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ABSTRACT

Globally, there are concerns of increasing incidence of antimicrobial resistance (AMR).
However, there is limited literature on antibiotic medicine-related problems that may
exacerbate the risk of AMR. The aim of this research was to assess the pharmaceutical
quality, availability and use of antibiotic medicines and the associated adverse drug
reactions in Southern Malawi. We tested the quality of 293 medicine samples from Zomba,
Machinga and Nsanje districts and retrospectively reviewed 304 patient files to evaluate
the clinical outcomes. Data on medicine availability was collected from stock cards. The
prevalence of substandard medicines among antibiotics was 25.4% and were associated
with local manufacturing and plastic primary packaging, p<0.01. Over six months, the
antibiotic stock outs were 12.5%, 64.3% and 85.7% for Zomba, Machinga and Nsanje
respectively. Adherence to treatment guidelines was lower for antibiotics that were stocked
out than those that were not stocked out, p< 0.002. About 75% of prescribed antibiotics
were from the watch class. The ADR prevalence was 24% of which 27% were serious
events. The ADR occurrence was associated with age, polypharmacy and length of hospital
stay, p<0.005. Patients who received antibiotics with optimal content of the active
pharmaceutical ingredient (API) had higher rates of both ADR occurrence and patient
recovery as compared to the patients who received antibiotics with lower than the required
API content. However, the differences were not statistically significant. In summary, the
study revealed that high prevalence of SF antibiotic medicines, overuse of watch
antibiotics, poor adherence to standard treatment guidelines and occurrence of ADRs are
serious problems affecting antibiotic therapy. These problems need to be tackled as part of

antimicrobial stewardship and pharmacovigilance strategies in Malawi.
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CHAPTER ONE: INTRODUCTION

1.0 Chapter overview

This chapter introduces the scope of this study and summarizes the reviewed literature. The
available international and local pharmacovigilance structures including the Program for
International Drug Monitoring (PIDM) and the operations of the National
Pharmacovigilance Centre (NPC) are also explained in the chapter. The chapter explores
the global burden of medicine related safety issues such as adverse drug reactions, loss of
efficacy, substandard and falsified medicines, and antimicrobial resistance. We also
highlight the historical background, basic principles and current practices and regulatory
frameworks for pharmacovigilance, which is key to the timely detection, assessment and

prevention of medicine related problems and other patient safety issues.

1.1 Background of the study

Medicine-related harm (MRH) is a global health concern [1]. About 10% of patients in
high income countries (HICs) experience MRH [2]. Medicine safety data in Low-middle
income countries (LMICs) including Malawi is limited. However, several factors such as
inadequate resources, poor health care practices and inefficient health systems suggest a
higher burden of MRH in LMICs than HICs [3—6]. In response to the increasing incidences
of MRH, the World Health Organization (WHO) has been working with member states to
develop evidence-based strategies that can mitigate various challenges to achieving safe
and efficacious medication and ensuring quality of medicines [7]. Medicine related
problems include, among others, adverse drug reactions (ADRs), medication errors,

medicine abuse, loss of efficacy, antimicrobial resistance, and product quality defects.



Complementary to other initiatives, the WHO launched ‘Medication Without Harm’ as a
third global patient safety challenge in 2017. This involved a high-level ministerial
engagement to table national and global plans for improving the safety of medicines. The
goal was to mitigate the burden of MRH by at least 50% by 2022 [8]. In order to achieve
this, it requires high level coordination by WHO and commitment of member states through
stakeholders such as medicine regulatory authorities, the academia, health facilities and

other professional bodies in strengthening national pharmacovigilance systems [1,9].

1.1.1 Pharmacovigilance

WHO defines pharmacovigilance (PV) as the ‘science and activities relating to the
detection, assessment, understanding, and prevention of adverse effects or any other
possible drug-related problems’ [10]. PV aims at early detection of medicine-related
problems, sharing the information globally, and establishing risk minimization strategies.
The concept of PV was started in the early 1960’s due to Thalidomide Tragedy.
Thalidomide is now marketed as an immunomodulator for the treatment of various forms
of cancer including multiple myeloma [11]. Previously, the medicine was commonly used
as a non-barbiturate sedative and an anti-emetic [12]. The use of the medicine for morning
sickness during pregnancy was first associated with phocomelia by an Australian
physician, Dr Mc Bride who observed increased incidences of babies born with deformed
limbs and multiple bone deformities among women who were exposed to the medicine
[13]. The events were also confirmed by independent observations in other different
countries including Germany. More than 10,000 new-born babies in more than 40 countries
were affected by Thalidomide leading to withdrawal of the medicines from the market in

1961 [14,15].



1.1.2 WHO Program for International Drug Monitoring

Following the Thalidomide tragedy, WHO established a program for international drug
monitoring (PIDM) in 1968 [16]. This is a system for collaborating global monitoring and
reporting adverse drug reactions (ADRs) and adverse events following immunization
(AEFI). The centre was established in Geneva, Switzerland and later moved to Uppsala in
Sweden, now officially referred to as the Uppsala Monitoring Centre (UMC). Member
countries collect Individual Case Safety Reports (ICSRs) through National
Pharmacovigilance Centres (NPC). These reports are commissioned into the WHO-UMC
database which is referred to as Vigibase®. The reports are analyzed and shared among all
other member states for action [17,18]. WHO also plays an advisory role on

implementation of risk minimization plans though the Advisory Committee on Safety of

Medicinal Products (ACSoMP) [19].

Over the past decades, the scope of PV has been extended from focusing only on adverse
drug reactions to other medicine related problems such as product quality defects,

inappropriate use of medicines, medication errors and antimicrobial resistance [20].

1.1.3 WHO Global Surveillance and Monitoring System for Substandard and
Falsified Medical Products

Quality of pharmaceutical products is another major concern. Poor quality medicines are

associated with higher risk of ADRs and other problems such as lack of efficacy [21]. The

WHO coordinates monitoring of defective medical products through the Global

Surveillance and Monitoring System (GSMS) [22]. This was established in 2012 as a

separate arm and had 126 member states as of 2017. Through the initiative, WHO trained

more than 500 personnel under various Regional or National Medicine Regulatory



Authorities on conducting post marketing surveillance of medicine quality. The trained
personnel work as WHO focal persons who receive reports within the country or region,
conduct preliminary investigations and report cases of poor quality products to the GSMS
[23]. More than 1500 reports of suspected substandard and falsified medicines had been
reported to the GSMS between 2013 and 2017, of which 42% were from African, 21%
European, 21% America, 8% Western Pacific, 6% Mediterranean, and 2% South East Asian

region [24].

1.1.4 Pharmacovigilance challenges in Africa

Pharmacovigilance principally relies on good safety data collection systems. This requires
strong collaborations among countries or regions, and partnership among various
professionals and public health programs [25]. Although significant progress has been
made over the past decades globally, African countries are lagging in terms of monitoring
of medicine safety [26]. Since 1968, when founding members namely: Canada, Australia,
Germany, Ireland, Czechoslovakia, Netherlands, New Zealand, United States of America
(USA) and United Kingdom (UK) formed the PIDM, African countries started joining the
program in 1992; 24 years later [17]. The first African countries to join PIDM were

Morocco and South Africa, followed by Tunisia and Tanzania in 1993.

In most LMICs including Malawi, PV systems are not fully functional due to poor
regulatory frame work, lack of qualified staff in PV, failure to allocate adequate funding
for PV, and lack of integration of essential public health programs with PV [27]. In addition,
ADR reporting rate is very low in most of African countries. For instance, by 2015 Africa

contributed to only <1% of the total 12 million ICSRs which were submitted to the



Vigibase® [17]. Furthermore, none of the African countries met the WHO requirement of

reporting at least 200 reports per million population|[28].

Malawi joined the programme as an associate member in 2016 as the 135" country out of
the current 155 member states of the PIDM and later became a full member in 2019 [29].
Over the years, the PV centre have been conducting trainings and awareness campaigns on
pharmacovigilance principles and practices including the detection and reporting of
suspected ADRs and medicinal product quality defects [29]. Further, safety reporting forms
were designed and made accessible to health care workers and the public. These PV
strategies aim at improving the number of safety reports received at the national PV centre

so that preventative measures are taken in a timely manner [27].

1.2 Problem statement
There is a high burden of antibiotic resistance in Malawi [30-32], but data on antibiotic

medicine-related problems is limited.

Previous studies reported presence of substandard and falsified medicines including
antibiotics in Malawi between 2014 and 2017 [33—-37] with a median prevalence of 24.6%
(range 12.5-88.4%). The variability in the previous findings would be due to the highly
dynamic pharmaceutical market which responds to a number of factors such as disease
burden, standard treatment guidelines, regulatory policies and enforcement [38]. The
Pharmacy and Medicines Regulatory Authority (PMRA) established the NPC and became
a full member of the Program for International Drug Monitoring (PIDM) in 2019. There is
a need to evaluate if PV programs are helping to reduce the burden of SF medicines in
Malawi. Furthermore, no study has assessed the clinical outcomes associated with the use

of SF medicines among patients.



Appropriate use of antibiotics improves patient outcomes and reduces the risk of antibiotic
resistance. LMICs face several challenges that hinder the implementation of antimicrobial
stewardship strategies. These include: lack of knowledge among health practitioners,
limited resources to enable proper diagnosis and high prevalence of substandard antibiotic
medicines [39—41]. In addition, the unstable supply of essential medicines in LMICs
influence inappropriate selection of antibiotic medicines [42]. Studies done in Malawi have
revealed unstable supply of essential medicines including antibiotics [43,44]. However, the
impact of availability of antibiotics on prescribing pattern in Malawi also remains

unknown.

Knowledge on the quality of antibiotic medicines, factors that affect inappropriate use of
medicines and the associated clinical outcomes are critical in coming up with strategies for

improving delivery of patient care and curbing antibiotic resistance.

1.3 Justification
1.3.1 Rationale for focusing on antibiotic medicines

1.3.1.1 High burden of bacterial infections

Bacterial infections are amongst the leading causes of mortality globally [45]. Nearly 13%
of deaths around the world are attributed to bacterial infections [46]. The burden of
bacterial diseases is disproportionally higher in low-middle income countries including
Malawi [47]. This is attributable to poor living conditions which are characterized by:
malnutrition, indecent housing, lack of clean portable water, poor hygiene and sanitation,
and lack of health education and quality health services [48]. In 2019, a bacterial infection-

related mortality rate of 230 deaths per 100,000 population was reported in Sub-Saharan



Africa. This was significantly higher than high-income countries which reported a 0.2 fold

lower mortality rate of 52.2 death per 100,000 population [46].

1.3.1.2 Presumed demand for antibiotic medicines

The high prevalence of infectious diseases in LMICs has led to overuse and misuse of
antibiotics [49-53]. Studies have reported that antibiotic medicines are prescribed to more
than 60% of patients who visit a health care facility in LMICs [54-57]. Klein et. al
analyzed the global antibiotic consumption between 2000 and 2015 and found that there
was a significant correlation between the consumption of antibiotics and country’s gross
domestic product (GDP) per capita. During the study period, antibiotic consumption rate
in LMICs increased by more than 100%, while high income countries(HICs), reported
only a 6% increase in antibiotic medicine consumption [58]. Further, it is estimated that
antibiotic consumption would increase further by 200% (From 43 billion defined daily
doses (DDDs) to 168 DDDs) by 2030, if no intervention will be applied [58]. Among the
most used antibiotics in LMICs are penicillins, cephalosporins, quinolones,

Nitroimidazoles and macrolides [58,59].

1.3.2. Comparison of antibiotics with other medicine classes

Studies have shown that due to the differences in disease burden and lifestyles, the burden
of SF medicines is higher for medicines used for the treatment of infectious disease
especially antibiotics and antimalarials in LMICs, while in high-incomes countries the
major concern is for medicines which are used for treatment of non-communicable diseases
[60,61]. However, Malawi also faces an increasing burden of non-communicable diseases

such hypertension and diabetes [62,63]. Thus, to comprehensively understand the problem,



it is also important to compare the quality of antibiotic medicines with the other medicine

classes.

1.3.4 Concerns of antibiotic resistance

There are concerns of increasing incidences of antibiotic resistance due to the haphazard
use of antibiotic medicines [64,65]. In 2019, it was estimated that about five million deaths
were associated with antibiotic resistance globally. Death associated with antibiotic
resistance was highest in sub-Saharan Africa, with 98.9 deaths per 100,000 while in high-
income countries the rate was 55.7 deaths per 100,000 [66]. The high burden of antibiotic
resistance in low-middle income countries (LMICs) is attributed to both high and
inappropriate use of antibiotics [67]. With increased exposure to antibiotic medicines,
bacteria tend to reduce the effectiveness of the medicines through molecular mechanisms
such as bio-inactivation of the active compounds, alteration of the target molecules,
reducing the permeability to the medicines and blockade of the metabolic pathways [68].
In LMICs, AMR is further perpetuated by the weak regulations and antimicrobial
stewardship, self-medication by the public, lack of compliance to prescribed antibiotic

treatments, poor quality of antibiotic medicines, and inappropriate antibiotic use [69].

1.4 Study aims and objectives

1.4.1 Broad Objective
To assess the quality, availability and use of antibiotic medicines and the associated clinical

outcomes in Southern Malawi



1.4.2 Specific Objectives

L.

II.

I11.

IV.

To assess the factors associated with substandard and falsified antibiotics and
other selected medicine classes (antimalarials, antihypertensives and
antidiabetics)

To evaluate the effect of antibiotic medicine availability on adherence to
standard treatment guidelines

To characterize adverse drug reactions related with antibiotic therapy

To determine the association between the substandard and falsified antibiotic

medicines and clinical outcomes



CHAPTER TWO: LITERATURE REVIEW

2.0 Chapter overview

This chapter focuses on the pharmacovigilance methods and how they are applied in
various studies to evaluate medicine-related problems (MRPs). It covers various MRPs
including adverse drug reactions (ADRs), substandard and falsified (SF) medicines and

medication errors.

2.1 Pharmacovigilance Methods

2.1.1 Passive pharmacovigilance methods

Spontaneous reporting is the most widely used method for collection of safety data in real
life situations. Health care workers, patients or members of the public associates an
observed adverse event with a medicinal product and voluntarily reports to the regulatory
authorities [70]. National Pharmacovigilance Centres (NPCs) use data from spontaneous
reports to generate safety signals. In PV, a signal refers to new information from one or
multiple sources which suggests a causal association between a treatment and an adverse

effect [71].

A spontaneous report is an unsolicited communication from an individual (such as a
healthcare worker or patient) to a company or a regulatory authority that describes a
suspected adverse drug reaction or any other medicinal product-related problem [72].
Despite the low costs associated with spontaneous reporting, under-reporting is one of the
major problems [73]. This is due to a number of factors including lack of knowledge,

complacency, fear of litigation and heavy workload among health care providers [74].
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2.1.2 Active pharmacovigilance methods

Active surveillance methods are initiated to complement spontaneous reporting. These
methods aim at achieving a higher number of safety reports in a more organized fashion or
to confirm a hypothesis that was generated through spontaneous reporting. Active
surveillance is done through several ways such as sentinel site surveillance, targeted
reporting, intensified reporting, linkage of hospital records, cohort event monitoring and

epidemiological research methods [75].

2.1.3 Application of trigger tools in active surveillance

Detection of adverse drug reactions is a challenging [76]. Most ADRs present in a similar
manner to disease signs and symptoms. In addition, health care workers may struggle to
associate a medicine to an ADR with long time to onset [74,77]. Trigger tools are used in
clinical settings for rapid screening of patient case management files to enhance detection
of adverse events. They comprise of a list of pre-defined clues that indicate a possible harm

in a patient such as de-challenge, ordering of new medicines and dose titration [78].

In 2000, the Institute for Healthcare Improvement (IHI) through a group of academic and
clinical experts began to develop lists of triggers which were tailored to specific clinical
sites and fields. Later these were combined to form the IHI global trigger tool which can
be largely used at hospital level and for research purposes [79]. The global trigger tool
comprises of a comprehensive list of clues such as switching or abrupt stop of medication,

prescribing of new medicines such as antidotes, dose titration and lack of efficacy [80].

2.2 Adverse drug reactions
The WHO defines an adverse drug reaction (ADR) as ‘a response to a drug that is noxious

and unintended and occurs at doses normally used in man for the prophylaxis, diagnosis,
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or therapy of diseases or for modification of physiological function’ [81]. This definition
is limiting as it excludes harm caused by a medicine due to medication errors, medicine
misuse or abuse and occupational exposure. However, the WHO definition is suitable for
characterizing events that occur when the product or medicinal agent is used within the
terms of the marketing authorization [82]. In 2000, Edwards and Aronson expanded the
ADR definition to 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, alteration of dosage regimen,

or withdrawal of the product [83].

ADRs have serious negative impact on the patient and health care system[84]. Globally,
about 24% of older adult patients [85] and 8% of patients receiving primary health care in
Europe and United States of America experience at least one ADR [86]. About 5-8% % of
ADRs are serious [87] and at least 1% of ADRs lead to patient death [88]. ADRs have also
been reported to cause hospitalization or lead to prolonged hospitalization in almost 10%
of patients [89,90]. Usually, ADRs are managed through switching of therapy, and in some
cases prescribing new medicines in order to counter the adverse effects. This contributes
to increased total cost of treatment [83]. The total cost of ADR treatment is estimated at

$30 billion in the USA [91] and £2.2 billion in the UK [92].

2.2.1 Classification of adverse reactions
ADRs are characterized based on the nature, mechanism of action, severity, and
preventability. Rawlins and Thomson categorized ADRs into two major classes:

Augmented and Bizarre ADRs.
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2.2.1.1 Augmented ADRs (Type A)

Type A ADRs are most prevalent and account for >80% of ADRs [93]. They are predictable
based on the pharmacological properties of the medicine. Usually, they present as
exaggerated known effects or secondary effects of the medicine [94]. For example, the

occurrence of bleeding following warfarin administration is pharmacological plausible and

dose related [95].

2.2.1.2 Bizarre ADRs (Type B)

Type B are rare ADRs and are not easily predictable as they do not have a direct relationship
with the pharmacological properties of a medicine [96]. Mechanisms of type B ADRs are
either immunological or idiosyncratic. Most of them are complex to manage, present with
life threatening symptoms and are associated with high mortality [97,98]. Examples
include Steven Johnson’s Syndrome (SJS) or Toxic Epidermal Necrolysis (TEN) following

administration of allopurinol [97].

2.3 Medicine quality

Substandard and falsified (SF) medicines are global public health concerns [99].
Substandard medical products are also referred to as ‘out of specification’ products [24].
These are “authorized medical products that fail to meet either their quality standards or
specifications or both” [100]. This is caused by limitations during manufacturing processes
or post-production degradation, for instance due to subjection to poor handling and storage
[101]. On the other hand, falsified medical products are “medical products that deliberately
or fraudulently misrepresent their identity, composition or source” [100]. Undesirable

characteristics of SF medicines such as inadequate content of active pharmaceutical
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ingredient (API), may lead to harmful effects such as lack of response to treatment, adverse

drug events, mortality, and antimicrobial resistance [102].

In 2017, WHO estimated that the prevalence of SF medicines was 10.5% [24]. The burden
of SF medicines is high for African countries with a prevalence of 18.9%. For Asian
countries, the prevalence is about 10.2%, while for other countries (especially HICs), the

prevalence is as low as below 1% [60].

2.3.1 Techniques for detecting SF medicines

Various techniques are used to evaluate the quality of medicines. Official tests are designed
to evaluate medicine specifications as defined in official pharmaceutical literature such as
the Pharmacopeia. Such tests include quantification of active pharmaceutical ingredients

(API), evaluation of weight variation and dissolution test.

2.3.1.1 Screening techniques
Not all quality parameters require sophisticated laboratory equipment for testing. Fast and

affordable but effective methods are available for screening purposes.

2.3.1.2 Visual Inspection

Assessment of physical characteristics for dosage forms is widely used as part of in-process
controls, evaluation of finished products and during post-marketing surveillance. Any
formulation defects such as presence of breakages, cracks or abrasions, non-uniformity of
color or shape, and presence of microbial or particulate contaminants may indicate
significant quality problems. Dosage form units are visually inspected for such defects
including integrity of packaging and labelling, organoleptic properties such as smell and

flavour to detect quality problems [103].
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2.3.1.3 Thin layer chromatography (TLC)

TLC is an analytical technique that separates non-volatile compounds based on the
differential affinities towards a stationery and mobile phase [104]. Liquid extraction is first
applied to extract the API from pharmaceutical formulations. The solutions containing the
API are spotted on a solid stationary phase such as silica or alumina gel matrix plate (also
referred to as chromatoplates). Spotted plates are placed in a development chamber
containing appropriate solvent or solvent mixture (mobile phase). The mobile phase elutes
the compounds spotted in the chromatoplate depending on their relative affinity [105]. The
retention factor (Rf value) of the sample spot is compared to the standard to confirm the

identity of the API. The Rf value is calculated using the formula:

Distance travelled by compound
Rf value =

Distance travelled by solvent front

In principle, the distance travelled by the principal spot confirms the identity of the
compound if it is equal to distance travelled by the standard. On the other hand, the size
and intensity of the spot indicates the relative content of API in the formulation. Generally,
ultraviolet (UV) active compounds are visible under UV light (usually 254nm and 366nm).
For non-UV active compounds, various staining techniques such as iodine and ninhydrin
staining are used to visualize the spots [106]. Figure 1 below illustrates the principle of

TLC and the detection of sample spots under UV light and iodine staining.
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Solvent front

Sample spot

Figure I Principle of Thin Layer Chromatography (TLC)

A. TLC visualization using iodine staining. A sample drug is spotted in triplicate (labelled 1, 2 and 3) between a 100%
concentration standard(left) and 80% concentration standard (right). The retention factor value (rf value) is used for
detection, while the size of the spots represents an estimated concentration of the active ingredient. B. TLC

visualization under ultraviolet light.

2.3.1.4 Disintegration time test

The bioavailability of a medicine is dependent on the disintegration and subsequent
dissolution of the formulation [107]. Disintegration time test is a screening method used to
predict the ability of the formulation to demonstrate adequate dissolution [108]. To perform
disintegration test, dosage units are placed in baskets containing perforated floaters. The
baskets are raised and lowered into a chamber containing water or simulated gastric fluid

at 37°C. The time taken for the dosage unit to completely break down is recorded [109].
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2.3.1.5 Confirmatory test methods
Pharmacopeial methods are gold standards for evaluating quality of medicines [110]. Thus,
medicines suspected to be of poor quality upon screening are supposed to be confirmed by

official pharmacopeial methods to ensure reliability of the results.

2.3.1.6 High performance liquid chromatography (HPLC)

HPLC is a highly sophisticated chromatographic technique widely applied in analytical
chemistry [111]. Its principle is based on separation of compounds in a column containing
tightly packed polymeric solid phase using a mobile phase that is pumped through the
column at very high pressure. The separation column in HPLC is composed of material
with very small pore sizes, thereby increasing the separation efficiency. Compounds are
eluted from the column at different times based on their polarity. Eluted compounds are
subjected to a detector such as ultraviolet/visible (UV/Vis) spectrophotometer or diode
array detector (DAD) which quantifies the compounds by measuring the absolute

absorbance under a pre-defined and set wavelength [112].

2.3.1.7 Dissolution

Solid dosage forms must be changed into solution form in vivo to allow adequate
absorption and distribution to the site of action. Dissolution measures the release of the
API from the formulation under simulated conditions using a dissolution test apparatus
[107]. Dosage units are placed in dissolution vessels filled with appropriate solvents and
agitated for 30-60 minutes using a basket (apparatus I) or paddle stirrer (apparatus II).
Samples are taken and subjected to pharmacopeial assay (e.g. HPLC assay) to measure the

absolute quantity of the dissolved drug [113].
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2.4 Medication errors

The US National Coordinating Council for Medication Error Reporting and Prevention
(NCCMERP) defines a medication error as ‘any preventable event that may cause or lead
to inappropriate use or patient harm while the medicine is under control of the health care
professional, patient, or consumer’ [81]. Medication errors can occur at any stage of
medication such as prescribing, preparation, dispensing, administration, and monitoring.
Medication errors may be in different forms such as wrong dose, missed dose, or skipped

patient monitoring [114].

Medication errors are an important cause of MRH [115]. About 50% of preventable MRH
are caused by medication errors [116]. Medication errors affect over 7 million patients in a
year. At least one patient dies in a day due to medication errors in the USA [117].
Medication errors are also associated with negative economic impacts [118]. The total cost
of managing medication errors is estimated between 5 to 21 billion pounds in Europe alone
[116]. There is limited data on the prevalence of medication errors in LMICs, but it is
estimated that impact associated with medication errors would be more than 2-fold in terms

of mortality [117].

2.5 Importance of standard treatment guidelines

Poor health care practices, inadequate resources such as medicines and health care
professionals and poor communication among health care workers are among the factors
contributing to high incidence of MRH especially in LMICs [119,120]. Standard treatment
guidelines (STGs) provide evidence-based guidance on systematic prescribing, dispensing,
administration of medicines and necessary patient monitoring [121]. This improves rational

use of medicines, quality of care and significantly reduces the incidence of medication
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errors, adverse drug reactions and mortality [121]. Further, STGs help in achieving more
accurate forecasting of medicine demand and improve efficiency in the medicine supply

chain. This therefore, helps to reduce medicine stock outs and health costs [122].
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CHAPTER THREE: MATERIALS AND METHODS

3.0 Chapter Overview

In this chapter, we provide details of the approach taken to address each research question
in this study. We here discuss the design of the studies and how the study places were
selected, description of study populations and applied sampling methods and calculation
of the sample size. The chapter also provides details on how data was collected, managed

and the statistical analysis applied to answer each research question.

3.1 Study Design and Setting

The studies in this thesis combined cross sectional and retrospective study designs. All
studies were conducted in Zomba, Machinga and Nsanje districts. The districts were
randomly sampled among the 13 districts in southern region of Malawi using RAND
function in Microsoft Excel. For each district, we targeted to select a district hospital
(secondary hospital), four public primary health facilities (health centres), four faith-based
primary health facilities and four private pharmacies by stratified random sampling. Since
Zomba district does not have a district hospital, we included Zomba Central Hospital.
Further, there were only three faith-based primary health care facilities in Nsanje district,
and only two private pharmacies (one in Zomba and another one in Machinga) permitted
us to conduct the study at their premises. Thus, the studies were conducted in 29 health

facilities.

Study I was conducted in all public, faith-based, and private health facilities at all levels of
care (primary, secondary, and tertiary level health facilities). Study II, III and IV involved

hospitalized patients and therefore, were conducted at Zomba Central Hospital, Machinga
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and Nsanje District Hospitals. This is because primary level facilities do not have inpatient
care services. The other facilities were included in Study I were Nkasala, Thondwe,
Machinjiti, St Luke’s, Makwapala, Chamba, Mayaka, Matiya health centres and Good
Health Pharmacy in Zomba; Chididi, Mbenje, Tengani, Phokera, Kalemba, Sankhulani,
and Trinity in Nsanje; and Med Bag Pharmacy, Gawanani, Machinga, Mpiri, Mposa,

Chikweo, Namandanje, Namanja and Nayuchi health centres in Nsanje. The geographical

distribution of the study sites is shown in Figure 2 below.

Figure 2 Map of Southern Malawi showing geographical distribution of study sites

Created by ArcGIS https://www.arcgis.com/index.html#

3.2 Population and sample size
Apart from bacterial infections, malaria is another common disease which is endemic
across the country affecting both children and adults [123]. Over the past decade, there has

also been an increase in the prevalence of non-communicable diseases such as hypertension
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and diabetes [62,63]. We therefore compared the prevalence of SF antibiotics with
antimalarials, antihypertensives and antidiabetics in study I. A total of 293 medicine
samples of commonly used medicines among antibiotics, antimalarials, antihypertensives
and antidiabetics were sampled. Our definition of a sample was: part of a medicine batch
(minimum of 20 dosage units) collected at a particular facility at a specified point in time.
The selection of the medicines was in accordance with the Malawi Essential Medicines
List (MEML) and the Malawi Standard Treatment guidelines (MSTG) of 2015, which was
the latest version at the time of study. We included oral medicines used as first line or
alternative treatments for common bacterial infections, malaria, hypertension and diabetes
mellitus type II in Malawi [124]. For antimalarial medicines, further guidance was sourced
from the Malawi National Malaria Guidelines 2013 [125] that result in addition of
Malawi’s second line antimalarial medicine (artesunate/amodiaquine) and first line
antimalarial for pregnant women (Quinine oral tablets). Medicines included in the study
were: amoxicillin, azithromycin, cefuroxime, ciprofloxacin, flucloxacillin among
antibiotics;  quinine, fixed dose combination of artemether/lumefantrine,
artesunate/amodiaquine, sulfadoxine/pyrimethamine among antimalarils amlodipine,
atenolol, Enalapril, methyldopa and Hydrochlorothiazide among antihypertensives; and

metformin and glibenclamide among antidiabetic medicines.

Study II, III and IV involved hospitalized adult patients. A total of 322 patient records were
randomly sampled across the three facilities. Sample size was determined using a single
population proportion formula n=p(1-p) *Z*/d* [126]. We assumed 30% as expected ADR
prevalence (p) [127], 0.05 margin of error (E) and 1.96 Z value corresponding to 0.05

significance level.
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3.2.1 Inclusion Criteria

e Hospitalized patients in the medical ward.

e Age> 18 years old.

e Prescribed antibiotic medicines as the main treatment
3.2.2 Exclusion criteria

e Medical records with missing information such as medication charts and

demographic data.

e Readmissions where previous medical records were not available.
On the availability of antibiotic medicines, we purposively selected 16 antibiotic medicines
among the first- and second-line recommended treatments for common bacterial infections
in Malawi as stated in the latest edition of Malawi Standard Treatment Guidelines (MSTG)
[124]. We included gentamicin, ceftriaxone, erythromycin, azithromycin, clarithromycin,
metronidazole, amoxicillin, cloxacillin, flucloxacillin, benzyl penicillin, benzathine
penicillin, ciprofloxacin, nalidixic acid, co-trimoxazole, doxycycline and meropenem.
Unlike the other antibiotics, meropenem and clarithromycin are purportedly only found in
tertiary level hospitals, as they are reserved for rare and life-threatening conditions caused

by multi-drug resistant bacteria [128].

3.3 Data Collection

3.3.1 Data for quality of medicines

For study I, we collected basic information of the medicines such as trade name, strength
of dosage units, batch numbers, expiry date, and stated manufacturer from the labeling on
the primary or secondary packages using a data collection form. To acquire the minimum

amount of dosage units for conducting each of the required pharmaceutical tests, we
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targeted to collect at least 80 dosage units from the sample container and transported the
samples to the Kamuzu University of Health Sciences for quality analysis. Where the

available stock at facility was low, fewer but more than 20 dosage units were collected.

3.3.1.1 Visual inspection

All the dosage units per sample were subjected to visual inspection guided by a checklist.
This involved physically assessing each dosage unit for the presence of any defects such
as non-uniformity of color, size and shape, or presence of breakages, cracks, abrasions and

any visible microbial or particulate contaminants.

3.3.1.2 GPHF Minilab® protocols

Three dosage units per sample were subjected to semi-quantitative analysis of the content
of API using thin TLC according to the Global Pharma Health Fund (GPHF) minilab®
protocols test [129]. Triplicate test samples were spotted on a TLC plate using a 2ul
capillary tube and compared with standard spotting of both 80% and 100% concentration
on the same plate. A sample failed the test if at least one of the sample spotting presented
a difference in terms of travel distance, size, and intensity of spot with reference to the
standard spotting. Table 1 below indicates the conditions for running TLC using GPHF

minilab®.
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Table 1: Summary of analytical conditions used for GPHF Minilab test

Medicine Sample Solvent Mobile phase Detection

Amlodipine 5 or 10mg Methanol Water: Acetonitrile: | UV light
Acetic acid (50:25:25)

Amoxicillin 250 or 500mg | Acetone Ethyl acetate: Acetic | lodine stain
acid: Water (60:20:20)

Atenolol 50mg Methanol Methanol:  Ammonia | UV light
(90:10)

Ciprofloxacin 250  or | Methanol Methanol: Acetone: | UV light

500mg Toluene: Ammonia
(50:12.5:12.5:25)

Enalapril 5 or 10mg Ethanol Acetic acid: Water: | UV light
Butanol (15:25:60)

Glibenclamide Smg Methanol: Ethy acetate: Methanol: | U/V light

Ethyl acetate | Toluene: ammonia (60:
(50:50) 30:5:5)

Gentamicin Water 13.5M ammonia: | Ninhydrin stain
chloroform: methanol
(1:1:1)

Hydrochlorothiazide 25mg | Acetone Ethyl acetate U/V light

Lumefantrine/artemether Acetone Ethyl acetate: Acetic | U/V light and

120mg/20mg acid:  Toluene (10: | Iodine stain
15:75)

Metformin 500mg Water Acetic acid: Butanol: U/V light
water (10:40:50)

Methyldopa 250mg Methanol Acetone: Acetic acid: Iodine stain
Toluene: Water
(25:25:25:25)

Quinine 300mg Methanol Methanol: Ammonia UV light
(95:5)

Sulfadoxine/pyrimethamine | Methanol Ethyl acetate: UV light and

500mg/50mg Methanol (75:25) lodine stain

3.3.1.3 Disintegration time testing

The ZT 31 Erweka® instrument was used for disintegration time test. We used water as
medium and a temperature of 37°C for all types of medicine samples. Six dosage units per
sample were run for the test and all the dosage units were required to completely
disintegrate (state at which no residue of dosage form is observed, except tablet or capsule

coatings) within 30 minutes to pass the test.
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3.3.1.4 Pharmacopeial assay methods

Twenty dosage units per sample were subjected to a pharmacopeial assay. We used
Agilent® 1120 High Performance Liquid Chromatography (HPLC) or Biobase® Ultra-
violet/ Visible (UV/Vis) spectrophotometry according to methods provided in the British
and Indian Pharmacopeia [130,131]. In general, all 20 dosage units were weighed
individually and crushed into powder. An aliquot of the powder was weighed and dissolved
into a suitable solvent and further diluted to a desirable concentration. For HPLC, standard
drugs were prepared under similar conditions used for sample preparation. All samples
were filtered using EDM PTFE Millipore® filters, 0.45pum filters before injecting for

analysis.

The amount of API present in the sample upon HPLC analysis was determined using the

following equation:

o Ar W,
% determination of drug content = A—t X X Py

S t

Where A¢ and A; are the peak areas for the sample and standard solution respectively, Wt
and W are the weights in final dilution of the sample and standard solution respectively
and Pwm is the potency of the main ingredient for the reference standard.

For U/V Vis assay, we used the following equation:

At 10mg/ml
A (1%,1cm) Wt

% determination of drug content = X 100%;

Where A is the absorbance of the sample, Wt is the weight of sample in final dilution and
A (1%,1cm) is the specific absorbance (defined as the maximum absorbance of 1% solution
or 10mg/ml standard sample) at the pre-determined wavelength [132].

