QFT Positive (LTBI) and QFT Negative
HHC. Additionally, Community controls (CC) who had not been directly exposed to TB were
recruited from HIV-negative individuals at the ART clinics of the health centers. To ensure their

overall health, all participants underwent a physical examination and answered health-related
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questions administered by a data collector. HIV counseling and testing were provided to all
participants, and HIV-positive individuals were referred to the nearest ART clinic. The HCC group
underwent further testing using IGRA, and only those with negative results were included in the
group. At the baseline visit, all participants provided blood samples for various assays, and a
follow-up visit occurred after two months for retesting with IGRA to check if the “QFT Negative

group” continue to remain as IGRA negative.( Figure 1)

4.4.1 Inclusion criteria

The participants in this study were eligible if they were 15 years of age or older and tested negative
for HIV. Household contacts consist of those who live in the same house (under the same roof) as
newly diagnosed TB patients, without TB signs and symptoms. Community controls were
apparently healthy individuals with no chronic illnesses, no history of TB, and no known previous

exposure to TB, especially in terms of co-habitation with TB patients.

4.4.2 Exclusion Criteria

Participants who were ill at the recruitment time, those under the age of 15, individuals who had
active TB and displaying symptoms such as cough and fever during recruitment, pregnant women,
participants with chronic conditions or experiencing severe pain or discomfort, individuals taking
medication that modifies their immunity, such as Methotrexate, Chloroquine, and Chemotherapy,
those with Helminth infection, participants with severe anemia, individuals on any steroid
medication, and participants who do not provide consent were excluded. Additionally, participants

aged 15 to 18 and whose parents do not provide consent were also excluded from the study.

4.5 Sample Size

The study initially identified 624 household contacts (HHC) of 266 active pulmonary TB index
cases, among which 176 were eligible after excluding those who were pregnant, had traveled
extensively, or could not provide consent. Of the eligible HHC, 101 attended visit one and 59
attended visit two. Additionally, 138 and 126 individuals were enrolled at visits one and two
respectively among Community Controls (CC) with no known TB exposure. From these enrolled
participants, QuantiFERON-TB gold testing identified 16 QFT Negative of House Hold Contac
who were exposed but tested Negative, 21 LTBI with who tested QFT Positive, and 28 Community
Controls who tested negative. Each of these 65 individuals then had their QuantiFERON
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supernatant analyzed using the Cytokine Human 35-Plex Panel for the Luminex platform to
measure levels of 35 cytokines and relate cytokine and chemokine profiles to differential outcomes

of exposure.

4.6 Sampling Procedures

All eligible household contacts of TB patients and Community Controls were differentiated and
shortlisted to be included in the study. A Convenient sampling technique was used to include the

study participants.

4.6.1 Dependent variable

The dependent variable in this study is the analysis of mean antigen specific cytokine and

chemokine concentration.
4.6.2 Independent variable

The independent variables in this study include QFT Positive and QFT Negative of household
contacts of TB paitents, socio-demographic factors, physical examination results, and
hematological profiles. These variables serve as key components for the analysis and exploration

of the study's objectives.

4.6.3 Instrument

During sample collection and laboratory procedures, various instruments and aids were utilized,
such as a questionnaire, QFT Gold Plus test tube, QFT PLUS ELISA Kkit, cytokine Human
magnetic 35-plex panel for Luminex, disposable Vacutainer tube with needle, Luminex MAGPIX
instrument, ELISA reader, Hematology Analyzer, Hamo Que, and SPSS software version 26. All

laboratory materials and equipment were used from the AHRI.

4.7 Operational Definition

% Household contacts of TB (HHC): are individuals living with an active TB Paitents.

s Community Controls: are individuals with no known contact history with active TB

patients.
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s HHC QFT positive: House Hold contacts tested positive with Interferon-Gamma Release
Assay (IGRA) from two consecutive visits but has no TB sign and symptoms.
% HHC QFT negative: House Hold contacts tested negative with IGRA from two

consecutive visits despite exposure to an active case.

4.8 Data Collection Procedures

4.8.1 Data collection

The health centers were randomly selected and they are expected to have 1-2 TB patients flow per
week. The data collectors used standardized questionnaires, consent and assent forms, and
eligibility criteria to identify the study groups (household contacts and healthy community
controls) at the health centers. Socioeconomic and demographic data about the participants were
collected, along with the results of some physical exams. Additionally, a stool test was conducted
to check for intestinal helminths. If a parasitic infection was detected, participants were referred
to the outpatient department (OPD). Other tests included a chest X-ray, a pregnancy test for
women, a hemoglobin test to check for severe anemia, and an HIV test. Within two hours of
collection, the blood samples were transported to the AHRI laboratory. IGRA tests were conducted
for household contacts and community controls, and household contacts were grouped into two
categories (HHC QFT positive, HHC QFT negative) based on their IGRA results. (Figure 2)

4.8.2 Sample collection and laboratory procedure

IRTBHHC (Immune response in house hold contacts of Tuberculosis patients) project used the
aseptic technique to collect 40 ml of whole blood from each study participant. From this 40 ml, 4
ml of whole blood was used for QuantiFERON-TB Gold (QFT) testing to differentiate the three
groups: HHC QFT positive, HHC QFT negative, and CC QFT negative. QuantiFERON TB Gold
plus (QFT-plus) blood collection tube (QFT-Plus Lot-059069551, GmbH, Germany) was used and
the ELISA was done using QuantiFERON TB Gold plus (QFT-plus Lot-56904764, GmbH,
Germany). Subsequently, human cytokines were quantified using QFT supernatants by the
Cytokine Human 35-Plex Panel.( Figure 3)
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4.8.3 Laboratory testing
QuantiFERON TB gold assay

The QFT-Gold (QuantiFERON-TB Gold) assay or IGRA is a blood test that helps in the diagnosis
of tuberculosis infection when used together with clinical signs and symptoms. It measures the
response of T-cells to specific TB antigens to detect tuberculosis infection. The test uses a peptide
cocktail simulating ESAT-6 and CFP-10 proteins, which are unique to MTB, and not found in the
BCG vaccine or most non-tuberculosis mycobacteria. As a result, the QFT-Gold assay is more
specific than the traditional tuberculin skin test. QFT-Plus has two distinct TB antigen tubes: TB
Antigen Tube 1 (TB1) and TB Antigen Tube 2 (TB2). Both tubes contain peptide antigens from
the MTB-complex-associated antigens, ESAT-6 and CFP-10. Both the TB1 tube and TB2 tubes
contain peptides from ESAT-6 and CFP-10 that are designed to elicit CMI responses from CD4+
T-helper lymphocytes; the TB2 tube contains an additional set of peptides targeted to the induction
of CMI responses from CD8+ cytotoxic T lymphocytes. The test involves collecting 1ml of whole
blood into specialized blood collection tubes containing negative and positive controls. After
incubation and plasma removal, the concentration of IFN-y (IU/ml) is measured, with a positive
result indicated by an IFN-y response in the TB Antigen tube exceeding any background from the
Nil IFN-y IU/ml value. The test can provide quicker results within 24 hours compared to other
diagnostic methods, without the risk of false-positive results or side effects from live bacteria
injections. However, the QFT-Gold assay does not diagnose TB on its own, but aids in diagnosis
along with consideration of clinical signs and symptoms(58).

Antigen specifc cytokine analyses by Luminex

The Cytokine Human 35-Plex Panel for the Luminex™ (Invitrogen Lot 310337-004, Austria) was
used to quantify human cytokines, chemokines and growth factors in QFT supernatant. By
measuring 35 analytes simultaneously, the Luminex assay panel helps provide more data from
each sample. The Human Cytokine Magnetic 35-Plex Panel having reagents which include
sensitive quantitation of human proteins including: EGF(Epidermal Growth Factor), Eotaxin,
FGF-basic (basic fibroblast growth factor), G-CSF (granulocyte colony stimulating factor), GM-
CSF (Granulocyte-macrophage colony stimulating factor), HGF (Hepatocyte Growth Factor),
IFN-alpha(interferon alpha), IFN-y (interferon gamma), IL-1B (Interleukin-1 beta), IL-lo
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(Interleukin-1 alpha), IL-1RA (interleukin 1 receptor antagonist), IL-2 (interleukin 2), IL-2R
(interleukin 2 receptor), IL-3 (interleukin 3), IL-4 (interleukin 4), IL-5 (interleukin 5), IL-6
(interleukin 6), IL-7 (interleukin 7), IL-8 (interleukin 8), IL-9 (interleukin 9), IL-10 (Interleukin-
10), IL-12 (interleukin 12), 1L-13 (interleukin 13), IL-15 (interleukin 15), IL-17A (interleukin
17A), IL-17F (interleukin 17F), IL-22 (interleukin 22), IP-10 (interferon gamma induced protein
10), MCP-1 (monocyte chemoattractant protein-1), MIG (monokine induced by interferon
gamma), MIP-1 o (macrophage inflammatory protein-1 alpha), MIP-18 (macrophage
inflammatory protein-1 beta), RANTES (Regulated on Activation, Normal T Cell Expressed and
Secreted), TNF-a (Tumor Necrosis Factor-alpha), VEGF (vascular endothelial growth factor).
Antigen specific cytokine analyses by MAP Luminex involves collecting the sample, adding a
cocktail of anti-cytokines antibodies, incubating the mixture for a period of time at an optimal
temperature, binding the antigen to the beads conjugated with respective capture antibody,
washing away unbound components, and finally analyzing the sample using a Luminex instrument

to detect relative concentrations of various cytokines bound to its respective antibody (59).
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Paitents Recuriment Stratgy in 7 Health Centers

HHC from TB HCC from ART
Department (HHC of Department (HIV
TB index) negative)
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‘ Screening
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‘ Questionnaire/ Consent and Assent form
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Blood Drawing and Transport
Samples to AHRI /ALERT
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ALERT AHRI

CBC
Test; HHC (QFT +ve, QFT -ve ) and CC groups ( QFT -ve)

Luminex
Assay

Figure 1. A flow chart that shows the participant recruitment, and the sample collection and

processing steps
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4.9. Quality Assurance

All the questions in the structured questionnaire were prepared in a valid and specific way. Data
collectors were oriented, and the entire questionnaire was assessed for completeness during and
after data collection by the data collectors. A pretest assessment was conducted to check for any
unexpected limitations. Additionally, all laboratory assays were performed by maintaining quality
control procedures. Standard operating procedures (SOPs) were strictly followed, confirming that
reagents met expiration dates and quality control parameters. Assay results were cross-checked for

completeness and validity before further analysis.

4.10. Statistical Analysis

All statistical analyses were performed using and GraphPad Prism 9 and Statistical Package for
Social Sciences (SPSS) statistics. The background-corrected mycobacteria-specific antigen-
stimulated cytokine level (TB1 and TB2 Ags - Nil) was used in statistical analyses. The Kruskal-
Wallis test (the ANOVA one-way non-parametric multiple comparison test coupled to the Dunn’s
multiple comparison test was used to detect differences between the study groups. A p-value <0.05
with a 95% confidence interval was considered statistically significant. Statistical analysis with a
Kruskal-Wallis test was used to determine differences in cytokine concentrations between test
groups, and P-values were corrected for multiple comparisons with GraphPad Prism version 9 at

an alpha level of p<0.05.

