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Incorrect disposal of pharmaceutical wastes is an emerging concern. Pharmaceutical 
wastes can be described as expired, unused, contaminated medicines or medicines no 
longer fit for human/animal use. The main sources of pharmaceutical waste seen in 
Kenya are expired medicines from households, hospitals, and community pharmacies.  
Pharmaceutical wastes are considered hazardous.

It is becoming increasingly important to focus on safe disposal of these medicines, as the 
effects of unsafe disposal is detrimental to the well-being of humans/animals.  There 
should ideally be collection points for patients to safely dispose of these medicines; it 
would be best to collect these medicines at a Pharmacy where it can be stored safely and 
kept for safe disposal.

It has been found that several different incorrect methods of disposal are used locally. 
Disposal from households find their way in to dumpsters/landfills or to the water 
systems, adversely affecting humans and wildlife. Pharmaceutical wastes enter the 
environment through water systems. This may occur through liquid formulation 
medicines, for example syrups, that are poured directly into household sinks and 
eventually find their way into the sewerage system. 

Furthermore, there are unregulated landfills where pharmaceutical waste is disposed of 
by households, industrial waste and even some community pharmacies. This contributes 
to the presence of pharmaceuticals in ground water. Often this untreated sewerage 
water is ingested or used for agriculture. Antibiotics in our water systems may be a major 
contributing factor to the ever so quick development of antibiotic resistance. 

Minimal research has been conducted in Kenya regarding the impact of pharmaceutical 
waste to aquatic life. It is apparent that wildlife is adversely affected by this. For example, 
in a research conducted at a lake area in Canada, Fathead Minnows were exposed to low 
concentrations of synthetic estrogen which eventually led to feminization of male fish. 

Some individuals choose to burn pharmaceutical wastes. This not only causes air 
pollution, but may have a health impact on humans/animals that inhale the smoke. 
Medicines are poisonous substances and may change its composition when exposed to 
high temperatures. Destruction needs to be carried out in a controlled environment, 
with sufficient circulation in order to prevent harm to the environment.

By regulation, the correct procedure of disposing drugs in Kenya is to first collect expired 
medicines and keep a record of the same. This list should then be taken to the Pharmacy 
and Poisons Board (PPB), where it is approved for destruction. Various companies are 
available to provide these services, and are approved by National Environmental 
Management Authority (NEMA). A pharmacist from PPB must be present to witness the 
safe destruction of the pharmaceutical wastes. On safe destruction of the medicines, a 
certificate is issued by both the incineration company and the Pharmacy & Poisons 
Board.  

Unfortunately, most pharmaceutical waste generated from various sources does not 
undergo this process. It may be due to ignorance of procedures or due to the cost of 
disposal, as destruction entails a fee. There is a need for sensitization on safe disposal of 
pharmaceutical wastes, not only for the public but professionals dealing with pharma-
ceuticals.

EDITORIAL
PHARMACEUTICAL WASTE DISPOSAL 

METHODS AND THEIR EFFECTS 
John Mwangi Waweru 

& Nadia Butt



The Poisoned chalice in Healthcare: ‘Task Sharing & 
Task Shifting’ 

I have had the great and humbling honour of working in 
government innovating around safe mother and child 
health in pastoralist communities, raising millions of dollars 
from development partners for access to safe reproductive 
services to youth and women in peri-urban areas in Africa 
and building a onetime largest and first corporate chain of 
community pharmacies in Sub Sahara Africa and outside 
South Africa.

The catastrophe and disaster of drug misuse, drug 
abuse & inappropriate drug use

I would like to bring to the attention of PJK readers that we 
are witnessing a catastrophe and disaster of drug abuse 
and misuse that is leading to loss of lives and livelihoods of 
Kenyans and indeed Africans in great proportions. 

This catastrophe is inadvertently and actively perpetuated 
by:

1. Professionals who lease their licences to investors and 
donors without giving a care to the levels and practice 
standards of care being offered.

2. Professional societies in healthcare who have not taken 
up the role of benchmarking Best Practice Standards 
abroad, tropicalising and modelling them in the 
peculiar local set up. 

3. Governments and regulators allowing 
for aid/support in private & public 
health programs without ensuring 
that practice standards of highest 
level of care as promised by Kenya 
2010 Constitution, Article 43 (1) (a) 
are available. That structures or 
support needed to be given for 
upholding and promoting Best 
Practice, Public Interest and Profes-
sionalism in healthcare are enshrined 
in the donors & investors project 
designs.

4. Donors & Investors who in their quest 
to help are also conflicted at how to 
make their ‘forex’ count by making 
healthcare accessible but quickly get 
their return in a short time. They then 
are only left with the agenda of task sharing and 
shifting to reduce standards from Best Practice to 
accommodate ‘realities’ on the ground.

5. Public and payers of healthcare who now are getting 
sub-par quality of care than their counterparts in 
industrialised and developed countries are now left 
seeking healthcare that is price sensitive and getting 
short changed. Forgetting that they are guaranteed 

healthcare of the highest quality by Article 43 (1) (a) of 
the Kenya Constitution 2010. 

What is task sharing and what is its impact in this 
catastrophe?

Task sharing or shifting in our Kenyan set up, is when in the 
quest to increase access to essential services the project or 
investment funders seek to move services offered by higher 
cadres to lower cadres of healthcare workers either because 
the higher cadres are not available in good numbers or 
even accessible.

Monitoring medication use, medication reconciliation 
during admission and discharge of patients, collaborative & 
independent prescribing, pharmacokinetics and genomics 
among others are key to getting the right clinical, economic 
and quality of life outcomes from the indicated therapeutic 
options given to patients. These, due to task sharing & 
shifting are now not featuring in meeting the patients drug 
related needs as they are not only not being done by 
pharmacists when initially devolved to the technologists, 
but are now being done by non pharmaceutical 
professionals and leading to thousands of premature, 
accidental, undocumented and preventable deaths and 
morbidities. 

Figure 1: A sample of services offered at the Community 
pharmacy level by responsible Community pharmacists in 
developed countries. These pharmaceutical care services 
guarantee the healthcare system the best bet at getting the 
intended Clinical, Economical & Quality of Life outcomes & 
highest quality level of care to its citizens. These services are 
as captured in page 12 of the Pharmacy At A Glance 2015 
– 2017 report by the International Pharmaceutical 
Federation FiP.
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Figure 2: A sample of services offered at the Hospital 
pharmacy level by responsible hospital pharmacists in 
developed countries. These pharmaceutical care services 
guarantee the healthcare system the best bet getting the 
intended Clinical, Economical & Quality of Life outcomes & 
highest quality level of care to its citizens. These services are 
as captured in page 14 of the Pharmacy At A Glance 2015 - 
2017 report by the International Pharmaceutical Federation 
FiP.

The catastrophe and disaster of drugs misuse, drug abuse 
and inappropriate drug use as occasioned by this task 
sharing & shifting in pharmaceutical care is now 
manifesting through:

•	 High numbers of Kenyans living with drug related and 
induced mortalities and morbidities because their 4 
drug related needs are not being met i.e. they are not 
accessing the qualified cadre of pharmaceutical 
professionals who can guarantee them the i. Indicated 
ii. Effective and iii. Safe medication in a manner that 
ensures iv. Compliance.  

•	 Proliferation of unregistered healthcare premises and 
professionals (Quacks)

•	 Proliferation of counterfeits products (between 10% to 
40% in Africa),  

•	 High cases of drug abuse

•	 High cases of drug misuse 

•	 High cases of inappropriate drug use

•	 High Cases of Antibiotic resistance

•	 High and growing rate of unemployment of higher & 
mid level cadres of healthcare providers (right now we 
have over 1,500 medical officers, dental officers and 
pharmacists unemployed not to mention thousands of 

mid level care providers). The 
rate of unemployment within 
the  high level of care cadres is 
at the rate of 1,000 per year

Conclusion
It is time that all the 
stakeholders in healthcare sat 
down and started having bold 
discussions around the issue 
of task sharing and if it has a 
role in African and developing 
countries where technology 
and skills are available in 
plenty and only place where 
this is being practiced the 
world over.

I particularly have witnessed 
how a focus on Social Impact 
outcomes such as i. Clinical 
(are patients getting and 

staying better) ii. Economic (are patients consistently 
accessing quality and affordable healthcare that gets it 
right the first time) and iii. Quality of Life (are patients 
productively living with their ailments) has allowed for the 
Financial Return on investment (ROI) being met. However 
the magic number for a proper monetary ROI is an 
investment horizon of over 15 years.

Some will say, but no - we have seen others do it in a 
shorter time! The only way to achieve the ‘double your 
money’ return in a shorter time period is by selling the 
project or investment to an unsuspecting buyer -  whom 
you will have to inflate the outcomes and impact - further 
compounding the mess - now they will have to push for 
further lowering the standards thresholds to get a descent 
return on their investment. Let us break out of this negative 
cycle and do things right the first time.

Readers now need to engage in research and interventions 
that seek to shed more light into this matter and how Africa 
can get Universal Healthcare Coverage that is sustainable. 
No need in the next round of donor funding and 
investments in healthcare to take us lower, we can change 
that tide - we all deserve better! It is the right thing to do!

The Professional Societies in Healthcare as well as other 
stakeholders should also support the Government with 
reviewing and implementing the Ministry of Health Norms 
and Standards as well as crafting Best Practice & Expanded 
Care Packages, Standards and Guidelines to spur innovation 
and investment in the higher cadre healthcare workers 
segment, academia, access, practice & business models, 
public health programs and PPPs towards affording 
Kenyans and indeed the African citizens, Healthcare of 
highest quality that is effective, efficient and sustainable.

Dr. Louis Somoni Machogu is the Pharamaceutical Society 
of Kenya President
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Is the pharmacist doing enough about cancer?
The pharmacist has increased their scope over time, from 
the narrow dispensing role to a wide range of services 
aimed at promoting patient care. More recently, discussions 
have moved towards deeper involvement in managing 
non-communicable diseases such as heart disease and 
cancer. This presents the opportunity for the pharmacist to 
include activities such as cancer-screening in their practice. 
For decades pharmacists have been involved in conducting 
important tests such as blood sugar, blood pressure, as well 
as counselling patients on health matters. 

Patients often visit pharmacies for health information, 
making them an important first port of call. In addition, the 
pharmacist continues to play an important role in 
preventive medicine across different areas, including 
advising on identification of toxic chemicals in plastics, lead 
in paints found in household items and children toys, as 
well as acrylamide found in crispy baked foods. These roles 
are particularly important when one considers the 
increasing influx of plasticized items from China, whose 
disposal mechanisms are not fully elaborated. These may 
end up in ground water, or get burnt and create new 
hazards all together, predisposing communities to 
carcinogens. Community pharmacists can play a vital role in 
promoting public awareness on prevention and screening 
and educating the public on cancer prevention among 
vulnerable populations like those in the jua kali industry. 
They can carry out risk assessment within the pharmacy 
setting and refer where required. A comprehensive 
approach to cancer management within Kenya’s universal 
health care (UHC) plan provides opportunity for those who 
may be interested in cancer. 

In hospitals, oncology pharmacists provide evidence-based, 
patient-centered medication therapy management and 
direct patient care to cancer patients, including treatment 
assessment and monitoring for adverse drug reactions and 
interactions. The fight against cancer requires an 
all-inclusive approach that begins with clients having 
proper information on risk factors.