Table 2 indicates the analytical conditions for each sample during assay analysis.
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Table 2: Summary of HPLC assay methods used in the study

Medicine sample

Column
type

Mobile phase / Solvent*

Flow rate

Injection
volume

Detection A

Amoxicillin

C18 25cm
x4.6mmxSpum

Mobile Phase A: Acetonitrile:
Buffer (1:99)

Mobile Phase B: Acetonitrile:
Buffer (20:80)

Buffer = 0.05M Potassium
dihydrogen phosphate, PH
adjusted to 5 using 2M sodium
hydroxide

(Mobile phase A:B =80:20)

1ml/min

50ul

254nm

Medicine sample

Column
type

Mobile phase / Solvent*

Flow rate

Injection
volume

Detection A

Benzylpenicillin

C18 25cm
x4.6mmx5Spum

Mobile

potassium
phosphate
Mobile phase B: Methanol
(Mobile phase A:B =40:60)

phase A: 0.01M
dihydrogen

Iml/min

50ul

225nm

Ceftriaxone

C18 25cm
x4.6mmx5Spum

Mobile phase A: Acetonitrile:
Buffer (1:99)

Mobile phase B: Acetonitrile:
Buffer (20:80)

Buffer = 0.2M potassium
dihydrogen phosphate,
adjusted to PH 5 using sodium
hydroxide

(Mobile phase A:B =20:80)

Iml/min

50ul

254nm

Medicine sample

Column
type

Mobile phase / Solvent*

Flow rate

Injection
volume

Detection A

Atenolol*

Methanol

275nm

Ciprofloxacin

C18 25cm
x4.6mmx5Spum

Mobile phase A: 0.245%
orthophosphoric acid , adjusted
to PH 3

Mobile Phase B: Acetonitrile
(Mobile phase A: B = 87:13)

1.5ml/min

10ul

278nm

Metformin*

Water

232nm

Sulphadoxine/
pyrimethamine

C18 25cm
x4.6mmx5Spum

Mobile Phase A:
orthophosphoric acid

Mobile Phase B: Acetonitrile
(Mobile phase A: B = 55:45)

0.1%

1.2ml/min

10ul

254nm

* Applied U/V Vis Assay
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3.3.1.5 Dissolution test methods

We used PharmaTest®1200 dissolution apparatus to perform dissolution analysis
according to methods provided in the British or International Pharmacopoeia [130,131].
Only amoxicillin, atenolol, ciprofloxacin, and metformin were subjected to dissolution test
under the conditions stated in Table 3. For each medicine sample, the among of API

dissolved was determined by the corresponding assay as indicated above.

Table 3: Summary of Dissolution methods used in the study

Medicine
sample

Dissolution
apparatus

Medium
(Volume)

Temperature
/Speed

Sampling
time

Amoxicillin

Apparatus |

Water (900ml)

37°C/75tmp

30 min

Atenolol

Apparatus 11

Water and
Methanol
(900ml)

37°C/50rmp

45 min

Ciprofloxacin

Apparatus II

Water (900ml)

37°C/50rmp

30 min

Metformin

Apparatus II

0.68%

37°C/100rmp

30 min

Potassium
dihydrogen
phosphate
adjusted to PH
6.8 by 1M
NaOH (900ml)
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3.4.1.6 List of laboratory reagents/chemicals

Table 4: Sources of laboratory reagents and chemicals used in the study

Country of
Name of reagent/chemical Name of manufacturer Origin

United
Triethylamine Fisher Chemicals Kingdom

Acetone Glassworld South Africa
Acetonitrile Analytical grade Glassworld South Africa
Acetonitrile HPLC grade Merck KGaA Germany
Methanol Analytical grade Glassworld South Africa
Methanol HPLC grade Merck KGaA Germany
Orthophosporic acid 85% ACE Chemicals South Africa
Potasium dihydrogen phosphate | ACE Chemicals South Africa
Butan-1-ol Skylabs South Africa
Buffer solution PH 4 Skylabs South Africa
Buffer solution PH 7 Skylabs South Africa
United

Glacial acetic acid HPLC grade Fisher Scientific Kingdom
Hydrochloric acid 32% Kayla Africa South Africa
Sodium hydroxide pellets Spanlab India
De-ionised water Suez® deionizer machine coupled with | Malawi

AU480 (Kamuzu University of Health

Sciences)
Trifluoroacetic acid Merck KGaA Germany
Ciprofloxacin standard (>98%) Tokyo Chemical Company Japan
Amoxicillin standard (>98%) Tokyo Chemical Company Japan
Sulphadoxine standard (>98%) Tokyo Chemical Company Japan
Pyrimethamine standard (>98%) | Tokyo Chemical Company Japan
Benzylpenicillin standard (>98%) | Tokyo Chemical Company Japan
Ceftriaxone standard (>98%) Tokyo Chemical Company Japan
Ammonia solution 25% Skylabs South Africa
Toluene Merck KGaA Germany
Ethyl acetate Skylabs South Africa
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3.3.2 Data for medicine availability

For study II (Objective I only), we reviewed stock cards in medicine storage facilities to
collect data on the availability of 16 targeted antibiotic medicines on the day of data
collection (point availability) and over the past six months using a structured questionnaire.
The overall stock out of antibiotic medicines was calculated using as n/N*100, where n is
the number of medicines available within the therapeutic category and N is the total number
of medicines that should be available as per the list of medicines prepared. This formula
has also been applied in other similar studies [133,134]. For stock out duration for each
antibiotic medicine, we calculated the days which were recording a zero stock at hand in

the stock card records.

3.3.3 Patient data

For study II (Objective II and I1I), study III and IV, we abstracted demographics and clinical
data such as patient diagnosis and prescribed medicines from case management files of
eligible patients. The data was collected by the primary investigator who is a registered
pharmacist with special training on the detection and assessment of ADRs. He was assisted
by clinicians and other pharmacists in the study sites. For each of the facilities, there were
at least a medical doctor and two pharmacy personnel (pharmacist and pharmacy technician
who are holders of degree and diploma in pharmacy respectively) who were trained in
pharmacovigilance and oriented on the study protocol. The clinicians were mainly
consulted to clarify on the clinical assessments and interpret any laboratory tests conducted.
The pharmacovigilance team lead in Malawi was also consulted during assessment of

cases. The facilities use a robust health management information system (HMIS) where
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responsible officers assemble all discharged filed and systematically arranges them by

wards, thus making the access and retrieval of the required data simple.

Antibiotic treatment was compared with treatment protocols in of the 2015 edition of
Malawi Standard Treatment Guidelines (which was the latest during the period of study)
for the specified diagnosis to assess for adherence to treatment guidelines. We considered
non-adherence to guidelines if the patient was prescribed and administered a medicine
other than the one recommended in the MSTG for the stated diagnosis in the absence of a

clear contraindication for the recommended medicine.

We further applied the global trigger tool (appendix I) for the detection of adverse events
(AEs). This tool was developed by the Institute for Healthcare Improvement (IHI) in the
United States of America to help optimize the retrospective detection of adverse events
using inpatient hospital records. It applies the use of certain triggers or clues such as
switching or ordering of new medicines, abnormal laboratory results, and changes in
patient prognosis [80]. We used the WHO definition of an ADR; ‘a response to a drug that
is noxious and unintended and occurs at doses normally used in man for prophylaxis,
diagnosis, or therapy of a disease or for modification of physiological function’ [81]. This
definition is applied in most of similar studies [135] as it excludes events that occur when
the product is used outside the terms of marketing authorization and occupational exposure
[135]. Suspected adverse drug reactions (sADRs) were identified by searching for triggers
such as administration of anti-emetic medicines, and any documented events that were
experienced by patients after administration of antibiotic medicines. All suspected ADRs

(sADRs) were assessed using various tools as indicated in Figure 3.
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Figure 3: Tools used for assessment of suspected adverse drug reactions

Firstly, SADRs were subjected to causality assessment using Naranjo criteria (appendix
IT) [136]. The Naranjo criteria is an algorithmic causality assessment tool that uses
weighted questions to categorize AEs as definite, probable, possible and unlikely or
doubtful ADRs based on the gathered clinical and drug information [137]. The algorithm
was developed in line with the Bradford Hill criteria for establishing a causal association
in observational studies [138]. It is one of the most widely used causality assessment tool
and applied in several studies [95,126,139-142] due to its simplicity and clarity of use, and
reduced inter- and intra-rate dissimilarity [143,144]. A list of 10 questions is included in
the algorithm to assess certain aspects such as temporal plausibility for drug exposure,
consistency, specificity, biological plausibility of the event and other related patient
characteristics [139]. The answers to the questions are either ‘yes’, ‘no’ or ‘don’t know’,

with scores for each answer being -1, 0, +1 or +2. Table 5 shows a list of questions used
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in the Naranjo causality assessment tool, their corresponding scores and interpretation of

the scores.

Table 5: Naranjo criteria for assessment of suspected adverse drug reactions

Question Yes No DNl Score
Know
1. Are there previous conclusive reports on this reaction? 1 0 0
2. Did the adverse event appear after the suspected drug
C 2 -1 0
was administered?
3. Did the adverse event improve when the drug was
; . o ) 2 1 0 0
discontinued, or a specific antagonist was administered?
4. Did the adverse event reappear when the drug was
. 2 -1 0
readministered?
5. Are there alternative causes that could on their own
. -1 2 0
have caused the reaction?
6. Did the reaction reappear when a placebo was given? -1 1 0
7. Was the drug detected in blood or other fluids in
: : 1 0 0
concentrations known to be toxic?
8. Was the reaction more severe when the dose was
. 1 0 0
increased or less severe when the dose was
9. Did the patient have a similar reaction to the same or 1 0 0
similar drugs in any previous exposure?
10. Was the adverse event confirmed by any objective 1 0 0
evidence?
Total Score:

Interpretation of scores:

>9 = Definite: The reaction (1) followed a reasonable temporal sequence after a drug or
in which a toxic drug level had been established in body fluids or tissues, (2) followed a
recognized response to the suspected drug, and (3) was confirmed by improvement on
withdrawing the drug and reappeared on re-exposure.

5 — 8 = Probable: The reaction (1) followed a reasonable temporal sequence after a drug,
(2) followed a recognized response to the suspected drug, (3) was confirmed by
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withdrawal but not by exposure to the drug, and (4) could not be reasonably explained by
the known characteristics of the patient’s clinical state.

1-4= Possible: The reaction (1) followed a temporal sequence after a drug, (2) possibly
followed a recognized pattern to the suspected drug, and (3) could be explained by
characteristics of the patient’s disease.

0 = Doubtful/ unlikely: The reaction was likely related to factors other than a drug.

We used the WHO classification for seriousness of SADRs (appendix III). These criteria
classify an ADR as either serious or non-serious. A serious SADR is described as an event
that either causes death of patient, is life-threatening, is permanently or significantly
disabling, requires or prolongs hospitalization, causes a congenital anomaly, requires a
medical intervention to prevent impairment or permanent damage, or other medically
important conditions [145,146]. Globally, the WHO classification for seriousness is also
applied in signal prioritization and for determining which SADRs are reportable to the

national PV centre [146,147].

Preventability was based on the Schumock and Thornton scale (appendix IV). The
Shumock and Thornton scale has been used in various studies [141,142,147,148] to classify
ADRs as either preventable or not preventable. It consists of seven questions with
dichotomous answers (Yes or No) which seeks to establish the appropriateness of the
administered drug, dosage and route of administration, performance of required therapeutic
monitoring for medicines with known risks, documentation of previously occurred type B
ADRs including allergies, involvement of a drug-drug interaction, and adherence to
treatment [ 149]. The ADR is classified as preventable if any of the answers to the questions

is a “Yes’. The seven questions applied in the Shumock and Thornton scale are as follows:

34



1. Was the drug involved in the ADR not considered appropriate for the patients
clinical condition?
2. Was the dose, route, and frequency of administration not considered appropriate

for the patient age, weight, and disease state?

bl

Was required therapeutic drug monitoring or any other necessary laboratory test
not performed?

4. Was there history of allergy or previous reaction to the drug?

5. Was a drug interaction involved in this reaction?

6. Was a toxic serum drug level documented?

7. Was poor compliance involved in this reaction?

3.4 Statistical analysis

All data were entered into Microsoft excel and exported to STATA version 14.1 for
statistical analysis. Descriptive statistics were presented in terms of means, medians,
interquartile ranges, frequencies, and percentages. We used skewness and kurtosis tests and
histogram plots to assess the normality of numerical data. The student’s t-test and
Wilcoxon-Mann-Whitney test were used to assess mean differences between groups for
normal and non-normal variables respectively. Chi square test or fisher’s exact test
(depending on sample size and cell numbers) were used to determine the association
between various categorical variables. To further assess the strength of association between
variables, we applied logistic regression analysis. We used both univariate and multivariate
analysis where odds ratios were adjusted by controlling for potential confounding

variables. A P value of < 0.05 was considered statistically significant.
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CHAPTER 4 RESULTS
4.0 Chapter Overview

This chapter presents the findings of this thesis. The results are in the form of three

published papers and one manuscript which was submitted to a peer reviewed journal.

4.1 Burden of and factors associated with poor quality antibiotic, antimalarial,

antihypertensive and antidiabetic medicines in Malawi

4.1.1 Overview of the paper

This paper presents findings of the cross-sectional assessment on quality of antibiotics,
antimalarials, antihypertensives and antidiabetic medicines. In brief, we found that the
prevalence of substandard medicines is in line with the WHO estimates for LMICs. By
medicine classes, the prevalence of substandard antibiotics was higher as compared with
the other medicine classes. The substandard medicines were associated with local
manufacturing and bulk plastic packaging. We therefore recommend to the Ministry of
Health to increase awareness on SF medicines and allocation of resources for strengthening
pharmaceutical quality assurance systems at the PMRA, Central Medicine Stores Trust

(CMST) and all health facilities in the country.

36



PLOS ONE

L)

Check for
updates

E OPEN ACCESS

Citation: Chiumia FK, Nyirongo HV, Kampira E,
Muula AS, Khuluza F (2022) Burden of and factors

associated with poor quality antibiotic, antimalarial,

antihypertensive and antidiabetic medicines in
Malawi. PLoS ONE 17(12): e0279637. https://doi
0rg/10.1371/journal.pone.0279637

Editor: Francesca Baratta, University of Turin,
ITALY

Received: September 7, 2022
Accepted: December 12, 2022
Published: December 27, 2022

Copyright: © 2022 Chiumia et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting information
files.

Funding: This study was part of the European and
Developing Countries Clinical Trials Partnership 2
(EDCTP2) programme supported by the European
Union (under grant number TMA2019CDF-2768
COPSMEDS). The funders had no role in study
design, data collection and analysis, decision to
publish, or preparation of the manuscript.

RESEARCH ARTICLE

Burden of and factors associated with poor
quality antibiotic, antimalarial,
antihypertensive and antidiabetic medicines
in Malawi

Francis Kachidza Chiumia', Happy Magwaza Nyirongo’, Elizabeth Kampira?, Adamson
Sinjani Muula®, Felix Khuluzag'*

1 Department of Pharmacy, Kamuzu University of Health Sciences, Blantyre, Malawi, 2 Department of
Medical Laboratory Sciences, Kamuzu University of Health Sciences, Blantyre, Malawi, 3 Department of
Public Health, Kamuzu University of Health Sciences, Blantyre, Malawi

* fkhuluza @kuhes.ac.mw

Abstract

Objective
To assess the prevalence and factors associated with substandard and falsified (SF) medi-
cines among antibiotic, antimalarial, antihypertensive and antidiabetic medicines in Malawi.

Methods

We conducted a cross-sectional study in 23 public, faith-based and private health facilities
in Zomba, Machinga and Nsanje districts. We analyzed oral medicine samples of commonly
used medicines among antibiotics, antimalarial, antihypertensive and antidiabetics in accor-
dance with Malawi Essential Medicines List and local treatment guidelines. These medi-
cines were subjected to visual inspection for any defects and screening for the content of
active pharmaceutical ingredient and disintegration of dosage units. Samples that failed dur-
ing screening and at least 10% of those that passed were subjected to pharmacopeia assay
and dissolution test for confirmation. We used thin layer chromatography and disintegration
test methods provided in the Global Pharma Health Fund minilab® for the screening pur-
poses. We conducted confirmatory test using High-Performance Liquid Chromatography
(HPLC) or ultra-violet/visible spectrophotometer and dissolution.

Results

Of the 293 medicine samples collected, 14.3% were SF medicines. Among the SF medi-
cines were 12.5% of Amlodipine (1/8), 19.2% of Amoxicillin (5/26), 72.2% of Atenolol (8/11),
21.2% of Ciprofloxacin (7/33), 14.3% of Enalapril (1/7), 44.4% of Flucloxacillin (4/9), and
35.7% of sulfadoxine/ pyrimethamine (10/28). Medicine quality was associated with thera-
peutic medicine class, stated origin of manufacturer, primary packaging material and geo-
graphical location. Antimalarial and antidiabetic medicines were of better quality as
compared to antibiotics, odds ratio OR 4.2 (95% CI 1.7-9.49), p < 0.002 and OR 5.6 (95%
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Cl11.21-26.09), p < 0.028 respectively. In terms of stated country of origin, the prevalence of
SF medicines was 30% (15/50), 33% (9/27), 26.7% (4/15) and 6.6% (8/122) for medicines
stated to be manufactured in Malawi, China, Kenya and India respectively.

Conclusion

This study presents the first findings on the assessment of quality of medicines since the
establishment of the national pharmacovigilance center in 2019 in Malawi. It is revealed that
the problem of SF medicines is not improving and hence the need for further strengthening
of quality assurance systems in Malawi.

Introduction

Substandard and falsified (SF) medicines are a global public health concerns [1]. Substandard
medical products are also referred to as ‘out of specification’ products [2]. These are “autho-
rized medical products that fail to meet either their quality standards or specifications or both”
[3]. This is caused by limitations during manufacturing processes or post-production degrada-
tion [4]. On the other hand, falsified medical products are “medical products that deliberately
or fraudulently misrepresent their identity, composition or source” [3]. Undesirable character-
istics of SF medicines such as inadequate API content, may lead to harmful effects such as lack
of response to treatment, adverse drug events, mortality, and antimicrobial resistance [5].

Some recent studies have started linking adverse health outcomes to the prevalence of SF
medicines. A recent systematic analysis by Torloni et.al attributed the high maternal mortality
in low and middle-income (LMIC) countries to the high prevalence of SF medicines used for
treatment of life-threatening pregnancy complications such as eclampsia, post-partum hemor-
rhage and sepsis [6]. A 2017 World Health Organization review established that 169,000 chil-
dren suffering from pneumonia are estimated to die every year as a result of treatment failure
due to use of SF antibiotic medicines [7]. About 4% of malarial deaths among under-five
patients who receive treatment in sub-Saharan Africa are also reported to occur due to use of
SF medicines [8]. Furthermore, SF medicines are also associated with loss of public trust and
increased individual, household or health system costs [9].

WHO estimated the prevalence of SF medicines at 10.5% in 2017 for LMIC [2]. The burden
is high for African countries with a prevalence of 18.9%. The prevalence for Asian countries is
10.2%,while for other countries, the prevalence is as low as below 1% [10]. Studies done in
Malawi between 2014 and 2017 have identified substandard analgesics, uterotonics, antimalar-
ials and antibiotics in public, faith-based, private health facilities and unauthorized vendors.
The median prevalence of substandard medicines was 24.7% and the range was 12.5%-88.4%
[11-14]. There has also been report of falsified tablets collected from the informal markets that
were mislabeled as sulphadoxine/pyrimethamine but contained paracetamol and co-trimoxa-
zole [15].

The prevalence of SF medicines is dynamic [16]. It responds to a number of factors such as
disease burden, standard treatment guidelines, and regulatory policies and enforcement [17].
The Malawi Pharmacy and Medicines Regulatory Authority (PMRA) established the national
pharmacovigilance center and became a full member of the WHO programme for interna-
tional drug safety monitoring (WHO-PIDM) in 2019 [18]. The goal of the WHO-PIDM is to
reduce medicine-related safety problems including SF medicines through post-marketing
quality monitoring and reporting [19]. However, there was limited data to assess for
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improvements in prevalence of SF medicines in Malawi since 2019. Moreover, the factors asso-
ciated with the quality of medicines in Malawi had not been investigated.

In this study, we aimed to comparatively assess the current burden of SF medicines among
the most commonly used medicines for treatment of both infectious and non-communicable
diseases. Hence, we focused on antibiotics, antimalarials, antihypertensives and antidiabetic
medicines [20,21]. We also further assessed the factors that are associated with the quality of
these medicines.

Materials and methods

This was a cross-sectional study conducted between July 2021 and January 2022 in 29 health
facilities. The health facilities were selected in the southern region of Malawi (Zomba,
Machinga and Nsanje districts) using RAND function of Excel. We adapted the guidelines for
medicine quality assessment and reporting (MEDQUARG) [22]. Primary healthcare facilities
were selected based on stratified random sampling. For each district, the facilities were
grouped into public, faith-based and private health facility. We used the RAND function in
excel to select four primary health care facility from each group. Where the facilities were < 4,
all of them were included in the study. Purposively, we also included each district hospital in
the study for comparison. Ordinarily, each district in Malawi has one major hospital that is
considered as public facility for secondary level of health care.

Furthermore, all health facilities are clustered into zones, for which each zone has one
major public central hospital, which is considered as a tertiary level facility for the zone. The
district health office for Zomba district only offers administrative services and bulk storage of
the medicines and medical supplies for distribution to the primary health-care facilities, but
does not provide patient care services. Hence, we co-opted a central hospital for the zone,
which is coincidentally located within Zomba district. By these categories, there were 11 faith-
based not for profit, 16 public and two private health facilities at all levels of care. Of these, 23
are primary, five are secondary and one is a tertiary level health-care facility. The primary level
health-care facilities are 21 rural health-centres and two private retail pharmacies while the sec-
ondary level health-care facilities are the three major public facilities for each of the study dis-
trict and two community hospitals owned by faith-based organizations. As already
highlighted, the only tertiary level facility in the study is a public facility.

In total, 293 medicine samples of commonly used medicines among antibiotics, antimalari-
als, antihypertensives and antidiabetics were sampled (see S1 Table). The selection of the medi-
cines was in accordance with the Malawi Essential Medicines List (MEML) and the Malawi
Standard Treatment guidelines (MSTG) of 2015, which was the one in use at the time of study.
The use of MSTG/MEML in the selection of medicines was supplemented with the 150 Central
Medical Stores Trust (CMST) Tracer list of items. The 150 CMST tracer list of items is a com-
pilation of 150 items that must be available all the times whenever a customer (health facility)
orders medicines. We included oral medicines used as first line or alternative treatments for
common bacterial infections, malaria, hypertension and diabetes mellitus type II in Malawi
[23]. For antimalarial medicines, further guidance was sourced from the Malawi National
Malaria Guidelines 2013 [24] that resulted in addition of Malawi’s second line antimalarial
medicine (artesunate/amodiaquine) and first line antimalarial for pregnant women (Quinine
oral tablets). As summarized in Table 1 of results section, the selected medicines were Amoxi-
cillin (n = 26), Azithromycin (n = 11), Cefuroxime (n = 1), Ciprofloxacin (n = 33), and Flu-
cloxacillin (n = 9) among antibiotics, Quinine (n = 1), fixed dose combinations of Artemether/
Lumefantrine (n = 99), Artesunate/ Amodiaquine (n = 1), and sulfadoxine/pyrimethamine
(= 25) among antimalarials, Amlodipine (n = 8), Atenolol (n = 11), Enalapril (n = 7),
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Table 1. Characteristics of medicine samples.

Variable Characteristic MEML | Public Health CHAM Licensed retail Total Samples Samples tested
category® Facilities facilities pharmacies Number of | tested using according to
(N=16) [189 | (N=11) [79 (N=2)[25 Samples visual/TLC pharmacopoeia
ples] ples] ples] testing monographs
methods
Medicine type Amlodipine 5 and 10mg DVA 3 3 2 8 8 0
(International tablet
Nonproprietary Amoxicillin 250 or HVA 17 8 1 26 26 14
Names) 500mg capsule/tablet
Artesunate/ DVA 0 1 0 1 1
Amodiaquine 100mg/
270mg tablet
Atenolol 50/100mg DVA 8 2 1 11 11 11
tablet
Azithromycin 250/ DEA 7 2 2 11 11 0
500mg tablet
Cefuroxime 500mg N/A 0 0 1 1 1 0
tablet
Ciprofloxacillin 250/ DVA 24 7 2 33 33 15
500mg tablet
Enalapril 5/10mg tablet DVA 4 1 2 7 7 0
Flucloxacillin 250mg DVA 0 2 9 9 0
capsule
Glibenclamide 5mg DVA 12 4 1 17 17 0
tablet
Hydrochlorothiazide DVA 7 6 1 14 14 0
25mg tablet
Lumefantrine/ HVA 67 30 2 99 99 0
Artemether 120mg/
20mg tablet
Metformin 500mg tablet DVA 12 2 4 18 18 14
Methyldopa 250mg DEA 5 3 1 9 9 0
tablet
Quinine sulfate 300mg DVA 0 0 1 1 1 0
tablet
Sulfadoxine/ HVA 16 10 2 28 28 10
pyrimethamine 500mg/
25mg tablet
Total medicine 189 79 25 293 293 64

number of samples

* The Malawi Essential Medicines List (MEML) of 2015 specifies the level of health institution at which the medicine is normally permitted for use: H = at health centre,
district hospital and central hospital levels; D = at district hospital and central hospital levels only; C = at central hospital level only. N = level of use not specified. The

‘therapeutical priority’ code categorizes medicines based on therapeutic importance of each medicine by the use of: V = vital medicines which are potentially life-saving,

of major public health relevance and having significant withdraw side-effects, E = essential medicines which are effective against less severe, but nonetheless significant

forms of illness; N = non-essential medicines which are used for minor self-limiting illness and are often of questionable efficacy. The third categorization of

‘procurement system’ has two codes: ‘A’ = medicines required by a large number of patients as such to be routinely procured and stocked by CMST; and ‘B’ = medicines

required for a limited number of patients and not routinely stocked by CMST).

https://doi.org/10.1371/journal.pone.0279637.t001

methyldopa (n = 9) and Hydrochlorothiazide (n = 14) among antihypertensives and Metfor-
min (n = 18) and Glibenclamide (n = 17) among antidiabetic medicines. From the selected
medicines, the only child friendly formulation in our sample was dispersible artemether/
lumefantrine.
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Basic information of the medicines such as trade name, strength of dosage units, batch
numbers, expiry date, and stated manufacturer were collected from the labeling on the primary
or secondary packages using a data collection form. In order to acquire the minimum amount
of dosage units for conducting each of the required pharmaceutical tests, we targeted to collect
at least 80 dosage units from the sample container and transported the samples to the Kamuzu
University of Health Sciences for quality analysis. Where the available stock at facility was low,
fewer but more than 20 dosage units were collected. All the dosage units per sample were sub-
jected to visual inspection. Nine dosage units were subjected to screening of which three were
analyzed using thin layer chromatography (TLC) and six were subjected to disintegration test.
For confirmation, 20 dosage units were subjected to pharmacopeia assay for absolute determi-
nation of content of active pharmaceutical ingredient (API) and three for dissolution.

Firstly, we visually inspected the medicines for presence of any visual defects such as non-
uniformity of color, size and shape, or presence of breakages and any contaminants. For
screening purposes, we conducted semi-quantitative analysis of the content of API using thin
layer chromatography (TLC) according to the Global Pharma Health Fund (GPHF) minilab™
protocols test [25], and disintegration test as outlined in pharmacopoeia. Medicine samples
that failed to comply during screening tests were subjected to pharmacopeia assay and dissolu-
tion analysis for confirmation. In addition, we ensured that at least 10% of the remaining sam-
ples that complied upon screening were also confirmed by assay and dissolution. These
samples were randomly selected according to medicine type, based on the availability of
reagents and reference standards. We used Agilent™ 1120 high performance liquid chroma-
tography (HPLC) or Biobase™ Ultra-violet/ Visible (UV/Vis) spectrophotometry to determine
the content of API while PharmaTest™ 1200 dissolution apparatus was used to perform disso-
lution analysis according to methods provided in the British or Indian Pharmacopoeia [26,27].

A medicine sample was considered substandard if the sample dosage units failed to meet
the specifications for either content or release of the API For TLC, triplicate test samples were
spotted and compared with standard spotting of both 80% and 100% concentration on the
same plate. A sample failed the test if at least one of the sample spotting presented a difference
in terms of travel distance, size and intensity of spot with reference to the standard spotting.
Six dosage units were run for disintegration test. All the dosage units were required to disinte-
grate within 30 minutes to pass the test. For the assay and dissolution tests, we used the
specifications provided in the US pharmacopeia for determining whether the medicine was
substandard or complied to the specifications [4,28]. Overall, we considered a medicine as sub-
standard if the sample was non-compliant to either the specifications for the API content or
dissolution upon confirmation. For a few samples including Flucloxacillin (n = 3), Amlodipine
(n = 1) and Enalapril (n = 1), the pharmacopeia confirmation was not performed due to
unavailability of reference standards.

Descriptive statistics were used for determining the prevalence of SF medicines. Chi square
test was used for comparison of the test results among different variables. The extent to which
variables were associated with the quality of the medicines was analyzed using logistic
regression.

Ethical considerations

This study was given ethical clearance by the College of Medicine Research and Ethics Com-
mittee (COMREC) under approval number P.11/20/3199. We also sought approval from the
Pharmacy and Medicines Regulatory Authority (PMRA) and the directorates of health and
social services (DHSS) in all the three participating districts before data collection. Further-
more, during medicine sample collection, consent was sought from each respondent. In the
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majority of cases the respondent was also the in-charge of the facility. The respondents were
provided with written participant information sheet and an oral explanation about the study
before signing the consent forms. The participants in this study were mostly health workers
employed by various institutions and were above eighteen years of age. No personal data was
recorded during this study.

Results
Characteristics of medicine samples

Of the 293 medicine samples collected (Table 1, Fig 1), 27.3% (n = 80) were antibiotics: Amox-
icillin (n = 26), Azithromycin (n = 11), Cefuroxime (n = 1), Ciprofloxacin (n = 33), and Flu-
cloxacillin (n = 9), 44% (n = 129) were antimalarials: Quinine (n = 1), fixed dose combinations
of Artemether/ Lumefantrine (n = 99), Artesunate/Amodiaquine (n = 1), and sulfadoxine/
pyrimethamine (= 25), 16.7% (n = 49) were antihypertensives: Amlodipine (n = 8), Atenolol
(n = 11), Enalapril (n = 7), methyldopa (n = 9) and Hydrochlorothiazide (n = 14) and 12%

(n = 35) were antidiabetic medicines, which were Metformin (n = 18) and Glibenclamide
(n=17). About 17.5% (n = 53) of the samples were claimed to be locally manufactured while
82.5% (n = 240) were claimed to be imported from various countries as indicated in Fig 2; Aus-
tria (n = 2), China (n = 27), England (n = 1), India (n = 137), Kenya (n = 21), Morocco (n = 1),
Netherlands (n = 2), Switzerland (n = 27), Tanzania (n = 3), Turkey (n = 1), and Uganda

(n =17). In terms of health facilities, 27% (n = 79) of the samples were from faith-based health
facilities, 8.5% (n = 25) from private pharmacies and 64.5% (n = 189) from public health facili-
ties. The majority of the samples (77.8%, n = 228) were from health centres which provide pri-
mary health care services and mostly found in rural settings (Fig 1).

90.0%
81.9%
0
80.0% 77.8%

70.0% 64.5%
60.0%
50.0%

d 44.0% 42.3%

40.0%
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Fig 1. Showing samples tested based on category.
https://doi.org/10.1371/journal.pone.0279637.g001
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Fig 2. Showing stated country of origin of SF medicines.

https://doi.org/10.1371/journal.pone.0279637.9002

Prevalence of SF medicines

All the 293 medicine samples collected were subjected to visual inspection and disintegration.
Based on availability of reference standards, 262 samples were further screened using thin
layer chromatography (TLC), which performs semi-quantitative analysis of the API content.
Of the medicines samples that were fully screened, 14.3% (n = 38) were found to be substan-
dard medicines (Table 2). The substandard medicines were 12.5% of Amlodipine (1/8), 19.2%
of Amoxicillin (5/26), 72.2% of Atenolol (8/11), 21.2% of Ciprofloxacin (7/33), 14.3% of Enala-
pril (1/7), 44.4% of Flucloxacillin (4/9), and 35.7% of sulfadoxine/ pyrimethamine (10/28). The
SF medicines were associated with medicine type (by generic name) (p < 0.001), therapeutic
class of the medicines (p < 0.001), stated country of origin (p < 0.001) and district where these
medicine samples were collected (p <0.042). The statistics were adjusted based on the new
denominator.

Of the 38 SF medicines, 32 samples were confirmed using through pharmacopeia assay or
dissolution test (see S2 Table). Except for sulfadoxine/pyrimethamine (SP) tablets, all the sam-
ples presented with non-extreme deviations from the acceptable ranges. For the ten SP sam-
ples, there was notably higher than the declared content (more than 120% of label claim) of
pyrimethamine while sulfadoxine was available in extremely lower amounts (below 80% of
label claim) for all the samples subjected to HPLC assay. Apparently, all the SP samples were
stated to be manufactured by the same one company from China. Of special note is that the
purportedly names of the manufacturers as extracted from the packaging have been omitted to
ensure anonymity. However, for all the samples that failed confirmatory tests, we reported to
the Pharmacy and Medicines Regulatory Authority with the details of the manufacturers and
where the medicines were sampled for further action.
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Table 2. Prevalence of out-of-specification medicines.

