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Abstract

Background: Adverse drug reactions (ADRs) remain a significant public health concern worldwide mainly
in developing countries. Adverse drug reactions due to multi-drugs regimen for the treatment of
tuberculosis (TB) have negative implications such as toxicity, leading to poor compliance and interruption
of medication before completion. Understanding the profile of ADRs is critical to establishing specific
strategies for early detection, prevention and clinical management. The present study aims to map the
existing literature on the determinants of adverse drug reactions due tuberculosis therapy in African
countries.

Methods and analysis: The scoping review will be guided by Arksey and O’Malley framework as well as
recommendations by Levac et al., and Colquhoun et al. The search strategy will include searching
electronic databases such as Cochrane library, PubMed, EBSCOhost (including Medline), ProQuest, Google
scholar; CINAHL with Full Text and other sources such as World Health Organization (WHO) and
governmental websites. Peer-reviewed literature and grey literature of primary and secondary studies with
different study designs which addresses the main question will be included. Studies published within the
period of 2000 to 2020 are eligible. The selection process will involve screening titles, abstracts, full texts.
A standardized data charting form will be created in google forms to extract relevant information from the
included studies. The NVIVO software version 12 will be used for thematic analysis of the studies to
summarize the review findings. The quality of the included studies will be assessed using Mixed Method
Appraisal Tool (MMAT) version 2018 and Authority Accuracy Coverage Objectivity Date Significance
(AACODS) checklist (for grey literatures).

Discussion: The study anticipates finding and mapping relevant research studies in African context on
determinants of adverse drug reactions due to tuberculosis therapy. The synthesis of this evidence base
will help to identify research gaps and will serve as guidance for future research studies on strengthening
of the pharmacovigilance system of ADRs and its clinical management in Africa. The study findings will
be disseminated through the traditional academic platforms, such as peer-reviewed publications and
presentations at relevant local and international conferences, symposiums, and seminars.

Systematic review registration: Prospero Registration Number: CRD42020203617.

Background

Tuberculosis (TB) remains a major public health concern worldwide, predominantly in developing
countries (1). It is a communicable, contagious airborne infectious disease caused by Mycobacterium
tuberculosis, a bacteria that affects lungs (pulmonary TB) but can also affect other sites (extra pulmonary
TB) (2, 3) Approximately a quarter of the world’s population is infected with M. tuberculosis and is thus at
risk of developing TB (3). In 2018, an estimated 10 million people (5.7 million men, 3.2 million women, and
1.1 million children) had TB worldwide (4). African region contributed with 24% of the cases and is
included among those regions with a high prevalence of the disease. This high prevalence entails the need
for proper management and treatment so that its spread can be controlled (3).
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Tuberculosis treatment involves taking a minimum of 3 drugs for 6 to 9 months or up to 18 to 24 months
in severe cases (5, 6). Drugs commonly used are classified as first-line (isoniazid, rifampicin, ethambutol,
and pyrazinamide) and second-line drugs (group A - levofloxacin, moxifloxacin, gatifloxacin; group B -
amikacin, capreomycin, kanamycin, (streptomycin); group C - ethionamide/ prothionamide, cycloserine/
terizidone, linezolid, clofazimine, group D- pyrazinamide, ethambutol, High-dose isoniazid (D1),
bedaquiline, delamanid (D2), p-aminosalicylic acid Imipenem-cilastatin, meropenem, amoxicillin-
tlavulanate (Thioacetazone) (D3))(7, 8) The criteria to select the drugs and dosage of treatment depends
on the characteristics of the patient (age, weight, medical condition), stage of tuberculosis (latent or
disease) and drug susceptibility or resistance of tuberculosis (first-line is used for drug-susceptible
tuberculosis and second-line for drug-resistant tuberculosis) (6, 8, 9). The combination and side effects of
these multiple drugs associated to the long-term exposure of the patient to them can lead to adverse drug
reactions (ADRs) (2, 10), defined according to as WHO (11) “a noxious and unintended response to a drug,
which occurs at doses commonly used for prophylaxis, diagnosis, therapy, or modification of physiological
function.”

Adverse drug reactions remain a significant public health concern worldwide (12) mainly in developing
countries (1).They are among the major causes of morbidity, mortality and high cost of patient care (8, 13,
14). The percentage of patients experiencing ADR during hospitalizations has been reported to range from
1.5-35%. Also, the reported frequencies of hospital admissions attributed to ADRs vary from 0.1-16.8%
(15). According to Prasad, Singh (16), worldwide estimates indicate that the prevalence of ADRs due to
tuberculosis therapy ranges from 8—-85% for first-line drugs, and 69-96% for second-line drugs. The
differences between the two regimens can be justified by the fact that second-line drugs are substantially
complex, long-term, and more toxic than first-line drugs (1).