4.11. Ethical consideration

Ethical approvals were received from the research and ethical review committee of the
ALERT/AHRI and SPHMM prior to the study's execution. A formal letter was sent to all the
relevant bodies in the study area to seek their assistance in supporting the study. Before collecting
data, the data collectors were instructed on the objective, benefits, confidentiality, and risks of the
study. During the interview, each participant was also informed of the study's objective and the
confidentiality concerns and was asked for consent. For participants who were under the age of
18, parental or guardian consent was requested, and participant assent was also obtained. The use
of study codes and restricted access to the data to project participants and relevant ethical and

regulatory bodies ensured the privacy and confidentiality of participants’ data.
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5. Results
5.1 General information of study participants

5.1.1 Socio-demographic characteristics of participants

The study included a total of 65 participants from three groups; 28 Community controls (CCs), 21
contacts with latent TB infection (LTBI), and 16 HHC QFT negative. Of all participants, the
majority were female including 82% (n=23) of CCs, 76% (n=16) of LTBIs, and 69% (n=11) HHC
QFT negative. Regarding age distribution, the majority of participants across the three groups were
in the 26-35 years category, with 29% of CCs, 43% of LTBIs, and 38% of HHC QFT negative in
this age range. (Table 1)

20



Tablel. Socio-Demographic and behavioural Characteristics House Hold Contacts of

Tuberculosis Patients mong Selected Health Facilities of Addis Ababa Ethiopia

Study participant CcC LTBI HHC QFT
negative
Age category n(%o)
15-25 9(32) 8(38) 7(44)
26-35 8(29) 9(43) 6(38)
36-45 11(39) 2(9.5) 3(19)
>45 0(0) 2(9.5) 0(0)
Gender n (%)
Male 5(18) 5(24) 5(31)
Female 23(82) 16(76) 11(69)
Marital Status n (%)
Single 13(46) 11(52) 7(44)
Married 14(50) 9(43) 8(50)
Divorced 1(3.6) 1(4.8) 1(6.3)
Educational Status, n (%)
No formal education 0(0) 1(4.8) 0(0)
Grade 1-8 4(14) 8(38) 3(19)
High school 12(43) 1(4.8) 2(13)
Diploma 8(29) 2(9.5) 4(25)
Degree and above 4(14) 2(9.5) 4(25)
Occupation, n (%)
Civil Servant 22(79) 1(4.8) 3(19)
House wife 1(3.6) 3(14) 3(19)
Private Business 3(11) 10(48) 6(38)
Unemployed 2(7.1) 7(33) 4(25)

Monthly Income, n (%)
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Below 1500 1(3.6) 4(19) 3(19)
1500-3000 18(64) 2(9.5) 1(6.3)
3001-5000 4(14) 4(19) 7(44)
Above 5000 1(3.6) 2(9.5) 3(19)
Can’t estimate 4(14) 9(43) 2(13)
Physical Exercise frequency

Never 13(46) 19(90) 12(75)
Once in month or less 3(11) 1(4.8) 1(6.3)
2-4 times a month 5(18) 0(0) 0(0)

2 -30r more a week 6(21) 1(4.8) 3(19)
4 or more a weak 1(3.6) 0(0) 0(0)
Alcohol consumption n (%)

Never 11(39) 21(100) 11(69)
Once in month or less 13(46) 0(0) 2(13)
2 -4 times a month 2(7.1) 0(0) 1(6.3)
2 -30r more a week 2(7.1) 0(0) 1(6.3)
4 or more a weak 0(0) 0(0) 1(6.3)
Chew chat, n (%)

Never 28(100) 16(76) 15(94)
1 -2 days per weak 0(0) 5(24) 0(0)

5 -6 days per weak 0(0) 0(0) 1(6.3)
Relation with TB index , n(%)

Family member 11(68.75) | 19(90.48)

Relative 5(31.25) 2(9.52)

Close Friend 0(0) 0(0)

Over Past 3 month ,how often did you come

in contact with the index case

, N(%)

1-3 day per week 0(0) 2(9.52)

4-6 days per week 1(6.25) 0(0)
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7 days per week 15(93.75) | 19(90.48)
On the days you had contact with the index

case, how much time did you spend with

the index case? , n(%o)

2-6 hrs a day 7(43.75) 5(23.81)
7-12 hrs a day 7(43.75) 12(57.14)
13-18 hrs a day 1(6.25) 2(9.52)
Over 18 hrs a day 1(6.25) 2(9.52)
Number of rooms , n(%o)

1 room 10(52.5) | 7(33.35)
2 rooms 2(112.5) 6(28.57)
3 rooms 1(6.25) 6(28.57)
4 rooms 3(18.75) 2(9.52)
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5.1.2 Hematological and Clinical investigation of participants

The median vital signs were generally similar between groups, with HHC QFT negative

having slightly lower median systolic and diastolic blood pressures (110 and 74 mmHg)
compared to CCs (120 and 80 mmHg) and LTBIs (115 and 80 mmHg). In terms of BCG

vaccination scar, 46% of CCs, 33% of LTBIs, and 56% of QFT Negative of HHC had a

visible scar present. For complete blood count measurements, QFT Negative of HHC had

lower median hemoglobin (13.65 g/dL), hematocrit (42.8%), and red blood cell count

(4.66 million/mcL) compared to CCs (14.8 g/dL, 42.9%, 4.79 million/mcL) and LTBIs
(14.9 g/dL, 44.8%, 4.99 million/mcL). (Table 2)

Table 2. Hematological and Clinical characteristics of House Hold Contacts of Tuberculosis

Patients among Selected Health Facilities of Addis Ababa, Ethiopia

VARIABLE

CC

LTBI

HHC QFT negative

Temperature, median

(IQR)

35.90(35.48-36.13)

35.80(35.60-36.30)

35.70(35.20-36.25)

(IQR)

Pulse, median (IQR) 76(72-80) 72(68-75) 73(70-78)
Systolic BP, Median (IQR) | 120(110-125) 115(110-120) 110(110-120)
Diastolic BP Median 80(70-83) 80(70-80) 74(70-80)

BMI, Median (IQR)

24.1(21.7-26.9)

21.2(18.4-24.2)

21.1(20.1-23.5)

COVID treatment n (%)

Yes 7(25) 3(14) 3(19)
No 21(75) 18(86) 13(81)
COVID Vaccine n (%)

Yes 23(82) 8(38) 3(19)
No 5(18) 13(62) 13(81)
BCG Scar n (%)

Present 13(46) 7(33) 9(56)
Absent 15(54) 13(62) 7(44)
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QFT Test n(%)

QFT Negatve

28(43.07)

0(0)

16(24.6)

QFT POSITIVE

0(0)

21(32.3)

0(0)

Hemoglobin, Median

(IQR)

14.80(14.08-15.53)

14.90(13.50-16.20)

13.65(13.23-15.03)

HCT, Median (IQR)

42.9(40.8-45.5)

44.8(41.9-48.8)

42.8(42.5-43.7)

RBC Count, Median (IQR)

4.79(4.55-5.12)

4.99(4.69-5.42)

4.66(4.52-4.99)

WBC Count, Median
(IQR)

5.65(4.58-6.58)

5.80(4.00-7.30)

5.60(4.08-6.43)

Lymphocyte, Median 34(26-39) 35(24-39) 30(26-34)
(IQR)

Neutrophil, Median (IQR) | 54(48-45.5) 57(44-69) 61(56-63)
Eosinophil, Median (IQR) | 2.7(1.6-4.9) 2.5(0.9-3.7) 2.6(2.0-3.5)

Basophil, Median (IQR)

0.65(0.40-0.93)

0.50(0.30-0.70)

0.45(0.20-0.75)

Monocyte, Median (IQR)

6.70(5.38-8.00)

6.50(5.20-7.30)

5.90(4.95-7.08)

MCV, Median (IQR)

89.0(86.1-91.8)

89.1(87.8-91.8)

92.5(87.7-94.4)

MCH, Median (IQR)

30.45(28.95-31.10)

29.80(29.30-3.60)

3.65(3.28-31.45)

MCHC, Median (IQR)

33.80(33.28-34.30)

33.50(33.30-34.10)

33.75(33.05-14.05)

RDW, Median (IQR)

13.85(13.08-14.23)

13.70(13.20-13.90)

13.65(13.05-14.03)

RDWSD, Median (IQR)

43.1(41.6-44.6)

42.4(41.6-44.6)

43.8(42.2-46.0)

Platelet, Median (IQR)

256(186-321)

242(223-285)

271(247-302)
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5.3 Cytokine production of the participants
5.3.1 The level of proinflammatory molecules was higher in LTBI group

We measured 35 different cytokines in the three groups HHC QFT negative, LTBI, and CC. The
proinflammatory cytokines; IFN-y, IFN-a, IL-1RA, IL-2, IL-12, IL-17A, and IL-17F were
significantly higher (p<0.05) in the LTBI group compared to the HHC QFT negative and CC
groups based on Kruskal-Wallis testing. The LTBI group showed increased production of IFN-y
(p<0.0001), IFN-o (p=0.0074), IL-1RA (p<0.0001), IL-2 (p<0.0001), IL-12 (p=0.0464), IL-17A
(p=0.0002) and IL-17F (p=0.0015) in response to MTB antigens compared to the other study
groups, However, IL-1 alpha, IL-1pB, IL-6 and TNF-a. were not significantly different (p>0.05)
among the three study groups.(Figure 2)
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Figure 2. Concentration of the proinflammatory cytokines among study groups; IFN-y, IFN-a
ILIRA, IL2, IL12, IL17A, IL17F, IL-1a, IL-6, TNF-o and IL-1B in the supernatant obtained
from the QFT® assays of M. tuberculosis.

5.3.2 Higher chemokine level was observed among LTBI group

There was no statistically significant difference in IL-8, Rantes, MIP-1a, and Eotaxin among the
groups however concentration of chemokines MCP-1, MIP-1, IP-10, and MIG were significantly
higher (p<0.05) in the LTBI group compared to HHC QFT negative and CC based on Kruskal -
Wallis testing. Levels of MCP-1 (p<0.0001), MIP-1B (p<0.0001), IP-10 (p<0.0001), MIG
(p<0.0001) were significantly higher in the LTBI group compared to the HHC QFT negative and
CC. The LTBI group also showed a higher antigen-induced production of MCP-1, MIP-1p, IP-10,
and MIG. (Figure 3)
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Figure 3. Concentration of the chemokine’s family among study groups; MCP1, MIP-1p, IP-

10, MIG, IL-8, Rantes, MIP-1a. and Eotaxin in the supernatant obtained from the QFT®
assays.

5.3.3 The level of growth factors molecules was higher in LTBI group

The growth factors FGF basic, GCSF, and GMCSF were significantly elevated (p<0.05) in the
LTBI group compared to the HHC QFT negative and CC groups based on Kruskal-Wallis analysis.
FGF basic was increased in LTBI with p=0.0175. GCSF was higher in LTBI with p=0.0009.
GMCSF was elevated in LTBI with p<0.0001. The angiogenic growth factor VEGF was
significantly elevated (p=0.0104) in the LTBI group compared to the HHC QFT negative. There
were no significantly difference (p>0.05) in IL-3, IL-5,HGF and EGF. (Figure 4)
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Figure 4. Concentration of the growth factors among study groups; FGF basic, GCSF, GMCSF,
VEGF, IL-3, IL-5, EGF, HGF in the supernatant obtained from the QFT® assays.

5.3.4 The level of immunoregulatory molecules was higher in LTBI group

There was no significant difference in IL-7 between any groups. The concentration level of
immunoregulatory cytokines IL-2R, 1L-9, IL-13, IL-15 were significantly increased (p<0.05) in
the LTBI group compared to the HHC QFT negative and CC. IL-2R levels were elevated in the
LTBI with p=0.0002 and IL-15 (p=0.0248). IL-9 and IL-13 levels were higher in the LTBI group
with p=0.0361 and p=0.0172 respectively. The LTBI group had increased production of IL-2R,
IL-9, IL-13 and IL-15 in response to TB antigens compared to the other study groups (Figure 5).
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Figure 5. Concentration of the Immunoregulators cytokines among study groups; IL2R, IL-9,
IL-13, IL-15 and IL-7 in the supernatant obtained from the QFT® assays.

5.3.5 The level of anti-inflammatory molecules was higher in QFT Negative of HHC group

The anti-inflammatory cytokine IL-22 was significantly increased (p=0.0008) in HHC QFT
negative compared to the LTBI and Community Control groups based on Kruskal-Wallis testing.
IL-22 levels were elevated in the HHC QFT negative with p=0.0008. The HHC QFT negative
group had elevated IL-22 production in response to TB antigens compared to the other study
groups. The heightened IL-22, which can limit inflammation. However, IL-4, IL-10 have no
significance difference between the study groups. (Figure 6)
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Figure 6. Concentration of the Anti-inflammatory cytokines among study groups; 1L22, IL-4
and IL-10 in the supernatant obtained from the QFT® assays between the study groups.
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6. Discussion

We found significant differences in cytokine levels between the three groups, suggesting distinct

immunological phenotypes that may influence TB susceptibility and disease outcomes.

The significantly higher levels of the proinflammatory cytokines found in LTBI patients, closely
matched previous observations across multiple studies showing increased antigen-specific
proinflammatory cytokine production in whole blood or PBMCs of latently infected TB contacts
relative to HHC QFT negative. Therefore, coordinated elevation of these cytokines indicates
functional Th1 responses are actively containing infection in latent TB(60-64). In contrast, the
QFT Negative of HHC group showed significantly lower levels for the same spectrum of cytokines
compared to both latently infected contacts and Community controls. This implies HHC QFT
negative have a muted inflammatory response, despite equivalent intensive exposure histories to
index tuberculosis cases within household contacts. Previous studies similarly found HHC QFT
negative exhibited reduced IFN-y responses to MTB antigens compared to person with latent
infection (63-67).