Variable Characteristic Number of | Visual TLC, n | Disintegration, n | Dissolution, n | Pharmacopoeia Overall non-
samples analysis, n (%) (%) (%) Assay, n (%) compliance rate, n
(%) (%)
Medicine type Amlodipine 5mg or 10mg 8 0(0) 1 0(0) 1(12.5)
(INN) tablet | (12.5)
Amoxicillin 250mg/ 26 0(0) 0(0) 5(19.2) 5(35.7) 5(35.7) 5(19.2)
500mg tablet/capsule
Artesunate/ Amodiaquine 1 0(0) - 0(0)
Atenolol 11 6 (54.6) 0(0) 0(0) 5(45.5) 4(36.4) 8(72.7)
Azithromycin 11 0(0) - 0(0) -
Cefuroxime 1 0(0) - 0(0) -
Ciprofloxacillin 33 0(0) 3(9.1) 4(12.1) 2(20) 6(42.9) 7(21.2)
Enalapril 7 0(0) 1 0(0) 1(14.3)
(14.3)
Flucloxacillin 9 0(0) - 4 (44.4) 4 (44.4)
Glibenclamide 17 0(0) 0(0) 0(0) 0(0)
Hydrochlorothiazide 14 0(0) _0(0) 0(0) 0(0) 0(0)
Lumefantrine/Artemether 99 0(0) 0(0) 0 (0) 0(0)
Metformin 18 1(5.6) 0(0) 0(0) 0(0) 2(11.1) 2(11.1)
Methyldopa 9 0(0) 0(0) 0(0) -
Quinine sulfate 1 0(0) L 0(0) 0(0) -
Sulfadoxine/ 28 0(0) 2(7.1) 3(10.7) 10 (100) 10 (35.7)
pyrimethamine
Therapeutic class | Antibiotics 80 0(0) 3(5.1) 13 (16.3) 7(29.2) 11(39.3) 16 (25.4)
Antimalarials 129 0(0) 2(1.2) 3(2.3) 10 (100) 10 (7.8)
Antihypertensives 49 6(12.2) 2(5) 0(0) 5(26.3) 4(36.4) 10 (25)
Antidiabetics 35 1(2.9) 0 (0) 0(0) 0 (0) 2(11.1) 2(5.7)
Stated Origin of | Local 53 7(132) | 3(6.1) 6(11.3) 9(37.5) 10 (34.5) 15 (30.6)
manufacturer Imported 240 0(0) 4(1.9) 10 (4.2) 3(9.7) 17 (44.7) 23 (10.6)
District Zomba 124 5(4.1) 2 (1.9) 8 (6.5) 7 (29.1) 13 (37.1) 19 (17.3)
Machinga 93 0(0) 1(1.2) 3(3.2) 2(13.3) 6 (40) 7(8.3)
Nsanje 76 2(27) 4(5.6) 5 (6.6) 3(18.8) 8 (47.1) 12 (16.7)
Facility type Government 189 6(3.2) 6(3.5) 10 (5.3) 9(23.7) 20 (41.7) 27 (15.7)
CHAM 79 1(1.3) 1(1.4) 4(5.1) 3(20) 6(46.2) 8(11)
Private 25 0(0) 0(0) 2(8) 0(0) 1(16.7) 3(14.3)
Facility level Primary 228 3(13) | 7(34) 13 (5.7) 6(17.1) 20 (44.4) 11 (5.7)
Secondary 50 3(6) 0(0) 3(6) 5(29.4) 6(31.6) 27 (13)
Tertiary 15 1(6.7) 0(0) 0(0) 1(33.3) 1(33.3) 2(16.7)
All NA 293 7 (2.4) 7(2.7) 16 (5.5) 12 (21.8) 27 (40.3 38 (14.3)
Total number of 293 293 262 293 55 67

https://doi.org/10.1371/journal.pone.0279637.t002

Factors associated with substandard (quality of) medicines

Results of the logistic regression analysis for possible factors affecting quality of medicines
such as therapeutic class, stated origin of manufacturer, primary packaging material, storage
stores, and location of health facility are presented in Table 3. Odds ratios (OR) for complying
to quality specifications were compared with antibiotic medicine class, local manufacturing,
bottle primary packaging, ordinary storage stores and Zomba district respectively as reference
characteristics.
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Table 3. Factors associated with SF medicines in southern Malawi.

Compliance to Quality specifications

Variable Comparator Characteristic OR 95% Conf. Interval P value
Therapeutic class Antibiotics Antimalarials 42 1.7-9.49 0.002

Antihypertensives I 1.02 0.41-2.54 | 0.964

Antidiabetics 5.6 1.21-26.09 0.028
Stated country of Origin for facturer Local Imported 3.72 1.78-7.84 0.001
Primary packaging Bottle blisters 5.05 2.33-10.91 <0.000
Storage Ordinary drug store SIAB 0.84 0.42-1.69 0.63
District Zomba Machinga 2.29 1.02-6.74 0.026

Nsanje 1.04 0.47-2.31 0.915

https://doi.org/10.1371/journal.pone.0279637.t003

Medicine samples from Machinga districts had better-quality medicines, OR 2.29 (95% CI
1.02-6.74), p< 0.026) as compared to those sampled from Zomba district while there was no
significant difference with those sampled from Nsanje district, OR 1.04 (95% CI 0.47-2.31),

p <0915,

In terms of therapeutic medicine class, antibiotic medicines had the highest rate of non-
compliance to quality specifications after adjustment basing on confirmatory tests. Antidiabetic
medicines had the highest quality OR 5.6 (95% CI 1.21-26.09), p < 0.028 and were seconded by
antimalarial medicines with OR 4.2 (95% CI 1.7-9.49), p < 0.002. The quality of antihyperten-
sive medicines was comparable to antibiotic medicines with OR 1.02 (95% CI 0.41-2.54),

p < 0.964. We further analyzed the quality of the medicines by therapeutic class per district and
found that only results for antimalarial medicines were significant in Nsanje district, p < 0.003.
The rest of the medicine classes per each district, except antihypertensives in Zomba, had

OR > 1 in comparison with antibiotics but the results were not statistically significant.

We also found imported medicines to have better quality in comparison with locally manu-
factured medicines, OR 3.72 (CI 1.78-7.84), p < 0.001 and also medicines primarily packed in
blister packs were of better quality as compared to medicines packaged directly in bottles, OR
5.05 (95% CI 2.33-10.91), p < 0.000. On further stratified analysis per district, the good quality
of the medicines for imported medicines was significant for Zomba and Nsanje districts, OR
2.75 (95% CI 1.3-7.8), p < 0.046 and OR 6.5 (95% CI 1.67-25.18), p < 0.007. In terms of pack-
aging, the results were significant in Zomba and Machinga with OR 5.7 (95% CI 1.68-17.8),

p < 0.005 and OR 5.7 (95% CI 1.04-31.8), p < 0.045 respectively.

Origin of substandard medicines in Malawi

All the detected substandard medicines were manufactured in Africa and Asian countries
(Fig 2). There was a significant variation in the proportion of SF medicines among the coun-
tries where the medicine samples were manufactured (P< 0.001). Prevalence of SF medicines
was rampant for medicines claimed to be locally manufactured (30%), from China (33%),
Kenya (26.7%) and India (6.6%).

Discussion

Routine post-marketing surveillance of medicine quality is not common in resource limited
countries such as Malawi [29]. Thus, with respect to the WHO Global Benchmarking tool for
evaluation of national regulating systems of medical products, majority of LMICs are at lower
levels (level 1 or 2) of maturity as they lack resources to maintain strong and active systems
and structures that can enable them to achieve properly documented integrated monitoring
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activities at various levels. Another major challenge of national medicines regulatory authori-
ties in LMICs is lack of human resource [30]. As such, the quality of medicines on the market
remains a concern. Our study found that 14.3% of the antibiotics, antimalarial, antihyperten-
sive and antidiabetic medicines in our sample were substandard based on tests for content and
in-vitro release of API. The medicine classes analyzed in the study are crucial as they are used
for treatment of diseases with a high morbidity and mortality in Malawi and other LMICs. For
instance, more than 50% of prescriptions in LMICs contain antibiotic medicines [31]. On the
other hand, Malaria is one of the leading cause of death in Malawian children under the age of
five years [32]. It is also revealed that the burden of hypertension and diabetes is increasing in
Malawi [33]. Therefore, the compromised quality of medicines analyzed in this study have
potential to cause hazardous effects on the public health.

Previous studies done in Malawi found SF medicine prevalence of 45.5% and 13% in 2014
and 2017 respectively among antibiotic medicines. In these studies, the sampled antibiotics
included co-trimoxazole, phenoxymethylpenicillin, Ciprofloxacin, Amoxicillin/Clavulanic
acid, chloramphenicol and Cefuroxime [11,13]. In this study, we sampled Amoxicillin, Azi-
thromycin, Cefuroxime, Ciprofloxacin and Flucloxacillin and found a prevalence of SF medi-
cines of 25.4%. This is 1.79-fold lower than the prevalence in 2014 but 1.9-fold higher than
results if the study done in 2017. The continued high prevalence of SF antibiotics is worrisome
for low-income countries such as Malawi. This is based on the fact that the country is bur-
dened with high infectious diseases which requires quality treatment using antibiotics. The
poor-quality antibiotics may therefore contribute to mortality and antimicrobial resistance
due to under-dosing in individual patients.

In 2015, a study by Chikowe et.al found a very high prevalence of 88.8% substandard antima-
larial medicines [12] while in 2017 study by Khuluza et.al the prevalence of SF medicines was
9% among antimalarial medicines [13]. Both studies included samples artemether/lumefan-
trine, Sulphadoxine/ Pyrimethamine, Quinine and Artesunate/ Amodiaquine medicines and
these were also included our study. In the current findings, we found a slightly lower prevalence
(7.8%) than the 2017 prevalence of SF medicines among antimalarial medicines. The methods
applied in these three studies are similar and therefore the variations might be likely attributable
to times that these studies were conducted and thereby further confirming that the prevalence
of SF medicines is dynamic and therefore continuous efforts to curb the burden are necessary.

In the past studies, little attention was given to the quality of medicines for treatment of
non-communicable diseases in Malawi and sub-Saharan Africa. In this study, we also included
antihypertensive medicines such as Amlodipine, Atenolol, Enalapril, Methyldopa and Hydro-
chlorothiazide and oral antidiabetic medicines such as Metformin and Glibenclamide. The
prevalence of SF medicines among antihypertensives was 25%, which is comparable to the
high prevalence of SF medicines among antibiotics. Antidiabetics on the other hand, have a
lower prevalence of 5.7%. Though most studies have found that antimalarial and antibiotics
are mostly to be substandard and falsified in low-income countries, this study has found that
the problem is also prevalent in non-communicable disease (NCD) medicines, especially the
antihypertensives. This requires strong post marketing surveillance system targeting medicines
for treatment of all medicines regardless of the disease that they are intended to treat.

The factors associated with SF medicines in this study were therapeutic medicine class,
stated country of origin, primary packaging material, and geographical area. Previous studies
have shown that there is disproportionality in the burden of SF medicines across the globe,
with low-income countries recording a high prevalence of SF medicines used for treatment of
infectious diseases such as antibiotics while in high-income countries, the burden is low and
mostly concern expensive medicines for lifestyle use such as steroids and treatments erectile
dysfunction [10,34]. Further, it is postulated that economic factors such as high market
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demand as propelled by the disease burden, play a role in proliferation of SF medicines [17].
Antibiotics and antimalarial medicines are among the most commonly used medicines in
Malawi and therefore we expected to have higher prevalence of SF medicines for these thera-
peutic classes. Our results however, found a high prevalence of SF medicines among antibiotics
(25.4%) and a low prevalence of SF medicines among antimalarials (7.8%). The low prevalence
of SF medicines among antimalarial medicines is probably due to a more controlled supply
chain system for medicines and medical supplies for special public health programs such as
Malaria, HIV and Tuberculosis. In Malawian public and faith-based health care facilities, anti-
malarial medicines are sourced from a limited number of World Health Organization pre-
qualified suppliers and the distribution and storage of these medicines is closely monitored.
This may be the reason for the observed low prevalence of SF medicines for the antimalarials
in the study.

On the other hand, incidence of non-communicable diseases is also escalating in LMICs
[20,21]. Consistent with the increased demand, it was observed in the study that there was also
high prevalence of SF medicines for antihypertensive medicines (25%). Although the preva-
lence of SF medicines for antidiabetic medicines was relatively low (5.7%), the current results
raise a signal for an emerging concern of the quality of medicines for treatment of non-com-
municable diseases (NCDs) in Malawi.

Our results revealed that locally manufactured medicines are likely to be of poor quality as
compared to imported medicines. This may be attributable to inadequate regulatory supervi-
sion on the part of Medicine regulator and lack of adequate resources to enable manufacturing
and quality control processes that are fully compliant to current good manufacturing practices
(cGMP) in local pharmaceutical companies. An assessment of pharmaceutical quality assur-
ance systems showed that there is poor compliance to the WHO set guidelines for quality
assurance in LMICs [35]. This is even likely to be more prominent in countries with relatively
weaker regulatory framework such as Malawi [36]. In Malawi, the regulatory authority has put
in place strong efforts and guidelines to ensure good quality of medicines. This include active
surveillance, raising awareness to health care professionals and ensuring that reporting tools
are available for reporting suspected SF medicines in health facilities. However, challenges
such as inadequate human and financial resources are affecting such activities.

Blister packaging offers additional protection to tablet and capsule dosage units through
prevention of direct contact with atmospheric air, humidity and sunlight; which are the major
factors that facilitate the deterioration of medicines on storage [37-39]. Our results provide
further evidence on this, as it was found that medicine samples that used blisters for primary
packaging were of significantly better quality as compared to those that used bottles for pri-
mary packaging. With an annual mean temperature of 28°C (www.worlddata.info/africa/
malawi), the southern region of Malawi may be considered as an area with unfavorable condi-
tions for storage of medicines without temperature control mechanisms. The normal accept-
able range for storage of most of oral solid dosage forms is 15°C to 25°C, but depends on the
manufacturer’s recommendation which must be based on formal stability studies [40]. It is
therefore important to emphasize on the need for compliance to storage requirements of the
medicines as stated by the manufacturer’s labelling for all medicine types.

Based on the assertion that higher temperatures are more likely to cause a higher degrada-
tion rate for medicines, we expected a higher prevalence of poor-quality medicines in Nsanje
district, which records the highest temperatures across the year in the southern Malawi. On
the contrary, Zomba which relatively records lower temperatures had the highest prevalence
of poor-quality medicines. This difference could be likely due to the storage practices of medi-
cines in the health facilities. For instance, despite the higher temperatures in the district, 77%
of the study sites in Nsanje district use the ‘Storage in a box’ (SIaB) units while only 43% and
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32% of study facilities in have the SIaB in Zomba and Machinga respectively. SIAB units are
prefabricated medicine storage rooms designed to easily control temperature by installing
them using insulated wall panels, double roofing and heat reflector painting. The SIaB units
are a USAID initiative, which was aimed at improving the storage conditions and capacity for
health facilities in resource-limited places such as Malawi. These storage units offer better con-
ditions than ordinary medicine stores as they are pre-also contain air conditioners and built-in
room thermometers for continuous monitoring of the daily storage conditions [41].

The factors associated with SF medicines provides insights into possible challenges of the
supply chain system in Malawi. The Central Medical Stores Trust (CMST) procures, stores
and distributes medicines and medical supplies for public and faith-based health institutions
in Malawi [42]. This centralized system is advantageous in resource limited settings like
Malawi as it provides a single route of entry of medicines into the supply chain which can be
easily monitored for any possible quality defects. It is therefore important to strengthen the
measures for countering SF medicines from the CMST level down the supply chain system.
For medicines that are supplied outside the CMST system, the same level of regulatory supervi-
sion need to be established and implemented across the country, to avoid that there are differ-
ent standards between the public and private sector.

Limitations of the study

In this study, not all the medicine samples were subjected to pharmacopeia analysis; HPLC
and UV-VIS spectrometry for analysis of API content and dissolution tester for analysis of the
release of API which are considered as gold standard techniques. However, we ensured that at
least 10% of samples and those that failed upon TLC and disintegration testing were confirmed
by the pharmacopeia methods. As highlighted, a few medicines that failed the screening stage,
were not verified by the pharmacopeia analysis. This is due to lack of reference standards due
to procurement challenges as the study was done when COVID-19 pandemic was at the peak
in Malawi.

Conclusion

This study presents the first results on the assessment of quality of medicines since the estab-
lishment of the national pharmacovigilance centre in 2019 in Malawi. It is revealed that the
problem of SF medicines is not improving and therefore the measures that are implemented in
order to curb this problem needs further strengthening. It is also recommended that the capac-
ity of the National Regulatory Authority is strengthened, for better carrying out essential regu-
latory tasks including post marketing surveillance.
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4.2 Effect of antibiotic medicines availability on adherence to standard treatment
guidelines among hospitalized adult patients in Southern Malawi

4.2.1 Overview of the paper

Treatment guidelines are an important tool for improving rational prescribing of medicines.
This paper presents the findings on point availability of antibiotic medicines and
longitudinally over a six-months duration. We found lower than recommended level of
antibiotic medicine availability in secondary level health facilities. Antibiotic stock outs
significantly affected the adherence to the Malawi Standard Treatment Guidelines. Further,
we also found a high use of ‘Watch’ antibiotics against the WHO recommendation of
ensuring more than 60% of prescriptions being from the ‘Access’ class. We therefore
recommend the Ministry of Health to ensure adequate budget allocation to improve the
supply of antibiotic medicines and to intensify policy measures to improve rational
prescribing of medicines and the adherence to STGs. There is a need to enforce the WHO
recommendation that states that at least 60% of antibiotic prescriptions being from the

access list to control the spread of antibacterial resistance.
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Abstract

Background

Antibiotic resistance is a global public health problem. High and inappropriate use of antibi-
otic therapy exacerbate the risk of antibiotic resistance. We assessed the effect of availabil-
ity of antibiotic medicines on adherence to standard treatment guidelines among
hospitalized adult patients in Southern Malawi.

Methods

A cross-sectional study was done to assess the availability of 16 antibiotics among the first-
line recommended treatments for common bacterial infections in Malawi. Data for up to six-
month duration was extracted from stock card records in Machinga and Nsanje District Hos-
pitals and Zomba Central Hospital. This was complemented by a retrospective review of
322 patient management files from medical wards to assess adherence to the Malawi Stan-
dard Treatment Guidelines (MSTG). Investigators abstracted data such as patient demo-
graphics, diagnoses, and prescribed therapy using a data collection form that resulted in
analyzing 304 patient files. Data was entered into Microsoft excel and analyzed using
STATA 14.1. Point availability, stock-out duration and adherence to treatment guidelines
were presented in terms of frequencies and percentages. Chi-square test or Fisher’s exact
test was applied to assess the association between variables and adherence to treatment
guidelines.

Results

Point availability of antibiotics was 81.5%, 87.7%, and 42.8% for Zomba Central, Machinga
and Nsanje District Hospitals respectively. Over a period of six months, 12.5% of antibiotic
medicines were stocked out for at least one day at Zomba (Median stock out days =0, (IQR
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0-0 days), while 64.3% were stocked out at Machinga (Median stock out days =21, IQR
0-31 days) and 85.7% were stocked out at Nsanje District Hospital (Median stock out days
=66.5, IQR 18-113 days). Overall, adherence to MSTG was 79.6%, (95% Cl, 73.3-84.9%).
By facilities, adherence to guidelines at Zomba Central Hospital was 95.9% (95% Cl, 89.7—
98.9%) while at Nsanje and Machinga District Hospitals was 73.2% (95% Cl, 59.7-84.2%)
and 54.2% (95% Cl, 39.2-68.6%) respectively. Adherence to treatment guidelines was
associated with health facility, presence of laboratory test results, antibiotic spectrum, and
WHO-AWaRe category of the medicine, p<0.005. Adherence was lower for antibiotics that
were stocked out than antibiotics that were not stocked out during the study period (63.8%,
95% Cl 48.5-77.3% vs 84.4%, 95% CI| 77.7-89.8%), p< 0.002.

Conclusion

We found unstable availability of antibiotic medicines in hospitals which might contribute to
the sub-optimal adherence to standard treatment guidelines. This is a setback to efforts
aimed at curbing antibiotic resistance in Malawi.

Background

Bacterial infections are amongst the leading causes of mortality globally [1]. Nearly 13% of
deaths around the world are attributed to bacterial infections [2]. There are concerns of
increasing incidences of antibiotic resistance due to the haphazard use of antibiotic therapy [3,
4].In 2019, it was estimated that about five million deaths were associated with antibiotic resis-
tance globally. Deaths associated with antibiotic resistance were highest in sub-Saharan Africa,
with 98.9 deaths per 100,000 while in high-income countries the rate was 55.7 deaths per
100,000 [5]. The high burden of antibiotic resistance in low and middle-income countries
(LMICs) is attributed to both high and inappropriate use of antibiotics [6]. In addition, an
unstable supply of essential medicines in LMICs influences the inappropriate selection of anti-
biotic therapy [7].

A study conducted across 20 LMICs observed that more than 60% of out-patient pediatric
patients were prescribed antibiotics, but their availability was as low as 40% in the majority of
the countries [8]. In Malawi, the availability of essential medicines is limited as only about 50%
of essential medicines were constantly available in public health facilities in 2017 [9]. Medicine
availability may, however, vary depending on the type of medicine, health facility and season.
For instance, the availability (in public health facilities) of adult formulation of amoxicillin, a
commonly prescribed oral beta-lactam antibiotic [10, 11] was 60% in 2015 [12], while in 2017
another study revealed a higher availability of 100% [9]. Data for the two cross sectional studies
was collected at different times. In addition, the latter study focused on public health facilities
located in Blantyre and Lilongwe cities, while the other study focused on Blantyre city as well
as three other surrounding rural districts.

Constant availability of medicines is one of the key indicators of a country’s performance
towards universal health coverage [13]. Essential medicine lists provide guidance on the priori-
tized medicines that are supposed to be in sufficient supply at all times in order to meet the
healthcare needs of a country [14]. On the other hand, standard treatment guidelines are nec-
essary to ensure the rational use of these medicines [15]. Adherence to treatment guidelines
significantly reduces mortality and morbidity [16]. Furthermore, it improves cost-effectiveness
and medicine supply chain efficiency [15].
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Implementation of the essential medicine list concept in Malawi has been affected by sev-
eral challenges such as higher medicine prices than what most hospitals can afford, inefficient
procurement systems, and poor healthcare infrastructure [17]. The latest edition of the Malawi
Essential Medicine List (MEML) was published in 2015 and is incorporated with the Malawi
Standard Treatment Guidelines (MSTG) [18]. Due to the high prevalence of infectious dis-
eases, the MEML gives much attention to antimicrobial agents, of which the majority are anti-
biotics [17]. Thus, as is the case in other LMICs, most prescriptions in Malawi are antibiotic
therapy [19-21]. The Malawi antimicrobial resistance strategy was established in 2017 and
aimed at achieving 100% optimization of the use of antibiotic therapy by 2022 [22]. In this
study, we evaluated the availability of selected antibiotic medicines and its influence on adher-
ence to national guidelines (MSTG) for prescribing antibiotics among hospitalized adult
patients.

Methods
Study design and setting

A cross sectional study was conducted to collect data on point availability of antibiotic medi-
cines in February 2022. This was supplemented by data on medicine stock-outs in the past six
months. To assess the adherence of therapy to national standard treatment guidelines, we ret-
rospectively reviewed records for patients admitted to medical wards. The study was con-
ducted in two secondary-level health facilities (district hospitals) in the Machinga and Nsanje
districts and a tertiary-level health facility (central hospital) in Zomba district. The districts
were randomly selected among 13 districts in southern Malawi using RAND function in
Microsoft Excel.

Criteria for selection of antibiotic medicines

We purposively selected first-line antibiotics for common bacterial infections as stated in the
2015 Malawi Standard Treatment Guidelines (MSTG) which was the latest version at the time
of the study [18]. Common bacterial infections in Malawi include: sepsis, respiratory tract
infections such as pneumonia, sinusitis, and bronchitis, HIV and AIDS complications such as
meningitis, urinary tract infections such as cystitis and urethritis, cellulitis and other skin con-
ditions, and sexually transmitted diseases such as syphilis and genital ulcers [23-29]. In this
study, we included the first line antibiotic therapy for these common conditions as recom-
mended in the MSTG. S1 Table provides more details on the treatment protocols for the con-
ditions. Thus, we included gentamicin, ceftriaxone, erythromycin, azithromycin,
clarithromycin, metronidazole, amoxicillin, cloxacillin, flucloxacillin, benzylpenicillin, ben-
zathine benzylpenicillin, ciprofloxacin, nalidixic acid, co-trimoxazole, doxycycline and mero-
penem. The selected antibiotics represent 45.7% of all antibiotics in adult formulations

(N = 35) in the MEML. Unlike the other antibiotics, meropenem and clarithromycin are
mostly found in tertiary level hospitals, as they are reserved for rare and life-threatening condi-
tions caused by multi-drug resistant bacteria [30]. As such, the availability of meropenem and
clarithromycin was only assessed at tertiary hospital and not the secondary (district) level hos-
pitals. As for both benzathine benzylpenicillin and benzylpenicillin, they were included as they
are used for two different conditions. Benzathine benzylpenicillin is mainly used as first-line
treatment for sexually transmitted diseases in Malawi while benzylpenicillin is for routine
infections. This is because the addition of benzathine makes the combination more long-acting
as such ideal for sexually transmitted diseases unlike benzylpenicillin which needs four time
administration.
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Study population and sampling

A total of 322 patient records were randomly sampled across the facilities. The sample size was
determined using a single population proportion formula: n = p(1-p) *Z*/d* [31]. We esti-
mated p as 30%, 0.05 margin of error (E) and 1.96 Z value corresponding to 0.05 significance
level. The inclusion criteria were hospitalized patients with aged > 18 years old, who were
given antibiotics as the main treatment. Medical records with missing information such as
medication charts and demographic information were excluded from the study.

Data collection

FKC, HMN, and FK reviewed stock cards in medicine storage facilities to collect data on the
availability of antibiotic medicines on the day of data collection (point availability) and over
the past six months using a data collection form (S2 Table). This data included stock remain-
ing on the shelf and the number of stocked-out days within the six-month duration for each
medicine type. Stocked-out days were obtained by counting the number of days the product
was not available for use in the stock card from the day the balance was zero to the day when
they received a new supply. A new supply would be received from either Central Medical
Stores Trust, private pharmaceutical suppliers, or other health facilities in line with the Malawi
Health Commodity Logistics Management system Standard Operating Procedures Manual
[32]. A stock card (also called an inventory control card) is a stock-keeping record that is used
for recording the inflow and outflow of pharmaceuticals in Malawi [33]. Generally, stock cards
are kept in the Pharmacy for seven years before they are sent for archiving at the central office,
as such all information for this study was available in the facilities. FKC, HMN, and FK further
abstracted demographics and clinical data such as patient diagnosis and prescribed therapy
from case management files of eligible patients. Antibiotic treatment was compared with treat-
ment protocols in the 2015 edition of Malawi Standard Treatment Guidelines for the specified
diagnosis, to assess for adherence to treatment guidelines.

Statistical analysis

All data were entered into Microsoft Excel and analyzed in STATA version 14.1. Availability of
medicines was described in terms of percentages of antibiotic medicines that were not avail-
able on the day of data collection or at least one day in the past six months. Furthermore,
stock-out days for each medicine type were described in terms of frequencies. Antibiotic regi-
mens that were not in line with the MSTG were quantified and Chi-square test was used to
assess the association between variables and adherence to the guidelines. Only in cases where
the cell number was < 5, Fisher’s exact test was applied.

Results
Classification of antibiotic medicines

Availability of medicines was assessed among 16 antibiotics. These were five penicillin antibi-
otics, three macrolides, two quinolones, one aminoglycoside, one cephalosporin, one nitroimi-
dazole, one tetracycline, one carbapenem and one fixed dose combination of sulfonamide and
trimethoprim. According to the WHO Access, Watch and Reserve (AWaRe) classification
[34], 56% (9/16) were access antibiotics, 38% (6/16) were watch antibiotics, and one antibiotic
was unclassified. Anatomical, chemical, and therapeutic categories are shown in Table 1.
According to Malawi Essential Medicines List (MEML), 87.5% (14/16) of the antibiotic medi-
cines were classified as vital medicines, 12.5% (2/16) were essential medicines and none of the
antibiotics was classified as non-essential medicine. In terms of level of access, all the antibiotic
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Table 1. Classifications of antibiotic medicines.

Antibiotic name Dosage form Antibiotic class ATC code’ Spectrum of AWARE MEML

(generic) | activity category category”

Gentamycin Injectable | Aminoglycoside J0O1GB03 | Broad Access HVA

Ceftriaxone Injectable Cephalosporin J01DD04 Broad Watch DVA

Erythromycin Solid (Tabs or | Macrolide JO1FAO1 Broad Watch HVA
caps) |

Azithromycin Solid (Tabs or Macrolide JO1FA10 Broad Watch DEA
caps) |

Clarithromycin Solid (Tabs or Macrolide JO1FA09 Broad Watch CVA
caps) | |

Metronidazole Solid or injectable | Nitroimidazole JO1XDO1 or Broad Access HVA

JO1ABO1

Amoxicillin Solid (Tabs or Penicillin JO1CA04 Broad Access HVA
caps)

Cloxacillin Solid (Tabs or Penicillin JO1CF02 Broad Access DEA
caps) | | {

Flucloxacillin Solid (Tabs or Penicillin JO1CF05 Narrow Access DVA

| caps) I

Benzyl penicillin Injectable Penicillin JO1CEO01 | Narrow Access HVA

Benzanthine penicillin Injectable Penicillin JO1CEO08 Narrow Access HVA

Ciprofloxacin Solid (Tabs or Quinolone JOIMAO2 | Broad Watch DVB
caps) |

Nalidixic acid Solid (Tabs or Quinolone JO1IMBO02 Narrow Unclassified DVA
caps) I

Cotrimoxazole Solid (Tabs or Sulfonamide-trimethoprim- JO1EEO1 Broad Access HVA

| ca}ps) | cqmbinra}tionr | [ I

Doxycycline Solid (Tabs or Tetracycline JO1AA02 Broad Access HVA
caps) |

Meropenem Injectable Carbapenem JO1DH02 Broad Watch CVA

'ATC = Anatomical, therapeutic and chemical classification.

2The Malawi Essential Medicines List (MEML) of 2015 specifies the level of health institution at which the medicine is normally permitted for use: H = at health centre,

district hospital and central hospital levels; D = at district hospital and central hospital levels only; C = at central hospital level only; N = level of use not specified. The

‘therapeutical priority’ code categorizes medicines based on therapeutic importance of each medicine by the use of: V = vital medicines which are potentially life-saving,

of major public health relevance and having significant withdraw side-effects; E = essential medicines which are effective against less severe, but nonetheless significant

forms of illness; N = non-essential medicines which are used for minor self-limiting illness and are often of questionable efficacy. The third categorization of

‘procurement system’ has two codes: ‘A’ = medicines required by a large number of patients as such to be routinely procured and stocked by CMST; and ‘B’ = medicines

required for a limited number of patients and not routinely stocked by CMST).

https://doi.org/10.1371/journal.pone.0293562.t001

medicines were required to be available at both district and central hospitals except for mero-
penem and clarithromycin which were designated to be available at central hospitals only.

Patient characteristics

From the 322 patient files, 18 files were excluded due to missing data; thus, a final total of 304
patient files were analyzed. Of the 304 patients, 48% were female with a mean age of 45.9 years,
range (18-96 years), while 52% were male with a mean age of 46.1 years, range (18-92 years).
Antibiotics were used for treatment in 71.4% (n = 217) of cases while they were used for pro-
phylaxis in 28.6% (n = 87) of the cases (Table 2). No bacterial culture or antibiotic sensitivity
test was conducted to aid in the diagnosis and selection of antibiotics respectively. Full blood
count (FBC) was done in 56.6% (n = 172) of the patients. Only broad-spectrum antibiotics
were used in 71.7% (n = 218) of patients while narrow-spectrum antibiotics were used in 7.6%
(n = 23) of patients. The remaining 20.7% (n = 63) received a combination of broad and
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Table 2. Patient’s characteristics and reasons for receiving antibiotic therapy.

Variable Characteristic Antibiotics used for treatment n (%) Antibiotics used for prophylaxis n (%)
Age Years 43 (30-62)" | 46 (35-60)"
Sex Male 113 (52.1) 45 (51.7)
Female 104 (47.9) | 42 (48.3)
Facility ZA CTL 99 (71.7) 39 (28.28)
MGH DHO 55 (65.5) 29 (34.5)
NE DHO 63 (76.8) 19 (23.2)
Antibiotic types given Number per prescription 1(1-2)" 1(1-2)!
Antibiotic spectrum Broad spectrum antibiotics 159 (72.9) | 50 (27.1)
Narrow spectrum antibiotics 10 (43.5) 13 (56.5)
Broad + Narrow spectrum antibiotics ‘ 48 (76.2) ‘ 15 (23.8)
WHO AWaRe group Access group 49 (65.3) 26 (34.7)
Watch group 101 (71.63) 40 (28.4)
Access + Watch group ‘ 67 (76.1) ‘ 21 (23.9)
Full Blood count Done 126 (73.3) 46 (26.7)
Not done 91 (68.9) 41 (31.1)
Bacterial culture Done 0(0) 0(0)
Not done 217 (71.4) 87 (28.6)
Sensitivity test Done 0(0) 0(0)
Not done 217 (71.4) 87 (28.6)

!Presented as Median (Interquartile range)

https://doi.org/10.1371/journal.pone.0293562.t002

narrow spectrum antibiotics. Among those who received broad-spectrum antibiotics only,
72.9% (n = 159) were for treatment whilst 27.1% (n = 50) were for prophylaxis. Of those who
received narrow spectrum antibiotics, 43.5% (n = 10) were for treatment while 56.5% (n = 13)
were for prophylaxis. By AWARE classification, 24.6% (n = 75) received access antibiotics,
46.4% (n = 141) watch antibiotics and 29% (n = 88) received a combination of access and
watch antibiotics. Among those who received access antibiotics, 65.3% (n = 49) were for treat-
ment while 34.7% (n = 26) were for prophylaxis. For those who received watch antibiotics,
71.6% (n = 101) were for treatment while 28.4% (n = 40) were for prophylaxis.

Medicine availability

There was a significant variation in antibiotic availability among facilities, p< 0.035. On the days
of data collection, 81.5% (13/16) of the antibiotics were available at Zomba Central Hospital,
87.7% (12/14) at Machinga District Hospital, and 42.8% (6/14) were available at Nsanje District
Hospital (Fig 1). Medicines that were not available at Zomba were erythromycin, clarithromycin,
and cloxacillin. For Machinga, medicines that were not available were cloxacillin and nalidixic
acid while for Nsanje, it was gentamycin, erythromycin, azithromycin, metronidazole, amoxicillin,
cloxacillin, ciprofloxacin, and nalidixic acid. Zomba Central Hospital had the lowest rate of stock-
outs in the past six months from the day of data collection. Only 12.5% (2/16) of the medicines
were stocked out for at least one day. On the other hand, 64.3% (9/14) and 85.7% (12/14) of the
medicines were stocked out at Machinga and Nsanje district hospitals respectively.

Stock out duration

Stock out duration was highest at Nsanje, followed by Machinga and Zomba. Median stock
out days were 66.5 days (IQR 18-113 days), 21 days (IQR 0-31 days), and 0 days (IQR 0-0
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Availability and stock-out rates (in six-months duration)
for investigated antibiotics
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13 % - /ﬁ %

Fig 1. Percentage of investigated antibiotics which were available on the day of data collection and for which
stock-outs were reported in six-month duration. ZA CTL = Zomba Central Hospital, MGH DHO = Machinga
District Hospital, NE DHO = Nsanje District Hospital.

https:/doi.org/10.1371/journal.pone.0293562.9001

days) for Nsanje, Machinga and Zomba respectively. For Zomba Central Hospital, only eryth-
romycin and ciprofloxacin had stock outs for 28 and five days respectively. Medicines with
highest stock out days at Machinga District Hospital were cloxacillin and nalidixic acid, which
were not available for the entire six month-duration (Fig 2). These were followed by cotrimox-
azole (59 days), gentamicin (31 days), ceftriaxone (28 days), benzathine benzylpenicillin (25
days) erythromycin (23 days), doxycycline (19 days) and azithromycin (10 days). Nsanje Dis-
trict Hospital had the highest level of antibiotic stock outs. Azithromycin, cloxacillin and nali-
dixic acid were not available for the whole six month-duration and were followed by
ciprofloxacin (113 days), erythromycin (107 days), benzylpenicillin (98 days), amoxicillin (76
days), flucloxacillin (57 days), gentamicin (40 days), doxycycline (37 days), and metronidazole
(17 days).

