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Abstract

Introduction: Tuberculosis is the main cause of morbidity and the second leading cause of mortality in
Ethiopia. Efforts to battle the TB pandemic have increasingly expanded. However, the indirect effects of
the COVID-19 pandemic might disrupt TB service delivery. In this study, we assessed the effect of COVID-
19COVID-19 on TB service as measured by TB notifications in Addis Ababa city.

Methodology: A retrospective observational study was done using routine TB program data,
complemented with spatial and population data from other sources. We used the least squared regression
model to estimate the change in TB notification trends due to COVID-19 restrictions. To create all maps
and visualize distributions across sub-cities QGIS 3.24 was used. Additionally, a literature review was done
to investigate the contributing factors that impacted TB notifications during the pandemic (2020).

Key Findings: Compared to the pre-COVID-19 era, the total number of TB notifications decreased by 20%
over the COVID-19 period (P<0.05). The geographical distribution showed that there were significant
differences in Total TB notifications across the different sub-cities (P<0.05). The largest decline, of 34%,
was reported in the Nifasilk Lafto sub-city compared to the pre-COVID-19 period. The literature study
found stigma, fear of contracting COVID-19, government regulations, and an overworked healthcare
system as the factors affecting TB notification.

Conclusion: The COVID-19 pandemic showed a detrimental effect on Addis Ababa's TB notification rate.
This emphasizes how crucial it is to strengthen TB services, including implementing alternative
innovations, merging TB and COVID-19 services to lessen obstacles to TB diagnosis.

Key words: Tuberculosis, Case Notification Rate, TB diagnosis, COVID-19

Word count: 11,185



CHAPTER ONE

1.0 Introduction

I have been working on tuberculosis (TB) and COVID-19 in Ethiopia for the last four years with the
Armauer Hansen Research Institute and implementing partners of the Ministry of Health. Finding new cases
of TB has been a major issue and source of concern for research projects and other stakeholders whose
work is advancing TB care and research in Ethiopia. My interest in doing this research was driven by the
high prevalence of tuberculosis in Ethiopia, the ongoing COVID-19 pandemic's indirect consequences, and
the necessity to use resources wisely to locate the most cases possible. | recognized the need for a new
approach to program data analysis and interpretation that gives rich, in-depth information through maps,
charts, and literature reviews. This inspired me to take on the difficult task of completing my thesis on the
impact of COVID-19 on TB notification in the capital city of Ethiopia, which was severely afflicted by the
pandemic. This thesis investigates the time trend of TB case notification and the geographical distribution
of TB case notification rate among the eleven sub-cities of Addis Ababa and proposes possible explanations
for the trends found.

The results of the study will be shared with the National TB Program, the Ethiopian Ministry of Health,
and other significant TB stakeholders. The study's conclusions will also be used to give recommendations
for TB programs. Finally, I'm hoping that this will encourage the National TB program and its
implementation partners to conduct detailed research by frequently examining data sets at the subnational
level using innovative methods like the MATCH framework.

This research is divided into six chapters: An overview of TB and COVID-19 is given in Chapter 1; the
problem description, justification, and objectives are examined in Chapter 2; Methodology is presented in
Chapter 3; The study's findings are presented in Chapter 4; Results are discussed in Chapter 5, and the study
is concluded with suggestions in Chapter 6.



1.1 Background

The coronavirus disease 2019 (COVID-19) epidemic, which began in Wuhan, China, and was declared a
worldwide pandemic by the World Health Organization (WHO) on March 11, 2020, has caused the loss of
millions of lives and put a burden on healthcare systems all over the world. Some countries utilized
population-wide lockdowns as a critical component of larger virus control methods to break the
transmission of the virus(1,2). Essential health services like those for HIV infection and/or acquired
immunodeficiency syndrome (AIDS), tuberculosis, malaria, routine immunization, noncommunicable
diseases, nutrition, and reproductive, maternal, newborn, child, and adolescent health services have been
interrupted by COVID-19 in the most countries, with ongoing and evolving interruptions as the pandemic
persists (3). TB case diagnosis, treatment initiation, and treatment adherence were all substantially impeded
during the epidemic (4).

Tuberculosis takes approximately 1.4 million lives worldwide each year, following only coronavirus
disease (COVID-19) as the top cause of death in 2020(5). During the pre-COVID-19 period (in 2019), there
were around 10.0 million new tuberculosis infections and 1.5 million tuberculosis deaths
worldwide(6). Over the previous few decades, efforts to battle the TB pandemic have increasingly
expanded. By the end of 2019, 78 countries were on pace to fulfill the 2020 End TB targets of reducing TB
incidence and mortality by 80% and 90%, respectively, compared to 2015 rates(6). However, lockdowns,
economic turmoil, healthcare worker sickness and attrition, overburdened health facilities, and fear of
healthcare facilities are all effects of the COVID-19 pandemic that have disrupted health service delivery
(7).As a result, there is a significant worldwide delay in meeting already settled goals(7).

Ethiopia has a population of over 115 million people, making it Africa's second most populated country.
19.5 years old is the median age, and 78.7% of people live in rural areas. With a per capita income of USD
850 in 2019, it is also one of the least resourced countries on the list (8). The country's health-care system
is a three-tiered structure (primary, secondary & tertiary) (9). Tuberculosis (TB), malaria, Human
Immunodeficiency Virus (HIV) infection and acquired immune deficiency syndrome (AIDS), and maternal
mortality are the main health concerns in Ethiopia, (10).

In the last two and a half decades, Ethiopia has proven achievements in lowering common infectious
illnesses, although diseases such as TB remain the leading causes of morbidity and mortality in the nation
(12). According to the 2018 WHO Global TB report, the incidence of TB in Ethiopia is 151 per 100,000
population, which ranks the country amongst the 30 nations with a the highest TB burden globally (12).
Tuberculosis is the main cause of morbidity, the third greatest cause of hospitalization, and the second
leading cause of mortality in Ethiopia (13). Addis Ababa, which is the capital city of Ethiopia with a
population of 3,122,000 has total of 93 health centers and 11 public hospitals. The city has a high TB burden
with prevalence, incidence ,and mortality rates of 314, 246.58, and 28.20 (all per 100,000 populations)
respectively(14,15). Similarly, TB is among the leading three causes of years of life lost( YLLs )and years
of healthy life lost due to disability (YLDs) in the city (16).

1.1.1 COVID-19 in Ethiopia

On March 13, 2020, Ethiopia reported its first case of COVID-19 in Addis Ababa. Two days later, the
WHO declared the disease to be pandemic. In the first six months, Ethiopia had tested 237464 suspects,
with 5425 (2.3 percent) cases having been confirmed positive; 89 ( case fatality rate (CFR) = 1.6 percent)
of these cases had died, while 1688 (31.1 percent) had recovered (17). As of June 11, 2021, there were
273,678 confirmed positive cases confirmed, of whom 4231 died (case fatality rate = 1.55%) (18). The
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largest number of cases and fatalities across Ethiopian regions was reported from Addis Ababa City
Administration (71.6%) (19). Hospitals resources such as human resource, laboratory, outpatient and
emergency services was transferred to COVID-19, reducing patients' normal access to care for other
diseases such as TB (20).

1.1.2 Government Containment Measures

In order to tackle COVID-19, the government has stepped up its planning and response activities and
established a national preparedness and response coordination system through an Emergency Operation
Center(21). On March 16, 2020, the government-imposed restrictions on public gatherings, including those
for religious ceremonies, sporting events, and concerts. It also ordered school closings and mandated remote
work for high-risk government employees. The government at the time called that routine activities
continue while being subject to containment measures (22). On the other hand, Addis Abeba and the nine
Regional States and two City Administrations imposed travel restrictions and suspended flights. Mass
transit and taxi services were forced to adhere to new working hours regulations and only operate at 50%
of their capacity. Similar to other countries, Ethiopia stopped flights to 30 disease-affected nations on March
23, 2020, and to more than 80 nations on March 29, 2020. Closed land boundaries On March 23, 2020,
Ethiopia deployed security personnel and shut all land crossings (23).