The elevated 1L-17 levels in latently infected individuals could indicate strategic activation of
Th17 responses alongside Thl immunity to aid infection control. Early production of IL-17A/F
helps recruit neutrophils to infected lung sites to form granulomas and contain initial infection
(68).

The elevated levels of the chemokines IP-10, MIG, MCP-1, and MIP-1p in LTBI, reflects ongoing
recruitment of immune cells to contain infection. The finding was similar to study done by Yang
Y. et al., who showed higher levels of IP-10 in LTBI patients. The substantially elevated
circulating levels of this chemokines in LTBI likely reflects persistent infiltration of immune cells
into lung granulomas to help contain bacterial growth through sustained formation and remodeling

of these organized immunological structures (54,69,70).

Our results showed LTBI individuals had markedly higher concentrations of the hematopoietic
growth factors FGF basic, GCSF, and GMCSF as compared to HHC QFT negative.This finding is
in line with a study done among health care workers highly exposed to TB, that showed elevated
FGF, GCSF, GMCSF in LTBI. The elevated levels likely reflect ongoing hematopoiesis to
replenish effector cells at sites of contained infection, maintaining latent immunity through
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sustained immune cell turnover. HHC QFT negative conversely showed reduced growth factor
levels, reflecting a lack of bone marrow-derived leukocyte expansion and mobilization after initial
TB exposure. Without replenishing these cells, HHC QFT negative may fail to establish infection
containment through cellular immunity. We observed significantly higher levels of vascular
endothelial growth factor (VEGF) in HHC QFT negative compared to latently infected patients.
This finding is consistent with the well-established role of VEGF as the major mediator of
angiogenesis and permeability. The higher VEGF levels detected in HHC QFT negative could
indicate increased angiogenesis and vascular permeability. (64,71-73).

LTBI individuals exhibited markedly higher levels of the immunoregulatory cytokines IL-1RA,
IL-9, IL-13, and IL-15 compared to QFT Negative of HHC .This was in line with a study done in
India that showed higher levels of IL-9, IL-13, IL-15(74). IL-1RA inhibits the pro-inflammatory
actions of IL-1, while IL-9 can suppress IFN-y production under some conditions(69,70).
Meanwhile, IL-13 and IL-15 have varied context-dependent immunomodulatory effects on
macrophages, granulocytes, and lymphocyte subsets (75,76). These findings suggest LTBI exhibit
coordinated counter-regulation of inflammation alongside Thl activation, which may help prevent

excessive tissue damage from prolonged infection (77).

Our analysis revealed increased levels of the anti-inflammatory cytokine IL-22 in HHC QFT
negative compared to latently infected contacts. Different studies have also shown higher levels of
IL-22 in QFT Negative of HHC. The selectively elevated I1L-22 production in HHC QFT negative
may indicate retained potential for deploying such frontline mucosal defenses against initial
infection events, averting bacterial dissemination beyond lung niches. In contrast, latently infected
contacts showed lower IL-22 levels, potentially signifying loss of mucosal control enabling
infection persistence (74,78-81). The key Thl-polarizing cytokine IL-12 is expressed at higher
levels in latently infected individuals compared to HHC QFT negative. Reduced IL-12 in HHC

QFT negative may impede the development of protective Thl responses after exposure(81-84).

These differences may also reflect distinct cellular sources.IL-22 is derived from numerous cell
types including Th 22, y & T cells, innate lymphoid cells and mucosa-associated invariant T
(MAIT) cells (80,81,85,86). MAIT cells can mediate early protective surveillance at epithelial
barriers by detecting microbial metabolites via MR1 restriction the higher IL-22 in HHC QFT

37



negative could potentially indicate maintained innate-like defenses from MAIT cells that resist

infection establishment but become counter-regulated in infected contacts.(80,87).

Further clarification is still needed to fully understand the influence of IL-22 on ultimate TB
outcomes based on co-ordination with additional mediators and pathways. Overall, differential
cytokine profiles likely capture heterogeneous immune activation dynamics determining
protection vs pathogenesis following TB exposure. Understanding these complex networks that
influence the development of medical conditions can help predict and monitor outcomes and guide

treatments.
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7. Conclusion

This study found significant differences in levels of inflammatory cytokines, chemokines, growth
factors, immunoregulators, and angiogenic factors between individuals with LTBI, HHC QFT
negative, and Community Controls in response to MTB antigens. Specifically, those with latent
TB had increased production of IFN-gamma, IFN-a, IL-1RA, IL-2, IL-12, IL-17A, IL-17F, IL-15,
MCP-1, MIP-1B, IP-10, MIG, FGF basic, GCSF, GMCSF, IL-2R, IL-9, IL-13, IL and VEGF
compared to TB “HHC QFT Negative”and controls.

These results suggest latent TB induces a distinct immunological signature characterized by
heightened proinflammatory cytokines, chemokines, growth factors, and angiogenic mediators.
The antigen-stimulated cytokine profile shows that LTBI is associated with upregulation of
inflammatory pathways involved in cell-mediated immunity, leukocyte recruitment, cell growth

and proliferation, immunoregulation, and angiogenesis.

Individuals with latent infection had much higher levels of Thl cytokines like IFN-y and
chemokines like IP-10 compared to uninfected HHC QFT negative, even though both groups have
TB exposure. This suggests ongoing cell-mediated immunity that controls dormant infection. In
contrast, HHC QFT negative exhibited a muted cytokine response despite high infectious risk,
indicating an inability to mount adequate adaptive defenses against TB challenge. But the resulting
limited inflammation likely prevents progression to full-blown disease as well. Selectively lower
IL-22 in LTBI may represent controlled neutrophil activity while strategic Thl activation

maintains asymptomatic persistence.

In summary, the cytokine patterns observed useful in differentiating individuals with latent TB
infection from HHC QFT negative despite similar exposure histories. The findings provide insight

into the immune response during latent MTB infection.
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8. Limitations

The inability of the assay to evaluate the immune cell types involved in the measured cytokine

production

9. Recommendations

The distinct cytokine profiles associated with latent TB infection and HHC QFT Negative group
phenotypes in this study provide insight into immune mechanisms influencing differential
susceptibility to TB outcomes. Screening high-risk contacts and evaluating cytokine biomarkers
could aid early diagnosis and preventative management of those most vulnerable to progression.
Modulating key inflammatory pathways may represent a host-directed approach to contain
subclinical infection. The cytokine differences also suggest coordinated Thl cell and innate
immunity activation could improve TB vaccines. Further research should delineate immune cell
phenotypes and antimicrobial functions across infection stages to identify correlates of protection.
Integrated systems biology approaches are needed to unravel heterogeneity in TB susceptibility
from demographics, genetics, comorbidities, and pathogen strains. Overall, this work helps
elucidate determinants of latent infection persistence versus resistance to infection after exposure

to TB for translating into preventative, diagnostic and therapeutic applications.
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Annexes

Annex 1 - Participants Information Sheet and consent form (English version)
Part I: Information Sheet
Introduction:

The study team is currently working for Armauer Hansen Research Institute (AHRI), one of the
agencies under the Ethiopian Ministry of Health, on research on the disease Tuberculosis. The title
of our research project is " Comparison Of Cytokines And Chemokines In QFT Positive And QFT
Negative House Hold Contacts Of TB Patients ". The Investigator is Ziyada Rahemato. | am going
to give you information and invite you to be part of this research. You do not have to decide
immediately whether or not you will participate in the research. You can take time to reflect and
to talk to anyone you feel comfortable with about the research. If you don’t understand any part of
what | am explaining to you, feel free to stop me at any time and ask questions. If you have
questions later, you can ask me, the primary investigator of the study, or the ethics committee that
has reviewed the protocol; their contact information is written at the end of this informed consent

document.
Purpose of the research

Tuberculosis is an infectious disease affecting millions of people worldwide. Ethiopia is among
one of the highly affected countries. It is transmitted from person-to-person during coughing.
Therefore, people who live with TB patients are at greater risk of acquiring the infection and
disease. However, not all contacts develop disease; some remain without any signs of infection
while living with a TB patient. It is important to do research to understand the disease in order to
be able to develop better diagnostic tools, treatment, and vaccines. The reason we are doing this
research is understand the disease and identify factors that contribute to protection in our
population.

Type of Research InterventionTo understand the disease, we will conduct a clinical research that
involves investigation of components of the immune system of contacts of TB patients and

unexposed members of the community.
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Participant selection

You are asked to participate in this study because you are a healthy member of this community
with no history of living with a TB patient OR you are currently living with a recently diagnosed
TB patient.

Voluntary Participation

Your participation in this research is entirely voluntary. It is your choice whether to participate or
not. You may change your mind later and stop participating even if you agree to participate now.
Procedures and Protocol

If you agree to participate in this study, 4 ml (2 teaspoons) of blood will be collected from your
arm at visit 1 (now) and 4ml (2 teaspoon) at visit 2 (in two months). Since blood haemoglobin
level is an indicator of anaemia, a haemoglobin test will be done. If you have anaemia, no blood
will be collected. You will also be asked to give a stool sample at each visit to test for the presence
of intestinal parasites. Chest X-ray will be taken one time to examine for the presence of signs of
TB infection. A pregnancy test will be done for women on urine sample at both visits. We will
also test your blood for HIV at both visits. The results of the HIV test will be communicated to
you by the health care professional and if the result is positive, you will be linked to the nearest
ART clinic.

The blood will be collected by a health care professional ensuring sterile condition. The blood will
be used for this research project to understand the role of immune cells and selected modifications
in some of the immune cells. All study participants will be asked questions relevant to their health
and the research at both visits and the information will be recorded on questionnaires designed for
the study. This will take about 20 minutes. At the end of this research, leftover specimen will be
stored at AHRI for future research. For this, we will ask you for an additional separate consent.

Risks

By participating in this research, you will experience minor pain and discomfort from needle prick

during blood collection. The nurse will take the necessary precautions to minimize this risk.
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Benefits

There may not be any direct benefit for you to participate in this study. However, you will be
checked by a health care worker for any signs of TB. As well, one of the tests that will be performed
in this project will identify TB infection you may have acquired now or in the past. This test is
helpful to diagnosing TB disease together with clinical signs and symptoms. Therefore, you may
benefit from this checkup. The findings of this study will also be beneficial to the community

because it will support the development of new and more effective vaccines for TB.
Reimbursements

You will not be paid to participate in this study. However, you will be compensated with 300 ETB
at each visit to compensate for your lost time and to cover the cost of transportation to the Health
Centre. You will also be given additional 300 ETB for extra days you are requested to come to the
Health Centre to drop off Chext X-ray results.

Confidentiality

The information that we collect from this research project will be kept confidential. Personal
identifier information will be put away and no-one but the researchers will be able to see it. We
will use study code/number rather than your name and only the researchers will know what your
number is. This document will also be protected with password and lock-and-key where access is
given only to researchers. Access will not be shared with or given to anyone except ethics and
regulatory authorities as needed.

Sharing the Results, the knowledge that we get from doing this research will be shared broadly to
the local and international community through publications and conferences. Confidential

information will not be shared.
Right to Refuse or Withdraw

You do not have to take part in this research if you do not wish to do so. You may also stop
participating in the research at any time you choose. Refusing to participate or choosing to

withdraw from this study will not affect any treatment you may have at this health center now or
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in the future. You will still have all the benefits that you would otherwise have at this Health

Center.
Who to Contact

This proposal has been reviewed and approved by AHRI-ALERT Ethics Review Committee,
which is a committee whose task it is to make sure that research participants are protected from
harm. If you have any questions you may ask the principal investigator of this study or the AHRI-
ALERT Ethics Review Committee at any time, even after the study has started. You can contact

them using the following information:

Principal Investigator =Dr..Martha Zewedie (this project was done under the IRTBHHC study lead
by Dr Martha Zewdie Gebeyehu.) =email; martha.zewdie@ahri.gov.et

AHRI-ALERT Ethics Review Committee (AAERC); Tel- 011 348 12 89
email -ahri.alerterc@ahri.gov.et

You can ask me any more questions about any part of the research study, if you wish to. Do

you have any questions?
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PART I1I: Consent Form

| have read the above-mentioned information, or it has been read to me. I have had the opportunity
to ask questions about it and the questions that | have asked have been answered to my satisfaction.
| have been told that | will be asked questions related to my health and general status and that
blood will be collected from my arm at two visits; 4 ml (2 teaspoons) now and 4ml (2 teaspoons)
at two months. I will also be tested for HIV at both visits. | will also give stool sample at each
visit, and | understand a chest x-ray will be taken. | consent voluntarily to participate as a study

participant in this research.