Use of antibiotic therapy

Common diagnoses among participants were sepsis (25.7%), pneumonia (19.7%), meningitis
(4.9%), cellulitis (3.6%) and peptic ulcers (3.0%). A total of 471 antibiotic medicines were pre-
scribed. The most prescribed antibiotic was ceftriaxone (46.7%, n = 220). This was followed by
metronidazole (22.5%, n = 106), benzylpenicillin (13.0%, n = 61), gentamicin (6.4%,n = 30),
amoxicillin (4.3%, n = 20), cotrimoxazole (1.5%, n = 7), doxycycline (1.3%, n = 6), flucloxacil-
lin (1.1%, n = 5), erythromycin (0.9%, n = 4), amoxicillin/clavulanic acid (0.4%, n = 2), azithro-
mycin (0.2%, n = 1) and benzathine benzylpenicillin (0.2%, n = 1) (Fig 3). Among the
participants, 52.3% received single antibiotic therapy while 45.7% received a combination ther-
apy of antibiotics. Common antibiotic combinations were ceftriaxone and metronidazole
(17.4%, n = 53); benzyl penicillin and gentamicin (5.3%, n = 16); and amoxicillin and metroni-
dazole (4.3%, n = 13) (S1 Fig).

By facilities, ceftriaxone was the most prescribed antibiotic at Zomba (75.6%, n = 132) and
Nsanje (32%, n = 48), while benzyl penicillin was the most prescribed antibiotic at Machinga
(28.5%, n = 42). In terms of patient diagnosis, ceftriaxone was mostly prescribed for sepsis
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Fig 2. Stock out duration for various antibiotic medicines per facility in six-month duration. ZA CTL = Zomba Central Hospital, MGH DHO = Machinga
District Hospital, NE DHO = Nsanje District Hospital.

https://doi.org/10.1371/journal.pone.0293562.9002

Prescribed antibiotic medicines (N = 471)

50 46.7
— 45
§_ 40
o 35

30
oo .
& 25 22.5
o 20 13.0
g 15 6.4
o 10 4.3
e 5 0.4 0.2 0.2 I 1.7 1.5 1.3 0.9 1.1 .

o - — L} L] — —_ —_—
P ECLE LTSS S
o\o (}’5‘ *i.\o AN} \o” & @ & O o ¢
Q 3 N & O ) & & N &
. 0\\ of o& SO (}\\ ok‘e' ¥ 2 & @"\ I~ & o
& A I S - R - S L &
R R VO T P N P P g
‘-\\(‘ r @ oQ co'&. Q Q,& Q «© ‘so
X Q &
R Q )
<
Q>
Fig 3. Prescribed antibiotic therapy in the study.
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Table 3. Prescribed antibiotics by facility and diagnosis.

Name of antibiotic By facility n, (%) By diagnosis n, (%)

Zomba | Machinga Nsanje Sepsis P i Meningitis | Cellulitis Peptic ulcers Others

N=174 N =147 N =150 N=118 N=88 N=20 N=21 N=17 N =207
Amoxicillin 5(2.9) 2(1.4) 13 (8.7) 5(4.2) 1(1.1) 0(0) [ 000 4(23.5) 10 (4.9)
Amox- Clav 2(1.2) 0(0) 0(0) 0(0) 2(23) 00 | 0 | 00 0(0)
Azithromycin 0(0) 1(0.7) 0(0) 0(0) 0(0) 0(0) 0(0) | 0(0) 1(0.5)
Benzathine 0(0) 0(0) 1(0.7) 0(0) 0(0) 0(0) 0(0) 0(0) 1(0.5)
benzylpenicillin
Benzylpenicillin 1(0.6) 42 (28.5) 18 (12) 15 (12.7) 11 (12.5) 1(5) 3(14.3) 4(11.8) 29 (14.0)
Ceftriaxone 132 (75.9) 40 (27.2) 48 (32) 60 (50.9) 50 (56.9) 14 (70) 8 (38.1) 3(17.7) 85 (41.1)
Ciprofloxacin 1(0.6) 4(27) 3(2) 2(1.7) 1(1.1) 2 (10) ‘ 0(0) 0(0) 3(3.1)
Cotrimoxazole 1(0.6) 1(0.7) 5(3.3) 2.0.7) 1(1.1) 1(5) ‘ 1(4.8) 0(0) 2(1.0)
Doxycycline 0(0) 0(0) 6(4) 3(2.5) 0(0) 0(0) 0(0) 0(0) 3(1.45)
Erythromycin 12015 | 1(07) 1(0.7) 0(0) 0(0) 0(0) 0(0) 00 | 4Q9)
Flucloxacillin 106) | 0(0) 4(27) 1(0.9) 0(0) 0(0) 3(14.3) 0(0) 1(0.5)
Gentamycin 1(0.6) 20 (13.6) 9(6) 8(6.8) 8(9.1_ 2(10) 0(0) 1(5.9) 11 (5.3)
Metronidazole 28 (16.1) 36 (24.5) 42 (28) 22 (18.6) 14 (15.9) 0(0) | 6(286) 7 (41.2) 57 (27.5)

https://doi.org/10.1371/journal.pone.0293562.t003

(50.9%, n = 60), pneumonia (56.9%, n = 50), meningitis (70%, n = 14), and cellulitis (38.1%,
n = 8). In peptic ulcers, the most prescribed antibiotics were metronidazole (41.2%, n = 8) and
amoxicillin (23.5%, n = 4) (Table 3).

Adherence to treatment guidelines

Only 66% (201/304) of cases were assessed for adherence of antibiotic prescribing to treatment
guidelines, as the MSTG does not include adequate information on the use of antibiotics for
prophylaxis and other uncommon conditions. Adherence to MSTG was associated with health
facility, presence of laboratory test results (FBC), spectrum of prescribed antibiotics, and
WHO-AWaRe classification of the medicine, p<0.005. Overall, adherence to MSTG was
79.6%, (95% CI, 73.3-84.9%). By facilities, adherence to guidelines at Zomba was 95.9% (95%
CI, 89.7-98.9%) while at Nsanje and Machinga was 73.2% (95% CI, 59.7-84.2%) and 54.2%
(95% CI, 39.2-68.6%) respectively (Table 4). There was high adherence to MSTG for manage-
ment of meningitis with 93.3% (95% CI, 68-99.8%) of the cases being treated according to the
guidelines. The adherence was 90.9% (95% CI, 58.7-99.7%) for cellulitis, 83.3% (95% CI, 71.4-
91.7%) for pneumonia, 79.5% (95% CI, 68.8-87.8%) for sepsis, 44% (95% CI, 13.7-78.8%) for
peptic ulcers and 71.4% (95% CI, 51.3-86.8%) for miscellaneous conditions such as urinary
tract infections, syphilis, and dysentery. There was 93.2% (95% CI, 87.9-96.7%) adherence on
the prescribing of broad-spectrum antibiotics while for narrow-spectrum antibiotics adher-
ence was 10% (95% CI, 2.5-44.5%). By AWARE classification, adherence for access antibiotics
was 27.3% (95%, 14.9-42.8%), while for watch antibiotics was 98% (95% CI, 92.8-99.7%).
Adherence to MSTG was lower for antibiotics that were stocked out (63.8%, 95% CI 48.5-
77.3%) than antibiotics that were not stocked out during the study period (84.4%, 95% CI
77.7-89.8%), p< 0.002.

Discussion

This study was conducted at one tertiary (central) hospital and two secondary-level (district)
hospitals in southern Malawi. We found that the selected tertiary-level facility had better
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Table 4. Adherence of antibiotic tr to Malawi Standard Treatment Guideli
Variable Characteristic ‘ Total ‘ Adherence to MSTG P value'
Yes No

Age <30 57 40 (70.2) 17 (29.8 0.133
31-45 52 ‘ 41(78.8) 11(21.2)
46-64 42 37 (88.1) 5(11.9)
> 65 50 42 (84.1) 8(16.0)

Sex Female 95 ‘ 79 (83.2) 16 (16.8) 0.236
Male 106 | 81 (76.4) 25 (23.6)

Facility ZA CTL 97 93 (95.9) 4 (4.1) <0.001
MGH DHO 48 26 (54.2) 22 (45.8)
NE DHO 56 41 (73.2) 15 (26.8)

Diagnosis Sepsis 78 62 (79.5) 16 (20.5) 0.072
Pneumonia 60 i 50 (83.3) 10 (16.7)
Meningitis 15 14 (93.3) 1(6.7)
Cellulitis 11 10 (90.9) 1(9.1)
Peptic ulcers 9 4 (44.4) | 5(55.6)
Others 28 20 (71.4) 8 (28.6)

FBC test Not Done 81 55(67.9) 26 (32) 0.001
Done 120 ‘ 105 (87.5) 15 (12.5)

Diagnosis by system Cardiovascular | 1 1(100) 0(0) 0.031
Central Nervous 16 14 (87.5) 2(12.5)
Dermatological 20 | 17 (85.0) 3(15.0)
Gastrointestinal 17 8(47.1) 9 (52.9)
Immune 77 | 61 (79.2) 16 (20.8)
Respiratory 66 i 55 (83.3) 11 (16.7)
Urogenital 4 | 4 (100) 0(0)

Spectrum Broad 148 138 (93.2) 10 (6.8) <0.001
Narrow 10 1(10) 9 (90)
Broad + Narrow | 43 | 21 (48.8) 22 (51.2)

WHO AWARE Access 44 12 (27.3) 32(72.7) <0.001
Watch | 97 | 97(98.0) | 2(2.0)
Access + Watch 58 51 (87.9) 7.(12:1)

'P values are based on chi-square test. Where the cell number was <5, Fisher’s exact test was used. P values < 0.05 were considered significant.

https://doi.org/10.1371/journal.pone.0293562.t004

availability of the required antibiotics compared with the two district hospitals, with one hav-
ing much worse availability.

Despite the differences in the level of patient care, all public health facilities procure most of
their medicines through the Central Medicine Stores Trust (CMST) with few exceptions [35].
During the period of data collection, the central hospitals were allowed to purchase any medi-
cine/pharmaceutical product that was not available at CMST from private pharmaceutical sup-
pliers, unlike district hospitals. Between 2019 and 2023, budget allocation for pharmaceutical
purchases has been between 20 and 30 million US$ per year of which approximately 40% is
meant for four central hospitals while the rest is shared among the 28 districts [36, 37]. The
flexibility by central hospitals to use their budgetary allocation in purchasing from private sup-
pliers and the increased share of the budget best explains the higher availability of antibiotics
in central hospitals than in district hospitals.

The availability of antibiotics at Nsanje District Hospital was very poor as compared to
Machinga District Hospital. As noted, the point availability was below 50% at Nsanje District
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Hospital. In addition, more than 80% of the antibiotics were stocked out within a six-month
duration. This could be partially attributed to tropical cyclone Ana and cyclone Dumako
which heavily hit the district in January and February 2022 respectively [38]. The disaster
resulted in disruption of healthcare delivery including pharmaceutical logistics and supply as
most of the roads were rendered impassable. All public health facilities in Malawi receive med-
ical supplies once a month from CMST, as such, the impassable roads meant that there were
very few deliveries of normal supply to Nsanje. Moreover, healthcare workers including phar-
macy personnel were temporarily re-deployed to various camps where they provided relief
healthcare services [38] and thus, affecting quantification and procurement of
pharmaceuticals.

The MEML classifies medicines as non-essential, essential, and vital (see legend of Table 1).
On the other hand, WHO classifies antibiotic medicines as access, watch, and reserve antibiot-
ics (AWaRe classification) [39]. Most of the antibiotic medicines in MEML are categorized as
vital medicines. In our study, only azithromycin and cloxacillin were classified as essential
medicines. Both azithromycin and cloxacillin had poor availability at district hospitals but
were constantly available at central hospital. By WHO AWaRe categories, the availability of
antibiotics did not vary significantly between classes. As noted, 51.8% of access antibiotics
were stocked out within six months, and 42.9% of watch antibiotics were stocked out within
the same duration. It is most likely that procurement of antibiotics in Malawi does not con-
sider the WHO AWaRe classifications as at the time of the study, few guiding documents
aligned the MEML with the WHO AWaRe principles. On the other hand, the latest edition of
the WHO model EML was compiled based on the AWaRe classification. This was done with
the intentions of improving not just the access to antibiotic therapy but also the quality of anti-
biotic use, as a way of minimizing antibiotic resistance [40]. The incorporation of the AWARE
category in the current 2023 MSTG is a positive development for the future of antibiotic pro-
curement and prescribing in Malawi [41].

The 2015 MSTG provided limited information on the use of antibiotics for prophylaxis and
uncommon conditions. The adherence to MSTG for such cases was therefore not assessed in
the study. Consistent with other LMICs and previous studies done in Malawi, sepsis and pneu-
monia were the most common diagnoses in this study [1, 42]. However, the level of diagnostic
certainty was low as the diagnoses were all based on clinical presentations without laboratory
confirmation [43]. Only FBC was applied in 57% of cases in this study. However, studies have
reported a low sensitivity and specificity in the diagnosis of bacterial infections using FBC
[44]. As further noted in this study, no sensitivity test or bacterial culture was conducted. This
could be one of the reasons for more prescriptions of broad-spectrum antibiotics than narrow-
spectrum antibiotics.

Globally, it is recommended that adherence to treatment guidelines for prescribing antibi-
otics should be >95%. In this study, we found varying rates of adherence to MSTG among the
facilities. The adherence to MSTG was assessed based on the records of prescribed antibiotic
regimens to patients. Although nurses record in the patient management files when adminis-
tering the medicines (by indicating the time of administration), it was difficult to confirm ret-
rospectively whether the medicines were administered correctly. Zomba Central Hospital had
the highest and optimal level of adherence to guidelines with 95.9% of antibiotics prescribed
according to the MSTG. The adherence to guidelines for Zomba Central Hospital was higher
than the results of a study conducted at Queen Elizabeth Central Hospital (QECH) in Blantyre
district in 2018, which found 84% adherence to antibiotic prescriptions to treatment guidelines
[42]. The QECH is one of the four major referral and teaching hospitals in Malawi [45].
Adherence to MSTG was sub-optimal for both Machinga and Nsanje District Hospitals
(54.2% and 73.2% respectively).
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In this study, we noted that most of the antibiotic therapies that were not in line with the
MSTG were combination therapies as compared to single antibiotic therapies. Nevertheless,
some of the common antibiotic combinations were rational. For instance, the combination of
ceftriaxone with metronidazole is recommended for sepsis if the presumed or known source is
intrabdominal. A combination of amoxicillin and metronidazole is also a standard care for the
eradication of Helicobacter pylori in peptic ulcers [18]. Availability of first-line antibiotics was
significantly associated with the level of adherence to MSTG. As noted, although for the two
district hospitals, the availability of antibiotics medicines was better in Machinga, the overall
adherence to MSTG was poorer as compared to Nsanje District Hospital. This was because
Machinga experienced the longest duration for stock out of ceftriaxone, which is the agent of
choice for severe sepsis and pneumonia. This could therefore explain why more cases were
managed without following guidelines at Machinga District Hospital as compared to Nsanje
District Hospital.

The WHO set a target that more than 60% of antibiotics prescribed at the national level
should be from the Access category [46]. Although the choice of ceftriaxone is justifiable in
most cases according to the MSTG, the overuse of the antibiotic in Malawi is a concern. Ceftri-
axone is categorized as a Watch antibiotic by WHO. Thus, the use of this antibiotic needs to be
controlled since it has an increased risk of inducing resistance [34]. In addition, cephalosporin
antibiotics have been reported to induce cross-resistance with penicillin antibiotics, which are
commonly prescribed in primary care in Malawi [11].

Limitations

This study focused on a few facilities which were only one central and two district hospitals.
Primary health center facilities, which serve most of the population in these districts, were not
included in the study. The retrospective study design for assessing adherence to guidelines is
also another limitation as the data may be biased by missing information in the case manage-
ment files. In addition, the study did not explore further other possible factors that affected cli-
nician’s decisions on the selection of antibiotics.

Conclusion

The current study revealed that stock out of antibiotic medicines is still a challenge across facil-
ities. The linkage between availability and adherence to standard treatment guidelines suggests
that poor availability of medicines may be one of the contributing factors to inappropriate use
of antibiotic therapy and consequently increase the risk of antibiotic resistance. Further studies
that can validate these findings are necessary for further guidance in antibiotic selection and
prescribing policy. In addition, we also recommend the adoption of WHO AWaRe classifica-
tion to help minimize the overuse of antibiotics with a high risk of antibiotic resistance.
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4.3 Adverse drug reactions related with antibiotic medicines in Malawi: A

retrospective analysis of prevalence and associated factors

4.3.1 Overview of the paper

In this paper, we present the occurrence and characteristics of adverse drug reactions
(ADRs) related to antibiotic therapy. Using active methods, we detected suspected ADRs
and applied various tools to perform causality, seriousness, and preventability assessments.
In summary, we found a high burden of serious antibiotic related ADRs such as convulsions
than reported in other countries. We recommend the National PV centre to supplement the
spontaneous reporting scheme with active surveillance methods and ensure that the
reporting tools are accessible and convenient in all health facilities to improve the detection

of safety signals.
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Objective: We aimed to assess the occurrence and characteristics of antibiotic-associated adverse drug reactions (ADRs) in
Malawi.

Methods: We retrospectively reviewed 304 patient records from medical wards in three hospitals in Southern Malawi. A global
trigger (ool was applied [or the detection ol suspected ADRs, and we used the Naranjo scale, the World Health Organization
classification and the Schumock and Thomton scale for causality, seriousness and preventability assessment respectively. ADRs
were also further characterized according to anatomical systems. Statistical analysis was done in STATA 14.1. The Chi-square test was
used to determine the association between categorical variables and logistic regression analysis was used to measure the strength of the
assoclation between various independent variables and the occurrence of ADRs.

Results: Suspected ADRs were detected in 24% (73/304) of patients, of which 1.4% were definite, 15.1% were probable and 83.6%
were possible ADRs. Most of the SADRs were gastrointestinal events (42.5%), followed by: musculoskeletal (26.3%); cardiovascular
(16.3%); central nervous system (13.8%; and urinary events (1.3%). About 27% of the sADRs were serious events such as
convulsions. The geriatric age group (=65 years) was more likely to experience SADRs as compared to the younger age group,
with an adjusted odds ratio (aOR) of 4.53, 95% CI (2.21-9.28), P<0.001. Patients taking more than one antibiotic medicine had
a higher risk of developing SADRs as compared to patients who were administered one type of antibiotic medicine, aOR 2.14, 95% CI
(1.18-3.90), p < 0.012. A long hospital stay of >3days was associated with a higher risk of SADRs with aOR of 5.11, 95% CI (2.47—
10.55), p < 0.001 than those who stayed < 3 days in the hospital.

Conclusion: We found a higher prevalence of serious sSADRs associated with antibiotic medicines than reported elsewhere. This may,
among others, contribute to high patient mortality, poor treatment adherence, antibiotic resistance and increased cost of care.

Plain Language Summary:
What is already known and why we did the study?

e Most health care workers and patients are less likely to voluntarily report suspected adverse drug reactions in low- and middle-
income countries such as Malawi.

e Studies have revealed a high usage of antibiotic medicines in Malawi, but there is limited data on the associated adverse drug
reactions.
What did we do?

e We assessed the occurrence and characteristics of ADRs associated with antibiotics.
What are the new findings?

e We found a higher prevalence (24%) of adverse drug reactions associated with antibiotic therapy than reported elsewhere using the
global trigger tool.

e About 27.4% of the events were serious ADRs such as convulsions, arrhythmia and hypotension.

e We observed a higher rate of convulsions which could be a potential safety signal.
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What do the new f(indings imply?

® The high prevalence of serious ADRs leads to complicated treatment strategies and contribute to patient mortality, poor treatment
adherence and antibiotic resistance.
e ADR risk factors need to be considered when prescribing and monitoring patients on antibiotic therapy.

Keywords: adverse drug reactions, antibiotic medicines, pharmacovigilance, global trigger tool, Malawi

Background

Adverse drug reactions(ADRs) have a serious negative impact on patients and the healthcare system." Globally, about
24% of elderly patients® and 8% of patients receiving primary health care in Europe and the United States of America
experience at least one ADR.> About 5-8% % of ADRs are serious* and at least 1% of ADRs lead (o patient death.’
ADRs have also been reported to cause hospitalization or lead to prolonged hospitalization in almost 10% of patients.®”
Usually, ADRs are managed through switching of therapy, in some cases prescribing new medicines in order to counter
the adverse effects, thus contributing to increased total cost of treatment.® The annual total cost of ADR (reatment is
cstimated at $30 billion in the USA® and £2.2 billion in the UK.'

Antibiotics are among the most prescribed medicines in low- and middle-income countries (LMICs) with almost 50%
of prescriptions containing at least one antibiotic medicine.'""'> By 2030, the antibiotic consumption rate is estimated to
increase by 200% if no policy change is effected in LMICs.!* This is a major concern because as much as antibiotic
medicines benefit the public especially in settings where the burden of infectious discases is high, overuse of antibiotics
potentially increases the incidence of associated risks such as ADRs and antibiotic resistance.'*'> The majority of
antibiotic-related ADRs are clinically significant and require additional medical attention.'® Fatal or life-threatening
ADRs such as jaundice, thrombocytopenia and difficulty in breathing have also been reported to be associated with
antibiotic use.'”'*

The rate of antibiotic prescribing is high in Malawi.'® On the other hand, the high burden of antimicrobial resistance
is also a concern. On average, 32% of common bacterial isolates have been found (o be resistant (o essential antibiotics
such as cotrimoxazole, gentamicin and ciprofloxacin.>” This may among other causes be attributed to inappropriate use of
antibiotics including non-adherence to treatment.”'>* The occurrence of ADRS is onc of the factors associated with poor
adherence to medicines as they affect the patients” quality of life and loss of trust in the health care professionals.>**
Efforts aimed at identifying and reducing ADRs require a strong Pharmacovigilance (PV) system in a country. PV
policies at both the regulatory level and clinical practice need to be primarily informed by local medicine safety data.
However, this is not usually the case especially in LMICs such as Malawi as there is a lack of evidence to determine the
burden and determinants of ADRs. In this study, we assessed the occurrence and characterized the ADRs associated with
antibiotic medicines in the southern Malawi.

Methodology
Study Design and Setting

A retrospective review of medical records was ecmployed in medical wards of public hospitals between June 2022 and
October 2022, Three districts (Zomba, Machinga and Nsanje) were randomly selected in southern region of Malawi
using the RAND function in excel. Machinga and Nsanje District Hospitals represented the secondary level of care. For
Zomba district, there is no secondary level hospital. The largest facility is a tertiary level hospital, the Zomba Central
Hospital which acts as a referral health facility for the South-East zone of the country.

Study Population and Sample Size

Our study population were adult patients (>18 years) who were administered one or more antibiotic medicines during
their hospital stay. We targeted patients who were hospitalized in the medical wards as most adult patients with infectious
discascs arc hospitalized in these general medical wards. A total of 304 casc management files were included in the study
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of which 138 were from Zomba, 84 from Machinga and 82 from Nsanje. The large number from Zomba was as a result
of the hospital being a referral health facility for the south-eastern region of Malawi with a bed capacity of 680, unlike
Machinga and Nsanje whose bed capacity per facility is 300 patients.”®

Data Collection

Data were abstracted from case management files of eligible patients using a structured questionnaire. Demographic and
clinical data were collected. We applicd the global trigger tool for the detection of adverse cvents (AEs). This tool was
developed by the Institute for Healthcare Improvement in the United States of America to help optimize the retrospective
detection of adverse cvents using inpatient hospital records. It applics the usc of certain triggers or clues such as
switching or ordering of new medicines, abrupt medication stops, abnormal vital signs or laboratory results, and changes
in patient prognosis.”® We used the WHO definition of an ADR;

A response to a drug that is noxious and unintended and occurs at doses normally used in man for prophylaxis,
diagnosis, or therapy of a disease or for modification of physiological function.

2% Investigators who were experienced pharmacists, laboratory scientists and a medical doctor identified suspected
adverse drug reactions (SADRs) by searching for triggers such as the administration of anti-emetic medicines, and any
documented events that were experienced by patients after the administration of antibiotic medicines. Further evaluation
of the sADRs was also done by the investigators, with one of the investigators, FC, being a senior leader in
pharmacovigilance issues in Malawi.

All suspected ADRs (sADRs) were subjected to causality assessment using the Naranjo criteria.” The Naranjo
criteria is an algorithm that uses weighted questions to categorize AEs as definite, probable, possible and unlikely or
doubtful ADRs based on the gathered clinical information.>® Suspected ADRs were further assessed for seriousness and
preventability using the WHO classification®” and the Schumock and Thornton scale® respectively.

30

Statistical Analysis

Data were entered and coded in Microsoft Excel and exported to STATA 14.1 for statistical analysis. The occurrence of
sADRs among various patient characteristics was described in terms of frequencies and percentages while continuous
variables such as length of hospital stay, and number of medicines administered were summarized in terms of means,
medians, and interquartile ranges. The Chi-square test was used to determine the association between various categorical
variables such as scx and the occurrence of sADRs. To further assess the strength of association between various
independent variables and the occurrence of sSADRs, we applied the logistic regression analysis. We used both univariate
and multivariatc analysis where odds ratios were adjusted by controlling for significant factors using reverse climination
in the regression model.**** A P value of < 0.05 was considered statistically significant.

Results

Patients’ Demographic Characteristics

Of the 304 patients included in the study, 138 (45.4%) were from Zomba Central Hospital, 84 (27.6%) from Machinga
District Hospital, and 82 (27%) from Nsanje District Hospital. Among these patients, 48% (n=148) were female, while
52% (n=158) were male (Table 1). The participant’s age range was 18-96 years old. Overall, the median age was 44.5
years (IQR 30-62 years) of which for female patients was 43 years (IQR 30-61 years) and for male patients was 45 yecars
(IQR 30 —62 years). Fifty-three (17.4%) patients were HIV-positive, 51.6% were HIV-negative and 30.9% were with
unknown HIV status. Among the 53 HIV-positive patients, 22.6% had other co-morbidities while 23.5% of the 251
patients who were HIV-necgative or with unknown status had other co-morbiditics. Common co-morbiditics among
patients were hypertension (15.1%), type II diabetes mellitus (5.9%) and asthma (2.3%). Diagnosis was based on clinical
assessment in 43.2% of the patients while full blood count (FBC) was used to support diagnosis for 56.8% of the patients.
No laboratory confirmation by either bacterial culture or anti-microbial sensitivity test was conducted in any of the
patients in this study. The common diagnoses were sepsis (24.3%), pneumonia (19.7%), meningitis (4.9%), Cellulitis
(3.6%) and pcptic ulcers (2.9%).
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Table | Demographic and Clinical Characteristics of Patients Whose Case Management Files Were Reviewed in the Study

Category Sub-group or Zomba Central Machinga District | Nsanje District Total
characteristic Hospital, n (%) Hospital, n (%) Hospital, n (%) (N =304)
N=138 N=84 N=82
Age <65 102 (42.3) 69 (28.6) 70 (29.1) 241
2 65 36 (57.1) 15 (23.8) 12 (19.1) 63
Sex Female 79 (54.1) 21 (14.4) 46 (31.5) 146
Male 59 (37.3) 63 (39.9) 36 (22.8) 158
Co-morbidities (ICD code) | HIV (B24) 33 (62.3) 10 (189) 10 (18.9) 53
Hypertension (110) 38 (82.6) 4 (8.7) 4 87) 46
Diabetes Mellitus (EI 1.8) 12 (66.7) 5(278) I (5.6) 18
Asthma (J45.9) 6 (85.7) 1(14.3) 0(0) 7
Others 10 (66.7) 3(20) 2(133) 15
Diagnosis (ICD code) Sepsis (A41.9) 39 (527) 12 (16.2) 23 31.1) 74
Pneumonia (J18.9) 34 (56.7) 13 (21.7) 13 (21.7) 60
Meningitis (G00.9) 9 (60.0) 4 (26.7) 2(13.3) 15
Cellulitis (L03.9) 3(27.3) 4 (36.4) 4 (36.4) 1
Peptic ulcers (K27.9) 5 (55.6) 2(222) 2(222) 9
Others 48 (35.6) 49 (36.3) 38 (28.2) 135
Tests conducted FBC 103 (59.9) 29 (16.9) 40 (23.3) 172
Bacterial culture 0(0) 0(0) 0 (0) 0
Antibiotic sensitivity 0 (0) 0 (0) 0 (0) 0
No. of antibiotics prescribed | | 104 (63.0) 33 (20.0) 28 (17.0) 165
2 34 (29.8) 38 (333) 42 (36.8) 114
3 0(0) 13 (56.5) 10 (43.5) 23
4 0 (0) 0(0) 2 (100) 2
No. of concomitant 0 2(333) 1 (l6.7) 3 (50.0) 6
medicines | 29 (32.6) 32 (36.0) 28 (31.5) 89
2 28 (32.9) 28 (32.9) 29 (24.1) 85
3 43 (56.6) 17 (22.4) 16 (21.1) 76
4 36 (75.0) 6 (12.5) 6(12.5) 48

Abbreviations: ICD, International Classification of diseases 2023 (https://icd.who.int/browse 10/2019/en; accessed on 10/05/2023).

Occurrence of Suspected Adverse Drug Reactions

We detected suspected adverse drug reactions (SADRS) in 24% (73/304) of the patients. The prevalence of SADRs for Zomba
Central Hospital was 23.9% whilc for Machinga and Nsanjc District Hospitals was 25% and 23.2% respectively (Table 2). The
median age for the patients with no SADRs was 42 years (IQR 30-60 years) while for the patients with SADRs, the median age
was 48 ycars (IQR 36-70 ycars). The paticnt age group was significantly associated with occurrence of SADRs, p < 0.001. The
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Table 2 Prevalence of Suspected Adverse Drug Reactions (sADRs) for Various Patient
Characteristics

Variable Characteristic Cases With no | Cases With P Value
sADRs n (%) sADRs n (%)

Age < 65 193 (80.1) 48 (19.9) 0.001*
2 65 38 (60.3) 25 (39.7)

Sex Female 112 (76.7) 34(233) 0.776
Male 116 (74.8) 39 (24.7)

HIV status Negative 189 (76.2) 59 (23.8) 0.652
Positive 39 (73.6) 14 (26.4)

Co-morbidities Non-hypertensive 191 (74.0) 67 (26.0) 0.059
Hypertensive 40 (87.0) 6 (13.0)
Non-diabetic 218 (76.2) 68 (23.8) 0.7
Diabetic 13 (72.2) 5(27.8)
Non-asthmatic 224 (75.4) 73 (24.6) 0.132
Asthmatic 7 (100) 0 (0)

Number of antibiotics prescribed | 133 (80.6) 32(194) 0.04*
>| 98 (70.5) 41 (29.5)

Number of concomitant medicines | < | 23 (92.0) 2 (8.0) 0.049*
>| 207 (74.5) 71 (25.5)

Length of stay (days) <3 106 (89.8) 12 (10.2) <0.001*
>3 125 (67.2) 61 (32.8)

Hospital Zomba Central 105 (76.1) 33 (23.9) 0.962
Machinga District 63 (75.0) 21 (25.0)
Nsanje District 63 (76.8) 19 (23.2)

Notes: Chi-square test was used to determine the association between various categorical variables and the occurrence of
sADRs. *P value < 0.05 was considered statistically significant.
Abbreviation: SADRs, suspected adverse drug reactions.

prevalence of SADRs was 23.3% among female and 24.7% among male patients. Among the HIV-ncgative patients, the
prevalence of SADRs was 23.5% while for the HIV-positive patients, the prevalence was 26.4%. Suspected ADR prevalence for
hypertensive and diabetic was 13% and 27.8% respectively while nonc of the asthmatic patients experienced an ADR. For the
number of medicines prescribed to patients, the median number of antibiotics was one for patients with no SADRs while for
patients with SADRs the median number of antibiotics prescribed was two. For the other concomitant medicines, the median
number of medicines was two for both patients with and without SADRs. The median length of hospital stay (LoS) for patients
without ADRs was 4 days (IQR 3-6 days) while for patients with ADRs, the median LoS was 6 days (IQR 4-9 days).
Occurrence of SADRs was significantly associated with number of antibiotic medicines (p < 0.049) and patient LoS (p < 0.001).

Figure 1 illustratcs SADRs according to anatomical system classifications. Most of thec SADRs were gastrointestinal
events (42.5%), followed by: musculoskeletal (26.3%); cardiovascular (16.3%); central nervous system (13.8%; and
urinary events (1.3%).
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ADR classification by body systems

Urinary 13

Musculoskeletal
gastrointestinal
Cardiovascular

Central nervous

20
Percentages (%)

[

5 30 35 40 45

Figure | Occurrence of suspected adverse drug reactions (s(ADRs) by body systems. The sADRs were classified according to the anatomical system and presented in

terms of percentages.

In this study, Ceftriaxone (47.6%) was the most prescribed antibiotic medicine followed by Metronidazole (22.9%),
benzylpenicillin (13.2%), gentamicin (6.5%), Amoxicillin + clavulanic acid (4.7%), ciprofloxacin (1.7%), lucloxacillin

(1.1%), doxycycline (0.4%) and azithromycin (0.2%). By chemical classification, most of these antibiotics were beta-
lactam (66.7%) and nitroimidazole antibiotics (22.9%) while only 10.4% of the antibiotics comprised of other classes.
Occurrence of SADRs was proportional to the frequency of prescribing a particular antibiotic, p < 0.001. In total, there
were 63 SADRs associated with ceftriaxone, 23 with metronidazole, 19 with benzylpenicillin, 15 with gentamicin and the
rest of the SADRs were associated with amoxicillin +clavulanic acid, azithromycin, ciprofloxacin, cotrimoxazole and
flucloxacillin (Table 3). Common sADRs were abdominal pain (16 events) associated with amoxicillin, benzylpenicillin,
ceftriaxone, co-trimoxazole, gentamicin and metronidazole; painful legs (7 events) associated with benzylpenicillin,

Table 3 Suspected Adverse Drug Reactions and Their Associated Antibiotic Medicines

injection

Antibiotic ATC Freq y of Freq y | Adverse Event Detected (Frequency)
Name Classification | Prescriptions of sADRs
(%) Cases

Amoxicillin JOICA04 20 (4.3) 4 Abdominal pain (1), body weakness (1) diarrhea (1), tachycardia (1)

Amoxicillin/ JOICRO2 2 (04) | Hypertension ()

Clavulanic acid

Azithromycin JOIFAIO 1(0.2) 0

Benzylpenicillin JoICEOI 61 (13.2) 19 Abdominal pain (4), Hematuria (1), body weakness (1), diarrhea (1), joint
pain (1), anxiety (I), dizziness (2), joint pain (l), painful legs (1),
tachycardia (3), hypotension (1) vomiting (2)

Ceftriaxone JoIDD54 220 (47.6) 63 Abdominal pain (12), vomiting (1), irritability (1), back pain (2), body

weakness (2), bradycardia (), chest pain (2), swollen face (1), confusion
(1), convulsions (5), dizziness (2), diarrhea (2), dysphagia (1), headache
(1), hypertension (3), hypotension (2), joint pain (l), loss of appetite (1),
numbness of legs (3), painful legs (6), tachycardia (5), vomiting (7)

(Continued)
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Table 3 (Continued).