Sadly, the emphasis on purchasing costly radiation 
equipment across the health system downplays the 
importance of focusing effort towards prevention. This 
creates perverse profit-chasing incentives that seek to cash 
in on the increased numbers of cancer patients, putting 
professional ethics to test. A robust UHC plan should 
emphasize preventive and curative services in equal 
measure. The Pharmacist has knowledge of drugs as well as 
skills in engaging the public on cancer. Pharmacy training 
covers a wide range of areas, most of which remain 
underexploited by the pharmacist. As opportunities in the 
traditional practice fields reduce, specialization becomes 
the inevitable pathway. Pharmacists are expected to meet 
current and future demands through continuous 
professional development, which should catapult them in a 
certain trajectory.

Cancer research is a wide area with numerous 
opportunities. With the recent focus on the use of natural 
products in cancer treatment, pharmacists have the 
opportunity to exploit their knowledge and skills in 
medicinal chemistry, and drug discovery and development. 
Carcinogenic substances are not confined to laboratories or 
industries; they are increasingly finding their way into our 
kitchens and places of work. The pharmacist specialized in 
toxicology becomes an asset in the creation of a bank of 
toxicants associated with cancer within our context. 
Establishing a Material Safety Data directory that includes 
all our local foods and plants may help address unanswered 
questions on what could be contributing to the increased 
cancer incidences among rural populations, most of who 
consume fresh farm produce that is seen to carry lower risk. 

Obesity is a major risk for endometrial, esophageal, liver, 
kidney, pancreatic, breast and ovarian cancers. The 
increasing incidence of obesity is linked to lifestyle changes 
associated with urbanization and increased uptake of 
processed ‘junk food’. Convenience, access, and enhanced 
taste and affordability of fatty foods have contributed to 
parents making poorly informed decisions on nutrition for 
their children. This has resulted in increased incidences of 
diabetes, cardiovascular diseases and cancer. Obesity is 
associated with chronic low-level inflammation, which can, 
over time, cause DNA damage that leads to cancer. Adipose 
is similarly known to produce excess amounts of estrogen, 
high levels of which have been associated with increased 
risk of breast, endometrial and ovarian cancers.

According to the American Society of Clinical Oncology, 
more than 14 million people worldwide will learn they have 
cancer in 2018, putting it shoulder to shoulder with other 
global pandemics. With science moving from treating 
cancer patients based on tumor site to treating based on 
the tumor’s genetics, the pharmacists are challenged to 
explore the role of genetic therapy and develop it as an 
area of work. The world is changing fast and the dynamics 
surrounding our DNA appears to hold answers to many of 
our health problems. 

Natural products have a potential to help solve health 
problems, including cancer. Recent studies indicate that 
cannabinoids from cannabis sativa may have some value in 
cancer treatment as well as helping to regulate memory 
and pain, energy metabolism, heart function, the immune 
system and reproduction. Are we able to study these and 
other plant and animal products in our context? 
Opportunities for exploration and drug discovery present 
opportunity for the pharmacist. Pharmacy practice requires 
continuous infusion of new knowledge from pharmacists to 
strengthen the profession. The Pharmacist needs to identify 
emerging opportunities in order to increase their value in 
the fast changing world.

Michael Mungoma is a lecturer at Technical University of 
Mombasa. 
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Patterns of Ambulatory Anticoagulation Practices in 
a County Hospital in Nairobi

Abstract
Background: Anticoagulation services are substantially 
underutilized in Kenya, especially in the absence of local 
clinical guidelines, resulting in avoidable fatal and disabling 
complications such as bleeding and thromboembolic 
disorders.

Study Objectives: To describe the patterns of ambulatory 
anticoagulation services and determine factors impacting on 
its practice at Mbagathi District Hospital, Nairobi County.

Study design and Setting: Cross-sectional study at 
Mbagathi District Hospital, medical outpatient clinic. 

Participants and Methods: Eighteen consenting prescribers 
to anticoagulants were interviewed using universal 
sampling. Information on their sociodemographics, 
prescribing habits of anticoagulants, utilization of anticoagu-
lation guidelines in prescribing and factors impacting on the 
uptake of anticoagulation were assessed. 

Data Analysis: Database was created into Microsoft Access 
version 2013 and exported to IBM Statistical Package for 
Social Sciences version 21.0 for analysis. Continuous 
variables were further analyzed using measures of central 
tendencies. Student-t-test and Pearson’s chi square were 
used to draw associations and inferences. Confidence 
interval was set at 95% with p-values ≤0.05  being 
statistically significant.  

Results and Discussion: The prescribers were aged 
30.1(±7.4), ranging 22-48 years. The male to female ratio was 
approximately 1:1. Two-thirds of the prescribers were 
registered clinical officers and almost three-quarters (72.2%) 
had practiced for less than four years. The principal 
prescribing for anticoagulant therapy was deep vein 
thrombosis (55.9%) and prevention of thrombosis after heart 
valve surgery (39.2%). Initial prescribed warfarin doses were 
inconsistent with guidelines (p=0.01). Prescribers were 
unaware of the availability of various strengths of warfarin 
tablets. Additionally, there were inconsistencies in the 
management of patients presenting with under or over 
anticoagulation. There was lack of multidisciplinary team 
approach in anticoagulation services as over 70% were 
either nurses, clinical officers or medical officers but few 
pharmacists. Uptake of anticoagulation services could be 
increased by participation of pharmacists as well as hospital 

management support in formulation of local guidelines and 
provision of equipment for testing the level of anticoagula-
tion.

Conclusions and Recommendations: Ambulatory antico-
agulation clinic services in the hospital are poor because 
there is underutilization of international guideline coupled 
with lack of local clinical guidelines and inadequate hospital 
support. In addition, multidisciplinary team approach is 
recommended for improvement of anticoagulation services.

Keywords: Anticoagulation, Anticoagulation prescribing 
practices, Warfarin, County Hospital.

Introduction
Vitamin K antagonists (VKA), especially warfarin, are the 
most widely prescribed oral anticoagulants all over the 
world[1] because they have shown to be effective in 
preventing the development of thromboembolic 
disorders[2]. Owing to the narrow therapeutic index and the 
propensity to interact with many drugs and foods(3), their 
anticoagulation response needs to be monitored frequently 
by determination of international normalized ratios (INRs) to 
optimize therapy[1,4]. For most of the patients requiring 
anticoagulation, an INR of 2-3 is acceptable although for 
some conditions such as prevention of thromboembolism 
due to mechanical heart valves, the optimal INR  has been 
suggested as 2.5-3.5 in many settings[5].

The initial doses of warfarin has been suggested at 10mg per 
day[6]. Further titration of the maintenance doses of warfarin 
is dependent on the level of INR whereby low levels are 
indicative of increasing daily dose of warfarin and vice versa. 
High levels of INR are indicative of likelihood of bleeding, 
which is the main adverse effect of warfarin[7]. The risk of 
bleeding is also dependent on the level of INR and this may 
warrant either temporary discontinuation of the drug or 
provision of the antidote such as vitamin K, fresh frozen 
plasma or cryoprecipitate(8). Thus in order to optimize the 
therapeutic effect without risking dangerous side effects 
such as bleeding, close monitoring of the degree of antico-
agulation is required[3]. 

In the management of out-of- range INRs, the multidisci-
plinary team approach as well as patient involvement have 
been shown to improve the practice(9). Furthermore, several 
studies have indicated the role of team approach, especially 
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the involvement of pharmacists, in the management of 
patients requiring anticoagulation[10,11]. In addition, the 
practice of anticoagulation requires the utilization of 
guidelines because lack of local guidelines may hinder 
translation of knowledge into practice[12]. Furthermore, 
appropriate utilization of clinical guidelines improves the 
process and outcomes of anticoagulation[13]. 

This study sought to find out the practice of ambulatory anti-
coagulation practices in the Mbagathi District Hospital in 
relationship to the established international guidelines. It 
also sought to find out factors which impacted on the 
uptake of anticoagulation.

Methods
Study Design and Setting

This was a cross-sectional study conducted among the 
prescribers for the anticoagulants at Mbagathi District 
Hospital (MDH), medical outpatient clinic. MDH is a 
government of Kenya sponsored county facility with a wide 
catchment of patients owing to its accessible location from 
the Nairobi City. MDH is a non-referral Nairobi County health 
facility and therefore, acts as a primary health care provider 
for most of the medical and surgical cases including patients 
requiring anticoagulation therapy.  Patients requiring 
initiation of anticoagulation are usually seen at the medical 
outpatient clinic from where some are referred to the tertiary 
hospitals such as Kenyatta National Hospital. There were 
eighteen prescribers available at the medical outpatient 
clinic during the study period. Therefore, universal sampling 
was used to interview them in order to assess anticoagula-
tion practice patterns and the factors that impacted on their 
prescribing of anticoagulants.

Study Methods

Similar studies[14] have suggested that where populations 
are large, researcher can take a sample of 30-40% of the total 
population to get meaningful results. However, our study 
population was small and therefore Universal sampling was 
employed whereby all the eighteen available prescribers 
were interviewed.

A preformed, semi-structured data collection tool with open 
and closed ended questions was used to collect the data 
from prescribers of anticoagulants. The prescriber was 
eligible to participate in the study as long as he/she worked 
in the medical outpatient clinic where the study was carried 
out. Recruitment and consenting of the prescribers was 
done by the principal researcher.

Information on the prescribers’ demographics including the 
years of experience in the practice as well as highest 
academic achievement was collected. Prescribers of warfarin 
were also interviewed about thromboembolic clinical 
conditions they receive, the initial and maintenance doses of 
warfarin they prescribe, therapeutic monitoring activities 
and guidelines they use in managing patients. To assess on 
the factors impacting on anticoagulation practice, 
prescribers’ knowledge on the availability of various 
strengths of warfarin formulation in the market and the 

availability and level of utilization of clinical guidelines were 
assessed. Prescribers were also requested to provide 
information on the level of participation of other health care 
providers as well as the hospital management in the 
provision of anticoagulation services. Prescribers were also 
encouraged to suggest methods which could improve the 
uptake of anticoagulation.

Ethical Considerations

The study approval was obtained from Kenyatta National 
Hospital/University of Nairobi Ethics and Research 
committee (KNH/UoN-ERC) and an approval letter with study 
reference number P236/5/2013 was given. Serialized data 
collection tools, without participants’ identifiers, were used. 
All the information acquired was treated with strictest 
confidence without sharing with the third party. The filled 
study forms were filed and locked securely where only the 
researcher had access. The data obtained was keyed into 
computer Microsoft Access 2013 to create database which 
was password protected. There was no direct link between 
the participants’ information and the database because only 
codes were used. 

Data Quality Control

Prescribers who gave signed informed consent were 
recruited into the study. Each study tool was allocated a 
unique alphanumeric serial number to avoid confusion and 
duplication of the data. When data collection was 
completed, it was entered into computer database and 
cleaned-up for any errors by checking the data entered into 
the computer database against data in the collection tool. 
Any errors identified during data clean-up were rectified 
before analysis. 

