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ABSTRACT

Background: Tuberculosis remains one of the major health problems in the tea gardens of tea growing countries worldwide. International Labour
Organization recognizes TB as an occupational disease. Early diagnosis of people with TB helps to cut transmission of the disease and also lead to improved
treatment outcomes. The World health organization launched the End TB strategy which aims at identifying all TB patients and putting them on treatment.
Thyolo and Mulanje are the tea growing districts which has a high burden of TB and HIV in Malawi. There is paucity of data of TB burden among tea estate
worker in Malawi. Therefore, this study was conducted to determine the prevalence and associated factors of TB among tea estate workers in Thyolo and
Mulanje districts in Malawi.

Methods: A cross-section study was conducted in the tea estates of Thyolo and Mulanje targeting 1,068 estate tea workers. Multi stage random sampling was
used to obtain a sample size of 1,068 study participants. Socio-demographic, employment and clinical data was collected using a structured questionnaire.
Chest x-ray and gene x-pert machine were used to test the participants for TB. Ethical clearance was obtained from National Health Sciences Research
Committee, letter of authorization was obtained from Tea Association of Malawi, and district councils of Thyolo and Mulanje and data analysis was
conducted using SPSS version 25.

Results: A total of 976 participants were included in the study representing 91.4% response rate. The prevalence of TB was found to be 1.84% which
translates to 1840 TB cases per 100,000 population of the tea estate workers. Level of education (P=0.012), type of employment (p=0.019), HIV status
(p=0.046) and history of TB among household contact (p=<0.001) were factors associated with TB infection.

Conclusion: Prevalence of TB among tea estate workers is high yet not included among high-risk group to be targeted for TB interventions in Malawi.
Therefore, this calls for policy makers to strengthen prevention and control strategies among tea estate workers so to contribute to global agenda of ending

TB by 2030.
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COPD  : Chronic Obstructive Pulmonary Disease TB Tuberculosis

NHSRC : National Health Sciences Research Committee
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Introduction

Tuberculosis (TB) is a preventable and usually curable disease
however, in 2022, it was the world’s second leading cause of
death from a single infectious agent, after coronavirus disease
(COVID-19), it also caused almost twice as many deaths as HIV/
AIDS. It is estimated that over 10 million people continue to fall
ill with TB every year with an estimated death of 1.4 million
[1]. Geographically, the African region accounted for 25% of
the global TB cases. Although the global TB incidence is seen
to be declined, it is not declining fast enough to reach the 2020
milestone of 20% reduction, thus calling for concerted efforts to
accelerate interventions that aims at detecting cases that are still
in the community [2]. Malawi is one of the 30 countries with
high burden of TB/HIV worldwide [2]. In 2021, the National
TB and Leprosy Elimination program (NTLEP) reported that
14,304 TB cases were diagnosed representing an incidence of
141 cases per 100,000 populations.

Tuberculosis disproportionately affects the poorest and most
vulnerable populations, including individuals with the highest
dust exposures in the workplace [3]. In a study conducted in
Taiwan by Shieh et al, which was evaluating the pulmonary
function and respiratory symptoms in people working in different
stages of tea processing, it was found that ball-rolling yielded the
highest inhalable dust level, panning yielded the highest respirable
dust level, and withering yielded the lowest levels of both dusts
[4]. Ball-rolling also yielded the highest coarse fraction (defined
as inhalable dusts minus respirable dusts), which represented
exposures from nose to tracheobronchial tract.

Tea processing factories as any other factories that produces dust
pose a high risk of developing respiratory diseases including
Tuberculosis to the workers as a result of the damage caused
to the lungs. Tea processing involves exposure to smoke as
biomass which contributes to increased morbidity and mortality
rates from chronic lung diseases and Tuberculosis (Kodgule et
al. 2012). The retrospective study that was conducted by Kilale
et al. conducted in four health facilities in and around the tea
farming in Mufindi district in Tanzania found that there was a
high TB case notification in that area [5].

In Assam area in India, the study Chelleng PK et al. found that
tea garden workers had a high risk of Pulmonary Tuberculosis
more especially among garden workers with family history of
Tuberculosis [6]. While in Bangladesh is was found that garden
workers with low socio-economic factors were highly affected
by Tuberculosis and also had various misconceptions and stigma
towards Tuberculosis and poor knowledge regarding its cause,
transmission and prevention [7]. In the study of Medhi et al.,
where they were looking at health problems and nutritional
statuses of tea garden population of Assam in India they found
that out of the many health problems the tea workers had,
respiratory infections including tuberculosis were significant
[8]. Housing or living standards was observed by Sitienei (2012)
to have an impact the transmission of TB.