Political parties took part On April 5, 2020, the country's prime minister gathered with the heads of different
political parties to discuss and achieve an agreement on the impact and containment of COVID-19 State of
emergency issued when the number of cases increases. On April 8, 2020, the government proclaimed a
five-month national state of emergency due to the country's steadily increasing caseload. (22,23).
Additionally, Ethiopian government implemented thorough and rigorous contact tracing, mandatory
guarantine, and treatment. In order to expand the number of quarantine centers and their capacity to more
than 50,000 beds, the government deployed the dorms, medical facilities, and other structures at public
institutions(21).



CHAPTER TWO

2.1 Problem Statement

The COVID-19 pandemic, and actions taken in response to it, have had far-reaching consequences on other
diseases, poverty, food security, and economic growth(3). In low-income and middle-income countries, a
particular concern has been the potential impact on three major health priorities, specifically, HIV,
tuberculosis, and malaria, due to a disruption to health services. These three illnesses are prevalent in many
low- and middle-income nations, and millions of people rely on large-scale programs to control and treat
them (24). Substantial progress has been achieved in recent years in lowering the burden of TB, and
ambitious objectives for attaining extremely low levels of burden by 2030 have been established as part of
the Sustainable Development Goals (SDG)(25). According to the Global Tuberculosis Report 2020, the
global TB incidence rate is decreasing, but not quickly enough to meet the 2020 target of a 20%
decrease(26). Positively, the WHO European Region has virtually reached the 2020 target, with a 19%
reduction in TB incidence rate between 2015 and 2019, while the African Region has made considerable
progress, with a 16% drop between those years(26).Nonetheless, Control program interruptions might
cause significant setbacks and exacerbate COVID-19's effects. The World Health Organization (WHO) has
found that the COVID-19 pandemic has had a significant impact on TB control efforts (5). This has
disrupted tuberculosis (TB) care and service delivery, slowing progress in the battle against the illness by
many years(27). The severity of this setback can be intensified when new COVID-19 strains reach more
low- and middle-income nations in 2021 (28). By late 2020, both high and middle-income nations, even
those where COVID-19 had been well-controlled, had seen significant decreases in TB case notifications
(29). Reduced TB natification raised concerns about delayed case discovery and treatment completion. As
a result, it is expected that there will be an increase in Mycobacterium tuberculosis transmission and, as a
result, greater death rates (30).

According to preliminary estimates by the United States Agency for International Development (USAID),
the pandemic may have resulted in over 1 million fewer cases being reported in 24 high TB burden countries
alone in 2020, with a relative reduction of 7% in Africa, a 15% reduction in Central Asia and Europe, and
a 27% reduction in Asia compared to 2019(31).In 2020, there were 10 million incident tuberculosis cases
globally, with Africa accounting for around 25% of all TB cases (26). According to a World Health
Organization (WHO) report, TB case notifications in High Burden Countries (HBC) decreased by 18%
between 2019 and 2020 (from 7.1 to 5.8 million cases) (5). During the early months of the pandemic, TB
notifications in HBCs declined drastically. TB service infrastructure and resources were shifted to the
pandemic response. Due to limited access (clinic closures, health worker shortages, or to avoid crowds),
fear of catching COVID-19, or stigma associated with TB and COVID-19, many vulnerable persons with
untreated tuberculosis have difficulties accessing tuberculosis care (32,33). According to the global survey,
50 percent of patients with tuberculosis in Kenya reported difficulty receiving TB care due to limited public
transportation (cost and availability of transport)(32).Similarly , 62 percent of persons with tuberculosis in
India reported they didn't want to visit their regular facility because they were afraid of catching COVID-
19(28). This delay in seeking treatment has resulted in an increasing number of persons being ignored,
resulting in an increase in community-based tuberculosis transmission, more severe forms of the disease,
and TB mortality (34).

In a study of 567 TB health professionals from 64 low- and middle-income countries, 233 (41%) reported
tuberculosis patients had found it significantly more difficult or impossible to get care at facilities since the
epidemic began. Similarly, 162 (29 percent) of respondents felt providing TB diagnostic tests was difficult
or almost impossible(7). Besides, National Tuberculosis Program (NTP) employees are involved in
COVID-19-related activities, which are disturbing TB initiatives, according to a Stop TB Partnership study



of 20 high-burden TB countries(32). COVID-19 patients are being treated in TB isolation units, and
TB/infectious disease experts are being shifted to COVID-19 treatment. SARS-CoV-2 has been detected in
TB laboratories, which is ruining TB testing. The supply and transportation of tuberculosis drugs has been
hampered (35). These factors, on the other hand, contribute to prolonged diagnostic delays, poor treatment
results, and drug-resistant (DR) TB, all of which contribute to the current and future spread of TB (36).

Ethiopia's government is now implementing the global End TB Campaign, with the goal of eradicating
tuberculosis by 2035. this has been done by intensive TB screening, early diagnosis, proper treatment, and
universal drug sensitivity testing (DST) (37). The country was one of 78 throughout the world that were on
track to fulfill the 2020 target for reducing TB incidence(26). The current COVID-19 scenario in Ethiopia,
on the other hand, has hampered implementation and impeded progress toward achieving TB plan
milestones and objectives (10). COVID-19 was first detected in Ethiopia on March 13, 2020, infecting 227
255 people out of 2 437 495 samples examined (positive 9.32 percent), leading in 3146 fatalities (as of 11
April 2021). The number of cases is rapidly rising, with nearly three-quarters of those happening in and
around Addis Ababa (38). Due to this pandemic the Ethiopian government was posed movement
restrictions. Interregional mobility restrictions, schools closed and elections postponed, state of emergency
announced, mandatory facemask, and 14-day quarantine for people arriving from outside Ethiopia(39).
Aside from the Ethiopian government's limitations, the population was fearful of contracting COVID-19
and hence avoided coming to health institutions (40).

With the challenge created by COVID-19 to the world's health systems, particularly in resource limited
nations such as Ethiopia, hindered access to basic health care services and indirectly caused morbidity and
mortality from reasons other than the pandemic itself(41).According to the WHO assessment on COVID-
19 and the national TB programs of 100 countries including Ethiopia, there has been a decline in outpatient
visits, national TB staffs have been involved in the COVID-19 pandemic, and outpatient facilities have
been moved to Covid-centers (42). For example, from the end of March 2020 where the first COVID case
was identified in Ethiopia, there have been significant reductions in TB case detection(22). According to
the data from the Dire Dawa Health Bureau, there were 110 TB cases in the period 1 April to 30 June 2020,
which was about three times lower than cases detected in the previous reporting periods(18). There will be
an increase in TB mortality as a result of this TB diagnostic and care interruption. COVID-19's enormous
health-care-system disruption is also impeding progress toward health-care goals like the End TB Strategy
2030 (43,44). Restricted access to medical care has increased the number of late, disseminated TB
presentations, which are linked to poor treatment results and mortality, much like the 2014-15 Ebola virus
disease epidemics. In fact, during the next five years, the COVID-19 pandemic is expected to result in a 20
percent rise in TB mortality worldwide(45). Policymakers, experts, and government officials must put in
more effort to enhance testing capacity and bring about behavioral changes in the public to alleviate the
already existing issues. To develop strategies for action, empirical data on the effect of COVID-19 on TB
notification are crucially needed.

2.2 Justification of the study

A lot of studies have been conducted on the impact of COVID-19 on essential health services. These studies
discovered that movement restrictions or lockdown, transportation challenges, and anxiety as a result of
coronavirus infection might all be factors affecting health-care utilization .Although several studies have
focused on the impact of COVID-19 on essential healthcare services(46), none of them showed the
geographical ,temporal ,and spatial trend of TB notifications in the context of COVID-19 in Addis Ababa
city, which is the focus of this research . To build targeted interventions and present the evidence for
informed decision-making on TB, it will be crucial to do this. The National TB Program staff and other
organizations might be guided on how to allocate resources for case-finding efforts by a geographical study
of the spread of the disease combined with the time trend. Similarly, the data can provide useful insight to
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NTP surveillance systems into where and why TB cases are missed.