Data Entry and Statistical Analysis

The data captured into the Microsoft Access version 2013 
was exported to IBM Statistical package for social sciences 
(SPSS) version 21 for analysis. Exploratory data analysis was 
carried out to describe the prescribers’ socio-demographic 
characteristics. Descriptive statistics were done for 
categorical variables such as gender, education level, and 
prescribers’ information on warfarin indications. For 
continuous variables such as participants’ age, measures of 
central tendency including mean, standard deviations, 
median, and ranges were used. 

To assess the clinicians’ prescribing in relationship with the 
guidelines, student-t-test was used to determine statistical 
significance between the prescribers’ initial warfarin doses 
and the internationally recommended doses. The data were 
presented in figures and tables for important variables. 
Bivariate analysis was done to determine associations 
between predictor and outcome variables. Chi-squared tests 
were adopted to determine the association of predictor 
variables with nominal factors and to characterize 
association of the outcome variables with continuous 
variables. Statistical significance was set at 95% confidence 
limit and values with p ≤0.05 were termed statistically 
significant.
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Results 
We analyzed data from a total of eighteen prescribers of 
anticoagulants who responded to the questionnaire. Table 1 
below is a summary of their sociodemographic characteris-
tics.

Table 1. Socio-demographic characteristics of the 
prescribers of anticoagulants (N=18) 

Variable                                                                  n(%)

Gender Male
Female
Not indicated

8(44.4)
9(50.0)
1(5.6)

Highest Qualifications RCO
MO
Unspecified

12(66.7)
5(27.8)
1(5.6)

Years of Practicing 
Experience

1-3 years
4-6

13(72.2)
5(27.8)

Age (years) Mean
Median

30.1(SD 7.4)
28.0(Range 22-48)

Key: MO-Medical Officer; RCO-Registered Clinical Officer; 
SD-Standard Deviation

The mean and median age of the prescribers were 30.1(±7.4) 
and 28 years (range 22-48) respectively.  The male to female 
ratio was approximately 1:1. Two-thirds of the prescribers 
were registered clinical officers. Thirteen (72.2%) of the 
prescribers had practiced for less than four years (Table 1).

Indications of Warfarin Anticoagulation

Our study sought to find out the clinical indications for 
warfarin anticoagulation in MDH as reported by the 
prescribers. Figure 1 below shows how the prescribers 
ranked the indications of warfarin anticoagulation among 
their patients.

Figure 1. Prescribers Ranking on Indications of Warfarin 
Anticoagulation.

Major surgeries included: valve repair, valve replacement, 
total hip replacement or knee replacement.

Prescribers reported that the major indication of warfarin 
therapy was management and prevention of DVT (86.7%) 
followed by prevention of thrombosis after transient 
ischemic attacks due to ischaemia (33.3%). Approximately, a 
quarter of the indications (23.1%) were prevention of 

thrombotic complications after major surgeries such as heart 
valve repair, valve replacement, total hip or knee 
replacement. Prevention of thrombosis due to atrial 
fibrillation and pulmonary embolism were encountered in 
almost similar proportions. Prescribing of warfarin to prevent 
thrombosis due to rheumatic heart disease was less 
common (Figure 1).

Details of Warfarin Use in Mbagathi District Hospital

To further describe the anticoagulation practice, we sought 
to find out the details on warfarin use pertaining to initial 
prescribed and maintenance doses. In addition, we explored 
to find out whether prescribers were aware of various 
strengths of warfarin tablets in the market, which would aid 
in the titration of the doses.  Information on the duration of 
overlap of heparin and warfarin co-administration was also 
evaluated.

Table 2. Details of Warfarin use for Ambulatory Anticoagula-
tion in MDH (N=18)

Variable n %

Initial prescribed daily doses of 
warfarin (mg)

<10mg
10mg
>10mg

5
12
1

27.8
66.7
5.6

Average daily maintenance 
dose of warfarin (mg)

1-5
6-10

12
6

66.7
33.3

Awareness of the strength in 
which warfarin is  available 

0.5mg
1mg
3mg
5mg
10mg

2
2
0
13
1

11.1
11.1
0.0
72.2
5.6

Duration of Overlap of Warfarin 
and Heparin in Anticoagulation

1-2 days
3-4 days

9
9

50.0
50.0

Two-thirds of the clinicians initiated warfarin anticoagula-
tion at 10mg and prescribed maintenance doses of 1-5mg 
once daily. Thirteen (72.2%) prescribers indicated that 
warfarin is only available as 5mg tablets. Two (11.1 %) were 
aware that there were 1mg warfarin tablets.  None of the 
prescribers was aware that there is a 3mg warfarin tablet in 
the market (Table 2).

Bivariate Analysis on Factors Associated with 
Awareness of the available strengths of warfarin 

We explored the data to find out the relationship between 
socio-demographic characteristics and the awareness of 
availability of various strengths of warfarin as shown in 
Table 3 below.

Table 3. Relationship between awareness of the available 
strengths of warfarin and demographics of prescribers  

Variable Aware of Warfarin 
1mg

Aware of Warfarin 
5mg

Gender
Male
Female
P Value

Aware
n       %
1    12.5
1    11.1  

Not aware
n         %
7       87.5
8       88.9
0.929

Aware
n      %
6   75.0
6   66.7

Not aware
n        %
2      25.0
3      33.3
0.707

Academic 
Qualifications

RCOs
MOs
Other
P value

1    8.3
1    20.0
0    0.0

11      91.7
4        80.0
1       100.0
0.734

9      75.0
3     60.0
1   100.0

3      25.0
2      40.0
0      0.0
0.669
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Years of 
experience

1-3 years
4-6 years
P value

0    0.0
2    40.0

13     100.0
3        60.0
0.016

10   76.9
3      60.0

3       23.1
2       40.0
0.473

Key: RCO-Registered Clinical Officers; MOs-Medical Officers

Unlike for the 5mg tablets, awareness on the availability of 
1mg tablets was influenced by years of prescribing 
experience (p=0.016). However, gender and academic 
qualifications did not impact on the awareness of availability 
of the various strengths of warfarin (Table 3).

Management of ADRs and INR Monitoring

Description of the practice was done on the management of 
warfarin related bleeding, monitoring of response, frequency 
of monitoring and actions taken when a patient presented 
with out-of-range INR values as summarized in the Figure 2, 
Tables 4, 5 and 6 below. 

Figure 2. Management of Warfarin-Related Bleeding, by 
Prescribers

Key: INR-International Normalized Ratio

Slightly more than half of the prescribers (55.6%) managed 
warfarin related bleeding by administration of vitamin K 
injection. Approximately forty percent would stop warfarin 
administration when patient presented with warfarin 
related bleeding while (11.1%) would monitor INR in 
patients.

Table 4: Actions taken by prescribers when patients 
presented with out-of-range INRs

Variable n %

Initial prescribed daily doses of 
warfarin (mg)

<10mg

   10mg

>10mg

5

12

1

27.8

66.7

5.6

Average daily maintenance dose of 
warfarin (mg)

1-5

6-10

12
6

66.7
33.3

Awareness of the strength in which 
warfarin is  available

0.5mg
1mg
3mg
5mg
10mg

2
2
0
13
1

11.1
11.1
0.0
72.2
5.6

Duration of Overlap of Warfarin and 
Heparin in Anticoagulation

1-2 days
3-4 days

9
9

50.0
50.0

Majority of the prescribers (38.9 %) would give heparin to a 
patient presenting with a single sub-therapeutic INR <0.5. A 
similar proportion would add a dose of warfarin in patients 
presenting same way. For patients presenting with elevated 
INR, 61.1 % would stop warfarin and 16.7% would give 
vitamin K (Table 4).

Use of Guidelines for Ambulatory Anticoagulation in 
MDH

We also explored the availability and utilization of 
guidelines by the prescribers as a factor which may impact 
on the ambulatory anticoagulation practice. Other factors 
impacting on the practice such as decision conflict in 
prescribing, participation by other health care providers 
and the support by the hospital management were also 
explored. Below are the results of analysis.

Table 5. Relationship between awareness of the available 
strengths of warfarin and demographics of prescribers

Variable n %

Standards for anticoagulation available and accessible <4 22.2

Standards for anticoagulation not available 14 77.8

Reasons for non-availability 
of guidelines

No local guidelines
Few

9
5

64.3
35.7

Table 5 above shows that guidelines are unavailable to over 
75% of the prescribers, with majority (64.3 %) stating that 
there are no local practice guidelines for anticoagulation.

Table 6. Prescribers practice in relationship to the 
established international guidelines

Practice n (%) of prescribers Guideline 
recom-
menda-
tions

P-value

Initial prescribed 
doses of warfarin <10mg              5(27.8)

>10mg              12(66.7)
10mg                 1(5.6)

10mg OD 0.010

Overlap period of 
warfarin with 
heparin

1-2days           9 (50.0)
3-4days           9(50.0)
5-10days        0(0.0)

1-2 days >0.05

Frequency of 
monitoring of 
patients with stable 
INR  

                          

0-4weeks                15(93.7)
5-11 weeks             1(6.3)
12weeks & above 0(0.0)

Every 12 
weeks

>0.05
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Management of single out of range INR (<0.5)
                               Bridge with heparin
Continue the same dose of warfarin       7(38.9%)
                      Add the dose of warfarin      1(5.6%)
                                                           Other      7(38.9%) 
                                                                             1(5.6%)

Continue with same 
dose of warfarin and 
retest in 1-2 weeks

Management of Very High INR
                                         Give Vitamin K       3(16.7%)
                                           Stop Warfarin       
11(61.1%)
                                                           Other       2(11.1%)

Give Vitamin K

Key: OD-Once Daily; INR-International Normalized Ratio

Only 66.7 % of the prescribers started initiated ambulatory 
anticoagulation patients at daily warfarin dose of 10mg 
(p=0.01).

Table 7. Prescribers’ Perception of Pharmacists and nurses’ 
participation in anticoagulation services

Variable n % Perceived Roles of the Profes-
sionals Participating

Participation by 
pharmacists in the 
anticoagulation services

 6 33.3% •	Educating	the	staff	on	
anticoagulant, 3 (50.0%)
•	Confirming	the	drug	doses,	
2 (33%)
•	Dispensing	the	
anticoagulant, 2 (33.3%)
•	Prescribing	the	
anticoagulant, 1 (16.7%)
•	Procuring	the	drug,	1	
(16.7%)

Pharmacists helpful if 
they participated? (Yes)

6 50.0% •	Educating	healthcare	
providers on anticoagulants, 
3 (33.3%)
•	Deciding	doses,	2	(22.2%)
•	Managing	anticoagulant	
toxicities, 2 (22.2%)
•	Formulation	of	guidelines,	1	
(11.1%)
•	Ensuring	quality	
anticoagulants, 1 (11.1%)
•	Patient	counseling,	1	
(11.1%)

Participation by  nurses 
in the anticoagulation 
services

14 77.8% •	Administration	of	
medicines, 10 (71.4%)
•	Monitoring	patients,	5	
(35.7%)
•	Observing	the	charts,	1	
(7.1%)
•	Patient	education,	1	(7.1%)

A third of the prescribers said that pharmacists participated 
in anticoagulation services and their main roles were 
educating health care providers on anticoagulant therapy 
(50.0%). However, half of the prescribers said that 
pharmacists do not participate in the anticoagulation 
services but if they did, the services would be improved 
because they would be educating the healthcare providers 
on anticoagulants (33.3 %) as well as titrating warfarin doses 
(22.2 %) and managing toxicities (22.2%). 