Adverse drug reactions due to multi-drugs regimen of tuberculosis may lead to different clinical
presentations such as hepatotoxicity, skin rashes, gastrointestinal disturbances, neurological and
musculoskeletal disorders (14, 17). These ADRs may result in negative implications for the tuberculosis
treatment, such as poor compliance, interruption of medication before completion, which ultimately can
lead to therapeutic failures, emergence of drug-resistant microorganisms, increase of morbidity, reduced
quality of life or death (2, 3,17, 18). Due to the above implications, there is a demand for proper
management of the ADRs in order to prevent its harm and achieve an effective therapeutic outcome (2,
16). Understanding the profile of ADRs is critical to establish specific strategies for its identification and
response, including early detection, prevention and clinical management (2, 17, 19, 20).

There are many factors that are associated with ADRs due to tuberculosis treatment (16). According to
Prasad, Singh (16) and Valadares, Carvalho (21), the main determinants of ADRs in patients receiving
tuberculosis treatment are related to administrations of the drugs (dosage and time of the day at which
medication is administered), and patient characteristics such as age, nutritional status, alcoholism
behaviour, pre-existing diseases or dysfunctions like impaired liver and kidney function, and co-infection
with Human Immunodeficiency Virus (HIV). Moreover, Sahu, Singh (22) reported that patient’s genetic
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make-up is one of the influencers of ADRs in tuberculosis therapy, however, this determinant has not been
fully investigated.

Several studies have reported the risk factors associated with adverse drug reactions due to tuberculosis
drugs (10, 23-25). Chung-Delgado, Revilla-Montag (10) conducted a study in Lima-Peru and found that
old age (over 40 years), anemia, medication for multidrug resistant tuberculosis, overweight/obesity
status, and smoking history are independent risk factors associated with ADRs due to antituberculosis
treatment. Furthermore, a study in Ethiopia concluded that alcoholism, smoking, and concomitant drug
intake were independent predictors of ADRs (23). Han, Pang (24) in a study at China, found that ADRs
were significantly associated with diabetes mellitus. Resende and Santos-Neto (25) conducted a
systematic review which purposed to provide evidence on the risk factors associated with adverse
reactions due to antituberculosis drugs. The outcome was that risk factors for adverse reactions to
antituberculosis drugs included age (> 60 years), treatment regimens, alcoholism, anemia, and HIV co-
infection, as well as sodium, and albumin deficiency. Notwithstanding the results of the above-mentioned
studies highlight the need of the understanding the risk factors associated with adverse reactions to
antituberculosis drugs which ultimately will lead to a better clinical management at health care facilities
However, more studies need to be done to explore the regional or community-specific profile of the risk
factors associated with ADRs due to tuberculosis therapy to strengthen and adjust pharmacovigilance and
management of the ADRs.

The authors synthesized evidences on risk factors associated with adverse reactions to antituberculosis
drugs from the selected studies that were reported from various countries across the world. Of the 16
articles reviewed by Resende and Santos-Neto (25), only one study was from Africa. The present
systematic scoping review therefore aims to map the existing literature and summarize the information on
determinants of ADRs due to TB therapy specifically in the African context. This review will provide an
updated information about adverse drug reactions related to tuberculosis treatment particularly in Africa.
To our knowledge, it will be the first scoping review in this knowledge area conducted in the African setting.
This will focus on African continent as it is affected with high tuberculosis burden, and the highest
prevalence of HIV infection that similarly to concomitant infection (TB-HIV) leads to weakness of immune
system being the most critical risk factor for progression of active TB (6, 26, 27). Moreover, Africa faces
concerns such as overburdened health care systems with scarce resources, underdeveloped
infrastructures; colliding epidemics of infectious and non-communicable diseases; widespread of
concomitant use of traditional remedies, pharmacogenetics variants associated with the increased risk of
ADRs, these problems potentially contribute to the burden of drug-related harm (28, 29).

The review findings will represent a snapshot of the African status of on the risk associated to adverse
drug reactions due to tuberculosis therapy what will enable researchers to identify research gaps and
guide future researches around this topic. Furthermore, the reliable data on risk factors to adverse drug
reactions due to tuberculosis therapy in Africa provided by this study will increase the awareness and
importance of this topic in health systems. In addition this will enable to inform decisions on surveillance,
prevention and management of ADRs in one hand, and in another hand on clinical management of the
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disease itself. Therefore, these achievements can result in the improvements of therapeutic adherence and
successful treatment and, as consequence, a decreased morbidity and mortality due to TB in Africa.