Malawi is one of the tea growing countries in the world which
also has a high burden of TB and HIV in the sub-Saharan Africa.

Currently. Thyolo and Mulanje are the tea growing districts which
has also a high burden of TB and HIV in Malawi. The tea estates
occupy 33% and 30% of the total land surface area in Thyolo
and Mulanje respectively (Mulanje Social Economic Profile
2017 - 2022); Thyolo District Council District Development
Plan-2017-2022). In 2020, Thyolo and Mulanje districts had a
TB case notification rate of 77 cases per 100,000 populations and
90 cases per 100,000 populations respectively (District Health
Information System). No study has been conducted to determine
the burden of TB in the tea estates of Malawi. Therefore, this
study was conducted to determine the prevalence and factors
associated with TB among tea estate worker in Thyolo and
Mulanje Districts in Malawi.

Methodology

Study Type

We conducted a cross-sectional study to determine the
prevalence and factors associated with. TB among the tea estate
workers. It further aimed at determining at the proportions of
bacteriologically and clinically diagnosed TB cases among
the tea estate workers and to evaluate factors associating or
influencing the development of TB disease among tea estate
workers.

Study Setting

The study was conducted in the 9 sampled tea estates of Thyolo
and Mulanje districts in Southern part of Malawi. The area was
chosen because it has well established tea farming companies
with vast tea growing fields and large tea processing factories.
The abundance of the tea farming companies provided an
opportunity of obtaining an adequate sample size whose findings
could be inferred on the workers working in the tea farming
elsewhere in Malawi.

Study Population

The study population in this study was tea estate workers who
were randomly selected from tea estates in Thyolo and Mulanje
districts. These workers were defined as those that work in the
tea gardens (plucking tea) or in the tea factory (processing tea).
All tea estate workers providing services other than defined,
for example drivers, mechanics, security guards, cooks, health
workers and all administrative staff were excluded from the
study. These workers were excluded because they were not
directly exposed to tea

Sample Size and Sampling Procedure

The sample size was calculated using the confidence level
of 95%, with the margin of error of 3%, and the population
proportion of 50% was 1,068 [9]. The sample size was calculated
using an online sample calculator at https://www.calculator.net/
sample-size-calculator.html. Random sampling was used to
purposively obtain 4 and 5 tea estates from 12 and 15 tea estates
in Mulanje and Thyolo districts respectively. This means a total
of 9 tea estates participated in the study in the two districts.
The 9 tea estates were randomly selected by first listing the 12
tea estates in Mulanje district and the 15 tea estates in Thyolo
district in alphabetical order and assigning a number to each
tea estate in ascending order. Microsoft excel random number
generation function was used to independently select 4 and 5
random numbers for Mulanje and Thyolo districts respectively.
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The randomly selected numbers were then crosschecked with
the developed list of tea estates to obtain the name of the estate
corresponding to the randomly generated numbers. The sample
of 1,068 participants was proportionally distributed to the
sampled 9 tea estates based on the number of workers in each
sampled tea estate. A list of study participants was obtained by
randomly selecting estate workers in the sampled tea estates
using Microsoft excel random number generation function.
The surnames of the tea estate workers were listed in ascending
alphabetical order and assigned numbers in ascending order.
The randomization gave an equal opportunity to all tea estate
workers of participating in the study.

Data Collection Tools and Techniques

Data was collected from the sampled study participants by trained
research assistants that were recruited to collect data in this
study. As a semi-structured questionnaire administered digitally
using open data kit (ODK) by trained research assistants was
used. Data was also collected through observation by physically
checking in the participant’s health passport book. Data was also
generated through screening of the study participants for TB. The
four TB cardinal signs and symptoms of cough, fever, weight
loss and night sweats were used to symptomatically screen
study participants. All study participants were either referred
for digital chest x-ray examination and presumptive TB patients
who can produce sputum samples had their samples run on gene-
xpert machine. The digital x-ray machine and the gene-xpert
platform were both housed in a mobile diagnostic van (point
of care screening for TB). The findings of x-ray examination
were available on spot as research team consisted of Clinicians
(from mobile diagnostic unit) responsible for interpretation of
the digital x-ray images. The gene-xpert results were available
between 2 hours. The research assistants were trained in the
general overview of the study, data collection using ODK by
going through the questionnaire and the ethical considerations
of the study participants. The data collection questionnaire was
pretested prior to data collection in a tea estate that was not
sampled to participate in the study.