Over three quarters of the prescribers agreed that nurses 
participated in the practice by principally administering the 
drug (71.4 %) (Table 6).

Figure 3 below summarizes the proportion of prescribers 
and the identified factors which could hinder the practice of 
anticoagulation in the hospital.

Figure 3. Factors affecting translation of knowledge into 
practice

The major factors identified by the prescribers as affecting 
the practice of anticoagulation were lack of hospital support 
(83.3 %), followed by unavailability of guidelines (77.8%), 
inadequate knowledge on availability of various strengths of 
warfarin tablets (55.6 %), decision conflict in prescribing 
warfarin (55.6 %) and lack of participation by pharmacists 
(50.0 %) (Figure 3).

Factors Which May Increase the Uptake of Anticoagula-
tion

Prescribers were requested to suggest ways in which the 
hospital may improve the anticoagulation practice. Figure 4 
below is a summary of the findings.

Figure 4. Methods in which the hospital management may 
support anticoagulation services.

As seen in Figure 4 above, the most commonly suggested 
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method for improving the anticoagulation practice was by 
generating the guidelines (38.9 %), followed by providing 
medicines and reagents (22.2 %), and conducting on site INR 
testing (16.7 %).

Discussion
The findings from MDH revealed that most of the anticoagu-
lation prescribers were registered clinical officers with less 
than four years’ experience, and who mainly dealt with deep 
venous thrombosis and heart related diseases as found in 
other local healthcare settings, including Kenyatta National 
Hospital[9,15] and Moi Teaching and Referral Hospital[11]. 
There was no anticoagulation specialist at the facility at the 
time of the study as the highest ranking prescriber was a 
medical officer. These findings are not unusual in the setting 
of a county or a district hospital in a low resource country 
like Kenya.

The available international anticoagulation guidelines 
recommends initiating warfarin treatment at 10mg per day 
[6,16] while the daily maintenance dose varies depending on 
patient clinical status[8] though our clinicians gave a 
maintenance dose of 1-5mg. Local studies have revealed a 
mean daily maintenance dose of approximately 7.0±2.67 
mg[5]. This was slightly higher than other countries, 
especially among the Chinese population whose warfarin 
requirement was 3.3 ± 1.4 mg per day[17]. It was expected 
that all prescribers would be aware of the recommended 
initial doses of warfarin according to guidelines. However, 
only 66.7 % of the prescribers were aware of the right 
starting dose of warfarin (p=0.010). The plausible 
explanation would have been that lack of local customized 
anticoagulation guidelines as cited by over three-quarters 
(77.8%) of the prescribers was the contributing factor to the 
poor practice. Studies have shown that unavailability of local 
guidelines may hinder the translation of knowledge into 
practice[13].

Warfarin is available in the Kenyan Market as 1mg, 3mg, 5mg 
and 10mg(18) although majority of the prescribers were 
unaware of the 1mg, 3mg and 10mg tablets. Over 70% of the 
prescribers were aware of the availability of the 5mg tablets 
probably because this is the most commonly available 
strength. Awareness of the availability of 1mg was low and 
was associated with the prescriber’s number of years of 
experience (p=0.016). This suggested that the more 
experienced the prescriber, the higher the chances of 
awareness of the 1mg tablets, perhaps due to wider 
exposure. However, there was no statistically significant 
association between the awareness of the availability of 
various strengths of warfarin tablets in the local market and 
the prescribers’ gender and academic qualifications. 
Probably, awareness of the 1mg and 3mg tablets was low 
because they were less marketed. The low rates of awareness 
of the availability of various strengths of warfarin tablets 
could impact on anticoagulation practice because of 
challenges in maintenance dose titrations, which is currently 
done by trial-and-error method based on the reported 
INR[19].

Slightly over three-quarters of the prescribers used 

INR-method of monitoring warfarin response and titrating 
doses. This is commendable as this is what is accepted 
universally[19]. Additionally, since INR was introduced in 
Kenya in the early 1990s, the country has not devised any 
new methods. Genotype-guided dosing, though suggested 
in other studies[20] was not available owing to its prohibitive 
cost in a low resource setting. However, due to warfarin’s 
narrow therapeutic index and significant genetic 
contribution to its response[21], genotyping guided 
monitoring may be useful for individualization of the dose in 
the future[22,23].

The frequency of INR monitoring for a patient with stable INR 
varied across the prescribers, with majority indicating weekly 
testing, which is in contrast with the established 
international guidelines which recommend testing every 
twelve weeks[6]. Additionally, over 90% of the prescribers 
did not know the management strategies for sub 
-therapeutic single INR (<0.5) as majority would either bridge 
with heparin or add a dose of warfarin instead of 
maintaining the same dose and retesting in 1-2 weeks as 
recommended in the international guidelines[16]. 
Non-adherence with international guidelines was noted in 
the management of very high INRs where it is recommended 
that patients should receive vitamin K. However, less than 
20% of the prescribers adhered to that. Probably 
non-adherence in management of out-of-range INRs may 
have been attributed to lack of local anticoagulation 
protocols as cited by almost 80% of the prescribers. The poor 
practice could have an effect on anticoagulation services 
because appropriate utilization of clinical guidelines 
improves the process and outcomes of anticoagulation. In 
addition, it has been shown that lack of local guidelines may 
hinder translation of knowledge into practice[13].

Management of warfarin related bleeding in ambulatory 
patients was mainly through discontinuation of the drug, 
administration of vitamin K and monitoring of the INR. This 
suggests that majority of the prescribers were aware that 
vitamin K was the specific antidote of excess anticoagulation 
using warfarin[24]. Although this is one of the suggestions of 
excess anticoagulation management in the guidelines(6), 
prescribers were not familiar with use of other recommenda-
tions such as use of fresh frozen plasma, prothrombin 
complex concentrate and in severe cases, blood 
transfusion[25]. In contrast to the guidelines, a small 
proportion of the prescribers indicated that they would use 
tranexamic acid for management of bleeding associated 
with warfarin. 

Studies have revealed that optimal management of antico-
agulation requires a multidisciplinary team approach 
involving physicians, nurses and pharmacists which has 
proved beneficial in the perspectives of quality and cost [26]. 
Despite this, our study revealed that pharmacists and nurses 
were not adequately participating in anticoagulation. 
Compared to the high participation by nurses (77.8%), 
pharmacists performed poorly as only one-third of the 
prescribers pointed out that they were participating. The 
reasons for the low participation were unclear despite the 
fact that their roles on educating the healthcare providers on 
anticoagulant, confirming the drug doses and even leading 
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anticoagulation clinics in other settings have been 
documented[4,27]. In addition, studies have revealed that 
there has been a paradigm shift in the management of 
thromboembolism and pharmacists have been leading 
anticoagulation clinics[26]. Furthermore, studies have 
revealed that pharmacists’ who managed anticoagulation 
services have had better patients outcomes[4,25–28] and 
even patients’ and physicians’ satisfaction[28].

The major factors identified by the prescribers as affecting 
the practice of anticoagulation included lack of hospital 
support, followed by unavailability of guidelines, inadequate 
knowledge on availability of different strengths of warfarin 
tablets and lack of participation by pharmacists. In addition, 
we found that most of the patients requiring anticoagulation 
were referred to other facilities for INR testing. Prescribers 
suggested that, the hospital could improve the uptake of 
anticoagulation by mainly generating local guidelines on 
anticoagulation, training other health care workers on 
anticoagulation and providing the necessary equipment for 
carrying out INR tests at the facility.

The main limitation of the study was that it involved face to 
face interviews with prescribers, some who declined to 
participate due to unknown reasons. Secondly, as common 
with cross-sectional studies that involve interviews, 
participants could have under reported or over reported 
their experiences. Finally, we did not get a chance to 
interview the consultant physicians because they were not 
available at the time of study.

Conclusion and Recommendations
The anticoagulation clinic in MDH was mainly run by medical 
officers, clinical officers and nurses, with very few 
pharmacists. Although the practice was for the management 
of similar conditions as seen in other hospital settings, there 
were deviations from the established international 
guidelines in terms of the initial prescribed warfarin doses, 
management of out-of-range INRs and reversal of excess 
anticoagulation. 

Unavailability of local guidelines, lack of hospital 
management support in the provision of materials for onsite 
INR testing, inadequacies in awareness by prescribers on 
availability of various strengths of warfarin tablets, and lack 
of multidisciplinary team approach in the management of 
anticoagulation were the major impediments for low uptake 
of anticoagulation services in the hospital.

In order to improve the practice and increase the uptake of 
ambulatory anticoagulation services, hospital management 
should endeavor to support the practice through 
formulation of local guidelines, sensitization of practitioners 
on practice and provision of anticoagulation materials.

Future studies should correlate hospital contextual factors 
impacting on oral anticoagulation services with the level of 
anticoagulation control among the patients.
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Abstract
The quality of pharmaceutical products is of utmost 
importance in the management of various life-threatening 
conditions. A retrospective study of physical quality defects 
in pharmaceuticals at Kenyatta National Hospital was 
carried out for the period January 2015 to December 2016. 
The aim of the study was to investigate the different types 
of physical quality defects encountered in pharmaceutical 
products. A total of 58 defects in 44 products were 
reported. Organoleptic changes, physicochemical changes 
of solids and physical package problems were the most 
frequently encountered defects (32%, 28% and 21% 
respectively). Oral dosage forms (39%) and parenteral 
preparations (36%) were the most common dosage forms 
with defects reported. Most (79%) defects occurred in less 
than a year after manufacture, suggesting inadequate 
preformulation studies. Imported products had the most 
(80%) defects. Majority (56%) of defects were reported by 
pharmacists. Apart from pessaries that required 
refrigeration (4-8°C), all other products with defects were 
stored at room temperature (20-25°C), as per the 
manufacturer’s recommendations. The classification system 
used by the researchers to study quality defects was clear 
and consistent. Methods should be created to sensitize 
health care providers as well as patients on how to detect 
and report physical defects in pharmaceutical products. 

Key words: Pharmaceutical product physical quality defect, 
pharmacovigilance, Kenyatta National Hospital

Introduction
Study Site and Study Design

The research was carried out at Kenyatta National Hospital 
(K.N.H). This was a retrospective study conducted by 
collecting data on poor quality pharmaceutical products 
from the reporting logs for the period January 2015 to 
December 2016. 

Data Collection Method

The data was collected from the pharmacovigilance records 
of poor quality pharmaceutical products encountered 
during the study period. The data collection tool was 
designed to capture the following information: the product 
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formulation, the name of active pharmaceutical ingredient, 
the country of origin, the defect reported, the storage 
conditions, and the cadre of the personnel who reported 
most deviations.  

All reports encountered during the study period were 
included. Hence, no criterion was selected for sampling to 
avoid any conflict of interest and selection bias. 

Data Handling and Analysis

The data collected was entered into Microsoft Excel 2010 
Software for further data handling and analysis. The data is 
presented in form of tables and graphs. The frequency and 
percentage frequency of physical quality defects of various 
pharmaceutical products has been calculated and 
presented in the form of tables and graphs.

Ethical Approval

Ethical approval for the study was sought from the Kenyatta 
National Hospital – University of Nairobi Ethics and 
Research Committee (Reference Number: KNH-ERC/UA/378; 
UP882/11/2016).