The WHO states that a widely available indicator that can be used to determine the impact of disruptions
brought on by the COVID-19 pandemic on essential TB services at the country level is the national number
of notified cases of TB. This study used TB notification as a measure because of this (47). This indicator
reflects both supply-side (e.g., capacity to continue providing services) and demand-side impacts on access
to diagnosis and treatment (e.g. Concerns about the risks of visiting medical facilities during a pandemic,
willingness and capacity to seek care in the context of lockdowns and related limitations on travel, and
stigma connected to parallels in symptoms related to TB and COVID-19) (48).As a result, we will examine
the influence of the COVID-19 pandemic on TB notification using secondary data provided from the
Ministry of Health's DHIS2 data source for Addis Ababa. These are critical for understanding COVID-
19's impact on tuberculosis and for designing measures to improve TB services based on it. Addis Ababa
was selected as study area because besides TB burden this city contributes 71.6% of reported COVID-19
cases(18). the findings of this study will be utilized to assist policymakers and stakeholders in properly
managing the indirect impacts of COVID-19 on tuberculosis to meet the ENDTB plan by 2030.

2.3 Research Questions

1. What was the state of TB notification in Addis Abeba's sub-cities before (2019) and during (2020) the
COVID-19 pandemic?

2.To what extent does TB notification vary between sub-cities before and during the pandemic?

3. What were the major factors influencing TB notification in Addis Abeba during the pandemic?

2.4 Research Objectives

General objectives: To analyze the effects of COVID-19 pandemic on TB care as measured by TB
notification in the selected health facilities in Addis Ababa, Ethiopia, to provide findings for policy makers,
National and international actors supporting TB control endeavors.

2.4.1 Specific Objectives:

e To determine the temporal trend of TB notification (new and relapse TB cases) rate before and
during COVID-19 pandemic

e To visualize the geographical distribution of the total TB notification (new and relapse TB cases)
before and during COVID-19

o To identify factors affecting the trend of TB patients’ visits to the health facility during the

pandemic

e To provide empirical results on the status of tuberculosis notification for policymakers and players
involved in the fight against tuberculosis



CHAPTER THREE

3.0 Methodology

3.1 Study design

A retrospective observational study was done using routine TB program data, complemented with spatial
and population data from other sources. The study used data from the district health information system 2
(DHIS2) to conduct a retrospective interrupted time series analysis to determine the impact of COVID-19
on TB notification before and during the pandemic.

3.2 Study Area

Sub_cities population |‘ . /
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Figure 1: The population distribution among sub-cities in Addis Ababa (49)

The study area of the research was All the eleven sub-cities of Addis Ababa city. Addis Abeba, the capital
of Ethiopia and the African Union, is frequently referred to as the "African Capital" because of its historical,
diplomatic, and political significance for the continent. With an altitude of 7,726 feet (2,355 meters) above
sea level on the foothills of the Entoto Mountains, it is the third-highest capital city in the world. It is located
in the geographic center of the nation. According to the most recent forecast (2020), the city has a population
of 4794000 residents (50). In the city, there are eleven boroughs (sub-cities). The most populous of the sub-
cities is Kolfe Keranio, with 590767 residents, followed by Nifasilk Lafto, with 435752 residents (51).

There are seven public hospitals and one hundred public health centers in the city, which are divided into
three categories: health centers, regular hospitals, and specialist hospitals(52). All health facilities at all
levels of healthcare offer TB care with the support of several national specialized TB activities, such as the
recently launched End TB program. Every health facility, using a nationally standardized and coordinated
reporting form, reports TB cases to the city's administrative health bureau once a quarter(52).



3.3 Study Period, Data Source and Variables

The research was based on data provided between March 2019 and December 2020. There was a Pre Covid
phase before March 2020, a Lock down period during the Covid era from April to July 2020, and a COVID-
19 period from March 2020 to December 2020. Aggregate patient numbers with new clinically diagnosed,
bacteriologically confirmed, new and relapse Pulmonary TB patients, stratified by 11 sub-cities (4™ level
administrative unit in Ethiopia), were among the data variables. Data sources for the analysis were used
nationally aggregated, routinely captured tuberculosis programme data supplied by the Ministry of Health's
(MOH) district health information system 2 (DHIS-2). This central repository receives data from every
health facility. Every health institution uses a nationally defined and organized reporting form to submit
TB case reports to the city's administrative health bureau every quarter.

After reviewing the data, a monitoring and assessment team clarified and corrected any irregular or
incomplete data before final national-level data aggregation. We also used data from the Ministry of
Health's (MOH) District Health Information System 2 (DHIS-2) data on the quarterly number of COVID-
19 cases reported in the study area to assess the COVID-19 infections throughout the same period. Without
the use of any patient identification, this study conducted a population-level analysis. The data from DHIS2
was extracted and divided into two periods: the COVID-19 era (from March 2020 to December 2020) and
the pre-COVID-19 era (From March 2019 to March 2020). The data was obtained using national HMIS
indicators for tuberculosis services, which are reported on a quarterly basis. The overall TB notification
(new and relapse) data then retrieved based on variables namely sub-city, study year and quarter.

3.4 Inclusion and Exclusion Criteria

The study looked at TB data for 2019 and 2020, as well as COVID-19 data from March 2020 to December
2020. The paper includes evidence published only in English-language on tuberculosis and COVID-19.
Studies that are not connected to COVID-19 and tuberculosis (TB), as well as those published prior to 2010,
will be excluded.

3.5 Data Analysis

After data were obtained, Excel and SPSS V.24 were used to manage, describe, and analyze the data. To
calculate the proportion of each indicator, we conducted descriptive data analysis. For quarterly TB
notifications during 2019 & 2020, we used an interrupted time series analysis (53) to determine the change
in quarterly TB notifications during COVID-19 time (2020 ), compared with quarterly notifications during
2019 & 2020. We used least squared regression model including an interaction term between quarter and
restriction measures to estimate the change in trend due to COVID-19 restrictions. Sub-city was added as
an additional covariate to account for variation in TB notification between reporting units(54).

Categorical variables were reported as frequencies (percentages). Per sub-city, the percentage change in TB
notifications before and after the COVID-19 limitation was calculated as follows: (((Number of new and
relapse TB cases in 2020 — Number of new and relapse TB cases in 2019))* 100% / New and relapsed
tuberculosis cases in 2019(1). A positive percentage change indicated a net increase in TB cased being
notified as compared to the reference value of 2019, whereas a negative percentage change indicated a net
decrease from 2019. Between periods, the study was compared each of the selected indicators on a quarterly
and yearly basis (COVID-19 era and pre-COVID-19 era). To determine the rate ratios comparing
registrations per study period in the COVID-19 era with the pre-COVID-19 era, will be adjusted for year,
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independent samples t-test was carried and also significance of the differences in TB notification among
Addis Abeba's sub-cities was demonstrated using multivariable regression with interaction terms, quarter,
sub-cities, and measure. The statistical test will make use of The 95 % confidence interval (CI) and level
of significance (5%)(54,55). In order to create all maps and visualize and compare the population, aggregate
case notification counts, and case notification rate, across sub-cities QGIS 3.24 (Open Source Geospatial
Foundation) was used (56). In addition, GeoDa-LISA for spatial cluster analysis was used to illustrate the
spatial patterns(57).

Finally, A review of recent literature regarding effects of COVID-19 on TB notifications was used to
explore the factors contributing to the change in TB notification during COVID-19 period and to
contextualize the secondary data analysis.

the keywords "COVID-19", "Tuberculosis(TB)", "prevalence", "magnitude", “Impact”, "TB notification",
“poverty”, “stigma” ,"TB case report", “TB diagnosis”, "developing country”, "Ethiopia" to identify
references from search engines (PUBMED, VU library, Google scholar), and existing evidences on TB and
COVID-19 .all the key words are combined with TB,COVID-19 and Ethiopia, as described in the annex.

Only the English language was used.