Name of Participant Signature of Participant
Date (Day/month/year)
If illiterate

| have witnessed the accurate reading of the consent form to the potential participant, and the
individual has had the opportunity to ask questions. I confirm that the individual has given consent

freely.

Print name of witness AND  Thumb print of participant

Signature of witness

Date Day/month/year

Name of Study Nurse: Signature: Date

(Day/month/year)
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PART I11: Consent for Storage and Future Use of Your Samples

After this study is completed, there may be some leftover specimen. We would like to ask your
permission to store your leftover specimens for useful studies proposed in the future. We are asking
you his because the consent you gave us allows us to use your specimen only for this study. If you
do not want your leftover samples to be used in future research, you may refuse storage for future

use but still be in this study.

At present, it is possible to trace back the person to whom the specimen belongs to. For storage
and future usage, you may choose to keep it this way or you may choose to remove all personal
identifiers and link to the individual. If the specimen is unidentified, it may not be possible to trace
back to you, and you will not receive the results of any tests conducted in the future that are not
part of this research study. If your identity remains linked, it will be possible to inform you any

results that have clinical relevance to your health.

Your leftover specimen will not be sold or shared to anyone for profit. However, in some research,
using human specimen may help researchers to make medical tests or treatments or vaccines that
may eventually generate money. In such instances, you will not receive any money, but you and
other members of the community who have similar illnesses may benefit from using them.
Research studies using your leftover specimens will be reviewed by the Ethiopian ethics
committees before conducted.

There may not be benefit to you from agreeing to let your leftover specimen be used in future
research. There are no risks to you also if you agree to store your leftover specimens for future
research studies. Confidentiality of your information will be maintained by using study codes

rather than your name or other personal identifiers in data storage and communication.

If you decide that you do not want your leftover specimens stored and used for future studies, we
will destroy your samples at the end of the current study. If you choose now that your leftover
specimens can be stored for future studies, the leftover specimens will be kept at AHRI laboratory
for at least 10 years and only certain institutionally approved people will be able to access the

samples or your linked biological data.
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PLEASE INDICATE YOUR CHOICE BY INITIALING OR MARKING ONE

OF THE FOLLOWING OPTIONS:

1. 1 choose to let my leftover coded specimens be used for ANY type of future research studies.

Yes. No
2. L 'will let the researchers contact me in the future if they need more information about me for
a future research study. Yes No
Name (participant) Signature Date
Name (Witness) Signature Date
Name of study nurse Signature Date

You can ask me any more questions about any part of the research study, if you wish to. Do

you have any questions?
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Part IV Information sheet and assent form for Minors (Age 15 to 17 years) in
English

PART I: Information Sheet
Introduction

The study team is currently working for Armauer Hansen Research Institute (AHRI), one of the
agencies under the Ethiopian Ministry of Health, on research on the disease Tuberculosis. The title
of our research project is " Comparison Of Cytokines And Chemokines In QFT Positive And QFT
Negative House Hold Contacts Of TB Patients . The investigator is Ziyada Rahimeto. | am going
to give you information and invite you to be part of this research. You do not have to decide
immediately whether or not you will participate in the research. You can take time to reflect and
to talk to anyone you feel comfortable with about the research. If you don’t understand any part of
what | am explaining to you, feel free to stop me at any time and ask questions. If you have
questions later, you can ask me, the primary investigator of the study, or the ethics committee that
has reviewed the protocol; their contact information is written at the end of this informed consent
document.

Purpose of the research

Tuberculosis is an infectious disease affecting millions of people worldwide. The disease also
affects many people in Ethiopia. It is transmitted from person-to-person during coughing.
Therefore, people who live with TB patients are at greater risk of becoming sick. However, not all
people who contact patients become sick; some remain without any signs of disease. It is important
to do research to understand the disease in order to be able to develop ways to control the disease;
for example, to develop better treatment and vaccines. The reason we are doing this research is to

understand the disease and identify factors that contribute to protection in our population.
Type of Research

To understand the disease, we will conduct a clinical research that involves investigation of cells
in our blood that are components of the immune system. The study participants will include healthy

people who live with a TB patient and people who have never lived with a TB patient.
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Participant selection

You are asked to participate in this study because you are a healthy member of this community
with no history of living with a TB patient OR you are currently living with a recently diagnosed
TB patient.

Voluntary Participation

Your participation in this research is entirely voluntary. It is your choice whether to participate or

not. You may change your mind later and stop participating even if you agree to participate now.
Procedures and Protocol

If you agree to participate in this study, 4 ml (2 teaspoons) of blood will be collected from your
arm now, and 4ml (2 teaspoons) at two months. Since blood haemoglobin level is an indicator of
anaemia, a haemoglobin test will be done. If you have anaemia, no blood will be collected. You
will also be asked to give a stool sample at each visit to test for the presence of intestinal parasites.
Chest X-ray will be taken once to examine for the presence of signs of TB infection. Pregnancy
test will be done for women on urine sample at both visits. We will also test your blood for HIV
at both visits. The results of the HIV test will be communicated to you by the health care

professional and if the result is positive, you will be linked to the nearest ART clinic.

The blood will be collected by a health care professional in a clean and safe manner. The blood
will be used for this research project to understand the role of immune cells and selected

modifications in some of the immune cells.

You will be asked questions relevant to your health and the research at both visits and the
information will be recorded questionnaire designed for this study. This will take about 20 minutes.
At the end of this research, leftover specimen will be stored at AHRI for future research. For this,
we will ask you for an additional separate assent. For you to participate in this study, we will also

require the consent of your parent/guardian.

Risks
By participating in this research, you will experience minor pain and discomfort from needle prick

during blood collection. The nurse will take the necessary precautions to minimize this risk.
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Benefits

There may not be any direct benefit for you to participate in this study. However, you will be
checked by a health care worker for any signs of TB. As well, one of the tests that will be performed
in this project will identify TB infection you may have acquired now or in the past. This test is
helpful to diagnosing TB disease together with clinical signs and symptoms. Therefore, you may
benefit from this checkup. The findings of this study will also be beneficial to the community
because it will support the development of new and more effective vaccines for TB.
Reimbursements

You will not be paid to participate in this study. However, you will be compensated with 300 ETB
at each visit to compensate for your lost time and to cover the cost of transportation to the Health
Centre. You will also be given additional 300 ETB for extra days you are requested to come to the
Health Centre to drop off Chext X-ray results.

Confidentiality

The information that we collect from this research project will be kept confidential. Information
that can identify you, such as your name will be put away and no-one but the researchers will be
able to see it. We will also use study code/number rather than your name and only the researchers
will know what your number is. This document will also be protected with password and lock-and
key where access is given only to researchers. Access will not be shared with or given to anyone
except ethics and regulatory authorities as needed.

Sharing the Results

the knowledge that we get from doing this research will be shared broadly to the local and
international community through publications and conferences. Confidential or personal identifier
information will not be shared.

Right to Refuse or Withdraw

You do not have to take part in this research if you do not wish to do so. You may also stop
participating in the research at any time you choose. Refusing to participate or choosing to
withdraw from this study will not affect any treatment you may have at this health center now or
in the future. You will still have all the benefits that you would otherwise have at this Health

Center.
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Who to Contact

This proposal has been reviewed and approved by AHRI-ALERT Ethics Review Committee,
which is a committee whose task it is to make sure that research participants are protected from
harm. If you have any questions you may ask the principal investigator of this study or the AHRI-
ALERT Ethics Review Committee at any time, even after the study has started. You can contact

them using the following information:

Principal Investigator =Dr..Martha Zewedie (this project was done under the IRTBHHC study lead
by Dr Martha Zewdie Gebeyehu.) =email; martha.zewdie@ahri.gov.et

AHRI-ALERT Ethics Review Committee (AAERC); Tel- 011 348 12 89
email -ahri.alerterc@ahri.gov.et

You can ask me any more questions about any part of the research study, if you wish to. Do

you have any questions?
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PART II: Assent Form

| have read the above-mentioned information, or it has been read to me. | have given the chance
to ask questions about it and | am happy with the answers given to me. | have been told that | and
my parent/guardian will be asked questions related to my health and general status and that blood
will be collected from my arm at two visits; 4ml (2 teaspoons) now and 4ml (2 teaspoons) after
two months. I will also be tested for HIV at both visits. | will give stool samples at all visits, and |
understand a chest X-ray will be taken. | understand that my parent/guardian has given consent for
me to participate in this study. | assent voluntarily to participate as a study participant in this

research.

Name of Participant Signature of Participant Date

(Day/month/year)

If illiterate | have witnessed the accurate reading of the consent form to the potential participant,
and the individual has had the opportunity to ask questions. | confirm that the individual has given

consent freely.

Print name of witness AND Thumb print of participant

Signature of witness

Date Day/month/year

Name of Study Nurse: Signature: Date

(Day/month/year)
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Annex 2: MGk a2 8 KF P+HAFLPTF aRoAh, PR (NATICET 0+HIE)

e, p

PHU mTF &Y NALT NAT NATERAL PMT NP TLAEC NC NTLTTD NACTI®C YA
PIRCIPC MONA (AUL) NATN NAF AR FPCIRC APNYEL 1M~ PIRCICC MG+ CON " Comparison
Of Cytokines And Chemokines In QFT Positive And QFT Negative House Hold Contact Of TB
Patients "7 PG +004.09¢ H P8 LU FNAAT::

NAHU &+ ao2E A191CHT NG+ tAFL AT8UF AMESPFAL: NG+ +AFE ATRUTIR
U7 AAGRUPT NFhA ae@AT ARMNPNPHIR: Nd 1H ONRMD- F NFPFHMCM-PFO APTF IC
NAMDG+ +ONAZD- CRDOAY LFAA: PAINLEPH ARLE AR DALY NI M-9° AR heaDm-5
T PE AMLRT LFAN: NIA ATLELCP MPRPTF ALY PMG+HT PT +ADLNL T MLIR LYY M
19°919° A PLM PIRCIPC N FPIINC haqt aMPP LFAN: PHAN @Pe-Fm NHU A1L
MR AL BIFALL

PIPCI ¢ AAM

PATN NAZF NAATR AR NTRA LT POLEM4E NPTFT APMP LITAIE AFPA LI NN&E+E AP+ME
hAT U7CTF ahhd F15AT: NAFO- A ML AA AD- NAA PR +AE NALY NNA+E JC PTR.F4
APT NENAM AMPH A% AR §F@miI UV A%E UAT® hNA+HE JC PS4 NPT
AR FaRax-go: ke R L GAANT ANLD- APTS TPTI9° PNAF JPANT ALAR B&PAII AHU NAS
P+AA PIPCIPC HEI URIPTI® U1 ATNF ATITH AT AHU® NAZFD-T NENAD ARS8
gRCIRC MNYLE MAT Ya-iI BUT JRCIRC PIRTNY LM NAFMY ACRZ8T AT hUNZ+ANTT
@A AFE PITFA ATPNANP PR MPA™ L1+ PFT ATRART J0-::

PI°CI°4 ARTH

NAFO-7 ARZ8F PFRTRY LM FoCI9°C AM-13F77 NNAF fahAnA UPATT N+APR
PUNZHANTT ANAT AL TPFT Pht A NG+ P h++k PUNZ+AN ANAT NATN NA+E IC
AN@D PTG MEIR NATIN NATE IC FLE PMPMd MIG PUNZ+HANTT ANAT TFm-:
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P+AFL AMRLLM ACNP NHU MTF AT8ATE PAOMPET MIE BPI® NN NA+E JC FL0-
NAT P4 MLI® AT NATN NATE IC ANZM APTS NATRTTF 1011