Antibiotic ATC Frequency of Frequency | Adverse Event Detected (Frequency)
Name Classification | Prescriptions of sSADRs
(%) Cases

Ciprofloxacin JOIMAO2 8 (1.7) | Hypertension (1)

Cotrimoxazole JOIEEOI 7 (1.5) 3 Abdominal pain (), chest pain (l), hypotension (1),

Doxycycline 2(0.4) 0

Flucloxacillin JOICFO5 5(1.1) 3 Anxiety (1), painful legs (2)

Gentamicin JOIGBO03 30 (6.5) 15 Abdominal pain (4), hematuria (1), irritability (1), body weakness (1),
convulsions (1), dizziness (2), painful legs (1), tachycardia (3), hypotension (1),

Metronidazole JoIXDol 106 (22.9) 26 Abdominal pain (6), anxiety (1), back pain (), body weakness (I), chest
pain (1), convulsions (4), diarrhea (2), dysphagia (1), hypertension (1),
painful legs (1), tachycardia (2), vomiting (5)

Abbreviations: ATC, Anatomical, Therapeutic and Chemical classification; sADRs, suspected Adverse Drug Reaction.

ceftriaxone, flucloxacillin, gentamicin and metronidazole; vomiting (8 events) associated with benzylpenicillin, ceftriax-
one and metronidazole; tachycardia (7 events) associated with amoxicillin, benzylpenicillin, cefiriaxone, gentamicin and
metronidazole; and convulsions (5 events) associated with cefiriaxone, gentamicin and metronidazole.

Causality, Seriousness, and Preventability of sSADRs

Available clinical data was used to further assess the detected SADRs for causality, seriousness, and preventability. All
AEs had a plausible temporal relationship with the culprit antibiotic medicine. Figure 2 provides details for the ADR
classification. In terms of causality, 1.4% (n=1) of SADR were definite, 15.1% (n=11) were probable and 83.6% (n =71)
were possible ADRs. Serious sSADRs were 27.4% (n =20) while non-scrious sADRs were 72.6% (n=53). Thesc cvents
were categorized as serious as they were either life threatening or prolonged hospitalization or both. Serious SADRs
included convulsions (n = 5), bradycardia (n=1), tachycardia (n=7), hematuria (n=1), swollen face (n=1), hypertension
(n=3) and hypotension (n=2). Among the sADRs, 26% (n=19) were preventable while 74% (n=54) were not preventable.

Causality, seriousness and preventability assessment

90 83.6
80 726 74

Percentages (%)
"
o

2 15.1

10 14 . 0
0

Definate Probable Possible Unlikely | Serious Not serious/Preventable  Not

preventable]
Causality Seriousness Preventability
Figure 2 ADR Classification according to causality, seriousness, and preventability. The Naranjo scale, the World Health Organization classification and the Sch k and
Thornton scale were applied to perform causality, seriousness and preventability assessments respectively.
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Factors Associated with Occurrence of sADRs

A logistic regression analysis was conducted to determine the factors associated with occurrence of sADRs. For
multivariate analysis, we adjusted the odd ratios by controlling for significant factors using reverse elimination in the
regression model. Occurrence of SADRs was significantly associated with patient age, number of antibiotic medicines
taken, and length of hospital stay (Table 4). The geriatric age group (=65 years) was more likely to experience SADRs as
compared to the younger age group, with adjusted odds ratio (aOR) of 4.53, 95% CI (2.21-9.28), p < 0.001. By hospital
facilities, the results were significant for all the three facilities with aOR of 3.38, 95% CI (1.17-9.76), p< 0.024, aOR
12.97, 95% CI (2.29-73.4), p< 0.004, and aOR 6.95, 95% CI (1.43-33.76), p< 0.016, for Zomba, Machinga and Nsanjc
respectively. In terms of number of antibiotics administered, patients taking morc than onc antibiotic medicine had
a higher risk of developing SADRs as compared to patients who were on one type of antibiotic medicine, aOR 2.14, 95%
CI (1.18-3.90), p < 0.012. These results were not statistically significant when stratified by hospital facility. A hospital
stay of > 3 days was also associated with a higher risk of SADRs, with aOR 5.11, 95% CI (2.47-10.55), p < 0.001 as
compared to < 3 days. By hospital facilitics, the results were significant for all facilitics with aOR 4.74, 95% CI (1.44—
15.61), p< 0.010, aOR 19.09, 95% CI (2.37-15.77), p< 0.006, aOR 3.67, 95% CI (1.08-12.44), p< 0.037, for Zomba,
Machinga and Nsanje respectively.

Discussion

We conducted this study in three districts of Malawi to assess the occurrence and characteristics of adverse drug reactions
associated with antibiotic medicines. We found sADR prevalence of 24% among the study participants. A study done in
Uganda found a 19% burden of antibiotic-associated ADRs among hospitalized patients. This study collected prospective

Table 4 Factors Associated with Occurrence of Adverse Drug Reactions

Variable Characteristic aOR 95% Cl P Value
Age < 65 |

> 65 453 221-9.28 <0.001
Sex Female |

Male 1.07 0.63-1.82 0.800
HIV status Non-reactive |

Reactive 1.28 0.64-2.54 0.481
Co-morbidities Non-hypertensive |

Hypertensive 0.19 0.07-0.54 0.002

Non-diabetic |

Diabetic 1.29 0.44-3.78 0.647
Number of antibiotics prescribed | |

>| 2.14 1.18-3.9 0.012
Number of concomitant medicines | < |

> 2.82 1.39-5.74 0.004
Length of stay (days) <3

>3 5.11 2.47-10.55 <0.001

Notes: A multivariate logistics regression model was used to assess the strength of association between various
independent variables and the occurrence of sADRs. A P value <0.05 was considered statistically significant.
Abbreviations: aOR, adjusted odds ratio, Clm, confidence interval.
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data from both the medical and gynecological wards and was limited to only a tertiary level hospital.'” In our study, we
applied the global trigger tool which is reported to improve the detection rate of adverse events as compared to use of
only clinical assessments which are done during routine patient care.>® The global trigger tool has also been used in the
detection of 221 ADRs among 1746 (12.7%) patients in a pediatric ward in China®’ and 62 ADRs out of 463 patients
(13.4%) in the emergency department in India.*®

We used the Naranjo criteria for causality assessment and found only one adverse event which was a definite ADR.
This was a case of convulsions following administration of ceftriaxone. Patient records indicated that a similar incident
had previously occurred in the patient. In addition, there was a positive de-challenge and re-challenge of the reaction,
which is not normally done in clinical practice as observed in the rest of the cases. The majority of the SADRs were
therefore classified as possible (83.6%) or probable ADRs (15.1%) according to the Naranjo score. The Naranjo criteria
provides a simple and reproducible tool for ADR causality assessment.*® However, the major challenge is that it is not
possible to respond to all the necessary questions provided by the algorithm where limited patient information is
available. This renders most of the potential ADRs rated with a low score.*’ As noted in our causality assessments,
we found very few events which were characterized as definite or possible ADRs since there was limited information to
completely rule out other possible causes of the adverse events. Since our patient records were paper based, we
encountered challenges such as missing sections in the patient files which not only affects the accurate detection of
ADRs but also the subsequent ADR assessments.

Among the detected sADRs, 27.4% were serious. These were central nervous and cardiovascular events such as
convulsions, tachycardia, and hypotension. The events met the criteria for seriousness as they were either life threatening
or prolonged hospitalization of patient.** Serious ADRs have worrisome clinical and cconomic consequences as they
require critical patient care to prevent potential loss of life. A study conducted in South Africa found out that the cost of
managing ADRs in patients on Tuberculosis (TB) treatment rendered the total cost 17 times higher than the actual cost of
TB treatment.*' In our study, the treatments for sSADRs were not quantified as most of these SADRs were not recognized by
health carc professionals. We also noted a high prevalence of preventable SADRs which contributed to 26% of the cascs.
Preventability of an ADR is assessed based on the presence of a medication error or any action that would otherwise be
avoidable such as administering the wrong dose or lack of monitoring of patients with a known ADR risk.** Lack of
cvidence-based diagnosis may contribute to a higher rate of wrong prescribing of antibiotics in Malawi which may incrcasc
the incidence of preventable ADRs. For instance, we observed that no bacterial culture or antimicrobial sensitivity tests
were conducted in all patients in this study. FBC was the only test used to support the diagnosis of 56.8% (Table 1) of the
patients despite the poor scnsitivity and specificity for diagnosis of bacterial infections.**** Furthermore, the choice of
broad-spectrum antibiotics was noted to be very high which may increase the risk of antimicrobial resistance.*> Lack of
capacity to conduct bacterial culture and antimicrobial sensitivity tests limits the precise selection of the most appropriate
narrow- spectrum antibiotic, hence clinicians opt for empirical therapy with broad-spectrum antibiotics.*®

Occurrence of sSADRs was significantly associated with geriatric age (>65 years), number of antibiotic medicines and
LoS. Thesc are consistent risk factors for ADR.*” Physiological changes such as renal and hepatic impairment are
common in geriatric patients.*® Usually, these conditions principally affect the elimination of medicines and therefore
render geriatric age groups at risk of developing ADRs. Even though the geriatric group had a higher prevalence of
sADRs in our study, available patient records did not reveal much information about the presence of age-related co-
morbidities such as renal impairment.

Polypharmacy increases not only the drug exposure (o patients, but also the potential for drug-drug interactions.*’
Common antibiotic combinations in this study were ceftriaxone and metronidazole (58 cases); benzylpenicillin and
gentamicin (21 cases); benzylpenicillin and metronidazole (9 cases); and metronidazole and amoxicillin (8 cases). There
is however limited information about known drug-drug interactions between these antibiotic combinations.*® A long LoS
is usually associated with a longer duration of treatment, hence increased risk of occurrence of ADRs.** On the other
hand, a long LoS is also a consequence of occurrence of an ADR as the affected patients require additional treatment and
3152 We lacked evidence to make this determination as the days on which SADRs manifested were not
recorded in our study.

monitoring,.
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PV systems seek to identify safety signals.>® These can be previously unknown ADRs or changes in certain aspects of
already known ADRs such as presentation or frequency of occurrence that require further investigations.>* The majority
of the sSADRs detected in this study have been previously documented to be associated with antibiotic medicines. To our
knowledge, limited information is available for events such as painful legs and joints, tachycardia, and hypotension
(Table 3). Convulsions could also be a potential signal as they arc observed to occur at a higher frequency in Malawi than
expected (<1/1000).%>%¢

Study Strengths and Limitations

Limitations of this study include measurement bias due to poor documentation or missing information in patient records
which might have affected the accuracy of detection and assessment of SADRs. Extremely poor records which were
missing crucial data such as medication charts and patient demographics were, however, cxcluded from the study. Study
findings were basced on retrospective data. This may underestimate the prevalence of ADRs as we did not dircctly
interview the patients to further explore their personal experiences after taking the medicines. Some of these medicine-
related problems may not be documented by clinicians and nurses.’” Furthermore, there was a limitation of sample size
per health facility. Suspected ADRs in this study may not have been detected or reported to the national PV centre by
healthcare providers or patients. This is mostly due to the lack of PV awareness and skills among healthcare workers.™
Furthermore, we did not interview possible informants where more information was required for the assessment of
sADRs. Based on the available patient data, we precisely assessed the SADRs in terms of causality using the Naranjo
criteria. This algorithm has been used in several other studics and reported to be casy to use and reproducible.™

Conclusion

‘We used the global trigger tool to determince the prevalence of SADRs using retrospective data from patient files. We
found a higher prevalence of SADRs associated with antibiotic medicines than reported clsewhere. Furthermore, the
number of serious events was high which is a concern regarding the achievement of optimal antibiotic treatment
outcomes. This may, among others, contribute to high patient mortality, poor treatment adherence, complicated treatment
strategies, antibiotic resistance and increased cost of care.

Abbreviations

ADR, Adverse drug Reactions; sADR, suspected Adverse drug Reactions; ATC, Anatomical Therapeutic Chemical
Classification; PV, Pharmacovigilance; WHO, World Health Organization; LMICs, low- and middle-income countries;
IQR, Interquartile Range; FBC, Full Blood Count; LoS, Length of Hospital Stay; aOR, adjusted Odds Ratio; CI,
Confidence Interval.
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4.4 Substandard and falsified antibiotics and their clinical outcomes among

hospitalized patients in southern Malawi: A pilot study

4.4.1 Overview of the paper

In this final paper, we assessed the clinical outcomes among patients who received
antibiotics with optimal amount of API vs antibiotics with lower than the required API
content. In brief, we found that antibiotic medicines with sub-optimal API content caused
fewer adverse effects, and the patient recovery was lower than patients who took antibiotics
with optimal amount of API. Although this was a biologically plausible pattern, the results
were not statistically significant. We therefore recommend further studies to investigate
and characterize the adverse events associated with poor quality antibiotics. This will help

to provide a basis for signal detection for possible SF medicines in clinical settings.
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Abstract

Background
Substandard and falsified antibiotics affect the lives of patients and promote drug resistance. We
assessed the quality of antibiotics and associated clinical outcomes among hospitalized patients

in southern Malawi.

Methods

A cross-sectional study involving review of retrospective records was conducted among
hospitalized adult patients at Zomba central, Machinga and Nsanje district hospitals in October
2022 and January 2024. We reviewed patient management files for eligible patients to assess
patient recovery and occurrence of adverse drug reactions (ADRs) using a global trigger tool.
Trained pharmacy personnel recorded antibiotic medicines that were issued to the patients, and
the medicines were sampled and subjected to pharmacopeial test for content of active

pharmaceutical ingredients using high performance liquid chromatography.

Results

Of the 224 reviewed files, ADRs occurred in 18.3% % (n=41) of patients while 12.05% (n=27)
did not recover from their illness. One benzylpenicillin sample was found out of specifications
with only 61.8% of declared amount of active ingredient. Among patients who received
benzylpenicillin with optimal API content, 15.8% experienced ADRs while 10.5% failed to
recover from illness. For patients who received benzylpenicillin containing lower than required
amount of AP, only 7.1% experienced an ADR while 14.3% failed to recover from illness.
These differences were, however, not statistically significant. Patient outcomes were

significantly associated with age and Charlson comorbidity index (CCI), p <0.05.
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Conclusion

The present findings provide preliminary insights on the potential negative clinical impact of
substandard antibiotic medicines. We therefore recommend a larger prospective study to further
validate these findings and encourage stakeholders to be more vigilant on the quality of antibiotic
medicines as one of the key measures of improving clinical outcomes and preventing antibiotic

resistance in Malawi.

Keywords
Substandard medicines, parenteral antibiotic medicines, clinical outcomes, adverse drug

reactions, patient recovery
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Background

Substandard and falsified (SF) medicines pose major risks to global public health[1]. The
prevalence of SF medicines varies by region and range from as low as <5% to as high as
>50%][2] with studies reporting a disproportionally higher prevalence of SF medicines in low-
middle income countries (LMICs). Most studies done in LMICs, have found antibiotic medicines
as one of the classes with a high prevalence of SF medicines [3—6]. It is estimated that antibiotic
consumption in LMICs would reach up to 168 billion defined daily doses (DDDs) in the next
decade[7]. This is a health concern as antibiotic medicines overuse increases the emergence of
antibiotic resistance and occurrence of adverse drug reactions (ADRs). Antibiotic resistance is
associated with the death of over 5 million people globally every year[8], while antibiotic-related

ADRs contribute to more than 50% of individual case safety reports[9, 10].

SF medicines may contain lower or higher declared content of active ingredients, misrepresented
ingredients and/or contain impurities[11]. This may lead to sub-therapeutic exposure of
antibiotics to bacteria and therefore further increase the risk of antibiotic resistance[ 12].
Furthermore, SF medicines are also associated with a higher risk of adverse drug reactions which
eventually affect patient’s quality of life and adherence to treatment[11]. The SF antibiotics
increases the risk of death among patients by almost four-fold[1]. In 2017, the World Health
Organization (WHO), estimated that, on the assumption of 10% prevalence of SF antibiotic
medicines, about 72,000 deaths occurred due to lower activity of active ingredients and over

169,000 deaths occurred due to no drug activity among children presenting with pneumonia[13].

Previous studies conducted in Malawi have consistently shown a high prevalence of SF

antibiotic medicines ranging from 13 - 45.5%, between 2014 and 2022. These studies mostly
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focused on oral antibiotics with amoxicillin, ciprofloxacin, cefuroxime, co-trimoxazole,
flucloxacillin and azithromycin[14-16]. The burden of SF medicines may still be under-
estimated in Malawi as some of the samples in the reported studies were tested using less
sensitive screening techniques such as thin layer chromatography (TLC) compared to

pharmacopeial assay methods such as high performance liquid chromatography (HPLC)[17].

Studies have suggested that linkage of clinical outcomes to medicine batches using
pharmacovigilance databases (for individual case safety reports) can offer an effective method
for detection of possible SF medicines[18, 19]. This study was therefore conducted to assess
antibiotic ADRs and associate them with the medicine quality to provide insights of safety
signals which would be used as triggers for detection of SF antibiotic medicines. Further, the
study provides insights on the extent to which clinical outcomes are affected by SF medicines, as

limited observational studies have been conducted.

Methods

Study design and setting

A cross-sectional study involving review of retrospective case management files for hospitalized
patients who were prescribed antibiotic medicines was done in Zomba, Machinga and Nsanje
districts in October 2022 and January 2024. The study districts were randomly selected in
Microsoft Excel among 13 districts in the southern region of Malawi as described in another
publication by our team which was addressing other objectives [16]. We further conducted a
cross-sectional study to analyze quality of antibiotic medicines administered to the patients using

medicine ordering records at the pharmacy kept by trained pharmacy personnel.
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Study population and sampling

We retrospectively reviewed 224 case files for patients who were randomly selected among
hospitalized patients in medical wards in all study districts. We focused on patients who were
administered with parenteral antibiotics and whose batch was traceable for sampling. All re-
admissions were excluded from the study. Ceftriaxone and benzylpenicillin were selected for
sampling as these were among the most administered parenteral antibiotic medicines among

hospitalized patients in all the three facilities.

Data Collection and analysis

Patient management files for eligible participants were reviewed by investigators who were
guided by senior clinicians at the study sites. The clinicians interpreted clinical assessments and
the patient’s laboratory results. Prior to study inception, these clinicians were trained on
pharmacovigilance principles and oriented on the study protocol by the investigators.
Demographics and clinical data such as age, sex, stated diagnosis and prescribed antibiotics were
collected. Suspected ADRs were detected using a global trigger tool. This tool was developed by
the Institute for Healthcare Improvement (IHI) in the United States of America to help optimize
the retrospective detection of adverse events using inpatient hospital records. It applies the use of
certain triggers or clues such as switching or ordering of new medicines, abnormal laboratory
results, and changes in patient prognosis[20]. Suspected ADRs were subjected to causality
assessment using the Naranjo criteria[21]. We further classified patients based on their outcomes
and whether they had recovered or were recovering from the illness. Recovered or recovering
patients were those whose admission complaints were alleviated or improved during treatment
respectively. Not recovered patients were those who did not show any improvement, were

referred to a higher-level facility, or died after treatment was started. Furthermore, we calculated
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the Charlson co-morbidity index based on the presenting co-morbidities for each patient using
the CCI algorithm (Supplementary file 1). The CCI algorithm applies weighted scores depending
on patient characteristics such as age and seriousness of presenting co-morbidities such as
HIV/AIDs, history of cardiovascular accident and cancer[22, 23].

Trained pharmacy personnel provided records for the medicine batches which were issued to the
wards during the time of admission of the patients. We therefore sampled the medicines for
quality analysis. Unlike parenteral medicines which are issued on a daily or weekly basis from
the main pharmacy, oral medicines are issued in bulk and kept within the wards for longer
duration. Thus, it was difficult to confirm the batch that was administered to patients during their
time of hospital stay. Oral antibiotic medicines were therefore not sampled and all patients who
were given oral medicines, or a combination of both oral and parenteral medicines were removed

from the analysis.

Sampled parenteral antibiotic medicines were subjected to pharmacopeial assay for absolute
quantification of API. We used pharmacopeial assay methods outlined in the British
Pharmacopoeia. For both benzylpenicillin and ceftriaxone, we used a stainless-steel column
(25cm x 4.6mm) packed with octadecylsilyl silica gel (Sum) (Reprisals C18) for high-
performance liquid chromatography (HPLC). The mobile phase for benzylpenicillin assay
consisted of 6.8% w/v potassium dihydrogen phosphate and methanol adjusted to pH3 using
orthophosphoric acid and detection was done at wavelength of 254nm. For ceftriaxone, the
mobile phase consisted of 0.2M potassium dihydrogen phosphate buffer combined with
acetonitrile, and detection was done at a wavelength of 225nm. Our methods were internally

validated by ensuring that linearity of the standard curve R>>0.995 and precision was RSD <1%.
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Data Management and statistical analysis

Data was entered and cleaned in Microsoft Excel and imported to STATA 14.1 for statistical
analysis. Laboratory test results for antibiotic medicine quality were entered as categorical data.
For descriptive analysis, numerical variables were presented as means, medians, and interquartile

range while frequencies and percentages were calculated for categorical variables.

Ethics

This study was approved by the Institution Review Board of Kamuzu University of Health
Sciences-Malawi (College of Medicine Research and Ethics Committee (COMREC) under study
number P.10/21/3447. In addition, permission was sought from the Hospital Director (Zomba
Central Hospital) or Directorates of Health and Social Services for Machinga and Nsanje before
data collection. The study was approved in line with the Principles of the Declaration of

Helsinki. No details were collected to identify patients and clinicians in the study.

Results

Patient’s demographic characteristics

Of the 224 patients included in the study, 60.71% (n=136) were female and 39.29% (n=88) were
male. The median age for females was 43 years (IQR 35-63 years) and 43.5 years (IQR 30-63.5
years) among males. The most common diagnosis was sepsis (26.34%, n=59), followed by
pneumonia (20.09%, n=45) and meningitis (7.59%, n=17) (Table 1). More patients were given
ceftriaxone (79.5%, n=178), followed by benzylpenicillin (20.5%, n =46). Overall, median
Charlson co-morbidity index (CCI) among the patients was 1 (IQR 0-3.5). By sex, the median

CCIwas 1 (IQR 0-4) among female and 0 (0-3) among male patients.
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Table 1 Patient's demographic characteristics and prescribed antibiotics

Variable Characteristics Frequency Percentage
(N=224)
Age Median, IQR 43 30-60*
Sex Female 136 60.71
Male 88 39.29
Charlson Score Median, IQR 1 0-3.5*%
Facility Facility 1 96 42.86
Facility 2 71 31.7
Facility 3 57 25.45
Diagnosis Sepsis 59 26.34
Pneumonia 45 20.09
Meningitis 17 7.59
Cellulitis 8 3.57
Peptic ulcers 4 3.13
Others 88 39.29
Antibiotics prescribed Benzylpenicillin 46 20.5
Ceftriaxone 178 79.5

“Numerical summaries presented as Median and interquartile range (IQR)

Quality of administered antibiotics

We collected samples of antibiotic medicines given to the patients in the study. A total of nine
batches of parenteral antibiotic medicines (that included six batches of ceftriaxone and three of
benzylpenicillin) were sampled and subjected to a test for the content of active pharmaceutical
ingredients (API). Among the antibiotics tested, we found one sample of out-of-specification
benzylpenicillin. This sample was claimed to originate from China and contained only 61.8% of
the declared amount of API. The other samples of benzylpenicillin were from China and India
and contained 95% and 98% of the declared API respectively. Ceftriaxone samples from all the
three facilities were stated to be manufactured in India. The determined API contents for

ceftriaxone samples ranged from 102 — 120% (Table 2).

95



Table 2 Antibiotic samples and test results for APl content

Sample | Medicine name | ATC Strength | Dosage | MEML | WHO Stated | Assay %
D CODE! form category’ | AWaRe country | determination

classification® | of

origin

Cef Ceftriaxone J01DDO04 | 1000mg | IV/IM | DVA Watch India 116.9
101 powder
Cef Ceftriaxone J01DDO04 | 1000mg | IV/IM | DVA Watch India 119
102 powder
Cef Ceftriaxone J01DDO04 | 1000mg | IV/IM | DVA Watch India 120.3
103 powder
Cef Ceftriaxone JO1DDO04 | 1000mg | IV/IM | DVA Watch India 103
104 powder
Cef Ceftriaxone J01DDO04 | 1000mg | IV/IM | DVA Watch India 110
105 powder
Cef Ceftriaxone J01DDO04 | 1000mg | IV/IM | DVA Watch India 102.5
106 powder
Benzyl | Benzylpenicillin | JOICEOL | SMU IV/IM | HVA Access China 95.4
101 powder
Benzyl | Benzylpenicillin | JOICEOL | SMU IV/IM | HVA Access China 61.8%
102 powder
Benzyl | Benzylpenicillin | JOICEOL | 5SMU IV/IM | HVA Access India 98
103 powder

T ATC = Anatomical, therapeutic, and chemical classification (https://www.whocc.no/atc_ddd_index/)

2 Malawi Essential Medicines Lists (EML) classifies medicines according to the level of healthcare facilities where

the medicines are expected to be found, the importance of the condition treated and procurement system. H = found
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at health centre, district hospital and central hospital levels; D = found at district hospital and central hospital levels
only; C = found at central hospital level only. By importance, V = vital medicines and E = essential medicines. By
procurement system A= medicines required by a large number of patients as such to be routinely procured and
stocked by CMST and B= medicines required for a limited number of patients and not routinely stocked by CMST

3 WHO classifies antibiotic medicines according to the risk of inducing resistance. Access categories comprise of
antibiotics which are narrow spectrum and routinely used with low risk of resistance. Watch medicines are broad
spectrum antibiotics with a higher risk of inducing resistance. Reserve antibiotics are last resort used in multi-drug-
resistant infections

“Extreme deviation with low API content

Patient clinical outcomes

Of the 224 patients, suspected ADRs occurred in 18.3% (n=41) of patients while 12.05% (n=27)
did not recover from their illness. By causality assessment, 2.4% (n=1) were certain, 17.1%
(n=7) probable, and 80.1% (n=33) possible ADRs. Among patients who received
benzylpenicillin with optimal API content, 15.8% experienced ADRs while 10.5% failed to
recover from illness. For patients who received benzylpenicillin containing a lower than required

amount of AP, only 7.1% experienced an ADR while 14.3% failed to recover from illness

(Figure 1).
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Figure 1 Clinical Outcomes for patients administered with benzylpenicillin of different quality

status by the content of active pharmaceutical ingredient
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Patient outcomes were significantly associated with age and CCIL. The mean age among patients
who did not recover was 55.7 years (95% CI 48.2 — 63.1 years) vs 44.8 years (95% CI141.9 —
47.7 years) among patients who recovered. Mean CCI was 3.1 (95% CI 2.0 — 4.2) among
patients who did not recover vs 1.8 (95% CI 1.5 — 2.2) among patients who recovered. Although
there was a lower ADR rate among patients who were given antibiotics with lower amount of
API (7.1%) as compared to patients who were given antibiotics with optimal amount of API
(18.5%), the difference was not statistically significant, p < 0.203 (Table 3). Similarly, the
difference in failure to recover was not statistically significant between the group of patients who
were given antibiotics with lower API content (14.3%%) and who were given antibiotics with

optimal amount of API (11.4%%), p < 0.502.
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A multivariate logistic regression analysis was performed to assess the influence of possible

confounders, but the results were not statistically significant (supplementary table 1).

Table 3 Clinical outcomes among patients and associated factors

Association with the Factor Characteristic With ADRs Without ADRs
occurrence of ADRs (N=41) (N=183)
Age Mean =SD 50.6+ 24.2 45,1+ 19.7
Charlson Score Mean £SD 1.92+2.5 2:£2.2
Antibiotic quality Optimal API 34 (18.48) 150 (81.52)
Low API 1(7.14) 13(92.86)
Diagnosis Sepsis 9(15.25) 50 (84.75)
Pneumonia 8(17.78) 32(82.22)
Meningitis 6(35.29) 11(64.71)
Cellulitis 2 (25) 6 (75)
Peptic ulcers 1(14.29) 6 (85.71)
Others 15 (17.05) 73 (82.95)
Antibiotics given Benzylpenicillin 8(17.39) 38(82.61)
Ceftriaxone 33 (18.54) 145 (81.46)
Association with Factor Characteristic Not recovered | Recovered
patient recovery (N=27) (N=197)
Age Mean £SD 55.7+ 18.7 44,8+ 20.6
Charlson Score Mean £SD 31127 1.83+24
Antibiotic quality Optimal API 21(11.41) 163 (88.59)
Low API 2(14.29) 12(85.71)
Diagnosis Sepsis 5 (8.47) 54(91.53
Pneumonia 6(13.33) 39(86.67)
Meningitis 1(5.88) 16 (94.12)
Cellulitis 1(12.5) 7 (87.5)
Peptic ulcers 2 (28.57) 5(71.43)
Others 12 (13.64) 76 (86.36)
Antibiotics given Benzylpenicillin 4(8.7) 42 (91.3)
Ceftriaxone 23 (12.92) 155 (87.08)
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Discussion

In this study, we sampled and tested antibiotic medicines based on records of batches
administered to our study patients. Tests were conducted on the content of API using
pharmacopeial HPLC methods for ceftriaxone and benzylpenicillin samples. By the API content,
deviations from the specifications are classified as either extreme or non-extreme. Extreme
substandard medicines contain API of <80%, while non-extreme substandard medicines contain

API between 80% to the lowest required content, which is usually (but not always) 90%[24, 25].

Most studies on the quality of antibiotics have assessed oral dosage forms such as amoxicillin,
ciprofloxacin and metronidazole, but few studies have reported on the quality of parenteral
antibiotics such as ceftriaxone and benzylpenicillin[27]. Generally, the prevalence of substandard
oral antibiotics has been reported to be very high in LMICs including Malawi but a study in
Rwanda, showed that parenteral antibiotics contributed to only 5.1% of the substandard
antibiotic medicines[28]. This is consistent with the findings in this study where we only
detected one sample of substandard benzylpenicillin which contained only 61.8% of the declared
API content. However, this may also be attributable to the small sample size of tested batches.
Furthermore, similar to other studies[28], we only tested for API content which is the most
principal parameter for parenteral antibiotics while oral antibiotics are usually also subjected to
tests for the release of the API from the formulation. As such, even if the API content is optimal,

other oral antibiotic samples fail based on disintegration or dissolution tests[2, 16].

There is limited literature on the clinical impact of substandard medicines on patient recovery
and the occurrence of adverse drug reactions. Published reports on the effects of SF medicines

include clusters of death due to contamination by toxic impurities or falsification of medicines.
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For example, in 2013, there were reports of more than 100 serious illnesses and deaths among
patients who took dextromethorphan syrup that was contaminated with levomethorphan in
Paraguay and Pakistan[29]. A similar incidence happened in 2022 when the WHO investigated
reports of 22 children who died from acute kidney injury after taking cough syrups containing

unacceptable amounts of ethylene glycol and diethylene glycol[30].

Augmented ADRs, which are common and related to the pharmacology of the APL, pose a
challenge to be linked to the quality of medicines as they present with signs and symptoms that
are similar to other diseases. Similarly, lack of response to treatment (sometimes referred to as
type F ADRs) may also be a challenge to be attributable to SF medicines because they are
affected by several other possible factors[31, 32]. However, cluster analysis of ADRs and lack of
responses that were commissioned to in the WHO vigibase® has helped in the detection of
several cases of SF medicines including quetiapine which was failing to release the API
(dissolution) and salbutamol which was being sold after expiry date in the United States of

America[18, 19].

In our study, we found a plausible pattern of occurrence of ADRs and patient recovery. Although
the findings were not statistically significant, we observed lower rates of both ADR occurrence
and patient recovery among patients who were administered with benzylpenicillin containing
sub-optimal amount of API as compared to patients who were administered with benzylpenicillin
with optimal API content. This requires confirmation in a bigger study as it suggests that sub-
therapeutic doses of antibiotics may indeed potentially contribute to lower recovery rate[33, 34],
but less side effects. Ceftriaxone samples contained API content near to the upper limit (between
117-120%) and were also observed to cause a higher prevalence of ADRs. There was, however,

no further evidence that the observed ADRs were dose dependent.
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Significant predictors of ADRs and recovery were age and CCIL Adverse drug reactions are
common among elderly patients because the pharmacokinetics of most medicines are affected
due to hepatic and renal dysfunction that is associated with aging[35, 36]. The CCI is an
indicator of disease complexity based on the presence of important co-morbidities[23]. It is
therefore applied in studies to predict mortality among patient study participants[37]. The criteria
consist of a series of questions for presence of targeted and usually serious comorbidities such as
HIV/AIDS, diabetes and cancers. The responses are weighted, and a final score is given based on
the responses. Patients with a high CCI score are also more likely to take concomitant medicines
which may potentially interact with antibiotic medicines and affect response and occurrence of

adverse drug reactions[38, 39].

Limitations

There was a sampling bias in this study as antibiotics were sampled based on exposure of the
batch to the patients. Thus, limited number of samples were collected and tested. Similarly, the
study also included a limited number of participants as this was also limited by the availability of
records for tracing batches which were administered to patients. In the study, we did not
adequately investigate other possible contributors to the lack of patient recovery and thus, the
results may be biased and affected by other confounding factors. Furthermore, the use of
retrospective and routinely-collected data poses a challenge of missing out important information
due to possible insufficient documentation and lack of verification or direct follow up with the
patients. Due to the type of study design, there was a limited number of participants who were
exposed to substandard antibiotics and therefore the study power was inadequate to accurately
detect statistically significant effects. Thus, the findings of this study cannot be generalized to a

larger population.

102



Conclusion

We assessed the quality of parenteral antibiotic medicines sampled from three hospitals in
southern Malawi and identified a batch of benzylpenicillin with extremely low API content.
There was no significant difference in terms of patient outcomes between patients exposed to
antibiotics with low API and those who took antibiotics with optimal amount of API We
therefore recommend a larger prospective study to further validate our findings and encourage
stakeholders to be more vigilant on quality of antibiotic medicines as one of the key measures of

mitigating antibiotic resistance in Malawi.
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CHAPTER FIVE: DISCUSSION

5.0 Chapter overview

The findings for each specific objective have been adequately discussed in each publication
or manuscript included in the thesis. Here we provide an overview of how the papers relate
to one another in addressing the broad study objective. We highlight the new knowledge
that the studies contribute to the field of pharmacovigilance, the limitations associated with

the applied methods and provide insights of the future perspectives.

5.1 Relevance of the findings to pharmacovigilance

The aim of pharmacovigilance is to contribute to the prevention of medicine safety
problems through identifying challenges that affect the proper use of medicines; improving
patient care and safety; enhancing public health; contributing to the risk-benefit assessment
and encouraging rational and cost-effective use of medicines [10,150]. SF medicines, poor
availability of medicines, non-adherence to treatment guidelines, and occurrence of ADRs

(which are covered in specific objectives I — V) are among the key threats to patient safety.

ADRs may be caused by either the intrinsic properties of the API, product excipients or
impurities. Augmented (type A) ADRs are usually related to the chemical structure of the
API and therefore well documented in literature [96]. SF medicines are characterized by
lower or higher than the stated amount of active ingredients, inferior excipients or toxic
impurities [151]. They may therefore cause a distinct pattern of adverse events, which
usually occurs in clusters, such as a series of treatment failure among patients taking a
certain batch of a medicine [152]. Occurrence of type B ADRs (which are not expected
from the pharmacological actions of the API) may suggest problems with the product
excipients or presence of toxic impurities[ 153]. In this study, type A ADRs include events
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such as abdominal pain, nausea, and vomiting while type B ADRs include events such as
convulsions and hematuria. Such type B ADRs may be suspected to be caused by SF

medicines, especially when the occurrence is in clusters or more frequent than elsewhere.