3.5.1 Conceptual Framework

To visualize the contributing factors, the study also used the Mapping and Analysis for Tailored disease
Control and Health system strengthening (MATCH) approach which is a Patient pathway conceptual
framework. Through exposure to screening, diagnosis, and therapy, this analytical model looked at how
and why people become lost along the care pathway. It is predicated on the knowledge that a fraction of
patients cannot access the subsequent level of care because of certain obstacles (58). Which enables the
visualization of differences in health inequalities as reported by health programs. It will also help to analyze
the performance of health-care systems in detecting and diagnosing TB , as well as give crucial information
for future planning (58). Furthermore, By increasing the capacity of TB programs in the planning of timely
and locally tailored interventions aimed at identifying and treating people with TB, this framework aims to
provide a way to study TB and other data to identify areas for targeted case-finding or TB program
strengthening)(59). It supports the collection of disaggregated geographical, temporal, and demographic
data, as well as sub-national TB data, for more targeted planning and monitoring of TB initiatives(59).
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People with TB |
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Figure 2: The Patient Pathway Framework(59: p.3)



3.6 Operational Definitions

Table 1: Operational Definition of terms

Indicators

Presumptive TB Cases

A bacteriologically confirmed
TB case

A clinically diagnosed TB case

New TB

Relapse

TB case notification rate

3.7 Limitation of Study Design

Definition

include those who have a chest X-ray abnormality indicative of TB,
a progressive cough that lasts for two weeks or more (or longer for
HIV-positive people), a fever, night sweats, weight loss, or any
combination of these symptoms(61).

is a patient from whom at least one biological specimen is
positive for mycobacterium TB either by smear microscopy,
Xpert MTB/RIF, or culture(61).

is a patient who is identified with active TB by an experienced
physician despite not meeting the criteria for a bacteriological
proven case and is chosen to get a complete course of TB
therapy(61).

patients that have never been treated for TB or have taken anti-
TB drugs for less than one month(61).

patients who were declared cured or treatment completed at the end
of their most recent treatment course and is now diagnosed with a
recurrent episode of TB(61).

the number of new and relapsed cases of tuberculosis reported to
the national health authority over a given time period per 100,000
people(61).

The data used in this research is a retrospective survey, which means that none of the relationships
cannot be interpreted as causal. This kind of observational cross-sectional design have low
inferential strength. Furthermore, the missing data limited the explorative power of the study.

3.8 Ethical considerations

The KIT Research Ethics Committee (REC) was asked for waiver to perform the study. Individual
participants are not involved in the study, nor is there any dangerous procedure for which informed consent
is necessary. The study's data was also obtained with the Ministry of Health's permission. To ensure
anonymity, the data for the study is aggregated and totally anonymized, with no personal identifiers that

can be linked back to individuals.
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CHAPTER FOUR

4.0 Study findings/results

4.1 Temporal trend of TB notification (New and relapse TB cases) before and during
COVID-19 pandemic

For this study, data from the DHIS2 were examined for 24 months (12 months during the pre-COVID-19
(2019) and COVID-19 era (2020)). The research found a total of 7640 recorded TB cases reported by the
eleven Addis Ababa sub-cities over these times. Following the identification of COVID-19 in Addis Ababa,
Ethiopia, and the implementation of transmission control measures, the overall number of TB notifications
decreased by 838 cases (20%), from 4239 pre-covid cases to 3401 cases during COVID-19 period. Total
TB notification trends amongst sub-cities are depicted in Figure 3 along with the total number of new TB
cases reported in each sub-city during the pre-COVID-19 and COVID-19 periods. Throughout COVID-19,
there were between 14 and 29 percent fewer reported new cases of TB in sub-cities (table 2). Contrarily,
only the Arada sub-city showed an increase in TB notifications during the Covid 19 era, with a 21 percent
increase over the same quarter in 2019. However, the number of TB cases recorded during the COVID-19
period decreased by a greater percentage (29%) in the Addis Ketema sub-city (Figure 3).

Table 2: Total TB notification and percentage of change among sub-cities in Addi Ababa

Sub-regions Total TB notifications

Pre-COVID-19 era | COVID-19 era | Percentage

%(N=4239) %(N=3401) Change
Addis Ketema Sub-City | 16(683) 14(484) -29%
Akaki Kality Sub-City 10(423) 9(322) -24%
Arada Sub-City 8(321) 11(390) 21%
Bole Sub-City 6(248) 5(181) -27%
Gulele Sub-City 7(308) 7(234) -24%
Kirkos Sub-City 8(346) 8(272) -21%
Kolfe Sub-city 11(451) 10(339) -25%
Lemi Kura Sub-City 10(429) 9(321) -25%
Lideta Sub-City 5(230) 6(189) -18%
Nifas Silk Lafto Sub-City | 10(428) 11(366) -14%
Yeka Sub-City 9(372) 9(303) -19%

11



TB case notifiction with percent change

800 30%
700 20%
600 10%
500 0%
400 I 0%
300

200 -20% = TB Case notification2019
100 I i I I I I I I -30% TB Case notification2020
0 “40% Percent Change
& &L S S SO S EE
s\‘b S c§° S F I P P P P
ORI AN SR CE G N
LN 0\} &% @\ \/@) *\,’b X\
ST R~ 4 S
vbb v ?S’b é{\’b

Figure 3: Total TB notification and percentage of change among sub-cities in Addi Ababa

The following graph (figure 4) depicts the trend of TB case notifications during the years before and during
COVID-19. The results demonstrated that the TB notification pattern changed throughout both time
periods. However, the quarterly number of TB cases drastically declined throughout the COVID-19 era,
with the largest drop between quarters year on year is that of Q3 2019 to Q3 2020., when it fell by 41%
from 1249 cases (pre COVID-19) to 733 cases (during COVID-19). Similarly, the overall TB cases notified
before the restriction measures showed some decline starting from quarter one, but after the containment
of COVID-19 restriction measures (April 2020) the decline becomes sharp and significant compared to the
respective quarter in the previous year (figure 5).

Overall, there is a statistically significant difference (P<0.001) on TB CN before and after the
implementation of restriction measures. Among sub-cities, Bole showed a significant reduction (P<0.007)
in TB notification after the COVID-19 restriction measure. The results showed that for every unit increase
in restriction measures across sub-cities every quarter, the number of TB cases reported in Bole sub-city
decreased by 30 (Table 3).

Total TB Case Notifications in Addis Ababa

1400 1249
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1000

800
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Total TB
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200

1 2 3 4 1 2 3 4
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Figure 4: Total TB notification per quarter in Addis Ababa
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Figure 5: Shows the Total TB notification per quarter among sub-cities in Addis Ababa before and after
restriction measures. The eleven sub-cities of the pre-Covid era (when there were no restrictions) are
represented by the blue circles, whereas the covid era is represented by the red circles (with restriction).
Before and after the restriction, the blue and red lines, respectively, depict the trend of the TB CN per
quarter.

Parameter Estimates

Table 3: Least squared regression with interaction terms; quarter, sub-cities, and measure

Dependent Variable: Total TB CN
Parameter B P-value 95% Confidence Interval
Lower Bound Upper Bound
Intercept 110.602 0.000 86.748 134.457
Q1(Jan -March) -5.106 0.479 -19.398 9.186
Q2(Apr-Jun) -2.909 0.663 -16.141 10.323
Q3(Jul-Sep) 4.773 0.475 -8.459 18.005
Q4(Oct-Dec) 02
Restriction Measures ~ |-18.485 0.001 -29.289 -7.681
/Addis Ketema Sub-City [61.500 0.000 39.557 83.443
IAkaki Kality Sub-City [8.750 0.429 -13.193 30.693
/Arada Sub-City 4.500 0.684 -17.443 26.443
Bole Sub-City -30.750 0.007 -52.693 -8.807
Gulele Sub-City -16.625 0.135 -38.568 5.318
Kirkos Sub-City -7.125 0.520 -29.068 14.818
Kolfe Sub-city 14.375 0.196 -7.568 36.318
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Lemi Kura Sub-City 9.375 0.397 -12.568 31.318
Lideta Sub-City -32.000 0.005 -53.943 -10.057
Nifas Silk Lafto Sub-City|14.875 0.181 -7.068 36.818

Yeka Sub-City

Oa

To illustrate the degree of change in reported TB cases between the two study periods, an independent
sample t-test was conducted. The results showed that there is a statistically significant difference between
the two periods (before and during COVID-19) in terms of the total number of reported TB cases, with a P
value of <0.004 (Table 4).