Pt+AFL ARl

ACNP NHU DT+ A18.A+4 PA9.MPht My5 1@ nAIN NA+E IC £LM NATHPM-¢ LD
AU NAIN NAHE IC ANZED APT 4 NATRLT T yM-iE

N&.$L31t+ hAaehoqay

PHU ®GTF +ATE AN A NACAP £PLATT PHAAL+ 10 ARA+ETD (M) AAMRA+E
mgo/in RFAK: ALY AGRATE £ 2REF NUF ATN, MRLYT UNNPFT aodbeC AT +ATERPTY
@R/ BFAN:

gk YLt

PHU MGt +AFL NP NEAT $MEC $FF PLIR 70™¢ NATR AL ATRAM EMPPAIE AU
ACN 4 99.A, (2 PAL 9N P PARPY) - AS NUAT OC NBA 499,.A, (P2 AL a9YNn, P Pan(PY) PLID
qarg AY8AM EMPPAII ATINHE YaPeIANT PRID @YD (ALORLP) NATRLPAL LUT ATIDP
PYAR AN, JRLADL LELAAPHA = NI AINHE L9PNT PAPF NPT 9o79° Ryt ego
NACAP ATOALIR: N+enZo® PL N PMITF FATATT AdRARCanC PAYs. §0™G
NUART® PEME ST ATRAM EMPLA: PATN NAF FPANSTT ATRPT PATN 4890 A8 1H,
POALAPHFA: ANLTT PACTIHT 9°Cans. NAYE §0¢ NUA+RIR PeMEC $5TF £24JA
ART AL, FPCAREI° NUARI® PEMEC $£F LR FA: PIPCARL D MAPI® NMT NATR P
RYICPFA: OrMuk 7HEN NPT NARCANLPP NTT% PUNIRST AT NHFA @98:21P (ART Clinic)
MoONA JC ATRITTF LRLIA:

2a™ 38UT N+HPPANT D1PR NMT NATRP LMAZA: L9PP NHU T+ PAD-1FF7T hNA
PAONANP UPAT AT N7 NIHU UPAT AR PaRNAR ADMTT ATIDGT MmPIR AL RMAA:
UAIR PgT +AFLPT NMA+ENTFED $T+F MDA NAMTIFTFD PAYIAR D PEPTT
+MEPM MANE (AOZEPE) AmG+ N+HIE OMLP LAGLA: BUTR ML 20 Bbd L4 EBA:
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NHU Mt OlA Pl TaTPF MLLT AL ATLLLTF MTHF AT8.M-A NAUL BPaPmi::
AHUI® +ehT9Z P+AP PATRIRYF AP MED AT LIAT:

o+

NHU mGF NARA+&P 290 N MALNF TH NAA TH +enTE AT ARAN+E PP PIRF+ dRa 4
AT UaIR AIRIRPT BFAA: 2UT NIT AGRPIN ANLAL $L£M mYPE NMT NAGRP
L ELAAP Fa\::

MmPammpqog

NHY MG A+EP ACNAPT NP +MPT, APLLAPTIR: PFID 917 PATN NAF PART
NANPF ATIDP MG NAGRP &3 PATI NHRTILI® A8 PHU MG JoLaDL AT ML NH U
N&t NATIN NAZF +EHD NPT ATIDS B28AII BU FPCAR¢6 AT JRCaREPF JC +MIPC
PATN NAFT ATPART EMPTIALI NAHU NHU 9°CaRL Amea™ BFANII N+enTILT™ PHU
T Mt @LLT ANTN NAF PHAA ATNT ATITTE PoHA:

Meh, NATRADAR

NHU MG+ AM@A+& AP ALAMPFHIR: PPIR 997 AmG+ (ALNA ATLPME&T 1H AT ML MS
MonA APM POMFT PAP33H Mk, AAPALT PR 300 NC NAEIR P+ATE ¢MCPT
LAMPFA: +MC+HM. P8 MMF ATILZN ALTPM- NHeRI 300 NC EATMPFA:

WAL

AHU m§F PAANAND: a0/ AMLP+ PtmMNe LUPTA: T9+PY PaylAg dao/B
N+aRLaMLPE NN+EC QTIR APPM-I: NATEP 474 PGH NE/RMC ATMPTAT AT 2UTY
RN +MLMLPE NF ATEPO-¢F LRZIA: AOLEPT P LH NIATIR NMNDL £MC AT NRAT
EMNA AT £PE ATMLMLPT NF LAMA: ATRANEALIR NAIGRINC haqtom- A9
+&mms NANAMT ARALLNFT NN+PC LPE AAA AD- ARAMTR::
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o-m+T MADP

NHU Mt P T ADSF/ADZEPTF NANNNLTT AT NAATR Ad& 228 NNLM AUNZTNAN:
NUFaF AR A5 NNTELTN AL NMPZN LHAAGA: TAMLP AOZEPTF hE+HAAGID::

PAMAL+E LI h+ATE PaPd-m T

N+ ACAP NALATF NHU DTF AAA+E 2FAA: +ATEPI NMLATNT 1H HElm
LFAA: AAMRA+E MLIR +AFEPT Mk NHU PMST Tohd AP1TF POFATT 15 M-
A1 eT ARADMIR: NHU PMT T0NA PR PI18F M MPMMPITF ATL+MNe L& Pk

P& 2PNk MLI10 PR

NAL P+7A8@T dBLE ATNNAAL: MLID +INATA: mPE AMMPE 0LA +AMPFA: A
AMPPNFD MPEPFIR AmIN, AN +AMPFA: DAMTIE AT AMPAL UiFrR mPE
RATRIPMPPT AT PLID 7a™G NNTE, AR NUAT PPMC $FF 14 M.A (2 PAL 7N P PO PY)
AT NUAT OC N3A 4097, (P2 AL @TN P PARUPT) ATLMMAL +191CF A PAt. AR.N, RCLIP
NUARTE PeMEC $°F  LRLATA: PATL Ta™G90 NUART® PeMEC $°F AAMAL:: PATL
Far-gge NUA+IR PeMEC $&F ANMAL: PATN 48 EOALATA 1 NHU MGt ARA+E
NE.$LH1H ANTIRAL-::

PtAFd PARAMEC &M P+AFE &L $I/mC/o99 |

aMYNN A LTA

NAL P+7A8M- AOLE A+AFLD NFANA ATL+HINN AT +AFLD PR PADMPP ALA +A D+
NAINMN ATe+HMANAT ATRANLAL:: +AFLD NIRRT N199F ALAM AZITMAL:

PATHAE HgP: AT PtAZFL Pt AA¢
PATYR £ COD:
P (P1/DC/R.TR)
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PG+ PG NAGR P hge:
G E

($7/@C/A.IP.)

&CT9:
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PR 3IPHAFLPT a8 AT PATPTRTE PR (AOL T 15-17 AST)
N&EA 1I P+HAFLPTF Aol
ane),

PHU 9Tt &Y NALTY NAT NAFTEAL PMs MNP MLNEC NC NTLTTED NACTIOL 1IN

PIRCIRC MONA (AUL) NATN NAF AL FRCIRC APNYLEL Ja-:: PIRCIRC MG+ CON " Comparism
Of Cytokines And Chemokine In QFT Positive And QFT Negative House Hold Contact Of TB
Patients "(LUPY PG+ +0PL94 H P8 LUaPF FNAAT:

NAHU &+ ao2E A191CHT NG+ tAFL AT8UF AMESPFAL: NG+ +AFE ATRUTIR
U7 AAGRUPT NFhA ae@AT ARMNPNPTI: Nd 1H ONRMD- F NFPHCM-PFO APF IC
NAMG+ +NAZD RDOAY LFAA: PAINLEPHF AR/E AR NALPT NI D-9° ART heamm-F
T PE AMERT LFAN: NIA ATLELCP MPRPTF ALY PMG+HT PT +ADLYL T MLIR LYY M
19°919° A PLM PIRCIPC N1 FPIINC hait aMPP LFAN: PHAN @M e-Fm NHU A1L
MR AL BIFTALL

PIPCI”G hAM

PATN NAZF NAATR AR NTRA LT POLEM4E NPTFT APMP LITAIE AFPA LI NN&E+E AP+Me
hAT U7CTF ahhd F15AT: NAFO- NAD ML AA AD- NAA P +AE NALY NNA+E JC PTR.F4
APT NENAM APH NJF AR §F@miI UV A%TE UAT® hNA+HE JC PS4 NPT
AR FaRax-go: kY e R L GAANT ANILD- APTS TPTI9° PNAF JPANT ALAR B&PAII AHU NAS
P+AA PIPCIPC HEI URTPTI® U1 ATNF ATITH AT AHU® NAZFD-T NENAD ARS8
gocIRC ML mAT @i BUT JRCIRC PIPThYL LM NAFD-T ATRZ8T AT NUNL+NNTT
@A AFE PIFA ATNANP PR MPA™ L1+ PFT ATRART f(-::
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PI°CI”4 ARTH

NAF@Y AdR/8%F P9eghYem- goCoeC AM7FF3T7 NNAF PMhANA UPATT N+APLR
PUNZHANTT ANAT AL @90FT Phtd: NG+ PAN++ PUNZHAN ANAT NATN NA+E JC
AN@D PRSP SE MLIR NATN NAHE IC LM PTIPM-& M5 PUNLHANTT ANAT TFm-::

Pt+AFL haRLlm

ACAP NHU mTF AT18A+4 PaamP+eT M5 BP1@ hAIN NA+E IC £L@m NATHPM-¢ LI
AU AN NA+TE IC ANLE APFPS NATRTT 10xiE

NP L%+ hAMHMay

PHU MGF +AFTE AN A NACAP £.PLLT1T PHORAL+ 10 AORA+EID Y AATRA+E
ago/m BFAN: AT ACPA+E £ PLT NUPF AN MLLF UNNPHTY aP$PC AT +ATRPTTY
aqe/m L AN

gk YLt

PHYU MGt +AFL NP NUAT $ME $CF PLID §0™G NNTL AR ATBAM- EMPSAII ALY 4
@.A, (2 PAL MINP PARUT) - AT AT OC NBA 499.A, (P2 AL TN.P PaqP7) PRIR gam-g
ATRAM EMPPAII AINTET YAP9ANY PL9® yR (ALTP) NATLPAL L2UT AMDP
PYAR AN, Y TRLADL LELAAPHA = NI AINHE Y9PNT PAPF NPT 979° Lyt ego
NACAP ATOAETR: N+enZo® PL N PMITF FATATT AdRARCanC PAYs. §0™G
NUARIR PeME $°F ATRAM EMPLA: PATN NAF PANTTT ATIPF PATN L B9° AL 1H:
POALAPIFA: ALLHT PACIHT TPCAL NAYE TG NUA+HID PPMEC ST LLLIA: ART.AL.
A JPCaRL9™ NUFARIR PeMEC ¢FF RLLIAFA: PIPCADL @MAPIR NMST NAGRP
RYICPFA: Mok 7HEA NPT NAPCANLP NTR7% PUNTRST AT ATHA 9982 1P (ART Clinic)
moNA JC ATRITTF BRLIA:
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O™ 30UT N+PANF M YPE NMGT NATRP LMASA: 2P NHU M5t PA@-13-F7Y hNA S
PaohANe UPAT AT @NT NIHU UPAT AL PMNA+ ADMTT ATIMGTT M AL
BOAA:UATD PDGE HAFLPT NAATENFD T NmPA NAMITFFO PaR7AK
P PLEPTYT ML ANE (ARLEPE) AMT+ N+HIE CPMLSP LAGLA: LUIE ML 20 b
24AEA: NHU ™FF COMAA Pl TOTPTF mELT AR ATRLLLT MGHT AT8MA NAUL
Beamp:: AHUI +ebnie P+AP PAIRIRYF APMES ATLIAY::

o+

NHU D5+ NARA+&P L9° N MALNT 1H NAA 1H +ehTiE AT ARANTE PP PIRFF apa el
AT UaRIR AImIRPE 2FAA: 2UT NPt AMRPIN ANLAL $L£D YL NMT NAGRP
LELAPFe\::

PPMHPIoT

NHY MG+ A+EP ACNPT NP +MPT, APLLAPTIR: IR 917 PATN NAF PART
NANPT ATIDP MG NATRL L PAIE NHERTILID A8 PHU MG gRCaRL ALY MEIP NH U
N4t NAIN NAF +LHD NPT ATIDP R28AII U JOLADL NALT JRCALPF IC +MIRC
PATN NAFT AGRAPT EMPMAII NAHU NHU FPCaR4 AMPa™ RFANII N+ PHU
MTF MF @LLT ANIN NAZF P+AA ATNT ATITTH PorHA:

M, NATRARAR

NHU ™G+ APA+E NEPL ARAMPFIR: PFIR 9% AmG+ ANA ATLPMET 1H AT DL M5
MonA ADM POMFT PAR33H Mk, AAPALT PARUPT 300 NC NAEIR P+ATE ¢MCPT
LAMPFA: +MCTE 048 A.MF ATILZA A.APM Nt 300 NC LAMPFA:

S DIYAL L o

AHU ®5%F PANANG- ao/8 TADLPI+E P+MNe LUTA: T971F+PT PARIA6 dolE
N+aRLTLPE NN+PC MTIIR ALOMD-TR: NNTP 4713 PAGF N&/RMC ATMPTIAT AT LUTT
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¢MC +ADLMLPE NF ATR PO F LLZIA: ADZEPT PP N1ATIR NAUNDLC ®MC AT NRAG
EMNPA AT £PL A+MLMLPT NF LAMA: ATLANLALIE NAYIRINC haat@m AS
+&MmM<s NANAMT AL PNTF NATPC .28 AAA AD AR AMID::

o-m+T MADP

NHU DTF PMRTTF AQPFT/LEPT NANNNLTT AT NAATS he& LS NALD AUNLTAN:
NUTT AN AT NNTLLTN AL NTIPLA BHAAGA: TAAMELR TLEPT he+ANGI:

PAM™A+& LI h+ATE PAP@-M T

N+ ACAP NALATF NHU DTF AAA+E LFAN: +ATEPIT® NMLAFNT 1H DRl
LFAN: AARA+E MLIR +AFTEPT MR/ NHU PMST Tohd AP1F POFATT 15 M9
A1 eT ARADMIR: NHU PMT T90NA PR P18 F M MPMMPITF ATL+MNe L& Pk

D Pe NAPT MY P17

2U DTF NAUL-AACT PIRCIRC N192NC Nt +79299R £ & P54 PHU hat Né Pet
+AFLPTF aBNF MNP AT NFET AMN$T TR0T T

MmPE NAPTF PG+ PG +0DL09/ ML.IP PRUL-AACT PIRCIPC N19RINC NAQ AT NT9HE M-gP
1H I MGk NBADZ NIAID AOMPS LFAN:: ATYO)TH PAQ N+AMD-Y AOLE o Mmear-:

PG+ PY +a0LIYE £/C 199CH HRLE, A4 : martha.zewdie@ahri.gov.et
PRUL-RACT PFRCIRC NT9RAINC he£E Nah €M C 011 3 481289

NAHU FPCIPC +enTe D PEPT NAPT AMEL R BFAN: B PR AAPH?

N&A 2: PN 91T PO

NALZ PtIABMT aBZE ATNNAAL: MEI® +INATA: PR ATPMPP 6LA +ADFTA: AT
AMPPNFD MPEPTI AmIN, AN +ADFTA: NAMTIE AT AMPAL Uire PP
ATRIPMPST AT PRIP Tag NNTL AL NUAT PPMC $FF 14 M.\, (2 PAL TP PAUT)
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AT NUAT OC NBA 4997, (P2 AL MNP PAUPT) NUEAT OC NJA: ATRTONAEL +19105A:
PAT.AR. Ml TPLHT° NUARTR PPME $F LLLIATA: PATL T NARTR PPME $5°F
ANMAL:: PATN -8 BEOALATA:

AL NHU mTF AT1L2AHE DAB/ANS1LE PAMRAYARF 518 ANT +Z28FAU: NHU MGF ARA+E
NP LATE ANTITAL-::

P+AF4 Nge: P+AF4 £C9:

+7: ($7/@C/A.IP.)

MYNN AL TFA

NAL P+7A8M- AOLE A+AFLD NFANA ATL+HINN AT +AFLD PR PAOMPP ALA +N D+
NAINM ATeHMAAAT APANLAL:: +AFLD NIRRT N197F ALAM AZITMAL:

PATRRE Hgo: AT P+AFL PMF ARG
PATYR £ CaD:
CRE (P1/DC/R.TR)

PG+ MG NAGRP H9e: &CT:

CRE (P1/@C/A.9P)

70



N&EA 3: PAIRIRTE $R (PHLL §0F AMNPMMG ADLLTF DFF AT M$IP)

BU mTF NtMTPP NIA PO+ TOCPT LE4A PHL4TT FONGPT AMASIDM AE
@ELT ATANLS. MPT, DTET APMPT® £PLEPT AIMEPAT: LUT PIRIMESP NL*t
PAM-Y NIRIRYT PaL S LAY FaGPRY AHU BFF NF AT1LTIMPIR DALY §0-: P+lét
TRTPTF ADLLT DG AT M NALAT P LEPT AACNMT AT NHU BFF NF ARAG BFAX:

ALY §OGPE NG ATL+MAS P L FAA: FANGTPTF ALBID TH ADLLT MTF AL PAOM.
NHYU UiF AT8PM OLI® TY7HPT PARIAL RLEPT ANMAL MNPMM L FAA:
COGPE Ay RPY NAQTAR ARLEPT N+APR MELT NTYNYLE. MG$F PR T+ dB/EPTF
AACAP aYIC AR FATD: TP PARIAR. AOLEPT +MILM N AMSP MPT, AT
PR FA AOLEPTFT AVINLP ATFAA T

P4t CACPT FCE/IN, AT ATITIT® ALAMIR/ALAMIR: PPLID 77 ATEATE NAD-
P+MAL §ODG P M$A MEHT +aDL.aYLPTY PIRLADL. wARAT ADLYIHT MLID NFNT
ATRTH AT NHAGYF 1N, ALPNTTF BFAN: RU NTPINE 1 ACNP F2I9° ARYT N& P APTTFIP
97 ACNP AG +APAAL Yaoge Po/NFM- PUN+AMT ANAT NAMFE +MPa APF BFAN:
PhPmMtT FA-GPF A MPA™ P8, MTHT NS P NATERP PIRCIRC Ny FR9INC haq
£,7007a9 Av::

P+L4PFT TATPT +PTOMM MLLT ATLPLE DTFTF ATRON TP&EPEP ARCAP HPID
ALFLA RFAN: APEPEPIC AACNP 8T APARMIP: NS FID P ABLE NAPAPMDER, AT
PATE NE NAMPID AT NTPT MEI® AA ACNPIFPT PALIAR AOLE NATRMPIR PaD/FP
MANCRTIT EMNPA: P+24Pt TaGPT: +dPMD MLLT ATLPlE DTHF AT80NF
£PLE NAUH: §aGPE NHYYU DG+ MARP EMAK: PHL4PF §OCPT +IPMM- MLLT
AMPLe DTETF AT8MA L. PLG NUF NAUL ANGF4 @D NLIN ALD ATRF SbaDMA AT
@-N7T NAALLN+ 2L PITF NPT NF TA-TPET DRI +HIME AOZEPFET 4T LFAN:
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ANH? h h+AT A4 F PCaPY PANT PCTHNT

1. 0+Z437 NNE PPNy, §A-GPF ATYYTFM-IC K 2YF PMLLF MGTF AL AT M

REPBAU: hAL P L ID: P+ O PF NHU MGF AL P LMAA:

2. @EA&T ATLNG MTET A AL TERTIE TLE NHEAT: +TRETLPE MLLT A8 PTTT

N ¥ L b T £PLT RELAU-IO::
P+ & N9P: &Ca: ey
PATYY Ngo: 4.Cm: $:

PMma NAGRP NT™: &CTM: P
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Annex 3- Questionnaire

3.1 Candidate Participant Screening Tool

1.

Screening ID: IRTBHHC
1.1 Study group

Health Facility

Initials of Data Collector

Initials of participant

Date of sampling (DD/MM/YY)

__1__(GC)

© g B W

Do you agree to participate in the study?

1.Yes
2. No

If NO- Not eligible for the study

How old are you?

a. If the participant is younger than 15
years

Not eligible for the study

b. If the participant is between 15-18,
has a parent /guardian given

consent?

1. Yes
2. No

If yes Not eligible for the study

Are you feeling sick?

1. Yes
2. No

Temperature of participant?

10.

Do you have the following symptoms

a. Cough

b. Sputum

C. Hemoptysis
d. Night sweats
e. Weight loss
f. Poor appetite

g. Dyspnea (shortness of breath)

Others: Specify: -
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11. Is the candidate a TB suspect? 1. Yes
2. No
If yes - Not eligible for the study
12. Are you willing to be tested for HIV? 1. Yes
2. No
If yes- Not eligible for the study
a. If yes what is the result? 1. Positive
2. Negative
If Positive- Not eligible for the study
13. If candidate is female, are you willing to | 1. Yes
have a pregnancy Test? 2. No
If Yes, what is the result? 1. Positive
2. Negative
If Positive- Not eligible for the study
14, Has a doctor or healthcare worker ever told you that you have any of the following

conditions:

a. Diabetes 1. Yes 2. No
b. Hypertension 1. Yes 2. No
C. cardiovascular diseases 1. Yes 2. No
d. kidney disease 1. Yes 2. No
e. Liver disease (hepatitis) 1. Yes 2. No
f. Any other infectious disease or

communicable chronic disease? (others)

If any of the answer to Q-14 are yes end of the Questionnaire
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15. Are you on any medications which are | 1. Yes
steroids or other immune-suppressants? 2. No
IF yes, Specify
16. Are you on any medication? 1. Yes
2. No
IF yes, Specify: -
17. Have you ever been treated for TB before? | 1. Yes
2. No
If Yes, specify: - END (it is not eligible for study)
18. Decision: is the candidate eligible for the | 1. Yes
study? 2. No

If NO - END the Questionary

If Yes, Give Participants Study code and
Continue with Questionnaire.
Participant Study Code: IRTBHHC
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3.2 Case Report from for House- Hold At visit one

1. Health Facility
2 Initials of Data Collector
3 Initials of participant
4. Participant Study Code IRTBHHC-
5 Participant Group (CC or HHC)
6 Date of sampling (DD/MM/YY): Y
Socio Demographic Information
7. Age (years)?
8. Sex? 1. Male 2. Female
9. Address Sub city: -
Woreda_-
10. Marital status? 1. Single
2. Married
3. Divorced
4. Widow/er
11. Education? 1. Illiterate/ can’t read
2. Non-formal education
3. Grade 1-8
4. High school
5. Diploma
6. Degree and above
12. Occupation? 1. Unemployed
2. Housewife
3. Pensioned
4. Civil servant
5. Private business
13. Monthly Income in birr 1. Below 1,500
2.1, 500 — 3000
3. 3,000 - 5000
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4. Above 5,000

5. Can’t estimate

Housing & Living condition

14. Number of rooms in your home
15. Does the house have windows 1. Yes
2. No
16 Number of People living in the same
household?
17 Are you regularly exposed to indoor | 1.Yes
firewood/charcoal smoke at home? 2. No
18 How often do you do physical exercise? 1. Once a month or less
2. 2-4 times a month
3. 2-3 times a week
4. 4 or more a week
5. Never
19 How often do you have a drink containing 1. Once a month or less
alcohol? 2. 2-4 times a month
3. 2-3times aweek
4. 4 or more a week
5. Never
20 How many days a month do you chew a chat? 1. Never
2. Daily
3. 5-6 days per week
4. 3-4 days per week
5. 1-2 days per week
History of TB Exposure
21. Did you have a contact with TB Patient in | 1. Yes
your Household? 2. No
22. If Yes to Question 21, How long have you (Days/weeks/months)

lived with the TB patient?
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23. Relationship to index case 1. Family member
2. Relative
3. Close friend
4. Other, Specify
24, Over the past three months on average how (days)
many days per week do you spend in or
around this residence?
25. Do you ever stay in another residence? | 1. Yes
(Over the past three months) 2. No
26. If Yes to Q25, how many days per week? (days)
27. Over the past three months, how often did 1. <1 day per week
you come in contact with the index case? 2. 1-3 days per week
3. 4-6 days per week
4. Daily
5. None
6. Don’t recall
28. On the days you had contact with the index 1. <lhraday
case, how much time did you spend with the 2. 2-6 hrs aday
index case? 3. 7-12 hrs a day
4. 13-18 hrs a day
5. Over 18 hrs a day
6. Don’t recall
29. What was the nature of contact with the index 1. Share Meals
case? (You may tick more than one) 2. Sleep in the same room
3. Sleep in the same bed
4. Caretaker
30. Has anyone else in your family been treated | 1. Yes
for TB before? 2. No

If ‘Yes’ when was TB treatment completed?
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Physical Examination