Results And Discussion

Over the two year study period, a total of 44 
pharmaceutical products were reported to have physical 
quality defects; a number that may not truly reflect the 
situation on the ground. Major limitations of the 
spontaneous reporting system studied include under-
reporting, whereby it is assumed that only severe quality 
deviations should be reported and diffidence where 
reporters fear appearing ridiculous for reporting merely a 
suspected quality deviation. Furthermore, reporters may be 
lethargic, as they lack interest or time, doubt the impact of 
their contribution to medical knowledge and have a false 
belief that only safe pharmaceutical products are allowed 
on the market [3].

Table 1. Physical quality defects in pharmaceuticals 
reported at Kenyatta National Hospital from January 2015 
to December 2016. 

(Table Next Page)
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Year Product For-
mulation

Active Pharmaceutical Ingre-
dient

Period from date 
of manufacture 
to date of  defect 
occurrence (in 
months) 

iShelf 
life (in 
months)

Physical Quality Defect / Deviation Country of 
Origin

2015 Oral Capsules Ferrous / Folic Acid 13 23 Mottling 
Capsule fissure allowing contents to 
spill out

India

Oral Capsules Ferrous fumarate, 
Cyanocobalamin, Folic acid, 
Ascorbic acid, Pyridoxine HCl, 
Zinc Sulphate Monohydrate

16 23 Perforation allowing contents to spill 
out
Dirt
Presence of mould

India

Oral Tablet Cetrizine Dihydrochlorider 9 35 Mottling India

Oral Tablet Cetrizine Dihydrochloride 7 35 Mottling India

Oral Tablet Sodium Valproate 23 35 Powdering / Crumbling
Roughness

India

Oral Suspension Multivitamins 7 24 Leakage suggestive of poor sealing United Arab 
Emirates

Pessary Dinoprostone (Progesterone E2) Lack of dissolution Pakistan

Injection Bupivacaine 15 23 Added substance (methylparaben) not 
compatible with route of drug 
administration

India

Injection Cyclophosphamide 7 23  Lower volume
Turbidity
Color change

India

Injection Cyclophosphamide 11 23 Color change
Turbidity 

India

Injection Fluorouracil 4 23 Glass ampoule breakage on storage India

Injection Glucose Solution 4 59 Leakage India

Injection Metochlorpromide HCl 11 24 Ampoule difficult to break Pakistan

Injection Ranitidine HCl 18 25 Color change
Ampoule difficult to break

India

Injection Total Parenteral Nutrient 
Admixture

13 17 Burst during mixing due to weak edges India

Injection Vancomycin HCl 13 23 Color change India

Injection Vancomycin HCl <1 23 Color change India

Infusion Glucose, Amino Acids, I.V Fat 
Emulsion with Medium and 
Long chain Triglycerides

5 Presence of mould India

Powder for 
Reconstitution 
of Injection

Doxorubicin HCl 10 23 Caking India

Powder for 
Reconstitution 
of Injection

Doxorubicin HCl 7 23 Caking India

Powder for 
Reconstitution 
of Injection 

Vancomycin HCl 10 23 Color change India

Powder for 
Reconstitution 
of Injection

Vancomycin HCl 9 23 Color change India

Powder for 
Reconstitution 
of Injection

Zoledronic Acid 8 23 Caking India

2016 Oral Capsule Pregabalin 6 24 Capsule fissure allowing contents to 
spill out

India

Oral Capsule Tramadol 10 35 Missing tablets India

Oral Tablet Cotrimoxazole 3 35 Missing tablets Kenya

Oral Tablet Folic Acid 6 35 Missing tablets Kenya

Oral Tablet Ibuprofen 10 47 Tablet shape Deformation Kenya
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Oral Tablet Metronidazole 22 59 Package defect
Powdering / Crumbling

Kenya

Oral Tablet Paracetamol 5 59 Chipping Kenya

Oral Tablet Paracetamol 3 35 Powdering / Crumbling Kenya

Oral Tablet Prednisolone 10 47 Missing tablets 
Powdering / Crumbling

Kenya

Oral Tablet Prednisolone 7 47 Missing tablets Kenya

Oral Solution Morphine 1 3 Faulty bottle seal
Leakage

Kenya

Pessary Prostaglandin E2 6 24 Failure of dissolution Pakistan

Injection Dexamethasone 6 35 Loose package that crumbles easily 
leading to breakage of glass ampoules

China

Injection Paracetamol 12 23 Undissolved particles India

Injection Phytomenadione 8 36 The package is for a 10mg dose 
ampoule but one 2mg dose ampoule 
was packed

France

Injection Ranitidine HCl 7 24 Color change 
Turbidity

United Arab 
Emirates

Injection Recombinant Granulocyte 
Colony Stimulating Factor

5 24 Faulty syringe India

Powder for 
Reconstitution 
of Injection

Cyclophosphamide 10 Turbidity India

Powder for 
Reconstitution 
of Injection

Vancomycin HCl 8 23 Color change
Caking

India

Powder for 
Reconstitution 
of Injection

Vancomycin HCl 22 23 Color change India

External 
Solution

Chlorhexidine Soap dries the hands and forms a 
precipitate

South Africa

Therapeutic Classification of Drugs with 
Physical Defects
The pharmaceutical products with reported physical quality 
defects belonged to one of thirteen drug classes namely: 
hematinics, multivitamins, antihistamines, prostaglandins, 
local anesthetics, anticancers, intravenous fluids, 
antiemetics, anticonvulsants, analgesics, antibiotics, 
corticosteroids and antiseptics. Figure 1 presents the 
proportion of defects in each drug class.

Figure 1. Proportion of physical quality defects in each 
drug class

Anticancers had the most (31%) reported physical quality 
defects. Analgesics and antihistamines accounted for 14% 

and 9% of reported defects respectively. Antiseptics, local 
anesthetics, antiemetics and anticonvulsants were reported 
only once during the study period, each contributing only 
2% to the final percentage.

Classification of Defective Pharmaceuticals According 
to Dosage Form

Figure 2 shows the classification of defective pharmaceuti-
cals according to pharmaceutical dosage forms. 

Figure 2. Classification of defective pharmaceuticals 
reported at Kenyatta National Hospital according to dosage 
form)

Vol. 23,  No 3 / Pharmaceutical Journal of Kenya / 2018



86

Oral dosage forms (39%), parenteral liquids (36%) and 
parenteral powders (18%) contributed the largest number of 
dosage forms with quality defects. Oral dosage forms are the 
most frequently used dosage form, due to cost, availability 
and patient convenience, a factor that may impact high 
number of defects reported. Parenteral preparations, both 
liquids and powders for reconstitution, should be sterile and 
pyrogen free as these dosage forms are directly administered 
into the body bypassing defense membranes.

Frequency of Different Types of Physical Defects

Table 2 presents the notification frequency of the types of 
pharmaceutical physical quality defects during the study 
period. 

Table 2. Frequency of physical quality defects of 
pharmaceutical products encountered at Kenyatta National 
Hospital 

Type of Physical 
Quality Defect / 
Deviation

Description of Physical Quality 
Defect / Deviation

Total 
Num-
ber (%) 
(n=58*)

Physical Package 
Problem (deviations 
related to the shape 
of the product and 
the package)

Technical problems encountered 
during product handling including 
leaks

8 (14)

Difficulty opening the package 
which may cause injury including 
breaks

4 (7)

Incompatibility of package with 
characteristics of medicaments

0 (0)

Lack of Product (lower 
volume)

Absence of product in a sealed 
primary package

6 (10)

Absence of primary package in a 
sealed secondary package

0 (0)

Actual volume is below that 
indicated on the label

0 (0)

Organoleptic Changes Color change 13 (22)

Odor change 0 (0)

Taste perversion 0 (0)

Turbidity 4 (7)

Viscosity changes 0 (0)

Original consistency changes of 
product

2 (3)

Physicochemical 
changes of solids

Caking 5 (9)

Chipping 1 (2)

Powdering / crumbling 4 (7)

Capsule fissures 4 (7)

Difficulty in reconstitution of 
powders into solutions or 
injectable suspensions

0 (0)

Lack of dissolution 2 (3)

Physiochemical 
modifications of 
liquid and semisolid 
products

Crystallization 0 (0)

Precipitation 0 (0)

Incomplete distribution of 
dispersed phase in continuous 
phase for emulsions

0 (0)

Sedimentation 0 (0)

Flocculation 0 (0)

Aggregation 0 (0)

Coalescence 0 (0)

Miscellaneous Incompatibility of an ingredient 
based on route of administration

1 (2)

*Total of 58 quality deviations, because some 
pharmaceutical products presented with more than one 
physical quality defect.

Organoleptic changes accounted for 32% of the physical 
quality defects reported during the study period. Color 
change was the dominant defect under this category, 
accounting for 22% of the defects/deviations. Color change 
was noted in cyclophosphamide injections, ranitidine 
injections, and vancomycin powders for reconstitution/
injections. Based on the chemical structure of ranitidine, 
the amine and nitro groups cause degradation problems, 
especially during storage. Degradation products or its 
impurities are sources physical quality defects including 
bad odor and dark color on the surface of powder 
compound [5].

Turbidity accounted for 7% of the total physical quality 
defects encountered under this category. Most of the 
turbidity defects were noted with injectable products. 
Turbidity may be predictive of active pharmaceutical 
ingredient degradation and/or microbial contamination. 
Notably, any turbid injectable pharmaceutical products are 
deemed unsuitable for use. 

Physicochemical changes of solids attributed to 28% of the 
total physical quality defects. Powder caking predominantly 
contributed 9% under this category, while powdering/
crumbling of tablets and capsule fissures each accounted 
for 7%. Caking of powders due to moisture absorption can 
cause degradation of the active pharmaceutical ingredients 
liable to hydrolysis.

Physical package problems were the third leading cause of 
the reported defects contributing 21% of the total. 
Technical problems encountered during product handling, 
for example leakages, were the most common (14%) 
defects under this category while difficulties in opening the 
package accounted for 7%. These difficulties were mostly 
reported with the parental formulations in particular the 
glass ampoules. Opening these defective ampoules may 
predispose personnel to percutaneous injuries [6].