Group Statistics
Table 4: Independent T-test comparing the total TB CN before & during the pandemic period

Year N Mean SE T-test of difference of means

t P-value 95% CI
2019 44 36.41 3.07 NA NA NA
2020 44 26.36 3.07 2.95 0.004 3.2-16.8

TB Diagnosis/Bacteriologically Confirmed TB case notifications

The below graph (figure 6) illustrated the change in the number of patients diagnosed with Bacteriological
confirmation. The output showed there is a decline in the number of Bacteriologically confirmed TB case
notifications from 2115 during the pre-covid period to 1842 during the COVID-19 era, which is a 13%
decline. However, the independent t-test result showed that the change is non-significant with a p-value of
0.445 (table which is greater than p=0.05 (Table 5).

COVID-19 Cases

Figure 7 demonstrates that COVID-19 cases in Addis Abeba city began to rise in the third quarter of 2020,
rising from 550 cases in quarter two to 18449 in three and continuing to rise in quarter four.
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Table 5: Independent T-test comparing the Bacteriologically confirmed TB CN before & during the
pandemic period in Addis Ababa

Figure 7: the number of COVID-19 cases reported in 2020 in Addis Ababa
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4.2 The geographical distribution of the total TB notification (New and relapse TB cases)
before and during COVID-19
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Figure 8: The geographical illustration of TB notification rate (TB CNR) Before and during COVID-19
time per quarter sub-cities in Addi Ababa

The map in figure 8 above shows the geographical differences in the quarterly TB notification rates for
each sub-city between the pre-COVID-19 and COVID-19 eras. Kolfe Keranyo Sub-city was the only one
whose rate of TB notifications varied just little throughout all time periods. At the start of the pandemic
(Quarter 1), Nifasilk Lafto Sub-city had the biggest drop (34 percent), followed by Yeka Sub-City, which
has decreased by 29 percent. The second quarter, when the government started implementing restrictions,
Bole sub-city showed a 27 percent decrease in the TB notification rate. In the third quarter, the pandemic
had a greater impact on all the sub-cities, which caused the largest decline in TB notifications. Bole, Gulele,
Lideta, Lemi Kura, and Addis Ketema Sub-cities all showed a significant fall in this quarter, with decreases
of 56 percent, 43 percent, 42 percent, and 41 percent, respectively. The Arada sub-city had an increase of
83 percent in TB CNR in the following quarter (Quarter 4), despite the fact that other sub-cities witnessed
a decline. The influence of COVID-19 on TB care as determined by TB natification in one sub-city was
expected also have an impact on nearby sub-cities throughout the area. Spatial analysis showed that for
instance, Nifasilk Lafto, Bole, and Lemikura sub-cities similarly saw a fall in TB notification when the
Akaki Kality sub-city did.

4.3 Literature review results on factors affecting the trend of TB patient’s pathway of care
during the pandemic

According to global reports, Access to and delivery of TB health services, including TB diagnosis,
treatment, and prevention, have been significantly hampered by COVID-19 in many contexts with high TB

16



burdens due to inadequate capacity and equipment, restrictions on transportation (affecting health care
professionals, patients, goods, and stock), and resource reallocation(31). Individual TB patients have
difficulty getting TB services due to concerns about SARS-CoV-2 infection, stigma, movement limitations,
shortened hours for health facility openings, or diminished financial means to cover care or transportation
(31). According to a study that looked at the real-time, patient-level effects of COVID-19 on the clinical
care and treatment of TB patients in Addis Abeba, 18.9% of the participants missed appointments for their
follow-ups during the COVID-19 outbreak due to factors like fear of contracting COVID-19, transportation
issues, a partial lockdown, a lack of money for travel to a medical facility, an inability to obtain face masks,
and pressure placed on providers(62).

Our study looked at data, literature, and model analyses from domestic and overseas sources to depict the
determinants that prevent TB patients Pathway of care during the COVID-19 period. Nevertheless, Due to
the lack of data on treatment outcomes at the time of this analysis, only the parts of the pyramid related to
case notification (i.e., from population to notified) as illustrated in the Patient Pathway framework (Figure
4) were analyzed by this literature review.

4.3.1 TB Risk Factors
4.3.1.1Population at risk /Patient related factors:

Poverty

According to the World Bank report, as a result of COVID-19, between 40 and 60 million people would
live in severe poverty in 2020, increasing the rate of extreme poverty worldwide by 0.3 to 0.7 percentage
points, reaching about 9 percent(52). Since poverty is a well-known risk factor for contracting the disease,
this will have a long-term effect on the burden of TB(52). In many LMICs, including Ethiopia, tuberculosis
is a disease of poverty that primarily affects the most vulnerable members of society who also have the least
access to basic medical treatment(25). This has a significant role in determining health outcomes,
particularly for those who have TB. In an ideal situation, consultations, lab tests, and treatment for TB
would all be provided for free in the public sector in Ethiopia (61). Similar to this, certain private medical
institutions that fall within the public-private mix model offer free TB testing and treatment. However,
regardless of the kind of health issue, there is a common cost that must be paid by every patient registering
at a medical facility(61). According to research conducted in Addis Abeba, patients suffered significant
costs during the pre-treatment stage accounting 53.6% of total costs, highlighting the financial hardship TB
patients bear while picking the correct service to confirm the diagnosis. The whole cost might be
catastrophic, worsening the link between poverty and TB(63).

Numerous socioeconomic and behavioral characteristics that potentially facilitate the spread of the
coronavirus in Ethiopia are also known to facilitate the spread of M. tuberculosis(36). Moreover, the
economic problems brought on by the COVID-19 epidemic put additional strain on the communities,
causing missing hospital visits(7). Evidence revealed that patients' visits to the TB screening and diagnostic
clinics in Addis Abeba were impacted by the COVID-19 containment measures that were in place.
According to these research, patients' decreasing incomes and extra expenditures for safety devices like
face masks and hand sanitizers were significant causes of missed medical appointments (64).

All things considered, COVID-19 will have a disproportionately negative impact on the poorest and most
disadvantaged individuals in Africa, who already have the highest rates of both infectious and non-
communicable illnesses and the least access to basic healthcare. Many undiagnosed and active TB patients
will be among them; as a result, they are extremely likely to experience poorer TB-related outcomes(36).
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Fear of acquiring COVID-19

According to studies, In the City of Addis Ababa Healthcare-seeking behavior of patients has been altered
by the public's awareness of disturbing medical information and the issuance of stay-at-home orders (65).
A research on the effects of COVID-19 on patients' health seeking behavior in Addis Abeba revealed that
patients' fears of contracting the virus at the hospital were the primary reason for missing appointments,
accounting for 70% of missed appointments from March to June 2020(66). Similar to this, a key informant
interview done at Addis Abeba's primary healthcare facilities noted that the low patient flow was mostly
caused by people' fears of contracting the COVID-19 virus (67). Additionally, a survey carried out in
tertiary healthcare institutions in Addis Abeba revealed that the odds of a patient being lost to follow-up
were 19 times higher in those who reported having a fear of COVID-19 than in those who did not (66).

Stigma/discrimination

Evidences showed that ,Patients with chronic cough may be hesitant to seek care because of the "new"
stigma and fear about COVID-19 (36).Furthermore, some patients have encountered stigma, particularly
after recovering from the COVID-19 infection and being accused of visiting high-risk environments (68).
The stigma and misinformation around TB have substantially risen in Addis Abeba as a result of the
symptoms of COVID-19 and TB being similar (68). This scenario has also happened in other countries with
a high TB burden. According to the findings of a global community-based survey,56% of people with TB
from Kenya reported feelings of shame because of the overlapping symptoms with COVID- 19(69). In the
same survey, 62 percent of Indians with TB said they avoided going to their regular facility for fear of
catching COVID-19 (69). Similarly , People were concerned that if they sought services for TB, healthcare
professionals or community members would mistakenly believe they had COVID-19, according to a
research conducted in 64 low- and middle-income countries(7).