Considering the aim of the study the specific objectives are the following:

* To describe the types of adverse drug reactions precipitated by tuberculosis therapy;
e To identify the therapeutic regimen associated with the adverse drug reactions;

* To determine the differences of the risk factors associated with adverse drug reactions observed
within the African countries.

Methodology

Scoping review

The current scoping review protocol was registered and published in the PROSPERO international
prospective register for systematic reviews. It is registered under the following registration number:
CRD42020203617.

Peer-reviewed literature and grey literature of primary and secondary studies with various study designs
addressing the determinants of adverse reactions will be included in this scoping review. This review will
follow the five stages of methodological framework defined by Arksey and O'Malley (30) and further
described by Levac, Colquhoun (31) and Colquhoun, Levac (32). The framework will include: (1)
identifying the research question; (2) identifying relevant articles; (3) study selection; (4) charting the data;
(5) collating, summarizing and reporting the results and an additional step (6) methodological quality
appraisal. The Preferred Reporting Items for Systematic Review and Meta-Analysis Extension for Scoping
Reviews (PRISMA-ScR) checklist will be used as a guide for planning and documentation of the review
methods (33) (see Additional file 1 — PRISMA ScR checklist and Additional file 2 PRISMA -P checklist ).

STAGE 1: IDENTIFYING THE RESEACH QUESTIONS
Main question
The main research question that guide this study is:

* In patients who have received tuberculosis therapy in Africa, and who have presented adverse drug
reactions, what are the existent evidences on determinants to this occurrence?

Specific questions

In the context of adverse drug reactions due to tuberculosis therapy in African countries, the study also
intends to respond the following relevant research sub-questions:

* What types of adverse drug reactions have been reported in these countries?
e What antituberculosis therapeutic regimen may influence the occurrence of adverse drug reactions?
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* What are the differences in risk factors associated with adverse drug reactions among the African
countries?

Eligibility criteria of research questions

Population Intervention Comparison Outcomes Settings (PICOS) framework (Table 1) will be used to
determine the eligibility criteria of the research questions and to define searchable keywords.

Table 1 Framework for determining eligibility of research questions (PICOS).

Population Patients who have received tuberculosis therapy
Intervention  have presented adverse drug reactions

Comparison  have not presented adverse drug reactions

Outcome Primary outcome: determinants of adverse drug reactions;

Secondary outcomes: types of ADRs, main risk factor, therapeutic regimens influencing
ADRs, common risk factors related to ADRs among African countries.

Settings Africa/African countries

STAGE 2: IDENTIFIYING THE RELEVANT ARTICLES

Primary, secondary research articles, and grey literature which address the main question will be included
in this study. Literature searches will be conducted using Cochrane library, PubMed, EBSCOhost (including
Medline), ProQuest, Google scholar; CINAHL with Full Text. Searches will be limited to articles published in
English and Portuguese. World Health Organization (WHO) and governmental websites will also be
examined for reports. The authors of eligible studies will be contacted if the article is not available for free
access. Manual searches will be conducted by hand-searching reference lists of included studies, reviews,
and/or meta-analyses. The search strategy will be adapted for each database and used a combination of
mesh terms or keywords with Boolean operators (AND, OR). Search terms will include: Determinants/
Factors associated/Risk factors; adverse drug reactions; tuberculosis therapy/tuberculosis treatment,
Africa/ African countries/ Individual name of each country (Figure 1 in appendix).The methodology for
search in database will be piloted to assess its appropriateness.

STAGE 3: STUDY SELECTION
Eligibility criteria of the studies
Inclusion criteria

The review will include studies involving patients:
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e Atany age;

» Diagnosed with any type of tuberculosis ( pulmonary or extrapulmonary or Latent Tuberculosis
Infection (LTBI));

* Following any type of tuberculosis treatment ( 15t or the 2"9 line of tuberculosis treatment, LTBI
treatment, or other);

» Diagnosed as having: multiple drug resistant tuberculosis (MDR) or drug sensitive tuberculosis (DS);
» With any type of entry (new cases, relapses, and re-admission after cessation);
* At any stage of the treatment (initial or continuation phase);

¢ Patients with or without other medical conditions such as: HIV, anemia, diabetes;
The review will include studies that consider one of the following definition of ADRs:

e “anoxious and unintended response to a drug, which occurs at doses commonly used for prophylaxis,
diagnosis, therapy, or modification of physiological function” WHO (11).

e “an appreciably harmful or unpleasant reaction, resulting from an intervention related to the use of a
medicinal product, which predicts hazard from future administration and warrants prevention or
specific treatment, or alteration of the dosage regimen, or withdrawal of the product”(34).