Lack of product, observed as- absence of products in sealed 
primary packages, accounted for 10% of total defects. 
Missing tablets were the major defect reported; an 
indication of technical problems and poor in-process 
quality control during the packaging process.
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Table 3. Chemical Analysis reports of products with prominent physical quality defects

Year Product For-
mulation

Active Pharmaceutical 
Ingredient

Period from 
date of 
manufacture to 
date of  defect 
occurrence (in 
months) 

iShelf life (in months) Physical Quality Defect / 
Deviation

Country of 
Origin

2015 Oral Capsules Ferrous fumarate, 
cyanocobalamin, folic acid, 
ascorbic acid, pyridoxine 
HCl, zinc sulphate 
monohydrate

16 Perforation allowing 
contents to spill out
Dirt
Presence of mould

Failed to comply with the 
specifications for assay of folic 
acid and sterility (presence of 
fungi and aerobic bacteria 
were reported)

India

Oral Tablet Cetrizine dihydrochloride 9 Mottling Failed to comply with the 
specifications for identity but 
complied with the 
specifications for weight 
uniformity, friability, 
dissolution, microbial load 
determination and assay 

India

Injection Bupivacaine 15 Added methyl paraben 
as an ingredient

Complies with the 
specifications for identity, 
appearance, pH and assay. 
Contains methylparaben 1mg 
as a preservative not ideal for 
intraspinal drug 
administration

India

Injection Cyclophosphamide 7 Lower volume
Turbidity
Color change

Complies with the 
specifications for identity, 
related substances, pH, assay 
and sterility

India

Injection Cyclophosphamide 11 Color change
Turbidity

Failed to comply with the 
specifications for appearance, 
related substances, pH and 
assay. Compiled with the 
specifications for identity and 
sterility

India

Injection Metochlorpropamide HCl 11 Ampoule difficult to 
break

Complies with the 
specifications for identity, 
appearance, pH, assay and 
sterility.
Ampoules found not easy to 
break

Pakistan

Injection Ranitidine HCl 18 Color change
Ampoule difficult to 
break

Complies with the 
specifications for related 
substances, pH, assay and 
sterility.
Ampoules did not have a 
marked weak point for easy 
breaking and a yellow clear 
liquid was reported

India

Injection Vancomycin HCl <1 Color change  Failed to comply with the 
specification for identity and 
appearance. Complied with 
specifications for pH and 
assay

India

Infusion Glucose, Amino Acids, I.V 
Fat Emulsion with Medium 
and Long Chain 
Triglycerides

5 Presence of mould Failed to comply with the 
specifications for sterility 

India

Powder for 
Reconstitution 
of Injection

Doxorubicin HCl 10 Caking Failed to comply with the 
specifications for pH. 
Complies with the 
specifications for identity, 
assay and sterility

India

Powder for 
Reconstitution 
of Injection

Doxorubicin HCl 7 Caking Failed to comply with the 
specifications for pH. 
Complies with the 
specifications for identity, 
assay and sterility

India

Powder for 
Reconstitution 
of Injection

Zoledronic acid 8 Caking Failed to comply with the 
specifications for appearance. 
Complies with the 
specifications for identity, pH, 
assay and sterility

India
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As shown in Figure 3, most pharmaceutical products that 
had defects were from India (62%). The Asian continent was 
the main source of imports for Kenya in 2015 accounting 
for 62.2% of the total value of imports [7]. 

An example of a defective product from India was 
atorvastatin manufactured by Ranbaxy. The recall was 
initiated because analysts found glass particles mixed 
within the raw materials used to formulate the generic 
product. India accounts for 22% of the global generic drug 
trade and its shares are rapidly growing. It is one of the 
cheapest generic drug manufacturers globally [8].

Kenyan (locally) manufactured pharmaceutical products 
contributed 20% of defects while imported pharmaceutical 
products contributed the largest percentage (80%) of 
defective products. In the year 2013, pharmaceutical 
products exports by Kenya accounted for 82.13 million US 
dollars with a market share of 1.5% [9].

Personnel who reported Defective Pharmaceutical Products

Figure 4. Personnel reporting defective pharmaceutical 
products

Personnel reporting most defective pharmaceutical 
products during the study were pharmacists (56% of all 
defects). Pharmacy students and pharmaceutical 
technologists accounted for 23% and 7% respectively of 
the reporters. As expected, this data clearly indicates that 
pharmacists, pharmaceutical technologists and pharmacy 
students are actively involved in pharmacovigilance. It is 
necessary to sensitize other healthcare professionals on the 
need of reporting pharmaceutical product physical quality 
defects. 

Storage Conditions as a factor for Pharmaceutical 
Product Physical Quality Defects 

All the pharmaceutical products with reported physical 
quality defects had been stored according to the 
manufacturers’ and the Ministry of Health’s recommenda-
tions. Only one active pharmaceutical product, 
Prostaglandin E2, a pessary, required storage under 
refrigeration; the cold room temperatures were maintained 
between 2°C and 8°C. All other pharmaceutical products 
reported to have physical quality defects were stored at 
room temperature (20-25°C). This rules out storage 
conditions as a potential cause for the occurrence of the 

88

Drug Analysis and Research Unit (D.A.R.U.) is the laboratory 
that K.N.H. sends its samples for analysis. D.A. R.U. carries 
out tests for identification, related substances, assay, 
disintegration, dissolution, weight uniformity, friability, pH, 
viscosity and microbiological tests.  The sampling size 
required for chemical analysis is dictated by the criterion 
outlined by the guidelines provided by the Pharmacy and 
Poisons Board on reporting poor quality medicinal 
products. A total of twelve pharmaceutical products with 
reported physical defects had been sent for further 
laboratory chemical and/or microbiological analysis.  Out of 
these products, 92% failed to comply with compendial 
specifications. An example is of the case of the oral capsule 
containing ferrous fumarate, cyanocobalamin, folic acid, 
ascorbic acid, pyridoxine HCl and zinc sulphate 
monohydrate that was reported to have a physical defect/
deviation of perforation spilling the contents. Upon 
microbiological testing, the capsule was reported to be 
contaminated with both fungi and aerobic bacteria. Intake 
of such a product would adversely affect patient health, 
especially immunocompromised patients. In another case, 
cyclophosphamide powder for reconstitution was reported 
to have caked; on laboratory analysis the product failed to 
comply with specifications for pH, related substances and 
assay. 

Indeed detection of physical quality defects in 
pharmaceutical products reflects the likelihood of chemical 
and/or microbiological instabilities. Hence, there is need for 
sensitization of medical personnel as well as patients on the 
importance of physical quality of pharmaceuticals. Not all 
the pharmaceutical products reported to have physical 
quality defects were subjected to chemical analysis which 
could be due to financial constraints. 

Duration after which Pharmaceutical Product Physical 
Quality Defects Occurred after Manufacture

Most (79%) pharmaceutical product physical quality 
defects occurred less than a year after the manufacture. 
This could indicate that accelerated stability testing was not 
adequately performed. Pharmaceutical product quality 
defects that occurred within two years from the 
manufacturing process accounted for 21% of the products 
(exclusive of the defects that occurred within one year).

Country of Origin of Defective Pharmaceutical Products

Figure 3. Pharmaceutical product physical defects 
according to origin
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reported physical quality defects for pharmaceutical 
products encountered during the study period. 

Mode of Reporting to Relevant Drug Regulatory 
Authorities

The poor quality pharmaceutical products encountered at 
K.N. H. during the study period were reported online, using 
the form available at the Pharmacy and Poisons Board 
website. A copy of the online submission form is recorded 
in the hospital’s pharmacovigilance records for future 
reference. The online submission generates unique 
identification numbers that are used as references for the 
pharmacovigilance process. Physical quality defects of 
pharmaceutical products that undergo chemical analysis at 
analysis laboratories receive certificates of analysis that are 
also recorded in the hospital’s pharmacovigilance records.

The results obtained from this study may be of interest to 
the pharmaceutical industry, researchers, healthcare 
providers and academicians as it highlights that quality 
control should not only focus on chemical content of active 
pharmaceutical ingredients but also the physical aspects of 
pharmaceutical products. 

Kenyatta National Hospital could take steps such as 
blacklisting of suppliers to minimize the circulation of 
defective pharmaceuticals within the market. Furthermore, 
the hospital should continue with the sensitization of 
personnel as the pharmacovigilance system within the 
facility is still growing.

The clinical implications of the use of defective pharmaceu-
ticals is that it could lead to potentially fatal and life 
threatening complications arising from the use of these 
products including toxicological effects. Moreover, it could 
also lead to the development of antimicrobial resistance 
especially in the case of defective antimicrobial pharmaceu-
ticals, as well as treatment failures.

Conclusion
This study demonstrated that practices relating to effective 
pharmacovigilance system need to be implemented so that 
the number of spontaneous reporting increases. This helps 
generate data for pharmacovigilance studies and aids to 
sensitize and create awareness amongst healthcare 
workers, researchers, academicians and patients. This 
ultimately improves patient welfare and reduces patient 
morbidity and mortality.
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Abstract
Background
Common cold is the most common infection of the upper 
respiratory tract and cold-cough syrups are often 
prescribed. Although menthol is one of the common 
constituents of these syrups, quality checks on cold-cough 
syrups normally target the major active pharmaceutical 
ingredients without regard to menthol content.

Objective
To develop and validate a gas chromatography method for 
determination of menthol in cold-cough syrups.

Methods
A simple, rapid, robust, accurate and reliable Gas 
Chromatography method was developed and validated for 
the determination of menthol in cold-cough syrups that may 
also contain ambroxol, chlorpheniramine, guaifenesin, 
bromhexine and salbutamol.

Results
Optimized chromatographic conditions were: A ZB-WAXplus 
60m ×0.25mm; 0.25µm fused silica capillary column. Oven 
temperature program of 110 0C (2 min), ramp 10 0C/min to 
190 0C (2 min). Injector port temperature maintained at 240 
0C. Injection volume of 1.0 µl split in the ratio of 50:1. Carrier 
gas as nitrogen at 1.0mL/min which also serves as make up 
gas (30 mL/min) in the flame ionization detector (260 0C). 
Other detector gases were hydrogen (30 mL/ min) and 
industrial air (300 mL/ min) and the diluent for samples and 
standards was grade chloroform.

From recovery studies, 97.56 to 102.97 % recovery was 
reported. Repeatability studies had a coefficient of variation 
of 0.55 while intermediate precision was 0.32. The method 
was linear over a range of 0.042 to 0.169 mg/mL with a 
coefficient of determination (R2) 0.9986.

Of the 21 samples analyzed, only 10 samples (47.6 %) 
complied with assay specifications of 90.0 to 110.0 % label 
claim for finished products according to the United States 
Pharmacopeia 2016.
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Conclusion and recommendation
A gas chromatographic method was developed and 
validated for the determination of menthol in cold-cough 
syrups in Kenya. This method can be used together with a 
validated high-performance liquid chromatography method 
to assay cold-cough syrups that may also contain ambroxol, 
bromhexine, chlorpheniramine maleate, guaifenesin and 
salbutamol.

This method can be useful in routine analysis such as 
pre-registration studies as well as post market surveillance to 
curb substandard and counterfeit cold-cough syrups.

Key words: Capillary column, monoterpene, organic layer, 
carrier gas, total menthol, cold-cough syrup.

Introduction
Menthol is a cyclic monoterpene alcohol obtained either 
naturally or synthetically from various precursors [1, 2]. The 
racemic mixture consists of equal parts of R and S 
enantiomers of cyclohexanol [5-methyl-2-(1-methylethyl)]. 
The most common natural isomer is the (-)- menthol and it 
is the one generally referred to as menthol [3-5].

Menthol is a common pharmaceutical ingredient and can 
be formulated as creams, ointments, balms, lozenges as 
well as syrups [2]. In the Kenyan market, typical 
multicomponent cold-cough syrup containing menthol 
may contain chlorpheniramine maleate, guaifenesin, 
salbutamol, ambroxol and bromhexine as active 
pharmaceutical ingredients [6].

Several High-Performance Liquid Chromatography (HPLC) 
methods for determination of nonvolatile active 
ingredients in cold-cough syrups have been published. A 
method for simultaneous determination of chlorphenira-
mine maleate, salbutamol, bromhexine, terbutaline, 
phenylephrine, ambroxol as well as guaifenesin has been 
reported [7]. Similarly, capillary electrophoresis with 
ultraviolet detection has been reported for determination 
of these active ingredients [8].