Due to the poverty, fear of acquiring COVID-19 and stigma, the trend of patient visits to get essential health
services including TB care declined in Ethiopia(4). For instance, The average number of patients visiting
medical, surgical, pediatric, and psychiatry average outpatient visits decreased by more than half compared
to the same period the previous year, according to national studies conducted in Ethiopia(70). The average
number of patients accessing emergency departments declined by 47% throughout the COVID season, and
outpatient visits decreased by 57 percent from pre-covid to post-covid (70). A similar research in Ethiopia
found that between March and June 2020, outpatient visits in the regions most affected by the COVID-19
epidemic, mainly Addis Ababa, decreased by 24 percent in comparison to the same times prior to the
pandemic(46).

4.3.2 Access to TB diagnostic services

4.3.2.1 Government restriction measures:

A temporary law of the Ethiopian government to combat COVID-19 resulted in the prohibition of mass
gatherings, the closure of schools and universities, restrictions on public transportation, the suspension of
sporting and religious events, and the imposition of quarantine and isolation (52).

According to research conducted in Ethiopia, one of the main challenges for TB patients was the disruption
of transportation, particularly during the lockdown period from April to July 2020, which hindered their
access to healthcare facilities and resulted in their missing follow-up visits. The COVID-19 lockdowns had
a tremendous influence on transporting people to medical facilities (62). Even though there are few statistics
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on the accessibility of TB care during the pandemic in Addis Ababa, Ethiopia, the worldwide survey
discovered a marked decrease in the number of patients visiting healthcare institutions. According to the
research on sub-Saharan Africa, 50 percent of TB patients in Kenya reported difficulty getting to medical
care because of limited access to public transportation (cost and availability of transport) (69).

On the other hand ,Reduced access to health care has reportedly been a result of COVID-19 preventative
efforts that government called for the use of facemasks and social isolation (22). There were, however, few
facemasks available in Addis Ababa during the early stages of the COVID-19 pandemic. Through massive
donations, commercial manufacturing, and local production, this was quickly reversed. Evidences,
however, reveals that despite being aware of the preventive benefits of masks, TB patients could not afford
to purchase a facemask (62). Additionally, these preventative procedures put a financial strain on the
patients. According to a survey conducted at Addis Abeba's sub-city health clinics, purchasing facemasks
(50.5%), soaps for handwashing (50.6%), and disinfectants (50%) were the most expensive COVID-19
preventive measures that put a financial strain on patients (62). This finding is supported by research
conducted in Malawi, which found that although face masks were made mandatory at health facilities
during the pandemic, patients did not want to wear them because they were expensive and felt like they
were "suffocating” them, according to TB officials. Patients who attempted to enter facilities without a
mask were turned away (i.e., not examined by a healthcare professional) and frequently did not return (71).

4.3.2.2 Health system factors:

In sub-Saharan Africa, COVID-19 has had a profound impact on every aspect of the healthcare system.
Accessing and using essential healthcare services has become more challenging due to inadequate resources
in healthcare facilities, overcrowding in hospitals, a shortage of health care providers (HCPs), a lack of
guidelines on the continuation of non-COVID-19 services, and discouragement among HCPs due to a lack
of materials (72). According to reports in Africa, over 50% of HCPs reported partial or complete
interruptions in TB care services, immunization, vitamin A supplementation, nutrition preventive services,
HIV treatment services, and surgeries. Interruptions were higher in Nigeria, Burkina Faso, and Ethiopia
(72). According to a WHO report from 2021, 66% of nations, including Ethiopia, continue to cite issues
with the health staff as the main causes of interruptions in key health services, such as TB. The availability
of essential medications, diagnostics, and the personal protective equipment (PPE) required for safe and
effective healthcare delivery is still affected by supply chain disruptions in close to one-third of nations(73).

According to worldwide reports, TB treatment and diagnostic services were impacted by the overburdening
of health care systems caused by COVID-19 patients in several ways: (1) diverting resources (both human
and financial) away from ordinary services to handle the epidemic; (2) focusing on pandemic management
and response with inadequate supervision and responsibility of TB programs among health care and
political leadership, the media, and the public; (3) Health care workers feeling stressed and anxious, which
are important risk factors for mistakes and poor treatment; (4) Health care workers being forced into
guarantine, being sick, or passing away, which prevents them from being accessible for normal services
(52). According to national reports, Health institutions in Addis Ababa that have been offering TB care and
treatment services have been designated as COVID-19 isolation and treatment centers, according to
research on the containment of COVID-19 in Ethiopia and its implications for tuberculosis care(10).
COVID-19 has received more human and material resources for TB, which has had an impact on case
identification and treatment. Health care providers are afraid for their families and themselves since they
are giving services without the necessary personal protective equipment (PPE)(10).

Furthermore, studies conducted in Addis Abeba found that because of increased patient loads, inadequate
infrastructure, and other factors, the workforce was at risk of catching the virus. It was claimed that it was
challenging to deliver health services due to a lack of space (which is in conformity with physical distance
restrictions). As a result of the heightened risk and personnel workload, several services have been
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rescheduled: The COVID-19 outbreak presented the most challenging challenges for medical
professionals.(74). On the other side, the government policy providing leave permission for those over 65
or with comorbid conditions contributed to the increased workload. As a result, this has increased the burden
and aggravated the medical staff (74). A report from one of the biggest specialized hospital in Addis Ababa
(Tikur Anbesa Specialized Hospital) showed that the overcrowding and the limited availability of personal
protective equipment justifiably increase the fear of acquiring COVID 19 in this setting, which could
decline follow-up visits(75).
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CHAPTER FIVE

5.0 Discussion

5.1 Temporal trend of TB notification (New and relapse TB cases) before and during
COVID-19 pandemic

This study on the COVID-19 pandemic's effects on TB notifications in Addis Ababa, Ethiopia adds to the
growing evidence that the COVID-19 pandemic hinders efforts to combat TB. It has revealed a significant
reduction in TB case notifications concurrent with the emergence of the COVID-19 epidemic. Our findings
agree with preliminary studies on COVID-19 impacts on TB diagnosis and treatment from other contexts
(72,73). Following the confirmation of COVID-19 cases and the adoption of mitigation measures intended
to stop further COVID-19 transmission, the overall TB detection rate in our research throughout the
COVID-19 period (March 2020-December 2020) was demonstrated to be significantly lower by 19.5%.
This result highlights the significance of rigorous and ongoing surveillance of significant public health
issues during the COVID-19 pandemic and subsequent pandemics.

The impact of the pandemic on the tuberculosis notification rate in this study is slightly lower than what
was reported from facilities in Nigeria 34%, South Africa 33%, and 43% in Uganda 43%, 24% in South
Korea (76,77). Similarly, the research outputs from different high TB burden countries also illustrated a
higher decline compared to our study(73). However, our study result aligns with a recent report from WHO
showing an overall 21% shortfall in TB case notifications in 84 countries in 2020 compared with 2019 (78).
In contrast, our analysis revealed a greater drop in TB notification than the earlier study in Addis Ababa,
which revealed an 11% decline(76). In our analysis, Third quarter TB notification in general in Addis Ababa
city decreased by the most (-41%) during the pandemic compared to the respective quarter during pre-covid
ere; this result may be explained by the start of the government's pandemic response as a result of an
increase in the number of COVID-19 cases (figure 8). This finding is consistent with a Global Fund analysis
from 502 health institutions in Asia and Africa, which found that TB referrals fell by 59 percent in the
second and third quarters of 2020 compared to the same time in 2019(28). Similarly , The result
corresponds to another study's finding from Addis Abeba which shows that the overall decline in patient
flows declined by 69% (79). The significance of these results is that it points out the feasibility of
coordinated public health measures in response to the pandemic and its impact on essential services like
TB diagnosis and screening. This impact posed risk to public health programs by hindering their efforts to
eradicate tuberculosis. Similarly, the pandemic has serious outcomes for the affected individuals by
exposing them to missed or delayed diagnoses. As a result, drug-resistant TB, and a low cure rate for TB
due to delayed diagnosis are probable negative outcomes.