Data Management

The collected data which was predominantly quantitative was
cleaned, coded and entered into an SPSS database to ensure that
only valid and complete data is used in the analysis to obtain
reliable and credible results.

Data Analysis

The cleaned and coded data was analyzed using SPSS version
25 to generate tables that showed demographic characteristics of
participants, prevalence of TB, proportions of bacteriologically
diagnosed and proportions of clinically confirmed/intention.
Chi-square analysis was done to determine participant factors
that were associated with developing TB disease.

Ethical Considerations

Ethical clearance to conduct the study was obtained from the
National Health Sciences Research Committee (NHRSC)
approval number 3152 approval number. Consent was also
obtained from each study participant after explaining the aims
of the study to ensure that they make an informed choice.

Results

Socio-Demographic Characteristics

A total of 976 participants participated in the study representing
91.4% response rate. The participants were predominately males
742(76%) and majority 327(33.5%) were between the age group
of 35 to 44 years with least 24(2.5%) in the 65 years and above
age group. In terms of level of education 466(47.7%) attended
primary education with 102(10.5%) being without formal
education. Majority of the participants 552(56.6%) reside outside
the estate compound (villages) while the remaining reside within
the estate compounds. The highest proportion of participants
634(65.0%) were temporary workers and 342(35.0%) were
permanent workers of the tea estates. The results show that
580(59.4%) of the participants work in the tea factory while

396(40.6%) work in the tea field (Table 1).

Table 1: Socio-demographic characteristics of participants

Variable Name Categories IZ(I,Z ()l,ulfI:;%:
Age 18-24 40 (4.1%)
25-34 241 (24.7%)
35-44 327 (33.5%)
45 -54 239 (24.5%)
55-64 105 (10.8%)
65 above 24 (2.5%)
Sex Female 234 (24.0%)
Male 742 (76.0%)
Level of Education Didn’t go to school | 102 (10.5%)
Primary 466 (47.7%)
Secondary 374 (38.3%)
Tertiary 34 (3.5%)
Place of residence Estate Compound | 424 (43.4%)
Village 552 (56.6%)
Household size 1-4 592 (60.7%)
5 above 384 (39.3%
Smoking history Yes 210 (21.5%)
No 766 (78.5%)
Alcohol consumption Yes 428 (43.9%)
No 548 (56.1%)
History of working in Yes 13 (1.3%)
mine
No 963 (98.7%)
Type of Employment Permanent 342 (35.0%)
Temporary 634 (65.0%)
Working department Factory 580 (59.4%)
(processing)
Field (plucking) 396 (40.6%)
Working hours per day 8 hours 919 (94.2%)
Above 8 hours 57 (5.8%)

Health-Related Characteristics of the Study Participants

Of 976 participants, 183 (18.8%) were documented to be HIV
positive. Majority of the participants 856(87.7%) had a normal
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body mass index (BMI) of 18.5 —24.9 with 11(1.1%) having the
BMI of below 18.5 (underweight). With regards to underlying
chronic medical conditions (3)0.3% of participants had diabetes,
22(2.2%) had asthma, 12.1% had chronic obstructive pulmonary
disease. Seventy-four (7.6%) had been contacts of TB patients
(Table 2).

Table 2: Health-related characteristics of the participants

Factors Associated with Tuberculosis Among Tea Estate
Workers

Different factors of the tea estate workers were assessed to
find out whether they have an association to development of
Tuberculosis. There was significant association between level of
education (P=0.012), type of employment (p=0.019), HIV status
(p=0.046), history of TB among household contact (p=<0.001)
and development of TB. The study findings showed that factors