Gas chromatography (GC) methods on a packed column 
with a flame ionization detector as well as capillary gas 
chromatography with mass spectrometer detector have 
been published. None of these methods are applicable in 
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determination of menthol. Therefore, this paper describes 
development and validation of a gas chromatography 
method for determination of menthol in cold-cough syrups 
that may also contain ambroxol, bromhexine, chlorphenira-
mine maleate, guaifenesin, and salbutamol as active 
ingredients

Methods
Apparatus 

Shimadzu gas chromatograph 2010 (Shimadzu 
Corporation, Kyoto, Japan) equipped with an AOC-20s 
autosampler, AOC-20i split autoinjector, a ZB-WAXplus 
capillary column (60 m × 0.25 mm × 0.25 µm) and fitted 
with a flame ionization detector and mass spectrometer. 
Injector port and detectors held at 2400C and 2600C 
respectively while oven temperature programmed from 
1100C (2 min) to 1900C (2 min) at 100C/min. Injection 
volume (1.0µL) with a split ratio 50:1.

Reagents, chemicals and gases

Standard substances used in GC analysis were menthol 
(MEN) (Sigma-Aldrich, St Louis, USA) and Camphor (CAM) 
(May &Baker, Dagenham, England).

Ambroxol (AMB), guaifenesin (GUA), bromhexine (BRO), 
salbutamol (SAL) and chlorpheniramine maleate (CHL) were 
kind donations from stock of standards used at the Drug 
Analysis and Research Unit.

HPLC grade methanol (Sigma-Aldrich, St Louis, USA) and 
HPLC grade chloroform (Sigma-Aldrich, St Louis, USA). 
Purified water was prepared in the laboratory using 
Aquatron-A 4000 water still (Cole-Parmer, Staffordshire, 
United Kingdom) which utilizes distillation followed by 
filtration through a 25 µm polypropylene filter.

Nitrogen, helium (99.99 %), hydrogen of purity 99.9 % and 
industrial air were obtained from BOC Gases (Nairobi, 
Kenya).

Figure 1. Chemical structure of l-menthol

Standard preparation

Solutions used in method development and validation 
were prepared volumetrically. Stock standard solutions for 
CAM and MEN were prepared separately at a concentration 
of 2.06 mg/mL in chloroform. The individual working 
standard solutions for method development were prepared 

at a concentration of 0.48 mg/mL and 0.40 mg/mL for CAM 
and MEN respectively.

Working solutions for method validation were prepared at a 
concentration of 0.1 mg/mL which was regarded as 100% 
concentration around which various dilutions were 
centered.

During menthol determination, a working standard 
solution was prepared to contain 0.041 mg/mL MEN and 
0.049 mg/mL CAM in chloroform. This mixture of working 
standards was labeled as solution 1.

Sample preparation 

Depending on the label claim, 10-20 mL of sample syrup 
was measured into a 50-mL volumetric flask to which 1.2 
mL of CAM stock standard solution was added. 
Approximately 20 mL chloroform was then added and the 
mixture shaken and sonicated for 5 minutes. The aqueous 
layer was removed and the organic layer made to volume 
with chloroform. The solution was then filtered through a 
125 mm Whatman’s filter paper and stored in a stoppered 
container. This was labeled as solution 2.

Method development 

Different chromatographic conditions were tested on a ZB 
WAXPlus column (60m ×0.25mm ×0.25µm) coated with 
polyethylene glycol. Carrier gas was nitrogen and detection 
was done using a flame ionization detector. Two solvents 
were tried, methanol and chloroform (both HPLC grade) 
and chloroform produced satisfactory results. Effects of 
temperature and carrier gas velocity on retention time, 
capacity factor and resolution were investigated [9].

Method validation

Accuracy of the method was evaluated by method of 
standard addition [10]. Triplicate determinations were 
made at three concentration levels corresponding to 80, 
100 and 120 % concentration containing constant amount 
of CAM. Results of accuracy studies were then expressed as 
percent recovery [10, 11].

Specificity of the method was investigated by chromato-
graphing working standard solution containing MEN and 
CAM each at 0.1 mg/mL and then determining resolution 
and asymmetry factors from the resulting chromatograms. 
Peak purity analysis of MEN was also conducted using 
GC-mass spectrometry to rule out coelution. Specificity was 
further evaluated by chromatographing a simulated blank 
syrup containing AMB, CHL, GFN, SAL and BRO and 
retention times of eluted peak recorded [12].

Limit of detection and limit of quantitation were 
established from signal to noise ratio of menthol peak 
resulting from serial dilutions of stock standard solutions 
[11].

Linearity of detector response was determined by making 
triplicate determinations from working concentrations 
corresponding to 40, 60, 80, 120 and 160 % concentration 
of MEN [13]. Average peak areas were recorded and plotted 
against concentration in order to determine the correlation 
coefficient.
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Repeatability of the method was assessed using coefficient 
of variation (CV) of peak area response factors obtained 
from nine replicate determinations made at 80, 100 and 
120 %. Intermediate precision was assessed from CV of 
peak area response factors obtained from triplicate 
determination of a 100 % standard solution over a 
three-day interval [11].

To determine robustness of the developed method, the 
effect of small changes on carrier gas velocity, oven 
temperature as well as injector port temperature on peak 
area and retention time of CAM and MEN was investigated. 
Results were summarized in a Table showing each factor 
and level of variation.

Stability of working solutions

Stability of working solutions was monitored over 72 hours 
under different storage and handling conditions Solutions 
containing known concentration of menthol and camphor 
(100 %) were designated A, B and C and handled as follows:

Solution A stored at room temperature in a clear glass. 

Solution B stored at room temperature in amber colored 
glassA

Solution C stored in the refrigerator (2-8 0C) in a clear 
glass.

Analysis of commercial samples

System suitability was evaluated by injecting 1.0 µl of 
solution 1 into the gas chromatograph six times and 
calculating resolution and peak area response factor for 
CAM and MEN [11]. Standards (solution 1) and Samples 
(solution 2) were then run in triplicate and peak area 
response factors calculated.

Formulae 

Peak area response factor for standard solution was 
calculated from the formula:

RF1 =   MEN

               
CAM

Whereby: 
RF1 peak area response factor for standard solution.

MEN peak area due to menthol standard.

CAM peak area due to camphor standard.

Peak area response factor for sample solution was 
calculated from the formula

RF2 =   MENt

               
CAMt

Whereby;
RF2 peak area response factor for sample solution.

MENt peak area due to menthol in the sample.

CAMt peak area due to camphor in the sample.

Recovery was calculated from the formula

% Recovery =   RFs   x100

                                  
RFstd

Whereby:

RFs  response factor due to spiked sample.

RF  response factor due to unspiked sample.

RFstd  response factor due to standard solution

Determination of menthol was calculated as:

% LC = RF2   xCxP  1   x100

                 
RF1               LC

Whereby 
RF1 peak area response factor for standard solution
RF2 peak area response factor for sample solution
C concentration of menthol in standard solution (mg/mL).
P potency of menthol standard.

LC label claim (mg/mL).

Results and Discussion
Method development  
Typical chromatograms for determination of menthol from 
standard preparation and from cold-cough syrup are 
shown in figure 2 and 3. From the chromatograms, 
retention time for menthol was 10.03 minutes which is 
considered desirable [14].

Figure 2. Typical standards gas chromatogram at optimized 
conditions. Chloroform (CHF), camphor (CAM) and menthol 
(MEN). Column: ZB-WAXplus 60m ×0.25mm; 0.25µm fused 
silica capillary column coated with 100 % polyethylene 
glycol. Oven temperature 1100C (2 min), ramp 100C/ to 
1900C (2min)

Figure 3. A representative gas chromatogram for sample 
cold-cough syrup. Chloroform (CHF), camphor (CAM) and 

 

Vol. 23,  No 3/ Pharmaceutical Journal of Kenya / 2018



menthol (MEN). Column: ZB-WAXplus 60m ×0.25mm; 
0.25µm fused silica capillary column coated with 100 % 
polyethylene glycol. Oven temperature 1100C (2 min), ramp 
100C/ to 1900C (2min)

Method Validation
Accuracy was assessed by means of % recoveries from 
standard addition method. Results at each of the three 
concentration levels are shown in Table 1. The method was 
considered accurate since % recovery values were within 
the recommended 98-102 % [11].

Table 1. Percent recoveries of menthol from standard 
addition to a cough syrup.

Concentra-
tion level 
(%) 

Average Re-
sponse factor 
for sample 
(not spiked)

Average Re-
sponse factor 
for sample 
(spiked)

Average 
Response 
factor for 
standard.

% re-
covery

80 0.522 1.423 0.919 98.04

100 0.524 1.406 0.904 97.56

120 0.493 1.386 0.876 101.94

When validated with respect to specificity, there was no 
peak eluting at the same retention time as MEN or CAM 
from chromatograms of simulated syrup containing AMB, 
BRO, CHL, GUA and SAL [15]. Peak purity analysis for 
menthol was done using GC-MS with a purity index of 0.98.

Figure 4. Typical gas chromatogram of a blank syrup. 
Chloroform (CHF). Column: ZB-WAXplus 60m ×0.25mm; 
0.25µm fused silica capillary column coated with 100% 
polyethylene glycol. Oven temperature 1100C (2 min), ramp 
100C/min to 1900C (2 min)

Linearity was assessed at seven concentration levels, 
ranging from 0.042 – 0.169 mg/mL and results shown in 
Table 2 below.

Table 2. Various concentrations of menthol with respective 
average peak areas

Concentration level 
(%)

Actual concentration 
(mg/mL)

Average peak area

160

140

120

100

80

60

40

0.169

0.148

0.127

0.106

0.084

0.063

0.042

36111

32213

26942

21852

17952

13227

8558

93

This data was further subjected to linear regression analysis 
with exact concentration of menthol (x-axis) being plotted 
versus peak area (y-axis) (Figure 5). Values for correlation 
coefficient, y-intercept, slope of the regression line and 
residual sum of squares are summarized in Table 3. The 
results illustrate a correlation between peak area and 
concentration within the range 0.042-0.169 mg/mL. 
Correlation coefficient was found to be 0.9986 for menthol 
which meets the validation acceptance criteria [11, 16].

Figure 5. Linearity curve for Menthol

Table 3. Linear regression analysis for menthol

Drug Slope of 
regression 
curve

y-intercept  Correlation 
coefficient 
(R2)

Residual 
sum of 
squares

Menthol 218,187 -626.43 0.9986 835131.8

Table 4. Precision results for menthol

Concentration level 
(%)

Coefficient of Variation of peak area Re-
sponse Factors

Repeatability (n =3) Intermediate preci-
sion (n = 9)

120

100

80

0.34

0.32

0.99

1.03

Table 5. Effect of temperature and carrier gas velocity on 
peak parameters.

Parameter varied Compound CV of retention 
time

CV of response 
factor

Oven 
temperature(0C)

(109.5, 110.0, 110.5)

CAM

MEN

MEN/CAM

0.39

0.41

-

-

-

1.27

Injector port 
temperature (0C)

(239.5, 240.0, 240.5)

CAM

MEN

MEN/CAM

0.0082

0.0049

-

-

-

0.33

Carrier gas velocity 
(mL/min)

(0.98, 1.0, 1.02)

CAM

MEN

MEN/CAM

0.73

0.65

-

-

-

0.37

Results for sample analysis 
The system was suitable for analysis since resolution 
between CAM and MEN was >1.5 while CV of peak area 
response factors was <2.0 [3, 11].
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From analyses of 21 samples, menthol content ranged from 
26.3 to 107.8% label claim. It was however noted that the 
lowest recorded content belonged to a sample whose 
menthol was incorporated as a flavor. 10 samples, all locally 
manufactured, complied with USP 2016 specifications (90.0 
- 110.0 %) for finished products [2].