5.2 The geographical distribution of the total TB notification (New and relapse TB cases)
before and during COVID-19

Regarding geographical distribution, the TB notification rate in the various sub-cities varied substantially.
The variation across sub-cities may be influenced by factors including sociodemographic characteristics,
the economy, and illiteracy. However, our study did not analyze the factors underlying such variability due
to a lack of data and evidence about determinants among sub-cities. From sub-cities, Nifasilk Lafto recorded
the biggest drop, which had 34% decline, and in Yeka Sub-city, which accounts for more than 29% decline
of tuberculosis notifications during overall (2020) COVID-19 period compared to pre-covid (2019).
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Surprisingly, however, the TB notification rate in the Arada sub-city increased during the epidemic. This
finding is supported by studies conducted in Zambia, which also revealed an increase in bacteriologically
confirmed TB cases throughout the COVID-19 period compared to the previous year(33). Well-equipped
laboratories, staff, and facilities, as well as the parallel TB services that encouraged those TB patients to
travel to health facilities for examination, are a few of the likely factors listed to complement this result
(33). The Zambia National Tuberculosis and Leprosy Programme also developed a strategy to start
systematic symptoms-based screening of all people visiting the health facility for active tuberculosis
diseases, regardless of the reason for presentation, by increasing the number of tuberculosis diagnostic
facilities offering facility-based active case-finding and initiating household contact tracing by training
community-based health care workers(33).

Contrary to our research, several studies demonstrating COVID-19's unanticipated effects on TB care have
been conducted at the national level. It is therefore challenging to compare the results of our study with
information from these other studies. Research conducted in Zimbabwe, however, revealed an overall
decline of 40.6 percent in the number of persons presenting with presumptive pulmonary TB at the city
level in Harare city as compared to the pre-COVID-19 period (80). These geographic findings of our study
emphasize the value of rigorous and ongoing monitoring of hotspot and cold spot regions, as well as public
health issues, during the COVID-19 and future pandemics, which helps to allocate resources and target
interventions. Furthermore, the substantial heterogeneity identified at the sub-city level in Addis Abeba
highlights the significance of doing an in-depth assessment at the community or sub-national level.

5.3 Factors affecting the trend of TB patient’s pathway of care during the pandemic

The findings of this study indicated that TB patients' inability to access TB diagnostic services, or at least
their delay in doing so, was the primary reason for the decrease in TB notifications during the COVID-19
pandemic. A study on the impact of the COVID-19 pandemic and meeting tuberculosis targets also noted
that the main effects of COVID-19 were on TB diagnosis and enrollment as opposed to TB incidence (27).
The quantitative results of our study supported this hypothesis, which demonstrates a 13% reduction in TB
cases that were bacteriologically confirmed during the pandemic compared to the pre-covid period.
Similarly, research done in Addis Abeba, which found that overall, there were 11.8 % fewer TB cases with
bacteriological confirmation during the COVID-19 era. The variation in those studies conducted in Addis
Ababa might be due to the sample size difference. Similar to that, The detection rate of all kinds of TB
decreased by a range of 4 percent to 18 percent over the COVID-19 era's quarters (April 2020 to March
2021) (76). Another study in Sierra Leone also showed that there was a 35% decline in laboratory
confirmed cases after the implementation of the COVID-19 containment measures(1). The reallocation of
healthcare personnel for the pandemic response and the rearrangement of diagnostic facilities and health
centers for COVID-19 diagnosis and isolation are two potential explanations for this decline in TB
diagnoses. This explanation is consistent with research from high-TB burden nations in Africa. For instance,
it was recently reported in Nigeria that 300 GeneXpert machines will be used to scale up diagnosis of
COVID-19 (36). Similar findings in India indicated that diagnosing COVID-19 was prioritized above TB,
delaying diagnosis(81).

The stigma associated with TB is one of the initial explanations for this study's finding of poor TB diagnosis
and notification. In Addis Ababa, the stigma associated to TB has long been a problem. Research on stigma
among TB patients in the city complemented this(82). According to this study, the fear of infection is the
source of the TB stigma (82). The present COVID-19 outbreak, however, further makes this stigma worse.
This is supported with information from our review of the literature, which revealed that utilization of
healthcare services was quite difficult in the early period of the COVID-19 epidemic. Despite experiencing
symptoms that were similar to those of both diseases, some persons may not have sought testing due to the
stigma already associated with TB and the stigma imposed by COVID-19. Similarly, according to
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qualitative research conducted in Malawi, fewer people are seeking TB diagnosis because of the stigma
attached to COVID-19, which has symptoms that are similar to TB symptoms(6). Stigmatization may be
lessened with the use of health education(82). Therefore, there is a critical need for an innovative health
education platform that links the two diseases.

Another explanation for the low accesses and demand to diagnostic services could be the mitigation efforts
by the government. This notion is supported by research conducted in South Africa that claims that patients'
limited mobility was a major factor in the drop in diagnostic tests(83). The interventions posed by Ethiopian
government to "flatten the curve™" in COVID-19 responses, will be disproportionately more challenging to
implement for the poorest, who frequently live in overcrowded conditions, have no or limited access to
drinking water, and make inadequate incomes from daily wages. Our literature review results depicted that
most of TB patients belonged to lower socioeconomic classes and were already having trouble paying their
bills and buying food (reference). As a result, their existing worries about their quality of life would have
been made worse by the addition of the fear of isolation or quarantine (36). Previous studies also depicted
that reducing the impact of the high cost associated with the illness is of serious concern for TB control
because of the negative relationship between TB and poverty (63). Since poverty is anticipated to contribute
to both increased TB transmission and lower TB detection due to restricted financial access to TB care, it
is important to assess the dual relationship between poverty and TB reporting in Ethiopia, highlighting its
significance for decision support.

Similarly, another primary obstacle for the TB patients was the interruption of transportation, especially
during the partial lockdown period, which limited their access to healthcare facilities and caused them to
miss follow-up appointments. The findings that COVID-19 lockdowns significantly impacted patients'
access to transportation to healthcare centers was in line with earlier research done in Ethiopia(22) and
other parts of Africa(6). Furthermore, among those patients who requested to seek medical advice, the
diagnosis of TB was delayed, as most non-emergency services were suspended during the pandemic due to
the scarcity of health experts and overburdened health facilities. The findings of this study's literature
analysis are consistent with earlier researches in Ethiopia that suggest that the COVID-19 epidemic has
drastically impacted routine TB diagnosis, care, and treatment. (22,62). This pandemic's indirect impact
might be considerably reduced by keeping important program aspects such as TB diagnosis and recovery
activities with the goal of preserving TB initiative progress. As a result, despite efforts that encourage social
distancing, patients must have access to care and diagnosis for essential services for the major public health
problems like TB.