. Frequency (%) which are usually considered to be associated with TB did not
Variable Category N=976 have any association history at all. Such factors are history of
HIV status Positive 183 (18.8%) smoking (p=0.941), history of working in a mine (p=0.619)
: . alcohol consumption (p=0.165), nutritional status (p=0.90) and
Negative 690 (70.7%) history of diabetes with (0.812). (Table 5).
Not Known 102 (10.6%)
Nutritional status (BMI) Normal 856 (87.7%) Table 5: Factors associated with Tuberculosis
Overweight 109 (11.2%) Diagnosed
. Factor TB Cases P-value
V)
‘ Underweight 11 (1.1%) (N=18)
Diabetes Yes 3 (0.3%)
0 Az it 18 — 24 years 0(0)
No 973 (99.7%) Participant Y
Cancer Yes 0(0) 25 — 34 years 0 (0)
No 976 (100%) 35 —44 years | 7 (38.9%) 0.056
Asthma Yes 22 (2.2%) 45 — 54 years 9 (50.0%) :
No 954 (97.7%) 55— 64 years | 2 (11.1%)
COPD Yes 12 (1.2%) 65 years 00)
No 964 (98.8%) above
History of TB (Household | Yes 74 (7.6%) Sex Female 5(27.8%) 0703
Contacts) Male 13 (72.2%) '
No 902 (92.4%) idn’
Level qf Didn’t go to 2 (11.1%)
Education school
Prevalence of Tuberculosis Among Tea Estate Workers Prim 5(27.8%)
The study findings show that the prevalence of Tuberculosis Ay o0 vz
among tea estate workers involved in tea plucking and Secondary 8 (44.4%)
processing is 1.8% which translates to 1,844 TB cases per Tertiary 3 (16.7%)
100,000 population. The prevalence is higher among tea estate | Higtory of .
workers in Thyolo Qistrict 2.1% translating to 2,060 TB cases | smoking Yes 4(22.2%) 0.941
per 100,000 population (Table 3). No 14 (77.8%)
Table 3: Diagnosed Tuberculosis Cases ﬁggilrc: tion Yes 5(27.8%)
District | Number of | Confirmed TB | Prevalence P " lles
Participants Cases (%) No 13 (72.2%)
Mulanje 442 7 1.6 H1st;;ry O.f v 0(0)
working in a es
Thyolo 534 11 2.1 mine 0.619
Total 976 18 1.8 No 18 (100%)
Classification of TB Cases Pla.ce of Estate 11 (61.1%)
Among the 18 diagnosed TB cases 17(94.4%) were | Iesidence compound 0.127
bacteriologically confirmed and 1(5.6%) was clinically Village 7 (38.9%)
diagnosed /intention to treat cases (Table 4
g ( ) ngro iF Permanent | 11 (61.1%)
I : employment 0.019
Table 4: Classification of Tuberculosis cases Temporary 7 (38.9%)
District Bacteriologically diagnosed Clinically Total B
diagnosed Working Factory (tea 14 (77.8%)
Mulanje - 0 7 department pr(:*)cessmg) 0110
Thyolo 10 1 11 Fllel(li('(tea 4 (22.2%)
Total 17 (94.4%) 1(5.6%) | 18 (100%) plucking)
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HIV status Positive 7 (38.9%)
Negative 11 (61.1%) 0.046
Not known 0(0)
Nutritional o
status (BMI) Normal 16 (88.9%)
Overweight 2 (11.1%) 0.90
Underweight | Underweight
Diabetes Yes 0(0)
0.812
No 18 (100%)
Asthma Yes 1 (5.6%)
0.341
No 17 (94.4%)
COPD Yes 0(0)
0.633
No 18 (100%)
History of TB
(Household Yes 7 (38.9%)
Contacts) <0.001
No 11 (61.1%)
Discussion

We conducted a cross-sectional study to determine the prevalence
and factors associated with TB among tea estate workers. The
prevalence of TB was 1.84% which is higher than national
prevalence of 1.014% (1014 cases per 100,000 population).
Increased burden of TB has also been reported in similar studies
conducted elsewhere which shows TB to be a burden in the tea
gardens. In Dibrugarh district in India 4,789 out of the total
11,997 TB cases, representing 40.0% were recorded in the tea
gardens alone in a period of 4 years [10]. Studies from elsewhere
agree with this finding that TB is a burden in the tea gardens
[10,6]. This study being the first in the tea estates of Malawi lays
a foundation for deliberations on how the tea estates in Malawi
can contribute to the global plan to end TB by 2030 which
Malawi is a signatory. Therefore, there is need to strengthen
preventive and control TB strategies among this population.