Standard treatment guidelines help to enhance rational medicine use, treatment cost-
effectiveness and improve patient care [122]. To ensure efficiency of use of standard
treatment guidelines, the EML provides a list of medicines that are required to be available
always in sufficient supply at a health facility [154]. The adherence to standard treatment
guidelines is therefore regarded as one of the important indicators of quality patient care.
Poor availability of antibiotics defeats the purpose of the EML and MSTG and hence, may

contribute to inappropriate use of antibiotics and pose a threat to antimicrobial stewardship.

5.2 New knowledge from the study
In this thesis, we have contributed to new knowledge on the important antibiotic medicine-

related problems in Malawi.

Firstly, we found the factors that are associated with SF medicines in Malawi: local
manufacturing and plastic primary packaging materials. The Malawi government supports
the ‘Buy Malawi’ campaign which has potential to improve the economy of the country
through industrialization, job creation and positive balance of trade [155]. However, for
pharmaceutical products, the initiative needs to be promoted along with quality assurance
measure as LMICs including Malawi face challenges such as poor regulatory mechanisms,
and resources that can ensure compliance to current Good Manufacturing Practices and
testing of medicine quality [156]. Bulk packaging of medicines in plastic bottles may be

preferred due to the reduces cost as opposed to blister packaging [156]. However, blister
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packages provide better protection against moisture, sunlight and microbial contamination

which are known facilitators of medicine degradation [157].

We also found an association between antibiotic medicine availability and poor adherence
to the MSTG. In addition, we also found the overuse of antibiotics in the Watch List
category such as ceftriaxone. Watch antibiotics have an increased risk for resistance and

hence the need to control their use to prevent the spread of antimicrobial resistance [158].

Lastly, this study identified new safety signals of adverse drug reactions related to
antibiotics. We detected numbness of legs, hypotension and tachycardia which have not
been documented in the summary of product characteristics and other literature. In
addition, we also detected unusual frequency of convulsions following ceftriaxone
administration [159]. These are serious ADRs of which some are life threatening and
therefore require further investigation for signal validation and subsequent risk

management actions.

5.3 Importance or application of the study findings in antimicrobial stewardship

The United States of America Centre for Disease Control (CDC) proposed infection
prevention, effective diagnosis and treatment, rational use of antibiotics, and preventing
transmission of resistance strains as main strategies for combatting antibiotic resistance
[160]. Uchil et. al, expanded on these strategies and included other important elements such
as policy formulation, increasing local and international collaborations, establishment of
essential medicines list and treatment guidelines, improving antimicrobial surveillance,
restricting over the counter (OTC) access for antibiotics, and increasing awareness
campaigns on use of antibiotics [161]. These are important and relevant measures for

adoption, as part of antimicrobial stewardship in Malawi. However, our current study
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findings help to provide further insights on implementation challenges for the proposed
measures. For instance, rational prescribing of antibiotics may not achieve positive clinical
outcomes if the dispensed medicines are of poor pharmaceutical quality. Similarly,
establishing standard treatment guidelines in a country may not be enough if there is low

adherence to the stated treatment protocols among prescribers.

Based on our current findings, we propose additional measures that are relevant to these
local problems that we face in Malawi. Firstly, we found that the high prevalence (25.4%)
of poor quality of antibiotic medicines on the Malawian market is a huge threat to achieving
positive clinical outcomes and fighting antibiotic resistance. The SF antibiotics found in
this study had either low content of API or poor dissolution. Thus, these medicines expose
bacteria to sub-optimal doses of antibacterial agents and therefore have very great potential
to induce antibiotic resistance [162]. As noted, the percentage of patients who recover
upon administering antibiotics with low API content was lower. On the same note, the
decreased rate of ADRs also signifies loss of potency among substandard antibiotic
medicines. This is because most of the ADRs experienced by patients on antibiotic

medicines are dose-related (type A ADRs).

Among antibiotic medicines that were found to be of poor quality were amoxicillin,
ciprofloxacin and flucloxacillin and benzylpenicillin. These among the first line antibiotic
medicines for common bacterial infections in Malawi [124]. As such, the findings indicate
that majority of patients presenting with bacterial infections may be exposed to these poor-
quality antibiotic medicines. For instance, amoxicillin is recommended for infections such
as respiratory tract infections, tonsilitis and sepsis. Ciprofloxacin is recommended as first

line treatment for urinary tract infections and gastrointestinal infections such as bacillary
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dysentery and typhoid while flucloxacillin is mostly recommended for infections such as
otitis media, otitis interna and musculoskeletal infections such as septic arthritis and
mastitis. Benzylpenicillin is an important parenteral antibiotic medicine for treatment of
serious infections such as meningitis, neurosyphilis and other respiratory tract infections
[124,163]. Studies have reported between 9-18% bacterial resistance to penicillins (which
include amoxicillin, flucloxacillin and benzylpenicillin) and between 12-16% resistance to

ciprofloxacin in Malawi [30-32].

The essential medicines list (EML) and standard treatment guidelines (STG) are available
in Malawi to provide guidance on rational use of antibiotic medicines [124]. However,
there are some implementation challenges regarding the use of MEML and MSTG in
combating antibiotic resistance. Of importance to note, is that the latest MEML (released
in 2015) at the time of data collection did not characterize antibiotics based on the risk for
inducing resistance as guided by the WHO model EML [154]. Whilst the MEML
generalizes the classification of antibiotic medicines based on effectiveness of treating
important illnesses (as non-essential, essential and vital medicines) [124], the WHO
considers the risk of resistance as another crucial element and categorizes antibiotics as
Access, Watch and Reserve (AWaRe) medicines. Access antibiotics are those that can treat
most common bacterial infections with low risk of inducing resistance due to their narrow
spectrum. Watch antibiotics have broader spectrum and higher risk of inducing resistance.
They are therefore recommended for use in severe bacterial infections. On the other hand,
Reserve antibiotics are highly active agents that are used as last resort for multi-drug
resistant pathogens in severe infections [158]. The AWaRe classification of antibiotics is

therefore a very important guide towards curbing antibiotic resistance but has not yet been
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adopted in Malawi. This classification guides physicians and pharmacists on the resistance
risk associated with the antibiotic medicines to inform their selection of the most

appropriate antibiotic medicines.

WHO recommends that more than 60% of antibiotic prescriptions should be from the
Access category [164]. In our study, we found that only 24.7% of hospitalized patients
were on Access antibiotics, 29.1% were on a combination of Access and Watch antibiotics,
while 46.4% of prescriptions were Watch antibiotics. The overuse of Watch antibiotics such

as ceftriaxone poses a big threat to the transmission of bacteria resistance in Malawi.

A study conducted between 2018 and 2020 revealed 68% bacterial resistance to ceftriaxone
and other third-generation cephalosporins at QECH in Blantyre. Among the patients whom
resistance strains were isolated, 45% died while in hospital [165]. Haigh et. al attribute
over use of ceftriaxone in Malawi to high costs and restrictive policies against access to
alternative extended spectrum antibiotics [166]. For instance, a daily dose of meropenem
costs over US$50 vs US$11 for ceftriaxone(126). Furthermore, Amikacin, a WHO Access
antibiotic which is effective against extended spectrum beta-lactamase (ESBL) producing
bacterial strains such as Escherichia coli, Klebsiella pneumoniae and Salmonella [168] is
restricted to treatment of only multi-drug resistance tuberculosis (TB) through policies

initiated by the national TB programme of the Ministry of Health [166,169].

Uncontrolled access to antibiotic medicines has been reported as one of the factors that
increases the risk of misuse and abuse of antibiotics. Misuse and abuse of antibiotics
include self-medication and off-label use of antibiotics that are intended for human use, in
animals [170-173]. Measures that restrict access of the public to antibiotics without the

proper guidance of medical practitioners are urgently required. While controlling
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accessibility of medicines protects patients and the public from harm associated with
misuse and abuse of antibiotics, poor availability of antibiotic medicines in authorized

premises such as hospitals has negative impacts on delivery of patient care.

Uninterrupted supply of essential antibiotics in a country is important to achieve rational
antibiotic prescribing. This allows treating patients adequately according to treatment
guidelines. As noted in our finding, poor availability of first line antibiotics was
significantly associated with non-adherence to MSTG. When the required antibiotic
medicines are not available, prescribers may improvise by switching to broad spectrum

antibiotics to easily achieve the required effectiveness of therapy [174].

Adverse drug reactions also have a significant impact on the prescribing pattern of
medicines. When a patient develops an ADR, there may be dose titrations or switching to
alternative medicines with tolerable adverse effects [175]. Such treatment alterations may
sometimes not be in accordance with the STGs. Furthermore, patients may lose trust and
often may not be adherent to the prescribed regimen [176]. The alternative treatment may
also be sub-optimal for the targeted disease or have a greater risk of resistance than the first

line medicines.

Based on new findings presented in this thesis, we propose a modification of the model for

the strategies required to combat antibiotic resistance as illustrated in Figure 4.
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Figure 4: Model for implementing Antimicrobial Stewardship (AMS) strategies

Studies have suggested poor knowledge and access to the STGs by healthcare workers as
one of the major reasons for poor adherence to the STGs [122,177]. Thus, there is a need
for further enforcement of adherence to guidelines by ensuring that the MSTG is available
and easily accessible in health facilities across the country. In addition, awareness and
training among clinicians, pharmacists and nurses on the use of up-to-date version of the

MSTG is important. Improvement of the supply chain for antibiotics would also prevent
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irrational selection of antibiotics and reduce overuse of broad-spectrum antibiotics. This
needs to be supplemented by strong and efficient quality control checks before the release
of medicines by the manufacturer for marketing [178]. Quality of imported medicines can
be ensured by sampling and screening in all entry points [179,180]. Further, post marketing
surveillance by the PMRA needs to be revamped to ensure quality of medicines on the

market [37].

5.2 Comparison of prevalence of SF antibiotics with other medicine classes

In objective I, we firstly confirmed our hypothesis that due to the high burden of bacterial
infections and the subsequent high market demand, antibiotics are the most susceptible
medicinal agents to be substandard or falsified. We found a higher burden of SF medicines
among antibiotics as compared to antimalarials and antidiabetics. However, there was no
significant difference between the prevalence of SF medicines between antibiotics and
antihypertensives. This is consistent to our assertion, as the prevalence of antihypertension
has been reported to drastically increase over the past years and hence, the expected
increase in demand for antihypertensive medicines in Malawi. By 2017, about 16% (1.3
million) of adult population in Malawi had hypertension, and the prevalence is estimated
to continue increasing to nearly 30% by 2025. Of the patients with hypertension in Malawi,
over 90% of the patients fail to have their blood pressure under control[181]. Thus, more
studies are also required to investigate the impact of SF antihypertensive medicines on the

clinical outcomes.

5.2.1 Methods applied for quality screening
We firstly used simple and less expensive methods for to screen for SF medicines. Visual

inspection is the first step to screen for SF medicines. Under strict good manufacturing
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practices, pharmaceutical dosage units achieve precise uniformity in physical parameters
such as colour, weight, printing, and imprinting. Though visual inspection alone cannot be
used to conclude that a medicine is of poor quality, non-uniformity of visual physical
characteristics may be an indicator for gross physical or chemical defects of medicines.
Visual inspection was complemented by more informative screening methods: thin layer

chromatography (GPHF Minilab®) and disintegration.

5.2.1.1 Strength and limitations of methods applied to detect SF medicines

High performance liquid chromatography (HPLC) and dissolution testing are the gold
standard for testing the quantity and release of API respectively in pharmaceutical dosage
forms. HPLC has very high sensitivity and is characterized by very low limits of detection
and quantification (LOD and LOQ). It performs absolute quantification of API and ably
separates the API from other pharmaceutical excipients and impurities with high resolution
power. We used the Agilent® 1120 HPLC coupled with UV/Vis detector. UV/Vis detectors
are very sensitive and provide precise (Relative standard deviation < 2%) measurements

over a wide range of concentrations of pharmaceutical compounds.

In dissolution testing, appropriate solvents and temperature conditions were controlled to
mimic gastric conditions. Samples were collected from the dissolution apparatus for
quantification of actual amount of dissolved API using pharmaceutical assay. Furthermore,

triplicate sampling was done to ensure accuracy and precision.

Thin layer chromatography (TLC) has been widely used to detect substandard and falsified
medicines in African and Asian countries including DR Congo, Cameroon, Nigeria, Kenya,
Uganda, and India [182]. TLC is easy, cost-effective and offers great reproducibility.
Separation of various compounds is detected visually by either using UV light or various
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stains such as iodine vapour. Therefore, qualitative evaluation of medicine quality using
TLC is objective and highly reliable. TLC, however, has low resolution power and
therefore makes quantitative analysis challenging. The technique only offers relative
quantification but may not be applied for absolute quantification of API. Thus, only

extreme deviations (<80% or >120% of API content) can be detected using TLC.

Disintegration is the first process that solid dosage forms undergo prior to dissolution. It
offers a good prediction of the ability of material to dissolve as well as the ability to achieve
the intended bioavailability. However, disintegration test has limitations, as on its own does
not guarantee total dissolution of all particles. Disintegration is even more challenging for
falsified medicines as the breakdown of the misrepresented ingredients may not achieve

any intended effect, even if they may be completely dissolved.

The major limitation of this study was that only 21.8% (64/293) samples were subjected to
pharmacopeial assay and dissolution. This was due to limited reagents and standards which
are relatively expensive. In addition, most of the work was done during Covid-19 pandemic
which disrupted the importation of goods into Malawi. Thus, based on the above strength
and limitations of the screening methods which were mainly applied in the study (TLC and
disintegration), the burden of SF medicines may be over/underestimated in Malawi. As
presented in the results, we found some samples that passed during screening but failed
upon subjecting them to pharmacopeial test. On the other hand, all samples that were
suspected to be SF medicines during screening, were confirmed as such by pharmacopeial

analysis.
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5.3 Challenges of medicine availability

The WHO Health International Action (HIA) recommends a minimum of five facilities for
assessing the availability of medicines. This is useful for generalization of medicine
availability data in a country or province. As discussed in the methods section, only the
district or central hospitals provides in-patient health care services. Thus, for the objectives
of this study, we collected data from only three facilities (Zomba central, Machinga and
Nsanje district hospitals). However, we did not only collect point availability data but also
longitudinal availability by quantifying the number of stock-out days for a six-month
period. This allowed us to further evaluate the stability of antibiotic medicines supply and

hence, able to assess the impact on the prescribing pattern of antibiotic medicines.

Poor availability of essential medicines is not uncommon in LMICs. Among the reasons
for poor availability of medicines include poor quantification or inventory management as
a result of inadequate trained pharmacy personnel, lack of funds, infrastructure and
technology, poor transportation networks and regulatory constraints [183]. The WHO
recommends that at least 80% of essential medicines should be available in health facilities
but the availability in most of facilities in LMICs is below 65% [184]. This is a big
challenge as adherence to treatment guidelines requires constant availability, especially for

first line therapy.

5.4 Detection of suspected ADRs

Spontaneous reporting is the pillar of pharmacovigilance as it seeks to provide data from
real life clinical practice as opposed to clinical trial safety monitoring where the population
is homogenous and subjects are closely monitored [28,91]. It is a relatively cheap, and

flexible method where health care workers or patients relate observed signs and symptoms
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and voluntarily reports as a suspected adverse drug reaction. The major challenge with
spontaneous reporting remains under-reporting [185—187]. Due to limited knowledge and
skills among health care professionals and the similarities in presentation of ADRs and
other diseases, detection of adverse drug reactions may sometime be a challenging task

[188-190].

In the study, we applied the global trigger tool which is a standardized approach for
measuring medicine related harm among hospitalized patients. The clues provided in the
tool helps to achieve a faster and more efficient way of systematically detecting ADEs
[191]. Further, the global trigger tool offers an advantage for low resource setting as it does

not require computerized record linkage [192].

Studies have shown that the global trigger tool achieves over 10-fold improvement in ADE
detection rate as compared to voluntary reporting and other active chart review methods
which does not use reference clues [78]. Reported ADR prevalence in studies which
applied the global trigger tool ranges from 10.6 — 28% with positive predictive values of
up to 48% for the triggers [193—197]. This tool is therefore appealing for not only research
applications but also for clinical leadership at hospital level, where data for medicine

related harm can be used to inform preventive measures at the facility.

Challenges associated with the global trigger tool include the requirement for trained
personnel. Further it faces limitations when there is missing information in case
management charts as it involves retrospective review of charts [78]. In our study, most of
the laboratory-based clues such as partial thromboplastin time (M2) and abnormal blood

urea nitrogen (BUN) or serum creatinine (M5) were not used as there was no information
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due to limited laboratory capacities in the facilities. Thus, lack of such information may

also limit the detection of ADEs in resource limited settings.

5.5.1 Use of ADR patterns to detect SF medicines

As presented in our results, SF medicines impact on the clinical outcomes of patients. Thus,
the pattern of ADRs can be used for systematic detection of possible SF medicines. This
can be done through observation of repeated cases (clusters) of loss of efficacy or
unexpected adverse drug reactions [198]. Algorithms have been applied on larger databases
such as the vigibase® to provide linkage between clinical outcomes and medicine

information to predict the quality of the medicines [199].

5.6. Study Limitations

Firstly, the study was conducted only districts located in the southern region of Malawi.
The region was selected based on the proximity to the Kamuzu University of Health
Sciences, where the laboratory analysis of samples was conducted. However, the
geographical distribution of storage facilities is an important factor for substandard
medicines that deteriorate on storage due to the differences in atmospheric temperatures
and humidity [200]. Therefore, this may have an impact on the results by under- or over-
estimating the prevalence of substandard medicines in Malawi. On the other hand, the
source of medicines for the formal market (mainly public and CHAM facilities) may have
not been affected as most of the facilities across the country source the medicines mainly
through one supplier, CMST [201].

Another limitation is that in this study, we only collected samples from the formal outlets
(registered hospitals and pharmacies). Studies have shown that the prevalence of SF

medicines is higher in the informal market than the formal markets [37,202-204].
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Therefore, our findings may under-estimate the burden of SF medicines by excluding the
formal markets which usually stock unlicensed products and where the compliance to good

pharmaceutical storage practices is very poor.

In objective 2, we only included 16 antibiotic medicines to assess for the overall antibiotic
availability without considering other possible alternative antibiotic medicines. This bias
may have affected the findings for the antibiotic medicine availability. Further, we
excluded 5.6% (18/322) records from our analysis which affected the results. It is also
important to note that the medicine selection by clinicians may also be influenced by other
factors apart from the availability of the recommended first line medicines. Therefore, our
results may be affected by failure to examine the prescriber level factors such as the level

of training, experience and personal preference [205-207].

In the study, we did not adequately investigate other possible contributors to the poor
clinical outcomes and thus, the results may be biased and affected by other confounding
factors. Furthermore, the use of retrospective and routinely collected data poses a challenge
of missing out important information due to possible insufficient documentation and lack
of verification or direct follow up with the patients. Due to the type of study design, there
was a limited number of participants who were exposed to substandard antibiotics and
therefore the study power was inadequate to accurately detect statistically significant

effects. Thus, the findings of this study cannot be generalized to a larger population.
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CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS

We assessed the quality, availability and use of antibiotic medicines and the associated
clinical outcomes in Southern Malawi. Our findings reveal high prevalence of SF antibiotic
medicines which is associated with local manufacturing and bulk plastic packaging; poor
availability of antibiotics that directly impacts on adherence to treatment guidelines; and
occurrence of serious ADRs as some of the major challenges encountered during antibiotic
therapy. These problems may significantly affect the effectiveness of antibiotic therapy and

therefore lead to poor patient outcomes and exacerbate the risk of antibiotic resistance.

We therefore recommend to the Ministry of Health (MoH) to increase awareness and
allocation of resources for strengthening pharmaceutical quality assurance systems at the
Pharmacy and Medicines Regulatory Authority (PMRA), Central Medicine Stores Trust
(CMST) and all health facilities. The National PV centre at PMRA needs to be adequately
capacitated in terms of well-qualified staff to improve on the post marketing surveillance
through routine collection and testing of medicine samples rather than mostly relying on
spontaneous reporting. The centre should also improve the coverage and quality of
pharmacovigilance training with much focus on equipping healthcare workers with
practical skills in the detection and reporting of suspected medicinal product quality defects
and adverse drug reactions. Furthermore, they should ensure that accessible and convenient
reporting tools for both suspected SF medicines and adverse drug reactions are available
in all health facilities in Malawi. Although the prevalence of SF medicines in Malawi is
within the WHO estimates for LMICs, efforts have to be intensified to further reduce the

burden to at least below 5% as strategized by other African countries such as Nigeria [208].

124



The CMST also needs to conduct comprehensive pharmacoeconomic analysis (such as the
cost-benefit and cost-consequences analyses) to evaluate the rationale for purchasing bulk
plastic-packaged medicines which are associated with poor pharmaceutical quality. This is
because, much as the plastic-packaged medicines are cheaper than blister-packaged
medicines, the former requires additional pharmacy staft for re-packaging the medicines in
pill bags. Further, the pill bags are also costly to purchase which has led to some of the
facilities using unacceptable materials such as paper for dispensing which raises more

safety and quality concerns for the patients.

The MoH should also intensify policy measures to improve rational prescribing of
medicines and the adherence to STGs. In particular, there is a need to enforce the WHO
recommendation that states that at least 60% of antibiotic prescriptions being from the

‘Access’ list to control the spread of antibacterial resistance.
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APPENDICES
Appendix I: IHI Global Trigger Tool

List of triggers

Adopted from the THI innovation series 2009 (second edition)
A. Care Module Triggers
C1-Transfusion of Blood or Use of Blood Products
C2—Code, Cardiac or Pulmonary Arrest, or Rapid Response Team Activation
C3—Acute Dialysis
C4—Positive Blood Culture
C5—X-Ray or Doppler Studies for Emboli or Deep Vein Thrombosis
C6—Decrease in Hemoglobin or Hematocrit of 25% or Greater
C7—Patient Fall
C8—Pressure Ulcers
C9—Readmission within 30 Days
C10-Restraint Use
Cl1-Healthcare-Associated Infections
C12-In-Hospital Stroke
C13—Transfer to Higher Level of Care
C14—Any Procedure Complication
C15-Other
Medication Module Triggers
M1—Clostridium difficile
Positive

M?2—Partial Thromboplastin Time (PTT) Greater than 100 Seconds
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M3—International Normalized Ratio (INR) Greater than 6.
M4—Glucose Less than 50 mg/dl

M5-Rising BUN or Serum Creatinine Two Times (2x) over Baseline
M6—Vitamin K Administration

M7-Diphenhydramine (Benadryl) Administration

MS8—Romazicon (Flumazenil) Administration

M9—Naloxone (Narcan) Administration

M10-Anti-Emetic Administration

M11-Over-Sedation/Hypotension

M12—-Abrupt Medication Stop

M13—Other

c. Surgical Module Triggers

S1-Return to Surgery

S2—Change in Procedure

S3—Admission to Intensive Care Post-Operatively

S4—Intubation or Reintubation or Use of BiPap in Post Anesthesia Care Unit

(PACU)

S5-X-Ray Intra-Operatively or in Post Anesthesia Care Unit
S6—Intra- or Post-Operative Death

S7-Mechanical Ventilation Greater than 24 Hours Post-Operatively
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S8—Intra-Operative Administration of Epinephrine, Norepinephrine, Naloxone, or

Romazicon

S9—Post-Operative Increase in Troponin Levels Greater than 1.5 Nanogram/ml

S10-Injury, Repair, or Removal of Organ During Operative Procedure

S11-Occurrence of Any Operative Complication

Intensive Care Module

Triggers

I1-Pneumonia Onset

[2-Readmission to the Intensive Care Unit

[3—In-Unit Procedure

[4-Intubation/Reintubation

Perinatal Module Triggers

P1-Terbutaline Use

P2-3rd- or 4th-Degree Lacerations

P3—Platelet Count Less than 50,000

P4—Estimated Blood Loss Greater than 500 ml for Vaginal Delivery, or
Greater than 1,000 ml for Cesarean Delivery

P5—Specialty Consult

P6—Administration of Oxytocic Agents (such as oxytocin,
methylergonovine, and 15-methyl-prostaglandin in the post-partum
period)

P7-Instrumented Delivery
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P8—Administration of General Anesthesia
Emergency Department (ED) Module
Triggers

E1-Readmission to the ED within 48 Hours

E2-Time in ED Greater than 6 Hours
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Appendix II: Adverse Drug Reaction Probability Scale

Naranjo Algorithm

Question

1 Are there previous conclusive reports on this reaction?

2
. Did the adverse event appear after the suspected drug was administered?

3 Did the adverse event improve when the drug was discontinued, or a specific
. antagonist was

administered?

4
. Did the adverse event reappear when the drug was readministered?

5
. Are there alternative causes that could on their own have caused the reaction?

6
. Did the reaction reappear when a placebo was given?

7 Was the drug detected in blood or other fluids in concentrations known to be
. toxic?

8 Was the reaction more severe when the dose was increased or less severe when
. the dose was

decreased?

9 Did the patient have a similar reaction to the same or similar drugs in any
. previous exposure?

10. Was the adverse event confirmed by any objective evidence?
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Do Not Scor

Yes No Know e
+1 0 O
+2 -1 0
+1 0 O
2 -1 0
-1 +2 0
-1 +1 0
+1 0 O
+1 0 O
+1 0 O
+1 0 O
Total Score:



Naranjo Algorithm - ADR Probability Scale

Score

Total
Score

=9

Total
Score

5t08

Total
Score
1to4

Total
Score

<0

Interpretation of Scores

Definite. The reaction (1) followed a reasonable temporal sequence after a drug or in which a toxic
drug level had been

established in body fluids or tissues, (2) followed a recognized response to the suspected drug, and (3)
was confirmed by

improvement on withdrawing the drug and reappeared on re-exposure.

Probable. The reaction (1) followed a reasonable temporal sequence after a drug, (2) followed a
recognized response to

the suspected drug, (3) was confirmed by withdrawal but not by exposure to the drug, and (4) could
not be reasonably

explained by the known characteristics of the patient’s clinical state.

Possible. The reaction (1) followed a temporal sequence after a drug, (2) possibly followed a
recognized pattern to the
suspected drug, and (3) could be explained by characteristics of the patient’s disease.

Doubtful. The reaction was likely related to factors other than a drug.
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Appendix III: Criteria for seriousness of suspected adverse drug reactions (SADRs)

1. Did the patient die?
Yes 0 No O

2. Was the event life threatening?
Yes 00 No O

3. Did the event cause any permanent or significant disability?
Yes 00 No O

4. Did the event cause or prolonged hospitalization?
Yes 0 No O

5. Did the event cause congenital anomaly?
Yes 0 No O

6. Did the event require any intervention to prevent further or permanent damage?
Yes 0 No O

7. Were there any clinically significant issues caused by the event? Please indicate

Note: The event was not serious if all the above are nullified

Remark

The event was Serious Yes O No O
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Appendix IV: ADR Preventability Assessment
(Shumock and Thornton Scale)

1. Was the drug involved in the ADR not appropriate for the patient’s condition?
Yes [ No

2. Were the dose, route, and frequency of administration not appropriate for the patient’s

age, weight, organ function and disease state?
Yes [ No

3. If'the reaction was due to allergy, was this allergy previously net documented?

A. In the admitting orders?
Yes [ No

B. In the patient’s profile?
Yes [ No

4. Were appropriate therapeutic drug monitoring or other laboratory tests which may

have predicted this reaction not performed?
Yes [ No

5. Was a drug interaction involved in the reaction?
Yes I No

6. Was a toxic serum drug concentration recorded?
Yes I No

7. Was poor compliance observed in the reaction?

Yes [J No
Note: If any of the above is yes, the ADR was preventable

Remark

Preventable Not Preventable [
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Appendix V: Charlson Co-morbidity Index (CCI)
Adapted from: https://www.mdcalc.com/calc/3917/charlson-comorbidity-index-cci

ID number :

1.

Age

<50 years 0 50-59 years +1 | 60-69 years +2 | 70-79 years +3 | > 80 years +4

Myocardial infarction
Definition: History of definite or probable MI (EKG changes and/or enzyme changes)
No O Yes +1

CHF
Definition: Exertional or paroxysmal nocturnal dyspnea and has responded to
digitalis, diuretics, or afterload reducing agents

No O Yes +1

Peripheral vascular disease
Definition: Intermittent claudication or past bypass for chronic arterial insufficiency,
history of gangrene or acute arterial insufficiency, or untreated thoracic or abdominal
aneurysm (>6cm)

No O Yes +1

Cerebral vascular accident (CVA) or transient ischemic attack (T1A)
Definition: History of a cerebrovascular accident with minor or no residua and
transient ischemic attacks
No O Yes +1

Dementia
Definition: Chronic cognitive deficit
No O Yes +1

Chronic Obstructive pulmonary diseases (COPD)
No O Yes +1

Connective tissue disease
No O Yes +1

Peptic ulcer disease
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10.

11.

12.

13.

14.

15.

16.

17.

Definition: Any history of treatment for ulcer disease or history of ulcer bleeding

No O Yes +1

Liver disease

Definitions: Severe = cirrhosis and portal hypertension with variceal bleeding history,
moderate = cirrhosis and portal hypertension but no variceal bleeding history, mild =
chronic hepatitis (or cirrhosis without portal hypertension)

None O Mild +1 Moderate to severe  +3

Diabetes mellitus

None or diet-controlled 0 Uncomplicated +1 End organ damage  +2
Hemiplegia
No O Yes +2

Moderate to severe CKD
Severe = on dialysis, status post kidney transplant, uremia, moderate = creatinine >3
mg/dL (0.27 mmol/L)

No O Yes +2

Solid tumor
None O Localized +2 Metastatic +6

Leukemia
No O Yes +2

Lymphoma
No O Yes +2

HIV/ AIDS
No O Yes +6

Total Score:
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Appendix VI: List of all medicines collected for the objective I

Stated

Countr Prima
Sample Generic Streng | MEML |y of Expiry ry Visua | Disinteg | Dissolu
ID name th category? | origin date Storage | Pack I ration tion TLC Assay
NS TRI
285 Amoxicillin | 250mg | HVA Kenya Mar-24 SIAB Bottle | Pass Pass Pass
MG DHO
142 Amoxicillin | 250mg | HVA Malawi Feb-24 | Ordinary | Bottle | Pass Pass Pass
MG NAY
52 Amoxicillin | 250mg | HVA Malawi Dec-23 SIAB Bottle | Pass Fail Fail Fail Fail
MG MPI
68 Amoxicillin | 250mg | HVA India Apr-22 | Ordinary | Bottle | Pass Fail Fail Fail Fail
MG NAM
59 Amoxicillin | 250mg | HVA Malawi Oct-23 SIAB Bottle | Pass Pass Pass Pass Pass
ZA MAC
181 Amoxicillin | 250mg | HVA Malawi Jan-24 SIAB Bottle | Pass Pass Pass Pass Pass
MG MPO
108 Amoxicillin | 250mg | HVA Kenya Jun-22 | Ordinary | Bottle | Pass Pass Pass Pass Pass
NS SAN
255 Amoxicillin | 250mg | HVA Malawi Nov-23 SIAB Bottle | Pass Pass Pass Pass Pass
NS TRI Fail Fail
244 Amoxicillin | 250mg | HVA Kenya Jun-22 SIAB Bottle | Pass Fail Fail
ZA NKA
01 Amoxicillin | 250mg | HVA Kenya Jun-22 | Ordinary | Bottle | Pass Pass Pass Pass Pass
ZA DHO
22 Amoxicillin | 250mg | HVA Malawi Dec-23 | Ordinary | Bottle | Pass Pass Pass Pass Pass
ZA STL Pass Pass
117 Amoxicillin | 25mg | HVA India Jul-22 SIAB Bottle | Pass Pass Pass
ZA STL Fail Fail
118 Amoxicillin | 250mg | HVA Kenya Jun-22 SIAB Bottle | Pass Fail Fail
NS KAL
237 Amoxicillin | 250mg | HVA India May-22 SIAB Bottle | Pass Pass Pass
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ZACTL

032 Amoxicillin | 250mg | HVA Austria Feb-22 | Ordinary | Bottle | Pass Pass Pass Pass Pass
MG MED

094 Amoxicillin | 625mg | HVA India Feb-23 | Ordinary | Bottle | Pass Pass Pass
NS DHO

196 Amoxicillin | 250mg | HVA Malawi Oct-23 | Ordinary | Bottle | Pass Pass Pass Pass Pass
ZACTL

031 Amoxicillin | 250mg | HVA Malawi | Aug-23 | Ordinary | Bottle | Pass Pass Pass
ZACTL

033 Amoxicillin | 625mg | HVA India Jul-22 | Ordinary | Bottle | Pass Pass Pass
MG NAM

85 Amoxicillin | 250mg | HVA Kenya Jun-22 | Ordinary | Bottle | Pass Pass Pass
ZA NKA

02 Amoxicillin | 250mg | HVA India Aug-22 | Ordinary | Bottle | Pass Pass Pass
ZA THO

09 Amoxicillin | 250mg | HVA Malawi Oct-23 SIAB Bottle | Pass Fail Fail
ZA MAT

171 Amoxicillin | 250mg | HVA India Aug-22 | Ordinary | Bottle | Pass Pass Pass
ZA CHA

174 Amoxicillin | 250mg | HVA Malawi Nov-23 SIAB Bottle | Pass Pass Pass
ZA MAY

152 Amoxicillin | 625mg | HVA India May-22 | Ordinary | Bottle | Pass Pass Pass
ZA CHA

293 Amoxicillin | 250mg | HVA Malawi Jan-24 SIAB Bottle | Pass Pass Pass
ZA MAT

162 Azithromycin | 500mg | DEA Kenya Oct-22 | Ordinary | Strips Pass Pass

MG NAM

60 Azithromycin | 500mg | DEA India Nov-22 SIAB Strips Pass Pass

NS PHO

220 Azithromycin | 500mg | DEA Austria Oct-22 SIAB Strips Pass Pass

NS PHO

221 Azithromycin | 500mg | DEA India Nov-22 SIAB Strips Pass Pass
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MG CHI

076 Azithromycin | 500mg | DEA India Nov-22 SIAB Strips Pass Pass

MG MED

096 Azithromycin | 500mg | DEA India Mar-22 | Ordinary | Strips Pass Pass

ZA MAY

154 Azithromycin | 500mg | DEA India Feb-22 | Ordinary | Strips Pass Pass

ZA GHE

45 Azithromycin | 500mg | DEA Kenya Oct-24 | Ordinary | Strips | Pass Pass

MG NAY

283 Azithromycin | 500mg | DEA India Dec-23 SIAB Strips Pass Pass

MG GAW

284 Azithromycin | 500mg | DEA India Dec-23 | Ordinary | Strips Pass Pass

ZA THO

265 Azithromycin | 250mg | DEA India Apr-24 SIAB Strips Pass Pass

MG MED

097 Cefuroxime | 500mg | N/A India Oct-23 | Ordinary | Strips Pass Pass

ZA CHA

294 Ciprofloxacin | 250mg | DVA Malawi Jan-24 SIAB Bottle | Pass Fail Fail
ZA MAT

163 Ciprofloxacin | 500mg | DVA India Nov-22 | Ordinary | Strips Pass Pass Pass Pass Pass
ZA THO

12 Ciprofloxacin | 500mg | DVA India Jun-24 SIAB Strips Pass Pass Pass Pass Pass
MG DHO

144 Ciprofloxacin | 500mg | DVA India Jun-24 | Ordinary | Strips Pass Pass Pass Pass Pass
MG GAW

135 Ciprofloxacin | 500mg | DVA India Jun-24 | Ordinary | Strips | Pass Pass Pass
ZA CHA

176 Ciprofloxacin | 250mg | DVA Malawi Oct-23 SIAB Bottle | Pass Pass Pass
MG NAM

86 Ciprofloxacin | 250mg | DVA India Aug-23 | Ordinary | Strips Pass Pass Pass
MG NAY

53 Ciprofloxacin | 250mg | DVA Kenya Aug-23 SIAB Strips Pass Pass Pass
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MG MPI