Another factor that our study identified for the low TB notifications during the pandemic was the absence
of proper information regarding the pandemic. Particularly among communities in Ethiopia where the
frequency of HIV infection, TB, anemia, and malnutrition is substantially greater, very little is known about
the pathobiological processes of the COVID-19 induced by the new SARS-CoV-2 (36). Our literature
review revealed that patients' healthcare-seeking behavior in Addis Abeba was influenced by the public's
awareness of distressing medical information as well as the problem of stay-at-home orders. As a result,
fewer individuals sought diagnoses, which will have a lot of detrimental impacts. However, because there
were no data on clinical outcomes of TB patients notified during the study period (March 2019 to December
2020), our study did not examine the impacts. Results from neighboring countries in Africa, on the other
hand, give some evidence and complement this hypothesis, estimating that over the next five years, TB
fatalities might rise by 4-16%, while TB incidence could increase by 3-9%(30). For instance, at the
beginning of the pandemic, modeling analysis predicted that a three-month suspension of TB services due
to COVID-19 lockdown followed by a ten-month return to normal would result in an additional 25,000 TB
cases and 12,500 TB deaths in Kenya over the course of five years, primarily due to accumulation of
undetected TB during lockdown (30). TB mortality was also anticipated to rise by 20% in high-burden,
low- and middle-income countries, with delays in new TB patients being diagnosed and treated promptly
(25).
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5.4 Relevance of the Framework

The study was directed through the analysis and interpretation of the results by the conceptual
framework of Mapping and Analysis for Tailored disease Control and Health system strengthening
(MATCH) (84). It helped the analysis to explore factors contributing to the variation in TB notification
before and during the pandemic. The framework was friendly to apply and helped in the synthesis of
important information in ways that decision- and policymakers can quickly comprehend. However, owing
to a lack of data on lost to follow-ups, treatment outcome and death, 1 was unable to fully describe some of
the concepts (cured, treated). When 1 return to my Country, | plan to regularly analyze TB statistics using
this framework.

5.5 Strength & Limitation of the study

This study has its strength and limitations. As a strength, it compared the indirect impact of the COVID19
pandemic on TB care services as measured by TB notification by taking data from DHIS2 multicenter
reports before and during the COVID-19 pandemic. The use of data over a 2-year period, which permits
both studies of patterns in healthcare usage before and after the onset of COVID-19 and year-on-year
comparisons, and analysis of data provided from numerous healthcare institutions located throughout sub-
cities in the capital are key strengths. Additionally, the study employed a variety of techniques, including
temporal, geographical, and literature reviews, to assist triangulation of findings.

The following are a few of this study's limitations. First, the study's retrospective design relied on the
accuracy of the health facilities' records throughout the sub-cities, which might have been impacted by the
COVID-19 lockdowns. Furthermore, due to time constraints and data collection challenges, the qualitative
technique (key informant interviews) and proxy indicators such as distance from facility and poverty level
were not employed. As a result, the primary cause of the decline in TB notifications across sub-cities has
not been revealed with this study. However, this study used a literature review to examine some of the
factors. On the other hand, the study was limited to health facilities located across sub-cities in Addis Ababa,
and therefore may not be representative of Ethiopia as a whole. Second, because aggregate data were used,
the individual cascade of care for TB case identification and testing could not be properly understood. Lack
of programmatic data also made it impossible to compare COVID-19 at the sub-city level to declining
health care utilization or scarce resources (lower testing rates).

Furthermore, the likelihood of direct interactions between COVID-19 and TB was not examined in the
current investigation. However, using aggregated data collected quarterly, trends in TB notification could
be described. The study did not use qualitative approaches to investigate probable causes of the low TB
notification; instead, it focused simply on the TB cascade's trajectory by using literature review.
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CHAPTER SIX

6.0 Conclusion

This research aimed to address the research questions of what the temporal and geographic trends of TB
notification were before and during the COVID-19 pandemic period based on quantitative, spatial, and
literature review analysis. In addition, it aimed to investigate the reasons that contributed to the decline in
TB notification during the pandemic throughout the Addis Ababa sub-cities. Despite the limited data
provided for this study, it can be concluded that the TB notification in Addis Ababa city was negatively
impacted by the COVID-19 epidemic. The two-year report from Addis Ababa's eleven sub-cities District
Health Information System (DHIS2) data showed that notification of TB cases fluctuated even before the
pandemic's onset. The present COVID-19 pandemic's effects on health and the economy, as well as the
public health measures implemented to curb the virus's spread, however, causes the decrease to worsen.
this decline in TB case reports may potentially be a sign of more widespread interruption of several basic
healthcare services.

The effects of the pandemic on TB notifications across sub-cities in Addis Ababa varied substantially,
according to this study, from having no immediate effect in certain sub-cities to having an instant negative
impact of more than 25% in others during COVID-19 period. This heterogeneity may have a variety of
contributors. Due to a lack of data, the study was unable to identify the causes of heterogeneity. However,
the study examined several factors that contributed to a general drop in TB notification throughout Addis
Ababa city. Our findings imply that the TB control efforts in Addis Ababa city were substantially impacted
by the succession of measures, state of emergency declaration, and government instructions made to prevent
the spread of COVID-19 as well as the public reaction to them. Furthermore, the stigma associated with TB
and COVID-19, and the overburdened health care system as a result of the epidemic were likely the main
contributing reasons. To resolve these issues, it is possible to undertake a properly planned public health
response that included active case-finding strategies for TB, and it was associated with a restoration of
tuberculosis case notifications to pre-pandemic levels. Similarly, by educating the public (via various
media) that vital health services are still accessible and open to everyone in need of them, the ministry of
health and the municipal administration health bureau might have an influence.

To maintain the achievements and improvements made in the battle against tuberculosis over the preceding
10 years, the TB program must immediately change to the new normal in order to address the difficulties
posed by the pandemic. This will aid in the continuation of efforts to achieve the End TB program's
objectives. To do so, the national TB program must strengthen patient-centered approach to TB care,
embrace digital health technology, raise awareness, strengthen community-based active TB case finding,
and sustain TB screening services.

Furthermore, to address some of the questions this study's hypothesis highlights, more investigation would
be needed. A more thorough study using both a qualitative and quantitative methodology might provide
insights into the effects.
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6.1 Recommendation

In this study, the most important issues that contributed to the low TB case notification during the current
COVID-19 pandemic were government restriction measures, an overburdened health system, stigma, and
misinformation about the pandemic. Reflecting on these challenges, this study put out the following
recommendations to help improve the city’s TB care service in terms of case notification rate (CNR).

First, Expanding the simultaneous COVID-19 and TB testing is urgently needed. Expanding the existing
diagnostic services for TB patients will be crucial to improving case findings. The Ethiopian Ministry of
Health, the National Tuberculosis Program Office, Hospitals, and Diagnostic Facilities are the relevant
stakeholders needed to make this happen. The expansion of the existing laboratory infrastructures, training
of current employees, recruiting of new qualified personnel, and the creation of national guidelines for
concurrent testing of both illnesses are all part of strengthening these services. The availability of staff
benefit plans and personal protection equipment is also necessary to motivate and keep the current staff
members.

Secondly, promoting the human rights of people who are most vulnerable by speaking out against stigma
and discrimination can help the public health response, which is impeded by stigma and fear surrounding
infectious diseases like TB and COVID-19. The relevant stakeholders involved include Government,
Media, communities, and the Ministry of health. This may be done by organizing media campaigns, creating
engagement activities, and generating and disseminating awareness-raising materials via mainstream and
social media.

Thirdly, promoting a people-centered approach can help to mitigate the accessibility challenges created by
the pandemic. The NTP, the Ministry of Health, community health workers, NGOs, and TB stakeholders
like the KNCV Tuberculosis Foundation are among the relevant stakeholders involved. Through mobile
health platforms, facility-based contact tracing and surveillance might be transferred to a home-based
system to increase accessibility and reduce disruptions. Additionally, the function of community health
workers should be taken into consideration to maintain TB surveillance and monitoring.

Finally, to increase active case detection, the NTP, ministry of health, research institutions, and
implementing partners (KNCV Tuberculosis Fund and Global Fund) must support innovative and realistic
research. Staff members working on the national and regional TB programs should be encouraged to
analyze routine program data using QGIS and other free tools to learn more about existing data sets. Such
evidence from the research output might guide policy and decision-makers in their processes for allocating
resources, planning, and designing policies. Additionally, by identifying relevant causes and taking
appropriate action, the ongoing study will assist in the response to catastrophes like the present COVID-19
pandemic.
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Appendices

ANNEX I: Keywords combination with Boolean operators in literature search
process

Tuberculosis COVID-19 Addis Ababa
Pandemic Ethiopia
Developing
OR Countries
B Impact Africa
Prevalence )
AND AND Sub_ Saharan
- - Africa
Diagnosis
Global
Notification
Lockdown
Stigma
Restriction
Burden
Magnitude
Mortality
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