31. Is BCG scar present? (Examine the | Present
participant’s Right arm) Absent
Indeterminate
32. Does the participant have a vaccination card? | 1. Yes
2. No
33. Surface Temperature (degree Celsius)?
34, Pulse rate (per minute)
35. Systolic BP (in mm Hg)
36. Diastolic BP (in mm Hg)
37. Weight in Kg
38. Height in CM
39. BMI
40. MUAC (mid- upper arm circumference in
cm)
41. TB Clinic ID No of the Index TB
patient:
42. Smear Microscopy and/or GeneXpert result of the index TB patient?
Smear# | Positive | Negative
1
2
3
History of COVID19 exposure/vaccination
43. Have you been vaccinated for COVID19? 1. Yes
2. No
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44, If Yes, Name the vaccine(s) and number of | Vaccine type:
doses and date of last vaccine. No of doses:
Last vaccination date:
45, Have you been diagnosed with COVID-19 | 1. Yes
N/P test? 2. No
What was the result of COVID-19 test 1. Positive
2. Conformed Negative
46. Has anyone in your household been diagnosed | 1. Yes
with COVID19? 2. No
Laboratory test results
47. Hemoglobin test result
48. HIV Test Result
49. Pregnancy Test result
50. Stool test result
3.3  Case Report Form for House-hold contacts at visit two
1. Health Facility
2. Collector (Initials)
3. Initials of participant
4. Participant Study Code IRTBHHC-
Participant Group (CC or HHC)
5. Date of sampling (DD/MM/YY) 1 (G.C)
6. Visit No. 1 2
7. Are you feeling sick? 1. Yes
2. No
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If yes, explain the symptoms: -

Do you have the following symptoms?

a. Cough

b. Sputum

c. Hemoptysis

d. Hemoptysis

Weight Loss

f. Poor appetite

g. Night sweets

h. Dyspnea (shortness of breath)

Other: Specify: -

Has a doctor or healthcare worker ever told you that you have any of the following conditions:

a. Diabetes 1. Yes

2. No

b. Hypertension 1. Yes

2. No

c. cardiovascular diseases 1. Yes

2. No

d. kidney disease 1. Yes

2. No

e. Liver disease (hepatitis) 1. Yes

2. No

f. Any other infectious or non-|1.Yes

communicable  chronic  disease? | 2. No
(others)
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10. Are you on any medication? 1. Yes
2. No
11. Are you on medication which is steroids or | 1. Yes
other immunosuppressant? (Please refer a list | 2. No
of immunosuppressing drugs provided)
if yes, specify:-
Physical Examination
12. Surface Temperature (degree Celsius)?
13. Pulse rate (per minute)
14. Systolic BP (in mm Hg)
15. Diastolic BP (in mm Hg)
16. Weight in Kg
17. Height in CM
18. BMI
19. MUAC (Mid- upper arm circumference in
cm)
History of COVID19 exposure or vaccination in the past 8 weeks
20. Did you receive a COVID19 vaccinationinthe | 1. Yes
past 8 weeks (since Visit 1)? 2. No
21 If Yes, Name the vaccine(s) and number of | Vaccine type:
doses and date of last vaccine. No of doses:
Last vaccination date:
22. Have you been diagnosed with COVID19? 1. Yes
2. No
23. Has anyone in your household been diagnosed | 1. Yes
with COVID19? 2. No
Laboratory test results
24, Hemoglobin test result
25. HIV Test result
26. Pregnancy Result

82




217. Stool result
Contact with TB patient in the past 8 weeks
28 In the past two months or since your first visit | 1. Yes
have you come in contact with a TB patient? | 2. No

a. If yes, specify duration
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3.4 Case Report from for Community contacts at Visit 1

1. Health Facility
2. Initials of Data Collector
3. Initials of participant
4. Participant Study Code IRTBHHC-
5. Participant Group (CC or HHC)
6. Date of sampling (DD/MM/YY): R A
Socio Demographic Information
7. Age (years)?
8. Sex? 1. Male 2. Female
9. Address Sub city: -
Woreda_-
10. Marital status? 1. Single
2. Married
3. Divorced
4. Widow/er
11. Education? 1. Illiterate/ can’t read
2. Non-formal education
3. Grade 1-8
4. High school
5. Diploma
6. Degree and above
12. Occupation? 1. Unemployed
2. Housewife
3. Pensioned
4. Civil servant
5. Private business
13. Monthly Income in birr 1. Below 1,500
2.1, 500 — 3000
3. 3,000 - 5000
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4. Above 5,000

5. Can’t estimate

Housing & Living condition

14. Number of rooms in your home
15. Does the house have windows 1. Yes
2. No
16 Number of People living in the same
household?
17 Are you regularly exposed to indoor | 1.Yes
firewood/charcoal smoke at home? 2. No
18 How often do you do physical exercise? 1. Once a month or less
2. 2-4times a month
3. 2-3times a week
4. 4 or more a week
5. Never
19 How often do you have a drink containing 6. Once a month or less
alcohol? 7. 2-4 times a month
8. 2-3times aweek
9. 4 or more a week
10. Never
20 How many days a month do you chew a chat? 6. Never
7. Daily
8. 5-6 days per week
9. 3-4 days per week
10. 1-2 days per week
History of TB Exposure
21. Did you have a contact with TB Patient in | 1. Yes
your Household? 2. No
22. Has anyone else in your family been treated | 1. Yes
for TB before? 2. No
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Physical Examination

23. Is BCG scar present? (Examine the | Present
participant’s Right arm) Absent
Indeterminate
24. Does the participant have a vaccination card? | 1. Yes
2. No
25. Surface Temperature (degree Celsius)?
26. Pulse rate (per minute)
27. Systolic BP (in mm Hg)
28. Diastolic BP (in mm Hg)
29. Weight in Kg
30. Height in CM
31. BMI
32. MUAC (mid- upper arm circumference in
cm)
History of COVID19 exposure/vaccination
33. Did you receive a COVID19 vaccination inthe | 1. Yes
past 8 weeks (since Visit 1)? 2. No
34. If Yes, Name the vaccine(s) and number of | Vaccine type:
doses and date of last vaccine. No of doses:
Last vaccination date:
35. Have you been diagnosed with COVID-19 | 1. Yes
N/P test? 2. No
36. Has anyone in your household been diagnosed | 1. Yes
with COVID19? 2. No
Laboratory test results
37. Hemoglobin test result

86




38. Stool test result

39. Pregnancy test

40. HIV test

41. Chest X- ray test result

42. Did the participant Consent form for storage | 1. Yes O
and future use of the samples? 2.No o

3.5  Case Report Form for Community Visit 2(CC-V2)

Health Facility

Collector (Initials)

Initials of participant

el A B

Participant Study Code IRTBHHC-

Participant Group (CCor HHC)

5. Date of sampling (DD/MM/YY) 1 (G.C)

6. Visit No. 1 2

General Health Condition

7. Are you feeling sick? 1. Yes
2. No

If yes , explain the symptoms:-

8. Do you have the following symptoms?

I. Cough

J. Sputum

K. Hemoptysis

I.  Hemoptysis

m. Weight Loss

n. Poor appetite

0. Night sweets

p. Dyspnea (shortness of breath)

Other :Specify:-

9. Has a doctor or healthcare worker ever told you that you have any of the following conditions:
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g. Diabetes 1. Yes
2. No
h. Hypertension 1. Yes
2. No
I. cardiovascular diseases 1. Yes
2. No
J. kidney disease 1. Yes
2. No
k. Liver disease (hepatitis) 1. Yes
2. No
I. Any other infectious or non-| 1. Yes
communicable  chronic  disease? | 2. No
(others)
10 Are you on any medication? 1. Yes
2. No
11. Are you on medication which is steroids or | 1. Yes
other immunosuppressant? (Please refer a list | 2. No
of immunosuppressing drugs provided)
if yes, specify:-
Physical Examination
12. Surface Temperature (degree Celsius)?
13. Pulse rate (per minute)
14. Systolic BP (in mm Hg)
15. Diastolic BP (in mm Hg)
16. Weight in Kg
17. Height in CM
18. BMI
19. MUAC (Mid- upper arm circumference in

cm)
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20. Did you receive a COVID19 vaccination inthe | 1. Yes
past 8 weeks (since Visit 1)? 2. No
21 If Yes, Name the vaccine(s) and number of Vaccine type:
doses and date of last vaccine. No of doses:
Last vaccination date:
22. Have you been diagnosed with COVID19? 1. Yes
2. No
23. Has anyone in your household been diagnosed | 1. Yes
with COVID19? 2. No
Laboratory test results
24. Hematological test result
25. Stool result
26. Chest X- ray test result
217. Did the participant Consent form for storage 1. Yes O
and future use of the samples? 2. Noo
Contact with TB patient in the past 8 weeks
28. In the past two months or since your first visit | 1. Yes
have you come in contact with a TB patient? | 2. No

a. If yes specify duration
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Annex 4. Laboratory Principle and procedure:

Personnel

The Principal Investigator and health workers gathered the data while skilled and trained research

technologists conducted all laboratory tests related to this study.
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4.1 Blood specimen collection procedure

1. Prepare the patient: Have the patient sit or recline in a comfortable position and expose their
arm. Wipe the antecubital area with antiseptic solution to remove any foreign material and allow

it to dry completely.

2. Take sterile gloves and clean your hands with approved antiseptic solution thoroughly before

proceeding.

3. Apply tourniquet around arm above elbow to distend veins then palpate for a suitable vein —

usually hand veins may be preferable for venapuncture

4. Place gauze beside vein as precaution if there were any major bleeding event during or after
venepuncture that can be contained easily when done properly before inserting needle into vein

gently while slowly pushing on plunger of syringe until some blood enters LiHep tube.

5. Release tourniquet, wipe up excess blood (if any) using cotton wool swab, cover insertion site

with fresh gauze patch and finally attach plaster over insertion site

6. Label sample tube correctly immediately after obtaining filled syringe by marking date time and

sample source accurately. Discard used syringe safely into prearranged sharps bin.
7. Transport the sample as soon as possible to the AHRI
4.2 QFT Testing and Supernatant Storage

Introduction: Quantiferon (QFT) diagnostic testing, then storing the remaining plasma for future
analyses. There are four tubes collected as part of the QFT testing: (1) nil (negative control); (2)
PHA (mitogen or positive control); (3) TB Ag 1; (4) TB Ag 2. Supernatant from each tube will be
stored at -80°C.

Principle: The QFT system uses specialized whole blood collection tubes that contain antigens
representing certain M. tuberculosis proteins or controls. Incubation of the blood, collected via
venepuncture, occurs in the tubes for 16-24 hours. Following incubation, plasma is harvested and

tested for the presence of IFN-y produced in response to the peptide antigens. Plasma leftover
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after completion of QFT diagnostic testing can be frozen and stored at -80°C for future

experiments, such as analysis for cytokine levels.
Procedure:

QFT Diagnostic Testing—Sample Receipt and Plasma Collection adapted from Qiagen
QuantiFERON-TB Gold ELISA Package Insert

1. Receive LiHep tube from clinic containing whole blood. Do not refrigerate or freeze tube.

2. Take 1mL of blood from the tube and place it in fourQFT tubes, labeling each one with a Sample

ID and date of draw. Gently mix by inverting 10 times. Discard LiHep tube.
3. Incubate QFT tubes at 37C for 16-24 hours, upright position (no CO2/humidification).

4. After 18-24 hours, take out QFT tubes and centrifuge for 15 minutes at 2000 x g to separate
plasma layers.

5. Label 4 2mL cryovials with Nil, PHA, TBAg1, or TBAg2 accordingly to the QFT Tubes labels.

6. Transfer plasma layers of QFT tubes into appropriately labeled cryovials (approx 500uL)
without disturbing red blood cell layer at the bottom of tubes.

7. Store isolated plasma samples at 4°C for up to 28 days or batch test multiple participants' QFT
plasma with ELISA materials.

QFT Diagnostic Testing-QFT ELISA

1. Bring all samples and reagents (except for the conjugate 100x concentrate) to room temperature
and let sit for 60 min.

2. Remove unused strips from the frame, seal in foil pouch, and store in refrigerator.

3. Mix deionized/distilled water into IFN-[Jamma standard vial until specified volume is reached;

mix gently to avoid frothing and dissolve completely; produce 8 IU/ml solution.