This will also include studies:

e describing or referring to analyses of the association between risk factors and occurrence of ADRs
due to tuberculosis therapy;

» gspecifying as local of study an African country or Africa;
e presenting any type of study design;

e published in English and Portuguese languages;

e published from 2000 to 2020.

Exclusion criteria
The review will exclude studies which:

 Involve patients with HIV status positive following antiretroviral therapy.

» had described the analysis of association between risk factors and occurrence of ADRs solely due to
therapy of other disease rather than tuberculosis

Selection process

The selection process will be done by two independent reviewers (Tl and NT), any discrepancy will be
solved by third reviewers (EV and EO) through discussions until consensus is reached. The selection will
involve three stages:
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e Stage 1: Screening titles of all articles identified by the search based on the key words. The
researchers will conduct a comprehensive title screening; all studies that do not address the study’s
research question will be excluded along with all the duplicates. All studies selected for abstract and
full text screening will be uploaded on Endnote X9 software.

e Stage 2: Evaluation of abstract and full text considering the eligibility criteria;

e Stage 3: Solving possible disagreements and uncertainness.

The number of studies included and excluded at each stage, along with reasons for exclusion, will be
presented in a PRISMA flow diagram (Figure 2). Copies of full articles for eligible studies will be obtained
and maintained for data extraction. The authors of eligible studies will be contacted to access missing
studies. The University of KwaZulu-Natal library service will also be used to access articles that are not
available online as full articles. Full articles will be requested from the authors if articles are unavailable
from the databases/sources. We conducted a pilot search using our keywords, and database results are
attached in Table 2 in appendix.

Table 2 Results of pilot search

Keyword search Date Search Number of
of engine publications
(results)
("tuberculosis/therapy '[MAJR] OR "tuberculosis therapy" OR 317 PubMed 567
"tuberculosis treatment*" OR "tuberculosis regimen*" OR May
"tuberculosis medication*" OR "antituberculosis therapy” OR 2021

"antituberculosis treatment*" OR "antituberculosis regimen*" OR
"antituberculosis medication*" OR "antituberculosis drug*" OR "
antitubercular agent*") AND ("Drug-Related Side Effects and
Adverse Reactions'[Mesh] OR "adverse drug reaction*" OR
"adverse medication reaction*" OR "adverse drug effect*" OR
"adverse medication effect*" OR "adverse effect*" OR "adverse
drug event*" OR "adverse medication event*" OR “drug induced
disease” OR “drug induced infection” OR “drug induced toxicity”)
AND ("Epidemiologic Factors'fMesh] OR "Social Determinants of
Health'[Mesh] OR Determinants OR 'risk factors" OR "factors
associated” OR "factors influencing” OR "contributing factor*")
AND ("Africa’[Mesh] OR Africa OR Algeria OR Angola OR Benin
OR Botswana OR "Burkina Faso" OR Burundi OR "Cape Verde" OR
Chad OR Cameroon OR "Central African Republic" OR Comoros
OR Congo OR "Céte d'Ivoire” OR "Democratic republic of Congo”
OR Djibouti OR Ethiopia OR Egypt OR Eritrea OR "Equatorial
Guinea” OR Gabon OR Gambia OR Ghana OR Guinea OR "Guinea
Bissau" OR Kenya OR Lesotho OR Liberia OR Libya OR
Madagascar OR Mali OR Malawi OR Mauritania OR Mauritius OR
Morocco OR Mozambique OR " Sao Tome and Principe” OR
Senegal OR Seychelles OR "Sierra Leone" OR Somalia OR "South
Africa” OR "South Sudan” OR Sudan OR Swaziland OR Tanzania
OR Togo OR Tunisia OR Uganda OR Namibia OR Niger OR
Nigeria OR Rwanda OR "Western Sahara" OR Zambia OR
Zimbabwe)
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STAGE 4: CHARTING THE DATA

A standardised data charting form will be created in google forms to extract data from the included
studies. Prior to full data extraction, two reviewers (Tl e NT) will pilot the data extraction form using a
randomly selected sample of the included studies. Together with EV and EO any discrepancy will be
addressed and the data form will be amended accordingly.

The data form will include general information about the study and specific information that allows to
answer the research question (Table 3).