The study also assessed factors that might be associated with
TB disease among the tea estate workers. The results shows
that level of education has an association with suffering from
TB among tea estate workers. The existing literature supports
the fact that lower education is associated with high burden of
TB disease as assimilation of TB information such as; signs and
symptoms, prevention and control measures is low and decision
making in health care seeking is also delayed. On the other hand,
lower education is highly associated with low socio-economic
status which is also a pre-disposing factor of TB [11].

In this study, the type of employment of a participant was found
to be associated with TB disease, this was defined as either
being a permanent worker or a temporary worker of the estate.
The findings show among the 18 TB patients, 11(61.1%) were
permanent workers and 7 (38.9%) were temporary workers.
Furthermore, permanent workers are likely to find a shelter
within the estate which are usually overcrowded. Normally, in
tea estates and similar institutions permanent workers works
routine shifts thereby having prolonged exposure to tea.
Furthermore, permanent workers have a privilege of being
accommodated in institutional houses which are in clusters and

overcrowded. Primary data and studies have revealed that estate
houses in the compounds are very congested with small rooms
and no proper ventilation [10]. Another possible explanation of
this association might be that the patients share one common
source of transmission which might be at the workplace or place
of residence, however this study fell short of establishing the
reasons.

Our findings also show that HIV status of the participants was
associated with TB disease, The TB/HIV co-infection rate was
found to be 38.9%, which is likely not significantly different
from the World Health Organization estimate of 42.0% TB/
HIV in the sub-Saharan Africa [12]. Studies have shown that a
significant association between being HIV positive and suffering
from TB [13,14]. Considering that assessment of this variable
was through documented evidence in the health profile book, it
might be that this co-infection has been under reported for fear of
prejudice, stigma and discrimination as some use two different
health profile book, one for HIV care while the other for other
medical conditions. There is need to strengthen integrated TB/
HIV services in our routine care since there is high TB/HIV co-
infection rate.

History of TB among household contacts has in this study
been found to be associated with TB disease, from the findings
38.9% of the diagnosed patients had a history of TB among
the household contacts. Several studies have suggested that
proximity to infectious TB patients puts close contacts at a
higher risk of being infected [13,15]. In line with what has been
suggested in different studies, 94.4% of the TB cases diagnosed
in this study are bacteriologically diagnosed TB cases which
are regarded as most infectious. Hence the need to strengthen
screening services for TB contacts among tea estate workers.

This study did not establish any association between tobacco
smoking despite that 22% of the diagnosed TB patients had a
history of smoking. This might be attributed to small percentage
of smoker that were found in this study. However, the metanalysis
of 24 studies conducted by Bates and colleagues, on the effects
of smoking on TB, showed that the relative risk was high
among smokers compared to non-smokers [16]. The findings
of this study did not establish any association between alcohol
consumption and TB disease, 27.8% of the diagnosed patients in
this had a history of alcohol consumption. A systematic review
of 3 cohort and 18 case control studies concluded that the alcohol
increases the risk of active tuberculosis more especially when
the consumption is greater than 40 g per day [17,18].

This study did not find any TB patient who was malnourished
or was suffering from diabetes hence it could not establish
any association the two. However, several studies have
malnutrition and diabetes as risk factors for developing TB
disease [17,19,13,20]. The findings of this study do not in any
way discredit this existing knowledge, as they might have arisen
due to a small proportion of TB cases diagnosed from the study
participants [21-23].

Limitations and Constraints
The study only involved tea estate workers that directly deal
with tea (plucking and processing) leaving out other workers
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who might be point of source for TB transmission. There is need
for further study that will involve all workers of the tea estates.
The number of diagnosed TB patients was small to enable the
identification of risk factors among tea estate worker hence only
the association between factors and TB disease was established.

Recommendations

Based on the findings of the study there is need to consider tea
estates as partners in TB/HIV prevention and control program.
Deliberate policies or guidelines should be put in place that
will ensure tea estates workers benefitting from routine and
targeted TB/HIV screening. Further studies should be conducted
that should involve all workers of the tea estate to determine
the burden among all tea estate workers as the cadres left out
in the study might be point of source for TB transmission,
comparative studies can also be considered to determine risks
factors associated with TB.

Conclusion

This study confirmed that the burden of TB in the tea estates
is high concurring with other studies. With these results there
is need to involve or consider tea estates as a partner when
designing and implementing TB/HIV prevention and control
strategies. Therefore, this calls for policy makers to strengthen
prevention and control strategies among tea estate workers so to
contribute to global agenda of ending TB by 2030
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