4. Dilute conjugate 100x concentrate by mixing with 0.3 ml of deionized/distilled water; mix

gently to avoid frothing and dissolve completely.
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5. Thoroughly mix plasma sample if it was stored frozen or more than 24 hours prior to assay, then
add 50 pul of working strength conjugate to required wells using multichannel pipette; add 50 ul of
plasma sample to appropriate wells with a multichannel pipette too; shake micro plate shaker for
1 minute 500 - 1,000 rpm's; cover each plate with lid and leave at room temperature for 120

minutes

6. Combine one-part wash Buffer 20x concentrate with 19 parts of deionized/distilled water in
separate container; mix thoroughly to make 2 liters of working buffer solution; use 400 ul of
solution per well for at least 6 cycles, an automated plate washer is suggested; soak 5 seconds
between each cycle. Disinfect effluent reservoir and decontaminate any potentially infectious

material according to standard lab procedure.

7. Lay plates down on absorbent towel face down so residual wash buffer can be removed; add
100ul enzyme substrate per well, and shake microplate shaker until mixed thoroughly; cover plates

with lids and incubate at room temperature for 30 minutes (in dark place);

8. Add 50ul enzyme stopping solution per well, mix and measure Optical Density (OD) of each
well within 5 minutes using 450nm filter on a microplate reader with 620-640nm reference filter ;
OD value will calculate results

4.3 Human Cytokine Magnetic 35-Plex Panel
Principal

Human Cytokine Magnetic 35-Plex Panel analysis is to measure the concentration of various
human cytokines in a plasma supernatant sample. This panel of analytes can be used to identify
proteins that are secreted in response to an immunological stimulus, changes in cell composition
and/or development, or other sources of inflammation. Measurement of cytokines can provide
valuable information regarding the activity and state of the immune system, including a better
understanding of disease progression or the effects of treatments. Cytokine analysis may also be
used to assess health and immunity status in various populations or for research purposes. The
Human Cytokine Magnetic 35-Plex Panel is designed for the quantitative determination of EGF,
Eotaxin, FGF basic, G-CSF, GM-CSF, HGF, IFN-a, IFN-y, IL-1ra, IL-1a, IL-1pB, IL-2, IL-2r, IL-
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3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12 (p40/p70), IL-13, IL-15, IL-17A, IL-17F, IL-22,
IP-10, MCP-1, MIG, MIP-1a, MIP-1B, RANTES, TNF-a, and VEGF in plasma supernatant .

Reagents preparation:

e Allow all reagents to warm to room temperature before use

General guideline:

e Do not invert the plate during the assay unless the plate is on the magnetic separator.

e The fluorescent beads and RPE reagents are light sensitive, and should be protected from
extensive exposure to light.

e Handle all blood components and biological materials as potentially hazardous.

e Reagents are lot-specific. Do not mix or interchange different reagent lots from various
kit lots.

e Set the orbital shaker to a speed providing optimum agitation without the liquid splashing
onto the lid. For an orbital shaker with a 3-mm orbital radius, a speed between 500 and
600 rpm is recommended.

e The magnetic beads settle rapidly. It is therefore important to mix well prior to use

Type of sample

Sample type Amount required Transport and storage
QFT supernatant 25ul -15°C to -30°C
plasma

Preparation of wash solution

e Prepare 1X wash Solution by adding 50 mL of Wash Solution Concentrate (20X) to
950M I of deionized water. Mix Well. This wash solution stable for 2 weeks at room

temperature.

Sample Preparation
e Freeze samples Thaw completely and mix well prior to analysis.
o Clarify samples by centrifugation (12,000- 16,000 x g for 10 minutes at 2°C to 8°C) prior

to analysis.
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e Dilute plasma sample in Assay Diluent (1:2 or as appropriate)

Reconstitute lyophilized standards

e Reconstituted protein standards within 1 hour of use and cannot be stored for future use

e When using QFT supernatant , reconstitute the standard with Assay Diluent provided

e Do not vortex; to avoid the formation of foam when mixing or reconstituting protein
solutions

e Mix and reconstitute one vial each of Human 20- Plex Standard, Human 25-Plex
Standard and Human 4- Plex Standard as follows
1. Add the volume of appropriate diluent as indicated on vial label of analysis.

2. Gently mix the standard to ensure complete reconstitution, and incubate at room

temperature for an additional 5 minutes.
3. After all 3 vials are reconstituted, combine the contents of the 3 vials (total volume of
1ml)
Washing guidelines

e Incomplete washing adversely affects assay results. Perform all wash step with the 1X
Wash Solution

Magnetic Plate separator

e Place the 96- well flat bottom plate containing beads and 200ul of 1X wash solution onto
the magnetic separator.

e Allow the beads to settle for 30 — 60 seconds.

e Blot excess liquid on a stack of dry paper towels.

e Separate the pate from the magnetic separator before adding wash solution or any reagent
to the plate

Assay Procedure
Analyte capture

1. Determine the number of wells in the 96-well plate to be used in the assay.
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2. Vortex the 1X Antibody Beads for 30 seconds, then sonicate for 30 seconds immediately
before use.

3. Add 25 pL of 1X Antibody Beads into each well. Protect the plate from light once the

beads have been added.

Wash assay wells twice with 200 uL of 1X Wash Solution. (see “Washing guidelines™).

Add 25 pL of Incubation Buffer into each well.

Add 50 pL of diluted standards into standard wells.

Add 50 pL of your blank into blank/background wells.

Add 25 pL of Assay Diluent followed by 25 pL of sample in sample wells.

© o N o 0 &

Cover the plate with an opaque lid and incubate the plate for 2 hours at room temperature
under agitation on an orbital plate shaker. Note: (Optional) the plate can be incubated under
agitation on an orbital shaker overnight at 2°C to 8 °C

N.B: Always Keep Beads and plate protected from light.
Analyte detection

10. Prepare 1X Biotinylated Detector Antibody in conical tube
For single assay well: Add 50 ul of Biotin Diluent and 5ul of 10X Biotinylated Antibody
11. Decant liquid and wash two times with 200ul 1X wash solution
12. Add 50ul 1X Biotinylated Detector Antibody to each well. Cover and incubate for 1 hour on
shaker at room temperature
13. Prepare 1X Streptavidin RPR solution in conical tube
For single assay well:
% Add 50 ul of RPE- Diluent and add 50 ul of 10X Streptavidin — RPR (Protect from light)
14. Decant liquid and wash twice with 200 ul 1X wash Solution.
15. Add 50 ul 1X Streptavidin- RPE solution to each assay well. Temperature on an orbital pate
shaker.
16. Decant liquid and wash the wells 3 times with 200 ul 1X solution

++ Dilution factor is 1:11 for extra pipetting volume.
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Assay reading

17. Add 150 ul 1X wash solution to each well and place on orbital shaker for 2-3 minutes prior to

analysis.

¢ If the palate cannot read on the day of assay, cover and store the plate in the dark at 2°C to

8°C. the next day to read bring back to room temperature on an orbital plate shake than
remove than follow step 17.

18. Insert the plate to Luminex 100/200, MEGAPIX instrument and analyses the sample.

Determine the concentration of sample from the standard curve using fitting software.

X-Ponent software results

e Confirms if all target bead counts for each analyte have been achieved to ensure accurate

data acquisition.
e Shows the standard curve and individual statistics for each analyte.

e Generates an analyte PDF report with standard curves through the "reports™ tab under

results.

e Qualifies the standard points by checking for inaccurate points due to excessive
plateauing or bottoming out using % Recovery limits and net MFI (MFI- background)
checks.

e Uses Invalidate, Analyze, and Save to remove inaccurate data points from plateaus or
bottoming out while reviewing the %CV of replicates.

e Please note that the %CV of replication calculation is based on concentration, not MFI
data.

e Close the results and export the data to Excel using the "export CSV" function.
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4.4. Direct Stool Examination
Procedure of Direct Stool Examination

1. Collect a sample of stool from the patient: The best way to do this is to have the patient collect

the sample in a clean container that has been provided by the laboratory.

2. Label the sample container: Make sure to include information such as your name, date and time
of collection, type of specimen and any other necessary identifying information specified by the

laboratory.

3. Transport the sample to the lab: If transported in person, make sure that it is kept at room

temperature sure not to contaminate with others

4. At the laboratory, record all relevant data: Details such as patient's name, age and gender must
be recorded on an appropriately labelled form or sheet prior to conducting any tests.

5. Take a small portion of the sample and place it onto a microscope slide: Depending on what

type of microscopic examination you are carrying out (e.g., for red cells or parasites).

6. Place a coverslip over the slide.

7. Observe under a microscope using appropriate illumination and magnification settings.
8. Record findings: the presence or absence of parasites, mucus, white and red blood cells.
4.5 Complete blood cells (CBCs) testing

CBCs testing procedure

1.Collect a venous or capillary blood sample in an appropriate anticoagulant tube.

2. Place the tube into the hematological analyzer, which is designed to count red and white blood

cells, measure hemoglobin content in red blood cells, and evaluate platelets.

3. Enter patient information into the system to provide proper tracking within the laboratory

records.
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4. The instrument will then draw in the sample of blood and layer it into a very thin film along a

channel inside the machine where optical detectors precisely measure the size, shape and other

characteristics of cells in a matter of seconds

5. The analyzer processes this information electronically and then delivers readings for each type

of cell or component under evaluation on a computer display or printed report.

Complete Blood Cells Count (CBCs)

Reference Range

WBC (white blood cell)

4,300 and 10,800 calls per cubic millimeter (cmm)

RBC (red blood cell)

4.2 to 5.9 million cells per cmm

Hemoglobin (Hbg)

13.8 to 17.2 grams per deciliter (g/dL) for men and
12.1 to 15.1 g/dL for women

Hematocrit (Hct)

45% to 52% for men and 37%-48% for women

Mean corpuscular volume (MCV)

27 to 32 picograms (a small fraction of a gram)

Mean corpuscular volume (MCV)

80 to 100 femtoliters (a fraction of one-millionth of

a liter)

Mean corpuscular hemoglobin (MCH)

27 to 32 picograms (a small fraction of a gram)

Red cell distribution width (RDW) size and shape

11to 15

Platelet count

150,000 to 400,000 per cmm

Mean platelet volume (MPV)

6 to 12 femtoliters (a very small fraction of a liter)
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4.5 HIV Antibody rapid test
HIV Antibody rapid test procedure

1. Open the package and collect all the necessary items from inside it, including the test cassette,

buffer solution and sample collection pipette.

2. Gently squeeze a drop of blood onto the sample region on the test cassette, making sure none of

it runs off.
3. Add three drops of buffer solution to the test cassette from the dropper provided in the kit.

4. After 5 minutes, the results will be visible on both windows of the test cassette: "C" stands for
control region, while "T" stands for test result browser. A positive result is one confirmation line
in both "C" and "T" browsers with no other lines present, while a negative result is two distinct

lines in both browsers with no other lines present.

4.6 Pregnancy HCG test
Pregnancy HCG test procedure

1. Allow the Pregnancy Test Strip and urine sample to reach room temperature (15-30°C) before

opening the foil pouch.
2. Remove the Pregnancy Test Strip from the pouch and use it as soon as possible.

3. Place the test device on clean and level surface. Hold the dropper vertically and transfer 3 full

drops to the specimen well and start the timer. Avoid air bubble formation.

4. Wait for the colored line(s) to appear. Read the result after 5 minutes. Do not read the result

after 15 minutes.

Result interpretation
If two colored lines appear on the strip, it is pregnant

If one colored line appears on strip on control, it is no pregnancy

104



4.7 Hemoglobin Concentration test
Hemoglobin concentration measurement using Hemo Que procedure
Hemoglobin concentration measurement using Hamo Que

1. Prepare the Hamo-Que instrument by loading it with a new testing cartridge, connecting all

power cords to the appropriate port, and ensuring that the printer is connected properly.

2. Calibrate the instrument by pressing the "Calibrate™ button and waiting for the system to prompt

for a successful calibration. Once complete, you must enter your ID and select a test for processing.

3. Take a blood sample from the patient's fingertip and place it onto the testing strip provided with

the Hemo-Que kit. Place this in the designated slot of the machine to begin testing.

4. The Hemo-Que will now use optical sensors to measure both hemoglobin and
hematocrit/hematological parameters such as red cell count (RBC) or white cell count (WBC). The

results are displayed instantly onscreen as well as printed out onto a report if desired.

5. Record these data into your patient’s records and discard any used materials appropriately

according to protocol guidelines.
Result interpretation

Hemaoglobin is a protein in red blood cells that carries oxygen throughout the body. A normal
hemoglobin result is typically between 11.5 and 16.5 grams of hemoglobin per deciliter (g/dL) of
blood for men, and 12 to 15.5 g/dL for women. Results that fall slightly below or above this range
may indicate mild anemia or other health problems, while values that are much higher or lower

can indicate more serious health concerns.
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