69 Ciprofloxacin | 500mg | DVA Kenya Sep-22 | Ordinary | Strips Pass Pass Pass Pass Pass
MG NAM

61 Ciprofloxacin | 250mg | DVA India Jul-23 SIAB Strips Pass Pass Pass

MG MPO

109 Ciprofloxacin | 500mg | DVA India Jul-23 | Ordinary | Strips Pass Pass Pass

MG MGH

128 Ciprofloxacin | 250mg | DVA India Aug-23 SIAB Strips Pass Pass Pass

NS SAN

256 Ciprofloxacin | 250mg | DVA Malawi Oct-23 SIAB Bottle | Pass Pass Pass

NS CHI

213 Ciprofloxacin | 500mg | DVA India Jun-24 | Ordinary | Strips Pass Pass Pass

NS TRI

246 Ciprofloxacin | 500mg | DVA India May-23 SIAB Strips Pass Pass Pass

ZA NKA Netherla

04 Ciprofloxacin | 500mg | DVA nds Feb-22 | Ordinary | Strips Pass Pass Pass

NS MBE

205 Ciprofloxacin | 500mg | DVA India Jun-24 SIAB Strips Pass Pass Pass Pass Pass
ZA DHO

24 Ciprofloxacin | 250mg | DVA Malawi Oct-23 | Ordinary | Bottle | Pass Pass Pass Pass Pass
ZA STL

120 Ciprofloxacin | 500mg | DVA India Jul-23 SIAB Strips Pass Pass Pass Pass Pass
ZACTL

035 Ciprofloxacin | 250mg | DVA Malawi Oct-23 | Ordinary | Bottle | Pass Pass Pass

MG CHI

077 Ciprofloxacin | 250mg | DVA India Aug-23 SIAB Strips Pass Pass Pass

MG MED

098 Ciprofloxacin | 500mg | DVA India Jun-23 | Ordinary | Strips Pass Pass Pass

ZA THO

11 Ciprofloxacin | 250mg | DVA Malawi Oct-23 SIAB Bottle | Pass Pass Pass

ZA GHE

46 Ciprofloxacin | 500mg | DVA India Feb-23 | Ordinary | Strips Pass Pass Pass
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MG NAY

282 Ciprofloxacin | 500mg | DVA India Jun-24 SIAB Strips Pass Pass Pass

NS MBE

288 Ciprofloxacin | 250mg | DVA Malawi Sep-24 SIAB Bottle | Pass Fail Fail Fail Fail
NS MBE

289 Ciprofloxacin | 500mg | DVA India Jun-24 SIAB Strips Pass Pass Pass Fail Fail
NS PHO

290 Ciprofloxacin | 250mg | DVA Malawi Sep-24 SIAB Bottle | Pass Fail Fail Fail Fail
NS TRI

286 Ciprofloxacin | 500mg | DVA India Jun-24 SIAB Strips Pass Pass Pass Fail Fail
NS MBE

301 Ciprofloxacin | 250mg | DVA Malawi Sep-24 SIAB Bottle | Pass Pass Pass Fail Fail
ZA THO

266 Ciprofloxacin | 250mg | DVA India Sep-24 SIAB Strips Pass Pass Pass

ZA MAT

164 Flucloxacillin | 250mg | DVA Kenya Dec-22 | Ordinary | Strips Pass Fail Fail

ZA GHE

47 Flucloxacillin | 250mg | DVA Kenya Jul-23 | Ordinary | Strips Pass Fail Fail

ZA MAC

182 Flucloxacillin | 250mg | DVA India Aug-22 SIAB Strips Pass Fail Fail

ZA DHO

25 Flucloxacillin | 250mg | DVA India Aug-22 | Ordinary | Strips | Pass Pass Pass

ZACTL

036 Flucloxacillin | 250mg | DVA India Aug-22 | Ordinary | Strips Pass Pass Pass

MG MED

100 Flucloxacillin | 250mg | DVA England | Sep-22 | Ordinary | Strips Pass Fail Fail

ZA MAK

277 Flucloxacillin | 250mg | DVA India Aug-22 SIAB Strips Pass Pass Pass

ZACTL

268 Flucloxacillin | 250mg | DVA India Mar-23 | Ordinary | Strips Pass Pass Pass

ZA DHO

267 Flucloxacillin | 250mg | DVA India Aug-22 | Ordinary | Strips Pass Pass Pass
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ZA MAK

189 Ciprofloxacin | 250mg | DVA Malawi SIAB Bottle | Pass Pass Pass

NS DHO

257 Ciprofloxacin | 250mg | DVA Malawi Ordinary | Bottle | Pass Fail Fail Pass Pass
ZA MAT

160 Amlodipine | 10mg | DVA India Aug-22 | Ordinary | Strips Pass Pass Pass

ZA GHE

44 Amlodipine | 5mg DVA India Jun-23 | Ordinary | Strips | Pass Pass Pass

MG MPO

107 Amlodipine | 5mg DVA India Apr-22 | Ordinary | Strips Pass Pass Pass

ZA STL

116 Amlodipine | 5mg DVA India Apr-22 SIAB Strips Pass Pass Pass

NS PHO

219 Amlodipine | 5mg DVA India Sep-21 SIAB Strips Pass Pass Pass

NS KAL

236 Amlodipine | 10mg | DVA India Aug-23 SIAB Strips Pass Pass Fail

MG MED

093 Amlodipine | 10mg | DVA India Jun-23 | Ordinary | Strips Pass Pass Pass

ZA MAK

188 Amlodipine | 5mg DVA India SIAB Strips Pass Pass Pass

ZA MAT

161 Atenolol 50mg | DVA Malawi Sep-22 | Ordinary | Bottle | Pass Pass Pass Fail Fail
MG DHO

143 Atenolol 50mg | DVA India Sep-22 | Ordinary | Strips Pass Pass Pass Fail Fail
ZA CHA

175 Atenolol 50mg | DVA Malawi Mar-23 SIAB Bottle Fail Pass Pass Fail Fail
ZA

DHO23 Atenolol 50mg | DVA Malawi Feb-23 | Ordinary | Bottle Fail Fail Fail Fail Fail
ZA STL

119 Atenolol 50mg | DVA Malawi Oct-21 SIAB Bottle Fail Fail Fail Pass Pass
ZACTL

034 Atenolol 50mg | DVA Malawi Oct-22 | Ordinary | Bottle Fail Fail Fail Pass Pass
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MG MED

095 Atenolol 100mg | DVA India Aug-22 | Ordinary | Strips Pass Pass Pass Pass Pass
NS DHO

201 Atenolol 50mg | DVA Malawi Oct-22 | Ordinary | Bottle Fail Fail Fail Pass Pass
ZA NKA

03 Atenolol 50mg | DVA Malawi Oct-21 | Ordinary | Bottle | Pass Pass Pass Pass Pass
ZA MAY

153 Atenolol 50mg | DVA India Sep-22 | Ordinary | Strips Pass Pass Pass Pass Pass
ZA THO

10 Atenolol 50mg | DVA Malawi Mar-23 SIAB Bottle Fail Fail Fail Pass Pass
ZA MAT

170 Enalapril 10mg | DVA India Jun-23 | Ordinary | Strips Pass Pass Pass

ZA STL

121 Enalapril 5mg DVA India Jun-23 SIAB Strips Pass Pass Pass

NS PHO

222 Enalapril 5mg DVA India Apr-22 SIAB Strips Pass Pass Fail

MG MED

099 Enalapril 10mg | DVA India Jun-23 | Ordinary | Strips Pass Pass Pass

ZA THO

13 Enalapril 10mg | DVA India Dec-21 SIAB Strips Pass Pass Pass

ZA GHE Tanzani

51 Enalapril 10mg | DVA a Mar-22 | Ordinary | Strips | Pass Pass Pass

NS DHO

197 Enalapril 10mg | DVA India Dec-21 | Ordinary | Strips Pass Pass Pass

ZA MAT | Glibenclamid

165 e 5mg DVA Malawi Feb-23 | Ordinary | Bottle | Pass Pass Pass

ZA THO | Glibenclamid

14 e 5mg DVA Malawi Oct-22 SIAB Bottle | Pass Pass Pass

MG DHO | Glibenclamid

145 e 5mg DVA Malawi Oct-22 | Ordinary | Bottle | Pass Pass Pass

MG NAY | Glibenclamid

54 e 5mg DVA India Mar-22 | Ordinary | Bottle | Pass Pass Pass
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MG NAM | Glibenclamid

62 e 5mg DVA Malawi Oct-22 | Ordinary Pass Pass Pass
MG MPO | Glibenclamid

110 e 5mg DVA India Jun-22 | Ordinary | Strips Pass Pass Pass
MG MGH | Glibenclamid

129 e 5mg DVA India Mar-22 SIAB Strips Pass Pass Pass
NS SAN Glibenclamid

257 e 5mg DVA Malawi Oct-22 SIAB Bottle | Pass Pass Pass
NS TRI Glibenclamid

247 e 5mg DVA Malawi Feb-23 SIAB Bottle | Pass Pass Pass
ZA DHO | Glibenclamid

26 e 5mg DVA Malawi Oct-22 | Ordinary | Bottle | Pass Pass Pass
ZA STL Glibenclamid

122 e 5mg DVA India Jun-22 SIAB Strips Pass Pass Pass
NS KAL Glibenclamid

238 e 5mg DVA India Jul-23 SIAB Strips Pass Pass Pass
ZACTL Glibenclamid

037 e 5mg DVA Malawi Oct-23 | Ordinary | Bottle | Pass Pass Pass
MG CHI Glibenclamid

078 e 5mg DVA Malawi Oct-22 SIAB Bottle | Pass Pass Pass
MG MED | Glibenclamid

101 e 5mg DVA Malawi Feb-23 | Ordinary | Bottle | Pass Pass Pass
NS PHO Glibenclamid

223 e 5mg DVA Malawi Oct-22 SIAB Bottle | Pass Pass Pass
NS DHO | Glibenclamid

199 e 5mg DVA Malawi Oct-22 | Ordinary | Bottle | Pass Pass Pass
ZA MAT | Hydrochlorot

166 hiazide 25mg | DVA Kenya Feb-24 | Ordinary | Bottle | Pass Pass Pass
MG GAW | Hydrochlorot DVA

136 hiazide 250mg India Feb-24 | Ordinary | Bottle | Pass Pass Pass
MG NAM | Hydrochlorot DVA

87 hiazide 25mg Kenya Oct-22 | Ordinary | Bottle | Pass Pass Pass
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DVA

MG MPI Hydrochlorot
70 hiazide 50mg Kenya Oct-21 | Ordinary | Bottle | Pass Pass Pass
MG MPO | Hydrochlorot DVA
111 hiazide 25mg Kenya Feb-24 | Ordinary | Bottle | Pass Pass Pass
NS CHI Hydrochlorot DVA
214 hiazide 25mg China Nov-22 | Ordinary | Bottle | Pass Pass Pass
NS TRI Hydrochlorot DVA
248 hiazide 25mg India Feb-24 SIAB Bottle | Pass Pass Pass
DVA NOT
ZA NKA | Hydrochlorot Netherla | INDIC
05 hiazide 25mg nds ATED Ordinary | Bottle | Pass Pass Pass
NS MBE | Hydrochlorot DVA
206 hiazide 25mg India Jan-22 SIAB Bottle | Pass Pass Pass
NS TEN Hydrochlorot DVA
231 hiazide 25mg India Jan-22 SIAB Bottle | Pass Pass Pass
ZA STL Hydrochlorot DVA
127 hiazide 25mg India Feb-24 SIAB Bottle | Pass Pass Pass
NS PHO | Hydrochlorot DVA
225 hiazide 25mg India Jan-22 SIAB Bottle | Pass Pass Pass
MG MED | Hydrochlorot DVA
102 hiazide 25mg India Feb-24 | Ordinary | Bottle | Pass Pass Pass
NS DHO | Hydrochlorot
198 hiazide 25mg | DVA India Jan-22 | Ordinary | Bottle | Pass Pass Pass
MG CHI
084 Metform 850mg | DVA India SIAB Strips | Pass Pass Pass Pass Pass
ZA MAT
167 Metform 500mg | DVA Malawi Dec-23 | Ordinary | Bottle | Pass Pass Pass Pass Pass
MG DHO
146 Metform 500mg | DVA Malawi Jul-22 SIAB Bottle | Pass Pass Pass Pass Pass
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NS SAN

258 Metform 500mg | DVA Malawi Dec-21 | Ordinary | Bottle | Pass Pass Pass Pass Pass
NS TRI

249 Metform 500mg | DVA India May-23 SIAB Strips Pass Pass Pass Pass Pass
NS PHO

224 Metform 500mg | DVA Malawi Dec-21 SIAB Bottle Fail Pass Pass Fail Fail
NS KAL

239 Metform 500mg | DVA India Aug-22 SIAB Strips Pass Pass Pass Pass Pass
ZACTL

038 Metform 850mg | DVA India Dec-21 | Ordinary | Strips Pass Pass Pass Fail Fail
MG CHI

079 Metform 500mg | DVA Malawi Mar-22 SIAB Bottle | Pass Pass Pass Pass Pass
MG MED

103 Metform 500mg | DVA India Oct-23 | Ordinary | Strips Pass Pass Pass Pass Pass
NS DHO

200 Metform 850mg | DVA India Feb-23 | Ordinary | Strips Pass Pass Pass Pass Pass
ZA MAK

191 Metform 500mg | DVA Malawi Dec-21 SIAB Bottle | Pass Pass Pass Pass Pass
ZA GHE

48 Metform 500mg | DVA Malawi Nov-23 | Ordinary | Bottle | Pass Pass Pass

ZA THO

15 Metform 500mg | DVA India Oct-24 SIAB Strips | Pass Pass Pass

ZA THO

16 Metform 850mg | DVA India Feb-23 SIAB Strips Pass Pass Pass

ZA GHE

272 Metform 500mg | DVA Malawi | May-24 | Ordinary | Bottle | Pass Pass Pass

ZA DHO

27 Metform 500mg | DVA India Dec-23 | Ordinary | Strips Pass Pass Pass

ZA GHE

49 Metform 500mg | DVA Kenya Mar-24 | Ordinary | Bottle | Pass Pass Pass

ZA MAT

168 Methyldopa | 250mg | DEA Kenya Jan-22 | Ordinary | Strips Pass Pass
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MG DHO

147 Methyldopa | 250mg | DEA Malawi Feb-24 | Ordinary | Strips Pass Pass

MG GAW

137 Methyldopa | 250mg | DEA Kenya Oct-22 | Ordinary | Strips | Pass Pass

NS TRI

250 Methyldopa | 250mg | DEA Kenya Jan-22 SIAB Strips Pass Pass

ZA MAY

155 Methyldopa | 250mg | DEA Malawi Apr-22 | Ordinary | Bottle | Pass Pass

ZA DHO

28 Methyldopa | 250mg | DEA Malawi Aug-22 | Ordinary | Bottle | Pass Pass

MG MED

104 Methyldopa | 250mg | DEA Kenya Jan-22 | Ordinary | Strips Pass Pass

ZA NKA

06 Methyldopa | 25mg | DEA India Oct-22 | Ordinary | Strips | Pass Pass

ZACTL

039 Methyldopa | 250mg | DEA Malawi Apr-22 | Ordinary | Bottle | Pass Pass

NS TRI Artesunate/A Morocc

245 modiaquine 185mg | DVA 0 Feb-23 SIAB Strips Pass Pass

ZA CHA | Lumefantrine

296 Artemether 140mg | HVA India Oct-22 SIAB Strips | Pass Pass Pass
ZA CHA | Lumefantrine Switzerl

297 Artemether 140mg | HVA and Aug-22 SIAB Strips | Pass Pass Pass
MG GAW | Lumefantrine Switzerl

299 Artemether 140mg | HVA and Aug-22 | Ordinary | Strips | Pass Pass Pass
MG GAW | Lumefantrine

300 Artemether 140mg | HVA India Nov-23 | Ordinary | Strips | Pass Pass Pass
ZA MAY | Lumefantrine

275 Artemether 140mg | HVA India Apr-24 | Ordinary | Strips | Pass Pass Pass
ZA MAY | Lumefantrine

276 Artemether 140mg | HVA India Oct-22 | Ordinary | Strips Pass Pass Pass
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ZA MAK | Lumefantrine Switzerl

278 Artemether 140mg | HVA and Aug-22 SIAB Strips Pass Pass Pass
ZA MAK | Lumefantrine

279 Artemether 140mg | HVA India Nov-23 SIAB Strips Pass Pass Pass
ZA MAC | Lumefantrine

280 Artemether 140mg | HVA India Nov-23 SIAB Strips Pass Pass Pass
ZA MAC | Lumefantrine Switzerl

281 Artemether 140mg | HVA and Aug-22 SIAB Strips Pass Pass Pass
ZA GHE Lumefantrine

270 Artemether 140mg | HVA India Mar-24 | Ordinary | Strips Pass Pass Pass
NS KAL Lumefantrine

287 Artemether 140mg | HVA India Sep-23 SIAB Strips Pass Pass Pass
NS SAN Lumefantrine

291 Artemether 140ng | HVA India Oct-23 SIAB Strips Pass Pass Pass
NS SAN Lumefantrine

292 Artemether 140ng | HVA India Dec-23 SIAB Strips Pass Pass Pass
ZA CHA | Lumefantrine

298 Artemether 140mg | HVA India Nov-23 SIAB Strips Pass Pass Pass
NS DHO | Lumefantrine Switzerl

203 Artemether 140mg | HVA and May-22 | Ordinary | Strips Pass Pass Pass
MG MPI Lumefantrine

75 Artemether 140mg | HVA India Aug-21 | Ordinary | Strips Pass Pass Pass
NS CHI Lumefantrine

218 Artemether 140mg | HVA India Sep-21 | Ordinary | Strips Pass Pass Pass
ZA MAY | Lumefantrine Switzerl

157 Artemether 140mg | HVA and Aug-22 | Ordinary | Strips Pass Pass Pass
ZA MAY | Lumefantrine

158 Artemether 140mg | HVA India Oct-23 | Ordinary | Strips Pass Pass Pass
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ZA MAY | Lumefantrine

159 Artemether 140mg | HVA Uganda Dec-23 | Ordinary | Strips Pass Pass Pass
MG NAY | Lumefantrine

57 Artemether 140mg | HVA India Jan-23 SIAB Strips Pass Pass Pass
MG MPI Lumefantrine

73 Artemether 140mg | HVA India Jul-22 | Ordinary | Strips Pass Pass Pass
NS SAN Lumefantrine

260 Artemether 140mg | HVA India Jan-23 SIAB Strips Pass Pass Pass
NS DHO | Lumefantrine Switzerl

204 Artemether 140mg | HVA and May-22 | Ordinary | Strips Pass Pass Pass
MG NAY | Lumefantrine Switzerl

58 Artemether 140mg | HVA and Jun-20 SIAB Strips Pass Pass Pass
ZA MAC | Lumefantrine Switzerl

184 Artemether 140mg | HVA and May-22 SIAB Strips Pass Pass Pass
ZA MAC | Lumefantrine Switzerl

185 Artemether 140mg | HVA and Jul-22 SIAB Strips | Pass Pass Pass
MG MPO | Lumefantrine Switzerl

114 Artemether 140mg | HVA and Jul-22 | Ordinary | Strips Pass Pass Pass
MG MGH | Lumefantrine Switzerl

132 Artemether 140mg | HVA and Jul-23 | Ordinary | Strips Pass Pass Pass
NS TRI Lumefantrine Switzerl

252 Artemether 140mg | HVA and May-22 SIAB Strips Pass Pass Pass
NS MBE Lumefantrine Switzerl

209 Artemether 140mg | HVA and Mar-22 SIAB Strips Pass Pass Pass
ZA STL Lumefantrine Switzerl

124 Artemether 140mg | HVA and Jul-22 SIAB Strips Pass Pass Pass
MG CHI | Lumefantrine Switzerl

083 Artemether 140mg | HVA and May-22 SIAB Strips Pass Pass Pass
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NS PHO Lumefantrine

228 Artemether 140mg | HVA Turkey Mar-22 SIAB Strips Pass Pass Pass
MG NAM | Lumefantrine

66 Artemether 140mg | HVA India Oct-22 SIAB Strips Pass Pass Pass
ZACTL Lumefantrine

042 Artemether 140mg | HVA India Oct-22 | Ordinary | Strips Pass Pass Pass
ZA NKA | Lumefantrine

08 Artemether 140mg | HVA India Oct-22 | Ordinary | Strips Pass Pass Pass
MG MPI Lumefantrine Switzerl

72 Artemether 140mg | HVA and Jul-22 | Ordinary | Strips Pass Pass Pass
MG NAM | Lumefantrine Switzerl

67 Artemether 140mg | HVA and Mar-22 SIAB Strips Pass Pass Pass
NS CHI Lumefantrine Switzerl

216 Artemether 140mg | HVA and May-22 | Ordinary | Strips Pass Pass Pass
NS KAL Lumefantrine Switzerl

241 Artemether 140mg | HVA and May-22 SIAB Strips Pass Pass Pass
MG MPI Lumefantrine

74 Artemether 140mg | HVA India Aug-22 | Ordinary | Strips Pass Pass Pass
ZA MAC | Lumefantrine

187 Artemether 140mg | HVA India Aug-22 SIAB Strips Pass Pass Pass
NS CHI Lumefantrine

217 Artemether 140mg | HVA India Jul-22 | Ordinary | Strips Pass Pass Pass
ZA STL Lumefantrine

125 Artemether 140mg | HVA India Jun-23 SIAB Strips Pass Pass Pass
ZA MAT | Lumefantrine

172 Artemether 140mg | HVA India Jun-23 | Ordinary | Strips Pass Pass Pass
MG NAY | Lumefantrine

56 Artemether 140mg | HVA Uganda Dec-23 SIAB Strips Pass Pass Pass
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ZA CHA | Lumefantrine
178 Artemether 140mg | HVA Uganda Jun-23 SIAB Strips Pass Pass Pass
NS DHO | Lumefantrine
211 Artemether 140mg | HVA Uganda Jun-23 | Ordinary | Strips Pass Pass Pass
NS PHO Lumefantrine
229 Artemether 140mg | HVA Uganda Jun-23 SIAB Strips Pass Pass Pass
NS PHO Lumefantrine
230 Artemether 140mg | HVA Uganda Feb-23 SIAB Strips Pass Pass Pass
ZA THO Lumefantrine
18 Artemether 240mg | HVA India Mar-23 SIAB Strips Pass Pass Pass
MG DHO | Lumefantrine
150 Artemether 140mg | HVA India Oct-23 | Ordinary | Strips Pass Pass Pass
ZA CHA | Lumefantrine
180 Artemether 140mg | HVA India Sep-23 SIAB Strips Pass Pass Pass
MG MPO | Lumefantrine
113 Artemether 140mg | HVA India Apr-23 | Ordinary | Strips | Pass Pass Pass
MG MGH | Lumefantrine
131 Artemether 140mg | HVA India Sep-23 | Ordinary | Strips Pass Pass Pass
NS SAN Lumefantrine
261 Artemether 140mg | HVA India Sep-23 SIAB Strips Pass Pass Pass
NS SAN Lumefantrine
262 Artemether 140mg | HVA Uganda | May-23 SIAB Strips Pass Pass Pass
NS MBE | Lumefantrine
208 Artemether 140mg | HVA India Apr-23 SIAB Strips Pass Pass Pass
ZA DHO | Lumefantrine
30 Artemether 140mg | HVA China Oct-23 | Ordinary | Strips Pass Pass Pass
NS KAL Lumefantrine
243 Artemether 140mg | HVA India Sep-23 SIAB Strips Pass Pass Pass
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MG CHI Lumefantrine
081 Artemether 140mg | HVA India Apr-23 SIAB Strips Pass Pass Pass
ZA MAT | Lumefantrine
173 Artemether 140mg | HVA Uganda | Nov-23 | Ordinary | Strips Pass Pass Pass
MG MPO | Lumefantrine
115 Artemether 140mg | HVA Uganda | Nov-23 | Ordinary | Strips Pass Pass Pass
ZA THO Lumefantrine
20 Artemether 240mg | HVA Uganda Dec-23 SIAB Strips Pass Pass Pass
ZA MAC | Lumefantrine
186 Artemether 140mg | HVA Uganda Jun-23 SIAB Strips Pass Pass Pass
NS TRI Lumefantrine
253 Artemether 140mg | HVA Uganda Dec-23 SIAB Strips Pass Pass Pass
NS KAL Lumefantrine
242 Artemether 140mg | HVA Uganda | May-23 SIAB Strips Pass Pass Pass
NS PHO Lumefantrine
227 Artemether 140mg | HVA India Mar-23 SIAB Strips Pass Pass Pass
MG NAM | Lumefantrine
90 Artemether 140mg | HVA India Dec-23 | Ordinary | Strips Pass Pass Pass
NS MBE | Lumefantrine
210 Artemether 140mg | HVA Uganda Jun-23 SIAB Strips Pass Pass Pass
NS TEN Lumefantrine
235 Artemether 140mg | HVA Uganda Dec-23 SIAB Strips Pass Pass Pass
MG MED | Lumefantrine
106 Artemether 560mg | HVA India Apr-23 | Ordinary | Strips Pass Pass Pass
ZACTL Lumefantrine
043 Artemether 140mg | HVA Uganda | Nov-23 | Ordinary | Strips Pass Pass Pass
NS DHO Lumefantrine
212 Artemether 140mg | HVA Uganda | May-23 | Ordinary | Strips Pass Pass Pass

179




MG DHO | Lumefantrine

149 Artemether 140mg | HVA India Sep-23 | Ordinary | Strips Pass Pass Pass
MG NAM | Lumefantrine

65 Artemether 140mg | HVA India Nov-23 SIAB Strips Pass Pass Pass
ZACTL Lumefantrine

041 Artemether 140mg | HVA India Nov-23 | Ordinary | Strips Pass Pass Pass
MG CHI Lumefantrine

082 Artemether 140mg | HVA India Nov-23 SIAB Strips Pass Pass Pass
MG NAM | Lumefantrine

89 Artemether 140mg | HVA India Nov-23 | Ordinary | Strips Pass Pass Pass
MG NAM | Lumefantrine

91 Artemether 140mg | HVA India Nov-23 | Ordinary | Strips Pass Pass Pass
MG NAM | Lumefantrine

64 Artemether 140mg | HVA India Sep-23 SIAB Strips Pass Pass Pass
MG MGH | Lumefantrine

133 Artemether 140mg | HVA India Nov-23 | Ordinary | Strips Pass Pass Pass
NS TRI Lumefantrine

254 Artemether 140mg | HVA India Nov-23 SIAB Strips Pass Pass Pass
NS TEN Lumefantrine

233 Artemether 140mg | HVA India Oct-23 SIAB Strips | Pass Pass Pass
NS TEN Lumefantrine

234 Artemether 140mg | HVA India Sep-23 SIAB Strips Pass Pass Pass
ZA STL Lumefantrine

126 Artemether 140mg | HVA India Sep-23 SIAB Strips Pass Pass Pass
ZA NKA | Lumefantrine Switzerl

07 Artemether 140mg | HVA and Ordinary | Strips Pass Pass Pass
ZA THO Lumefantrine Switzerl

19 Artemether 240mg | HVA and Aug-22 SIAB Strips Pass Pass Pass
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MG GAW | Lumefantrine Switzerl

141 Artemether 140mg | HVA and Aug-22 | Ordinary | Strips Pass Pass Pass

MG MGH | Lumefantrine Switzerl

134 Artemether 140mg | HVA and May-22 SIAB Strips Pass Pass Pass

MG NAM | Lumefantrine

92 Artemether 140mg | HVA India Oct-22 | Ordinary | Strips Pass Pass Pass

MG GAW | Lumefantrine

139 Artemether 140mg | HVA India Oct-22 | Ordinary | Strips Pass Pass Pass

MG DHO | Lumefantrine Switzerl

151 Artemether 140mg | HVA and May-22 | Ordinary | Strips Pass Pass Pass

ZA CHA | Lumefantrine Switzerl

179 Artemether 140mg | HVA and Aug-22 SIAB Strips Pass Pass Pass

NS TEN Lumefantrine Switzerl

232 Artemether 140mg | HVA and May-22 SIAB Strips Pass Pass Pass

MG GAW | Lumefantrine

140 Artemether 140mg | HVA India Oct-23 | Ordinary | Strips Pass Pass Pass

ZA THO Lumefantrine

21 Artemether 240mg | HVA India Dec-20 SIAB Strips Pass Pass Pass

MG MED | Quinine

105 sulfate 300mg | DVA India Jul-22 SIAB Bottle | Pass Pass Pass
Sulfadoxine

ZA MAY | pyrimethami

273 ne 525mg | HVA China May-23 | Ordinary | Bottle | Pass Fail Pass Fail
Sulfadoxine

ZA MAY | pyrimethami

274 ne 525mg | HVA China Mar-24 | Ordinary | Bottle | Pass Pass Pass
Sulfadoxine

ZA GHE | pyrimethami Tanzani

271 ne 525mg | HVA a Jun-25 | Ordinary | Bottle | Pass Pass Pass
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Sulfadoxine

ZA MAT | pyrimethami

169 ne 325mg | HVA China May-22 | Ordinary | Bottle | Pass Pass Pass Fail
Sulfadoxine

ZA THO | pyrimethami

17 ne 525mg | HVA China May-22 SIAB Bottle | Pass Pass Pass Fail
Sulfadoxine

MG DHO | pyrimethami

148 ne 525mg | HVA China Dec-22 | Ordinary | Bottle | Pass Pass Pass Fail
Sulfadoxine

MG GAW | pyrimethami

138 ne 525mg | HVA China Oct-23 | Ordinary | Bottle | Pass Pass Pass Fail
Sulfadoxine

ZA GHE | pyrimethami Tanzani

50 ne 525mg | HVA a Aug-22 | Ordinary | Bottle | Pass Pass Pass Fail
Sulfadoxine

ZA CHA | pyrimethami

177 ne 525mg | HVA China Dec-21 SIAB Bottle | Pass Pass Pass Fail
Sulfadoxine

MG NAM | pyrimethami

88 ne 525mg | HVA China May-23 | Ordinary | Bottle | Pass Pass Pass
Sulfadoxine

MG NAY | pyrimethami

55 ne 5256mg | HVA India Dec-22 SIAB Bottle | Pass Pass Pass
Sulfadoxine

MG MPI pyrimethami

71 ne 525mg | HVA China Dec-22 | Ordinary | Bottle | Pass Pass Pass
Sulfadoxine

MG NAM | pyrimethami

63 ne 525mg | HVA China Dec-22 SIAB Bottle | Pass Pass Pass
Sulfadoxine

ZA MAC | pyrimethami

183 ne 525mg | HVA China Dec-22 SIAB Bottle | Pass Pass Pass
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Sulfadoxine

MG MPO | pyrimethami

112 ne 525mg | HVA China Dec-21 | Ordinary | Bottle | Pass Pass Pass
Sulfadoxine

MG MGH | pyrimethami

130 ne 525mg | HVA China Dec-21 | Ordinary | Bottle | Pass Pass Pass Fail
Sulfadoxine

NS SAN pyrimethami

259 ne 525mg | HVA China Dec-22 SIAB Bottle | Pass Pass Pass
Sulfadoxine

NS CHI pyrimethami

215 ne 525mg | HVA China May-22 | Ordinary | Bottle | Pass Fail Pas Fail
Sulfadoxine

NS TRI pyrimethami

251 ne 525mg | HVA China Dec-22 SIAB Bottle | Pass Pass Pass
Sulfadoxine

NS MBE | pyrimethami

207 ne 525mg | HVA China Dec-22 SIAB Bottle | Pass Pass Pass
Sulfadoxine

ZA DHO | pyrimethami

29 ne 525mg | HVA China Dec-22 | Ordinary | Bottle | Pass Pass Pass
Sulfadoxine

ZA STL pyrimethami

123 ne 5256mg | HVA China May-23 SIAB Bottle | Pass Pass Pass
Sulfadoxine

NS PHO pyrimethami

226 ne 525mg | HVA China Dec-22 SIAB Bottle | Pass Pass Pass
Sulfadoxine

NS KAL pyrimethami

240 ne 525mg | HVA China May-22 SIAB Bottle | Pass Pass Pass
Sulfadoxine

ZA CTL pyrimethami

040 ne 525mg | HVA China Dec-22 | Ordinary | Bottle | Pass Pass Pass
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Sulfadoxine

MG CHI pyrimethami

080 ne 525mg | HVA China Dec-22 SIAB Bottle | Pass Pass Pass
Sulfadoxine

ZA MAY | pyrimethami

156 ne 525mg | HVA China Apr-22 | Ordinary | Bottle | Pass Pass Pass
Sulfadoxine

ZA CHA | pyrimethami

295 ne 525mg | HVA China Dec-22 SIAB Bottle | Pass Fail Pass Fail

2 The Malawi Essential Medicines List (MEML) of 2015 specifies the level of health institution at which the medicine is normally permitted for use: H =
at health centre, district hospital and central hospital levels; D = at district hospital and central hospital levels only; C = at central hospital level only. N =
level of use not specified. The ‘therapeutical priority’ code categorizes medicines based on therapeutic importance of each medicine by the use of: V =
vital medicines which are potentially life-saving, of major public health relevance and having significant withdraw side-effects, E = essential medicines
which are effective against less severe, but nonetheless significant forms of illness; N = non-essential medicines which are used for minor self-limiting
illness and are often of questionable efficacy. The third categorization of ‘procurement system’ has two codes: ‘A’= medicines required by a large number
of patients as such to be routinely procured and stocked by CMST; and ‘B’= medicines required for a limited number of patients and not routinely stocked

by CMST).
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Appendix VII: List and description of results that failed under various quality tests