Table 3 Data charting form

* Title

* Reference

* Study location

* Research question

+ Aims and Objectives

- Demographics of participants
* Recruitment method

+ Sampling method

« Study design

* Population

« Data collection method
« Data analysis

* Intervention

* Outcome

* Relevant Findings

« Conclusion

STAGE 5: COLLATING, SUMMARIZING AND REPORTING THE RESULTS

The data extracted from articles will be analysed using NVIVO software version 12 for thematic analysis.
The themes will be derived from study outcomes. These will include the following: Adverse drug reactions
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types, adverse drug reactions description, therapeutic regimen influencing ADR, risk factors associations.
Emerging themes and sub-themes will also be considered.

The resulting themes will be analysed and critically examined by their relationship to the research
question. The researchers will analyse the meaning of the findings in relation to the aim of the study then
will provide a narrative synthesis structured around the intervention (ADR description), target population
characteristics (age, sex, TB therapeutic regimen, medical condition, alcoholism disorder), and the
outcome ( risk factors associated to ADR).

STAGE 6: METHODOLOGICAL QUALITY APPRAISAL

The quality of each included study will be appraised using Mixed Method Quality Appraisal Tool (MMAT)
version 2018. Two reviewers will perform the quality appraisal and will score the included studies
independently using the two screening questions and a set of five questions each for the included
qualitative studies, randomized controlled trial, non-randomized study, quantitative descriptive studies and
mixed method studies as prescribed by the MMAT guidelines created by Hong, Pluye (36). Systematic
reviews will be analysed under observational studies.

The tool will be utilized to examine the appropriateness of the aim of the study, adequacy and
methodology, study design, participant recruitment, data collection, data analysis, presentation of findings,
authors’ discussions and conclusions.

Grey literature will be appraised using Authority Accuracy Coverage Objectivity Date Significance
(AACODS) checklist (37).

Discussion

This scoping review aims to gather evidence on the determinants of adverse drug reactions due to
tuberculosis therapy in African countries.

A systematic review on this topic was conducted in 2015 by Resende and Santos-Neto, in which worldwide
available literature was critically included. This scoping review will provide updated information on the
determinants of adverse drug reactions due to tuberculosis therapy, specifically in Africa. Attention is given
to Africa because it is characterized by a high TB burden and risk factors associated and its vulnerability
to have drug-related harms. Yet this area of research had received little attention in scientific research even
though the increasing new cases of tuberculosis infection.

This specific investigation will help to know nature and extent of literature available about the purposed
thematic in Africa, highlighting research gaps and so guide future research, and will enable to inform
decisions on how to adjust the system of pharmacovigilance and management of the ADRs to prevent its
harms and contribute to decrease morbidity and mortality due to TB. This review will also further describe
the dynamics of adverse drug reactions due to tuberculosis treatment by exploring the characteristics of
adverse drug reactions reported, the therapeutic regimen that may influence its occurrence, and the
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differences of risk factors associated with these adverse drug reactions among the African countries. This
findings are very relevant as new tuberculosis regimens are appearing, and it is important to have
benchmark for comparison, and standardized methods as we move forward, always focusing on reducing
the toxicity during the treatment and decreasing morbidity and mortality.

This review will include all types of studies involving patients who experienced adverse reactions due to
tuberculosis treatment in African countries. Considering this review's aim, this will obligatorily include
studies that had described or referred to analyses of the association between risk factors and ADRs'
occurrence due to tuberculosis therapy. Studies analysing risk factors to adverse drug reactions related to
other diseases treatment will be excluded as they are not the interest of the review.

Articles published in Portuguese and English are privileged considering the fluency of the reviewers.
Searching will be done excluding studies published before 2000 as the period before this year, African
countries were still being intensively marked by developing national systems of pharmacovigilance on
drug monitoring and by their adherence to WHO Program for International drug monitoring (38). This 20-
year of literature search will simultaneously allow us to briefly overview the past information and follow
what has been done.

The review will be a scientific contribution to the field of pharmacovigilance of adverse drug reactions
related to tuberculosis therapy in the African context, which interests the general public, healthcare
professionals, researchers of pharmacovigilance, and policymakers. The dissemination plan of the results
acquired include presentations at a research symposium, conferences, and submission a manuscript for a
journal publication.

Limitations in this scoping review will arise due to the focus on mapping the breadth of studies instead of
the depth of information, in order to identify research gaps. However, the chosen methodology is
appropriate in addressing the review questions.

Abbreviations

ADRs: Adverse Drug Reactions; TB: Tuberculosis; PICOS: Population Intervention Comparison Outcomes
Settings; MMAT: Mixed Method Quality Appraisal; AACODS: Authority Accuracy Coverage Objectivity Date
Significance.
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Map of Africa indicating the geographical distribution of each country. Source: Created by the candidate
using ArcMap 10.4
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Figure 2

PRISMA flow diagram adapted from: Moher, Liberati (35), which will be used to demonstrate study
selection process.
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