Medicine | Sample ID Type of Stated Primary Visual TLC Disintegrat | Dissolutio Assay Reason for non-
(INN) Sampling Country | packagin Inspection ion n (HPLC/UV- compliance
Site of origin g Vis) (reference)
SF medicines with assay deviations not less than 80%( non- extreme deviations)
Low API content
- 0,
Atenolol ZNoleHO Public Malawi Bottle ;—izl():loeltoration Compliant | Compliant | 56.9% ?3'3/&8) and dissolution
(USP-38 NF 33)
ZA CHA : ; Tablet : : 0 83.9% Low API content
Atenolol 175 Public Malawi Bottle discoloration Compliant | Compliant | 80.0% (UV/Vis) (USP-38 NF 33)
) . Tablet : : 0 94.8% Low dissolution
Atenolol ZA CTL 034 | Public Malawi Bottle discoloration Compliant | Compliant | 51.2% (UVIVis) (USP-38 NF 33)
Faith- : Tablet : . 0 90.6% Low dissolution
Atenolol ZA STL 119 based Malawi Bottle discoloration Compliant | Compliant | 53.0% (UV/Vis) (USP-38 NF 33)
. . Tablet . . 87.7% Low API content
Atenolol ZA DHO 23 | Public Malawi Bottle discoloration Compliant | Compliant | 26.8% (UV/Vis) and dissolution
(USP-38 NF 33)
_ _ Tablet _ _ 89.9% Low API content
Atenolol ZA THO 10 | Public Malawi Bottle discoloration Compliant | Compliant | 31.4% (UV/Vis) and dissolution
(USP-38 NF 33)
ZA MAT ; ; ; ; : 0 81.6% Low API content
Atenolol 161 Public Malawi Bottle Compliant Compliant | Compliant | 72.5% (UV/Vis) (USP-38 NF 33)
MG DHO : ; ; ; ; ; 0 88.8% Low API content
Atenolol 143 Public India Strips Compliant Compliant | Compliant | 77.8% (UVIVis) (USP-38 NF 33)
. : ; Tablet ; . o 87.7% Low API content
Metformin | NS PHO 224 | Public Malawi Bottle discoloration Compliant | Compliant | 77.1% (UVIVis) (USP-38 NF 33)
. . . . . . . 84.1% Low API content
0,
Metformin | ZA CTL 038 | Public India Strips Compliant Compliant | Compliant | 71.7% (UVIVis) (USP-38 NF 33)
Amoxicilli : ; ; ; ; o 87.9% Low API content
0 ZATHO 09 | Public Malawi Bottle Compliant Compliant | Compliant | 65.0% (HPLC) (USP-38 NF 33)
- Low API content
- 0,
Amoxicill MG NAY 52 | Public Malawi Bottle Compliant Compliant Non . 59.3% 86'6/0. and dissolution
n compliant (UV/Vis)

(USP-38 NF 33)

185




Medicine | Sample ID Type of Stated Primary Visual TLC Disintegrat | Dissolutio Assay Reason for non-
(INN) Sampling Country | packagin Inspection ion n (HPLC/UV- compliance
Site of origin g Vis) (reference)
- Low API content
- 0,
':‘mOX'C'“' MG MPI 68 | Public India Bottle Compliant Compliant L\Ioomn liant 57.3% ?ésl_/‘)c) and dissolution
P (USP-38 NF 33)
- . Low API content
- - 0,
':‘mOX'C'”' ZA STI 118 E:;te% Kenya Bottle Compliant Compliant (l:\loomn liant 52.5% ?IiF?L/OC) and dissolution
P (USP-38 NF 33)
- Low API content
- 0,
':‘mOX'C'“' NS SAN 244 | Public Kenya Bottle Compliant Compliant ::\Ioon: liant 66.3% ?Iﬁgl_/OC) and dissolution
P (USP-38 NF 33)
. Low API content
Ciprofloxa | ZA CHA . . - Non- Non- 83.5% - -
. Public Malawi Bottle Compliant . . 50.6% and dissolution
cin 294 compliant compliant (HPLC) (USP-38 NF 33)
. Low API content
- - 0,
glnprofloxa IZ\ISSSMBE Public Malawi Bottle Compliant (l:\loomn liant ::\Ioon: liant 64.8% ?SF?L/OC) and dissolution
P P (USP-38 NF 33)
. Low API content
- - 0,
g:ilnproﬂoxa NS PHO 290 | Public Malawi Bottle Compliant (’:\Ioorz liant (l:\loonrq] liant 56.6% (7Ii|1F?L/OC) and dissolution
P P (USP-38 NF 33)
Ciprofloxa | NS MBE ; . ; ; ; ; 0 88.2% Low API content
cin 289 Public India Strips Compliant Compliant | Compliant | 72.3% (HPLC) (USP-38 NF 33)
Ciprofloxa Faith- ; ; ; ; ; o 81.8% Low API content
cin NS TRI 286 based India Strips Compliant Compliant Compliant | 73.7% (HPLC) (USP-38 NF 33)
Ciprofloxa | NS MBE . . . . . o 77.5% Low API content
cin 301 Public Malawi Bottle Compliant Compliant | Compliant | 70.1% (HPLC) (USP-38 NF 33)
Ciprofloxa | NS DHO . - - Non- Non- 0 91.5% Low dissolution
cin 257 Public Malawi | Bottle Compliant 1 o otiant | compliant | >7%% | (HPLC) (USP-38 NF 33)
SF medicines assay deviations below 80% or above 120% ( extreme deviations)
SP MG MGH : . . Non- . 191.2% High API content
Eﬁ%rér?f)tha 130 (1) Public China Bottle Compliant compliant Compliant | NA (HPLC) (USP-38 NF 33)
and MG MGH , , . . . 58.1% Low API content
:lélzf)adoxm 130 (2) Public China Bottle Compliant Compliant Compliant NA (HPLC) (USP-38 NF 33)
SP ZA MAK . . . . . 175.3 High API content
(pyrimetha | 169 (1) Public China Bottle Compliant Compliant | Compliant | NA (HPLC) (USP-38 NF 33)
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Medicine | Sample ID Type of Stated Primary Visual TLC Disintegrat | Dissolutio Assay Reason for non-

(INN) Sampling Country | packagin Inspection ion n (HPLC/UV- compliance
Site of origin g Vis) (reference)

mine (1)

and ZA MAK . . . . - 57.1% Low API content

Sulfadoxin | 169 (2) Public China Bottle Compliant Compliant | Compliant | NA (HPLC) (USP-38 NF 33)

e

SP ZA MAY Faith- . . . . 197.2% High API content

(p}’”r?f)tha 273 (1) based China Bottle Compliant Compliant | Compliant | NA (HPLC) (USP-38 NF 33)

mine

and ZA MAY Faith- . - - . 57.3% Low API content

SLélzf)adoxm 273 (2) based China Bottle Compliant Compliant | Compliant | NA (HPLC) (USP-38 NF 33)

e

SP ZA CHI 215 . . . . Non- 166.9% High API content

(pyrlr?f)tha ) Public China Bottle Compliant Compliant compliant NA (HPLC) (USP-38 NF 33)

mine

and ZA CHI 215 . . - - Non- 63.0% Low API content

SLé|2f)adox|n @) Public China Bottle Compliant Compliant compliant NA (HPLC) (USP-38 NF 33)

e

SP ZA CHA . . . . Non- 168.5% High API content

(pyrlr?f)tha 205 (1) Public China Bottle Compliant Compliant compliant NA (HPLC) (USP-38 NF 33)

mine

and ZA CHA , , . . Non- 55.3% Low API content

Slzlzf)adoxm 205 (2) Public China Bottle Compliant Compliant compliant NA (HPLC) (USP-38 NF 33)

e

SP ZA THO 17 : : . . . 165.3% High API content

(p)/”"(‘le)tha ) Public China Bottle Compliant Compliant | Compliant | NA (HPLC) (USP-38 NF 33)

mine

and ZATHO 17 . : . . . 77.2% Low API content

Slzlzf)adoxm @) Public China Bottle Compliant Compliant | Compliant | NA (HPLC) (USP-38 NF 33)

e

SP MG DHO : : . . . 166.9% High API content

(pyr"?le)tha 148 (1) Public China Bottle Compliant Compliant | Compliant | NA (HPLC) (USP-38 NF 33)

mine

and MG DHO : : . . : 67.5% Low API content

512|2f)adoxm 148 (2) Public China Bottle Compliant Compliant | Compliant | NA (HPLC) (USP-38 NF 33)

e

SP MG GAW Faith- . . . . 150.2% High API content

(pyrimetha | 138 (1) based China Bottle Compliant Compliant | Compliant | NA (HPLC) (USP-38 NF 33)
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Medicine | Sample ID Type of Stated Primary Visual TLC Disintegrat | Dissolutio Assay Reason for non-
(INN) Sampling Country | packagin Inspection ion n (HPLC/UV- compliance
Site of origin g Vis) (reference)
mine (1)
and MG GAW Faith- . . . - 77.1% Low API content
Sulfadoxin | 138 (2) based China Bottle Compliant Compliant | Compliant | NA (HPLC) (USP-38 NF 33)
e
SP MG NAM Faith- . . . . 171.8% High API content
(p}’”r?f)tha 88 (1) based China Bottle Compliant Compliant | Compliant | NA (HPLC) (USP-38 NF 33)
mine
and MG NAM | Faith- Low API content
; i i i i 0
SLélzf)adoxm 89 (2) based China Bottle Compliant Compliant | Compliant | NA 66.3% (USP-38 NF 33)
e
SP ZA CHA . . . . . High API content
. 0,
(pyrlr?f)tha 177 (1) Public China Bottle Compliant Compliant | Compliant | NA 153.3% (USP-38 NF 33)
mine
and ZA CHA Low API content
; i i i i i 0
SLélzf)adoxm 177 2) Public China Bottle Compliant Compliant | Compliant | NA 67.6% (USP-38 NF 33)
e
SF not confirmed by pharmacopeial analysis
Capsule
Flucloxaci | ZA MAT . . . Non- disintergration
llin 164 Public Kenya Strips Compliant NA compliant NA NA time >30 min
(Mini lab)
Flucloxaci ; ; ; Non- Capsule
. ZA GHE 47 | Private Kenya Strips Compliant NA . NA NA disintegration time
llin compliant ; .
>30 min (Mini lab)
. Capsule
::I:ﬁcloxam féA‘ZMAC Public India Strips Compliant NA (l:\loon:- liant NA NA disintegration time
P >30 min (Mini lab)
. Capsule
F!ucloxam MG MED Private England Strips Compliant NA Non- . NA NA disintegration time
llin 100 compliant ; .
>30 min (Mini lab)
. . Low API content
Amlodipin | NS KAL Faith- India Strips Compliant Non- Compliant | NA NA observed by spot
e 236 based compliant - .
size (Mini lab)
Non- Low API content
Enalapril NS PHO 222 | Public India Strips Compliant compliant Compliant | NA NA observed by spot

size (Mini lab)
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Appendix VII: Summary of MSTG treatment protocols for common bacterial infections
Table summarizing antibiotic treatment protocols for common bacterial infections as stated in Malawi Standard Treatment

Guidelines (2015)
Disease Description/sub-type | First line treatment according to MSTG Secondline/ alternative treatment
condition if applicable
Sepsis Ceftriaxone 2g 1V q24h for 10 days Ciprofloxacilin 400 mg 1V every q12h or 500 mg orally
bd plus Benzylpenicillin 2MU 1V g6h. Switch to oral
Ciprofloxacin 500 mg bd plus Amoxycillin 500 mg tds,
or oral Co-amoxiclav 625 mg tds, when improved. If
intraabdominal source, add Metronidazole 500 mg IV
or 400 mg orally tds.
Meningitis Suspected cases Benzyl Penicillin 5SMU 1V or IM stat
Confirmed bacterial Ceftriaxone 2g 1V q12h Chloromphenical 1g IV g6h or Benzyl penicillin 5MU
meningitis IV g6h
Meningococcal Ciprofloxacin 500mg stat. Give Doxycycline 300mg stat
Meningitis
(Prophylaxis)
Pneumonia Community acquired | Amoxycillin 500mg tds for 5-7 days Erythromicin 500mg gid for 5-7 days or Doxycycline
Pneumonia 100mg bd for 5 - 7 days

Atypical Pneumonia

Erythromycin 500mg qid for 5 days

Nosocomial
Pneumonias

Ceftriaxone 2g 1V g24h or oral Co-amoxiclav
625mg tds for
7 days

Severe Pneumonia

Give Ceftriaxone 2g 1V g12h plus Azithromycin or
Erythromycin 500mg gid

Give Co-amoxiclav 1.2g 1V g8h or Erythromycin
500mg qid for 7 days

Or Doxycycline 100mg od for 7 days. If aspirating Add
Clindamycin 600mg gid or Metronidazole

400mg tds 1.2g IV g8h
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Other respiratory
infections

Bacterial Sinusitis

Amoxycillin 500mg tds for 7 days

Erythromycin 500 mg gid for 7 days

Acute bronchitis

Amoxycillin 500mg tds for 5 days

Doxycycline 200mg on first day

Bronchiectasis

Co-amoxiclav 625mg tds

Doxycycline 200mg stat then Doxycycline. If sputum is
smelling, add metronidazole 400mg tds

Pharynagitis,
Tonsillitis and its
complications

Benzathine Penicillin 1.2 MU single dose

Amoxycillin 500mg tds for 7 days or Erythromycin
500mg qid for 7 days

Peritonsillar Abscess

Amoxycillin 500mg tds and Metronidazole 400mg
tds

Benzylpenicillin 2 MU 1V g6h. Switch when possible
(usually after

48-72 hours) to oral Amoxycillin

500mg tds or if penicillin allergic Give Erythromycin
500mg qid

Retropharyngeal Give Co-amoxiclav 625mg tds (or Co-Amoxclav Chloramphenicol 25 mg/kg tds, initially IM or 1V. later
Abscess 375mg plus Amoxicillin 240mg for 14 days) orally for
Urinary tract
infections Cystitis/Urethritis Ciprofloxacin Give Nitrofurantoin 100mg gid with food for 7 days
Complicated Urinary
Tract Infections Give Ciprofloxacin 500mg orally bd for 5 days Give Co-amoxiclav 375mg tds or 625mg bd for 5 days
Sexually Ciprofloxacin 500mg orally stat and Benzathine
transmitted Genital ulcer disease | penicillin 2.4 MU IM stat plus Acyclovir 800mg bd | Give Erythromycin 500mg qid for 15 days plus
diseases (GUD) for 7 days Acyclovir 800mg bd for 7 days

Early Syphillis in
adults

Benzathine Penicillin one dose of 2.4 MU IM

Doxycycline 100mg bd for 15 days or Erythromycin
500mg qid for 15 days

Late syphilis in adults

Benzathine Penicillin 3 doses of 2.4 MU IM at
weekly intervals

Doxycline 100mg orally every 12 hours for 30 days
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Neurosyphilis

Give Benzylpenicillin 4AMU 1V g6h for 14 days then
Give Benzathine Penicillin 2.4 MU IM once weekly
for 3 consecutive weeks

Doxycycline 200mg every 12 hours for 30 days

Trichomoniasis,
vaginal

Give Metronidazole 5 mg/kg every 8 hours for 5 days

Urethral
Discharge/Urethritis

Gentamycin 240mg IM stat plus Doxycycline 100mg
bd with food for 7 days

Erythromycin 500mg qid for 7 days

Abnormal Vaginal
Discharge in Women

Gentamycin 240mg IM stat plus Doxycycline 100mg
bd with food for 7 days, plus metronidazole 2g orally
single dose

Lower abdominal
pain in women (LAP
syndrome)

Gentamycin 240mg IM stat plus Doxycycline 100mg
bd with food for 7 days, plus metronidazole 400mg
tds for 7 days

Acute scrotal swelling
or pain

Give Gentamycin 240mg IM stat and Doxcycline
100mg bd for 7 days.

Skin infections Cellulitis Give Flucloxacillin 125 -500mg gid for 7 -10 days Erythromycin 500mg qid for 7 -10 days
Staphylococcal
Scalding Skin
Syndrome Cloxacillin 250 - 500 gid for 5 days
Metronidazole 400mg every 8 hours for 7-10 days
,plus Amoxycillin 1g every twelve hours for 7 - Metronidazole 400mg every eight hours plus,
Peptic Ulcer 10days, plus Omeprazole 40mg once daily for 2 Clarithromycin 500mg twice daily for 7-10 days, plus

Gastrointestinal

Disease/Gastritis

weeks

Omeprazole 40mg once daily for 2 weeks
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Appendix VIII: Antibiotic combinations or monotherapies prescribed among
patients

Figure showing prescribed antibiotic therapies of combinations

Prescribed antibiotics /and their combinations

Cef
17.43
Benz s 58
memm—— 5 06
Amox+Metro e 428
m— ) 96
Metro == 132
== 132
Cef+Cipro == 0.99
= 0.99
Doxy+Metro = 0.66
= 0.66
Cipro+Metro = 0.66
= 0.66
Cef+Doxy+Metro = 0.66
= 0.66
Benz+Cef = (.66
= 0.66
Amox = 0.66
1 0.33
Fluclo+Cotrim 1 0.33
1 0.33
Erythro+Genta+Metro ® 0.33
1 0.33
Cipro 1 0.33
' 0.33
Cef+Genta 1 0.33
1 0.33
Cef+Fluclo = 0.33
1 0.33
Cef+Benz 1 0.33
' 0.33
Benz+Doxy+Genta+Metro 1 0.33
1 0.33
Benz+Cef+Metro ® 0.33
1 0.33
Azithro+Cef+Metro 1 0.33
" 0.33
Amox-Clav+Cef 1 0.33
' 0.33
Amox+Benz 1 0.33
0 5 10 15 20 25 30 35 40

Percentage (%)

Amox= Amoxicillin; Benz = Benzylpenicillin; Azithro = Azithromycin; Genta= Gentamicin; Metro=
Metronidazole; Doxy= Doxycyline; Fluclo= Flucloxacillin; Cef= Ceftriaxone; Cipro= Ciprofloxacin
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Appendix IX: Medicine sample collection

MEDICINE SAMPLE COLLECTION RECORD

Date of visit:

Name of District:

/ /

Name of facility:

Govt OCHAM O PvtO

Dosage form Manufactu Batch Expiry Reference Number of
Drug samples and strength rer and number Date ]TMPB. number sampling for the
collected country registration batch
1 1st0 20
. Yes O

Gentamycin No O 39040 O

B ] Yes O Istd 2MO
Ceftriaxone No O

O4h O

3 ] Yes O Istd 2MO

Erythromycin No O ;O O

4 ] ] Yes O Istd 20O

Azithromycin No O WO O

5 | Clarithromyci Yes O 020

n No O 3|d |:| 4th |:|

6 ] Yes O Istd 20O
Metronidazole No O

O4% O

7 T Yes O Istd 20O
Amoxicillin NESI:I

O4" O

8 . Yes O Istd 20O

Cloxacillin No O P

9 . Yes O Istd 20O

Flucloxacillin No O WOt O

10 Benzyl Yes O Istd 20O

penicillin NoB ¥oa o

11 | Benzathine Yes O st 0 270

penicillin N D oo

12 ] ] Yes O Istd 20O

Ciprofloxacin No O ;O O

13 . . Yes [ Istd 20O

Nalidixic acid No O WO O

14 | Cotrimoxazol Yes O 0 20

e No O MO40 O

G ; Yes O 1st0 240

Doxycycline NoO 34040 O
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Appendix X: Data collection form on availability of antibiotic medicines

Name of District:

Name of facility:

ASSESSMENT OF AVAILABILITY OF ANTIBIOTIC MEDICINES

Date of visit:

/ /

Govt OCHAM O PvtO

Main Storage type: ORDINARY [0 PREFABRICATED SIaB O

Stockout time in last
NUMBER OF b of doys hen
Name of antibiotic Procuremen | Appropriate Stock at STOCK OUT Monthly this medicineywas ot Comments
Medicine t tvpe level of Hand DAYS (last six consumption (in .
yp facility month) tabs/vials, based available)
(according to on last six months)
the MEML) Take picture for stock card for reference
. CMSTO YESO
Gentamycin PVT O NO O
Ceftriaxone CMSTO YESO
pvT O NO O
Erythromycin CMSTO YESO
Ty y PVT O NO O
. . CMSTO YESO
Azithromycin PVT O NO O
. . CMSTO YESO
Clarithromycin PVTO NO O
. CMSTO YESO
Metronidazole VT O NO O
Amoxicillin CMSTH YESH
PVT O NO O
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8 Cloxacillin CMSTU YESO
PVT O No O

9 11 cMSsTO YESO
Flucloxacillin PVT O NO O

10 B : il CMSTO YESO
enzyl penicillin PVT O NO O

11 ) . cMSTO YESO
Benzathine penicillin PVT O NO O

12 Ciprofloxacin CMSTO YESH
PVT O No QO

13 . ) CMSTO YESO
Nalidixic acid PVT O NO O

14 Cotrimoxazole CMSTU YESO
PVT O No QO

15 Doxycycline CMSTO YESO
PVT O No QO

16 CMSTO YESO
Meropenem PVT O NOO
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Appendix XI: Recording sheet for medicine quality tests

Laboratory test result record

LABELING

Item Information available Comment
Product Name YES O NO O
INN YES O NO O
Batch Number YES O NO O
PMPB reg number YES O NO O
Storage conditions YES O NO O
Leaflet (In English) YES O NO O
APPEARANCE

Uniformity of color OK O NOTOK O
Uniformity of shape OK O NOTOK O
Absence of physical damage | OK O NOT OK O
e.g., Cracks, breaks, abrasion,

sticky etc.

Absence of foreign OK O NOTOK O
contaminants or dirty marks

DISINTEGRATION TEST
Pass O Fail O
TLC RESULTS

Pass 1 Fail U

DISSOLUTION TEST

Pass 0 Fail O

ASSAY

Titration [l UV/Vis 0 HPLC 0O

Pass OO Fail O
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Appendix XII: Form for clinical data collection

APPROPRIATENESS OF ANTIBIOTIC USE AND THE PATIENT OUTCOMES

1. PATIENT INFORMATION

Patient’s study ID: Age: Gender: Weight (kg):
[ IMale[_JFemale
Height (cm):
2. TREATMENT (indicate if there was switching of antibiotics)
Number of antibiotics prescribed:
Antibiotic name | Dose, frequency Recommended | Culture done Sensitivity No. of days Batch Batch Comment(s)
(And indication) | and duration dose range test taken before | Number sampled
antibiotic administere
was d for test
administered
YESCONO O +veld-ve O YES[ NO
Not done O O
YESC NO O +ved-ve O YESO NO
Not done O O
YESC NO O +ved-ve O YESO NO
Not done O O
YESC NO O +ved-ve O YESO NO
Not done O O

CONCOMITANT DRUGS
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Drug name Indication Dose, Recommended Known _ Comment
frequency and | dose range Interactions with
. antibiotics

duration prescribed

3. CLINICAL OUTCOMES

[_IRecovered or recovering [_INot recovered or not recovering [_] Adverse event detected [_] No adverse event detected [_| Death

LENGTH OF HOSPITAL STAY (D

DESCRIPTION OF ADVERSE DRUG EVENTS (INCLUDING TREATMENT FAILURE) IF DETECTED:

RELEVANT MEDICAL HISTORY OF PATIENT: including pre-existing medical conditions (allergies, previous exposure, alcohol use etc.)
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Appendix XIII: COMREC certificate of study approval

s

EERIIFICAIE @F ETHICS
APPROVAL

This is to certify that the College of Medicine Research and Ethics Committee
(COMREC) has reviewed and approved a study entitled:

P.10/21/3447 - Assessing the quality and use of antibiotics and associated clinical outcomes in southern
Malawi by Francis Chiumia

On 10-Dec- 21

As you procesd with the implemantation of your study, we would 1ike you to adhers to in ternational athical
guidalines, national guidelines and all raquirements by COMREC some of which are indicated on the next page for your study

10-Dec-21
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Appendix XIV: Informed consent form (English)

Study title

Assessing the quality and use of antibiotics and associated clinical outcomes in
southern Malawi

Investigator

Mr Francis Chiumia, PhD Student, Department of Pharmacy, Kamuzu University of Health
Sciences

Supervisors
Dr Felix Khuluza, Pharmacy Department, Kamuzu University of Health Sciences

Dr Elizabeth Kampira, Medical Laboratory Sciences Department, Kamuzu University of
Health Sciences

Prof Adamson Muula, School of Public Health and Family Medicine, Kamuzu University
of Health Sciences

Introduction

I'am PhD student at the Kamuzu University of Health Sciences. I am conducting a research
on the quality and use of antibiotics and associated clinical outcomes. This study focuses
on a crucial topic which concerns the life and safety of patients. It will therefore not just
help in fulfilling the requirements for my study but also be of benefit to the nation at large.
This sheet provides the information about the study and also invites you to participate in
this study. You are therefore requested to go through it and ask any question that you need
me to clarify.

What we want to do in the study

In this study, we will investigate the appropriateness of the use of antibiotic medicines, the
quality of the formulation, associated storage factors and clinical outcomes. We will do this
by reviewing your medical records and ask you or your healthcare provider for any
information we need. The information will include your demographics, diagnosis, drugs
prescribed and how you are responding to the medicines provided. We will also take
samples of the medicine batch you are taking and subject it to laboratory analysis to see if
thy meet quality standards or not whilst simultaneously assessing the factors that affect the
quality of the medicines.

How you will participate in the study
You participation in the study will barely involve physical interaction with the investigator.

The investigator will only use your patient file to extract the information that is necessary
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for the study. However, where necessary the investigator may need to get missing
information from the files, for example age from either your health care provider or
yourself.

Volunteerism in the Study

Your participation in this study will be very essential to us to get the required data for our
study. Moreover, we expect that very few patients will be able to meet the criteria for
enrolment in the study. However, we would like you to know that your participation is
voluntary. You have the right to decline enrolling in our study if you feel not comfortable
to do so or lack adequate information to make a decision. Even if you choose to participate
in the study, we will still give you the freedom to withdraw at any stage if you feel so for
any reasons that you feel is sound to you.

Confidentiality

The information provided to us will be treated with utmost confidentiality and will not be
shared with anyone except members of this research team. We will use identification
numbers on our forms instead of your real name so that no one will be able to know who
was prescribed which medicine or who was suffering from which condition.

Sharing of study findings

The findings of our study will be shared to key stakeholders such as PMRA, Ministry of
Health, Pharmaceutical Society of Malawi (PHASOM), Medical Council of Malawi,
members of the academia and general public through publication and meetings. These are
key institution for policy making in the country and beyond. In whatever circumstances,
no identity of any of our participants will be mentioned when sharing our findings.

Agreement to participate

I have read and understood the information about this study and the clarification from the
researchers have given me adequate knowledge of the study. I therefore voluntarily consent
to participate in this study.

Place:

Participant’s ID:

Signature of Participant:

Date: / /

Declaration by researcher
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I declare that I have offered adequate
information about this study to (Participant ID) and that upon
his/her satisfaction, they have agreed to voluntarily participate in the study.

Signature of researcher:

Date: / /
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Appendix XV: Informed consent form (Chichewa)

Mutu wa kafukufuku

Assessing the quality and use of antibiotics and associated clinical outcomes in
southern Malawi

Wochita kafukufuku

Mr Francis Chiumia, PhD Student, Department of Pharmacy, Kamuzu University of Health
Sciences

Aphunzitsi akulu omutsogozela amene akuchita kafukufuku
Dr Felix Khuluza, Pharmacy Department, Kamuzu University of Health Sciences

Dr Elizabeth Kampira, Medical Laboratory Sciences Department, Kamuzu University of
Health Sciences

Prof Adamson Muula, School of Public Health and Family Medicine, Kamuzu University
of Health Sciences

Chiyambi

Ine ndine wophunzira wochita za degree ya udotolo ku sukulu ya Kamuzu University of
Health Sciences. Ndikuchita kafukufuku oyang’ana ngati makhwala ali abwino komanso
kunikila zotsatila zake kwa odwala. Izi zikuunikila pa mutu ofunikila kwambiri umene
ukukhudzana ndi miyoyo ya anthu komanso kuonetsetsa kuti anthu onse Sali pa
chiophyezo Kamba kokumwa mankhwala. Kotero kafukufuku ameneyi sikuti
ndiongothazila pa maphunziro anga komanso ndiothanziza dziko lonse la Malawi. Tsambali
likufotokoza mwachindunji zomwe tikuchita mu kafukufuku ameneyi ndiponso kupempha
kuti ngati muli odzipereka mukhale nawo mu kafukufuku ameneyi. Inu mukuphemphedwa
kuti muwerenge ndikumvetsetsa tsambali komanso kufunsa pomwe simunamve.

Zomwe tikuchita

Mu kafukufuku ameneyi, tikuyanga ngati mankhwala opha tizilombo ta bacteria
akugwiritidwa bwino ntchito, ndi osaonongeka komanso mmene izi zikukhuzila ngati
odwala athu akuthandizika ndi mankhwalawa. Pochita kafukufuku ameneyi, tizaona mma
failo anu akuno kuchipatala komanso kukufunsani inu kapena ogwira mu chipatala muno
uthenga ulionse omwe tikuyangana. Ife tizatengaso nawo mankhwala omweinu mukumwa
kuti akayezedwe uku tikuyang’ana zomwe zimachititsa kuti mankhwalawa asakhale
abwino.

Mmene mungatengere mbali
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Kukhala nawo mukafukufuku ameneyi sikofunikila kuti inu muzikhala nafe. Ochita
kafukufuku ndi amene atazatenge failo yanu nkuunikila zomwe akufunika kutengamo.
Pokhapokha pemene akufuna uthenga omwe mu failo mulibe mwachitsanzo ngati zaka
zanu zakubadwa mulibemo ndipamene muzafunidwe,

Kuzipereka

Inu kukhala nawo mu kafukufuku ameneyi ndi chinthu cha mtengo wapatali kwambiri
chifukwa uthenga wanuwo ndi omwe ungathanzize kuchita kafukufuku ndipo kupeza
odwala oti akhale nawo mu kafukufuku ndi chinthu chosowa. Ngakhale zili choncho, inu
sindinu okakamizidwa mwanjira iliyonse kukhala nafe. Mukuyenela kupanga
chitsankhochi mwakuzipereka kwanu panokha ngati mukuona kuti palibe vuto lililonse
komanso mwakhutidwa ndi uthenga umene mwapatsidwawu. Komanso ngakhale
mutavomela kukhala nafe, muliso ndi uflu osinthamaganzio nthawi iliyonse.

Chinsinsi

Uthenga onse otengedwa mu kafukufuku amakhala wachinsisi ndipo sugawidwa kwa
anthu Wamba koma okhawo amene akuchita nawo kafukufuku. Sitizagwiritsa ntchito
dzino lanu koma ma nambala chabe oimila dzina lanu ndipo palibe angadziwe kuti ndi
ndani amadwala matenda wo ndikulandila mankhwala wo.

Zotsatila za kafukufuku

Zotsatila zake zizaperekedwa kwa mabungwe oyanganila za mankhwala, unduna wa
umoyo komanso mabungwe a anthu ogwira ntchito za umoyo monga ma dokotola, akatsiwi
a zamankhwala ndi ena komanso ophunzitsa sukulu za ukachenjede. Awa ndi amene
amapanga ziganizo zokhuzana ndi umoyo mu dziko lino.

Kugwirizana nazo zokhala mu kafukufuku

Ine ndawerenga ndikumvetsetsa za uthenga wa kafukufuku ameneyi. Komanso
ndinapatsidwa mwayi ofunsa pomwe sindikumvetsetsa. Kotero ndikugwirizana nazo
ndikulowa mu kafukufuku ameneyi mozipereka ndekha.

Malo:

Numbala ya ochita nawo kafukufuku:

Kusayina :
Tsiku: / /
Ochita kafukufuku
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I

ndikuvomeleza kuti ndapereka uthenga

onse kwa

waperekedwa mozipereka yekha

Kusayinila:

amene

akulowa

Tsiku: / /
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Appendix XVI: Addendum to the thesis

1. Correction on the number of facilities in abstract of chapter 5.1

The correct number of facilities is 29 as indicated in the methods section of the
manuscript. This error has been reported to the journal through a letter attached as
appendix XVII.

2. Addendum to Figure 3 of chapter 5.1 Factors associated with SF medicines in
Southern Malawi

We provide additional analysis to assess if type of facility (primary, secondary or tertiary)
is a potential factor associated with SF medicines

Figure 3 (chapter 5.1) Crude analyses of the association between facility type and compliance
to quality

Compliance to Quality
Variable Characteristic | OR 95% P value
Confidence
interval
Facility Type | Primary Reference Reference
Secondary 0.60 0.26 - 1.39 0.234
Tertiary 0.47 0.12-1.84 0.281

We found no significant difference in medicine quality among primary, secondary and
tertiary level facilities. The non-significant findings may however have been affected by
the small sample size.
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3. Addendum to Chapter 5.3 Revised table for multivariate logistic regression
analysis for factors associated with occurrence of adverse drug reactions

Table 4 Factors associated with occurrence of adverse drug reactions

Variable Characteristic OR 95% CI Pvalue | aOR | 95% CI P
value
Age <65 1 1
2.65 1.46 -4.80 | 0.001 4.53 2.21 - | <0.001
> 65 9.28
Sex Female 1
Male 1.11 0.65-1.88 | 0.705
HIV status | Non-reactive 1
Reactive 1.16 0.59-2.29 | 0.661
Co- Non-
morbidities | hypertensive 1
0.07 -
Hypertensive 0.43 0.17-1.05 | 0.065 0.19 0.54 0.002
Non-diabetic 1 1
Diabetic 1.23 0.42 - 3.58 0.7
Number of | 1 1 1
antibiotics 1.18 -
prescribed | >1 1.74 1.02-2.96 | 0.041 2.14 3.9 0.012
Number of | <1 1
concomitant 0091 - 1.39 —
medicines >1 3.94 17.15 0.067 2.82 5.74 0.004
Length of | <3 1
stay (days) 2.47 -
>3 4.3 2.20-8.43 | <0.001 5.11 10.55 | <0.001

OD = Odds ratio

aOR = adjusted odds ratio

CI = confidence interval

P value <0.05 was considered statistically significant
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4. Addendum to Chapter 5.4

Supplementary Table 1 Factors affecting patient recovery (Logistic regression results)

Variable Characteristics | Odds Ratio (95% P value | Adjusted P value
CIh) Odds Ratio
(95% CI)
0.98 (0.95 -
Age 0.97 (0.96 - 0.99) 0.013 1.00) 0.122
Sex Female 1
0.92 (0.35 -
Male 1.22 (0.52 - 2.86) 0.799 2.41) 0.873
Diagnosis Sepsis 1
0.6 (0.1-
Pneumonia 0.61(0.17-2.11) 0.428 2.3) 0.477
1.2 (0.1-
Meningitis 1.48 (0.16 -13.6) 0.728 12.46) 0.827
0.5(0.04 -
Cellulitis 0.64 (0.06 - 6.38) 0.71 6.4) 0.625
0.15(0.01 -
Peptic ulcers 0.23 (0.04 - 1.51) 0.127 1.24) 0.079
0.97 (0.28 -
Others 0.59 (0.19 -1.76) 0.342 3.2) 0.969
0.89 (0.73 -
Charlson Score 0.83 (0.72 - 0.97) 0.015 1.1) 0.304
Quality Low API 1
1.56 (0.28 -
Optimal API 1.29 (0.27 - 6.18) 0.747 8.67) 0.606

208




5. Notification letter to PlosOne on the error in Chapter 5.1

* %
ok

KAMUZU UNIVERSITY

OF HEALTH SCIENCES

Vice Chancellor
Prof. M. Mallewa (BMedSc, MBBS, MRCP, MRCPCH, DTM&H, PhD)
Our Ref:

Your Ref:

21 September 2024

The Editor

PLOS ONE

Dear Editor,

NOTIFICATION OF MANUSCRIPT ERROR

| write to inform you that we have noticed an error in the paper which was published in
2022 entitled “Burden of and factors associated with poor quality antibiotics,
antimalarials, antihypertensive and antidiabetic medicines in Malawi” by authors:
Francis Kachidza Chiumia, Happy Magwaza Nyirongo, Elizabeth Kapira, Adamson

Sinjani Muula and Felix Khuluza.

In the abstract section, we mention that the study was conducted in 23 healthcare facilities.
However, the correct number of facilities was 29 as indicated in the methodology section.
This mistake was due to a typing error, and we apologize to our readers and editorial team

for this oversight.
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Yours sincerely

Felix Khuluza, PhD

Asscociate Professor of Pharmacy
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