Conclusion and Recommendation  
A gas chromatographic method was developed for the 
determination of menthol in cold-cough syrups in Kenya. 
This method was used together with a validated HPLC 
method to assay cold-cough syrups that may also contain 
AMB, BRO, CHL, GUA, and SAL.

Evaluation of menthol content in cold-cough syrups using 
the developed and validated method is crucial so as to 
ensure that only quality products are in the market for 
optimal therapeutic outcomes. The validated method can 
be useful in routine analysis such as conducting pre-regis-
tration analysis as well as post market surveillance to curb 
substandard and counterfeit cold-cough syrups containing 
menthol. 
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Abstract
Hepatitis B vaccine has been instrumental in reducing the 
prevalence of hepatitis B virus by preventing transmission of 
infection. However, the vaccines that come into the Kenyan 
market do not undergo quality control checks for efficacy 
due to lack of expertise, capital and infrastructure. This study 
compared the immunogenicity of hepatitis B vaccines in the 
Kenyan market in mice. Engerix™-B (Glaxo-Smithkline 
Biologicals s.a., Belgium); Euvax B (LG life Sciences, Korea) 
and Shanvac®-B (Shantha Biotechnics, India) were evaluated. 
Six to 10 week old male and female Balb/c mice were 
immunized and their sera assayed for hepatitis B surface 
antibodies (HBsAb) by the Competitive / Inhibition ELISA 
method. All three brands elicited a protective antibody 
response (> 10mIU/ml) from the mice, with sero-protection 
rates of 83.3%, 100% and 83.3% observed for Engerix™-B, 
Euvax B and Shanvac®-B respectively. Comparisons across 
the brands showed statistically insignificant (p = 0.793) 
differences in the mean concentrations. The study confirmed 
that the vaccines elicit a protective response, and that the 
two biosimilar brands, Euvax B and Shanvac®-B perform at 
per with the originator brand, Engerix™-B. Future studies 
evaluating the efficacy and effectiveness of the vaccines and 
their ability to offer long-term protection are recommended.

Key words: immunogenicity, antibody, vaccine, protective 
response.

Introduction
Infection with hepatitis B virus (HBV) may lead to liver 
cirrhosis and hepatocellular carcinoma (HCC) [1]. It is 
estimated that globally, 240 million people have chronic 
HBV infection and that between 600 thousand and 1 
million people die from the associated complications yearly 
[2,3]. 

The prevalence of HBV infection is high in Sub-Saharan 
Africa and East Asia, ranging from 5 to 10% in the adult 
population [3]. Kenya is classified as a highly endemic area, 
with a prevalence ranging from 5 to 30%.  In one study, 
34% of those infected were children between the ages of 5 
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to 10 years. 

The virus is highly infectious; 100 times more infectious 
than the human immune-deficiency virus (HIV) [4]. The 
infection may become chronic depending on the age at 
which one is infected [5]; the earlier the age (children under 
the age of 6 years), the greater the likelihood of chronic 
infection [6]. Chronicity increases the risk of developing 
HCC [7]. 

Fortunately, there are vaccines against HBV that are said to 
be highly effective and safe with a protection rate of more 
than 90%. In Kenya, they are given to infants on a 
three-dose schedule at 6, 10 and then 14 weeks after birth 
[8]. They are also given to adults who have been recently 
exposed, at 0, 7 and 21 days after exposure [9]. 

However, due to the lack of infrastructure, expertise and 
capital in Kenya, the HBV vaccines that come into the 
market do not undergo quality control testing. The country 
has been relying on the recommendation of the “World 
Health Organization (WHO) certification scheme on the 
quality of pharmaceutical products moving in international 
commerce” program, for guidelines on vaccine quality. This 
study sought to determine the quality of these vaccines by 
evaluating and comparing the level of immunogenicity of 
the biosimilar brands to the originator brand.

Methods
The study was a laboratory based experimental study. It 
was carried out in the Production Department, at the Kenya 
Medical Research Institute (KEMRI) headquarters in Nairobi 
County from February 2017 to August 2017. 

The study involved the immunization of 6 to 10 week old 
pathogen-free, in-bred, male and female Balb/c mice using 
three different brands of hepatitis B vaccines. Healthy mice 
were randomly divided into 6 groups of 4 mice of each sex. 
Three mice in each group were immunized with 100µl of 
each of the undiluted vaccines, while the remaining ones 
were treated as the negative controls, receiving 100µl of 
phosphate buffered saline (PBS) (KEMRI Production 
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Department, Nairobi). The immune sera were thereafter 
tested for presence of hepatitis B surface antibody (HBsAb).

The mice were purchased from the International Livestock 
Research Institute (ILRI) in Nairobi County. They were 
housed in the animal house at KEMRI under specific 
pathogen free (SPF) conditions, with food and water 
provided ad libitum. The environmental conditions were 
maintained at a temperature of 22 ± 3oC, 55 ± 5% humidity 
and a 12-hour light/dark cycle. The mice were allowed to 
acclimatize to their new surroundings for two weeks before 
beginning the immunization process. They were handled as 
is required by the Institutional Animal Care and Use 
Committee (IACUC) of KEMRI. 

The vaccines were bought from a local retail pharmacy 
located within the central business district (CBD) of Nairobi 
County.  These were Engerix™-B (Glaxo-Smithkline 
Biologicals s.a., Belgium), Euvax B (LG life Sciences, Korea) 
and Shanvac®-B (Shantha Biotechnics, India). They came in 
colorless 1ml glass vials as turbid white suspensions for 
intramuscular (im) injection. The main ingredient was 
recombinant hepatitis B surface antigen (HBsAg) at a 
concentration of 20mcg/ml adsorbed onto 0.5mg of alum. 
The vaccines were stored at 2 to 8oC.

Immunization was carried out as described by Lobaina et al 
(2008). This was done through the intramuscular (IM) route, 
in the posterior aspect of the hind limb, using an insulin 
syringe, with a 30 gauge needle. The treatments were 
administered on days 0, 15, 30 and 90. Blood was harvested 
from the mice 10 days after each dose and centrifuged at 
2500 rpm for 10 minutes at 4oC to separate the sera. The 
sera were stored in cryotubes at -20oC. Sera obtained from 
mice immunized with Engerix™-B were considered as the 
reference group sera.

Serum samples obtained after day 90 of immunization were 
tested for presence of HBsAb by the Competitive / 
Inhibition ELISA method. The method was carried out as 
described by Vitral et al (1991). Serially diluted serum 
samples were mixed with 1:2048 HBsAg (KEMRI Production 
Department, Nairobi) and the mixtures assayed using a 
commercial kit originally meant for the detection of HBsAg. 
This was the Hepanostika® HBsAg Ultra microelisa system 
from Biomérieux SA, France. Neutralization of the antigen 
by antibodies in the test samples inhibits the interaction 
between the antigen and capture antibodies coated on the 
microtitre plates. This prevents detection of the antigen by 
the enzyme-labeled detection antibody. Therefore, there 
would be a lack of color production by the system. The OD 
values for each of the samples were then determined by 
reading at 450nm using an ELISA plate reader. 

Curves of OD against antibody concentration were plotted 
for each mouse, in order to evaluate the effect of dilution of 
immune serum samples on the OD values obtained. 
Thereafter, the data was subjected to regression analysis to 
estimate the total antibody concentration in the serum 
samples. The inter-mouse variability in immune response 
was summarized using the interquartile range (IQR). The 
mean antibody concentrations were compared across 

vaccines using univariate ANOVA and between sexes using 
the Independent t-test. The level of significance was set at 
0.05 and less.

Results
The general trend observed from the curves was an 
increase in the OD values as the antibody concentration 
reduced (Figure 1 to 3). This implied an increase in color 
production by the system as the antibody concentration 
reduced; signifying that antibodies were present in most of 
the immune serum samples that were tested. However, 
serum samples from male mouse 3 immunized with 
Engerix™-B (Figure 1) and female mouse 3 immunized with 
Shanvac®-B (Figure 3) gave curves that showed a decrease 
in OD with decrease in antibody concentration, implying 
lack of an immune response.

Figure 1. Optical density values of serially diluted immune 
serum samples of male and female mice immunized with 
Engerix™-B plotted against antibody concentration.
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Figure 3. Optical density values of serially diluted immune 
serum samples of male and female mice immunized with 
Shanvac®-B plotted against antibody concentration,

Regression analysis results showed a mean value of 108.5 
(±124.1mIU/ml), with concentrations per mouse varying 
from 0 to 546.3mIU/ml (Table 1). The variability of the 
immune response was further exemplified in the IQR that 
showed that the middle 50% had elicited antibody 
concentrations between 129.3mIU/ml and 44.4mIU/ml. 

On comparing the immune response per sex, it was 
observed that the male mice on average produced more 
antibodies (125.8 ± 162.7mIU/ml) than the female mice 
(91.2 ± 74.6mIU/ml) (Table 1). However, the difference was 
not statistically significant (p = 0.5703). 

Table 1. Antibody concentrations elicited for the whole 
population and per gender  

Category n Mean (mIU/
ml)

Range 
(mIU/ml)

IQR (mIU/ml)

Whole 
population

18 108.5 (±124.1) 0 - 546.3 85 (129.3-44.4)

Male 9 125.8 (±162.7) 0 - 546.3 58.4 (110.9-52.4)

Female 9 91.2 (±74.6) 0 - 232.5 93.7 (138-44.4)

The summary results obtained for the vaccines showed 
statistically insignificant differences in the mean antibody 
concentrations elicited (p = 0.793). Mice immunized with 
Euvax B elicited the highest mean concentration (138.0 ± 
201.8mIU/ml), while those immunized with Shanvac®-B 
gave the least (90.5 ± 59.9mIU/ml) (Table 2). The superior 
performance of Euvax B compared to Engerix™-B and 
Shanvac®-B was however statistically insignificant (p = 
0.653).

The results also showed considerable intra-vaccine 
variability in the immune response, with Euvax B having the 
least IQR, compared to Engerix™-B and Shanvac®-B that 
gave similar values (Table 2). 

Figure 2. Optical density values of serially diluted immune 
serum samples of male and female mice immunized with 
Euvax B plotted against antibody concentration
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Table 2. Antibody concentrations elicited per vaccine

Vaccine n Mean (mIU/
ml)

Range (mIU/
ml)

IQR (mIU/ml)

Engerix™-B 6 96.9 (±80.3) 0 - 232.5 85.6 (138-52.4)

Euvax B 6 138.0 (±201.8) 26.2 - 546.3 64.2 (97.7-33.5)

Shanvac®-B 6 90.5 (±59.9) 0 - 166.1 85 (129.3-44.4)

Discussion
The present study was conducted to evaluate the 
immunogenicity of hepatitis B vaccines found in the Kenyan 
market. The vaccines are given as prophylaxis against 
infection with the hepatitis B virus (HBV), and have been in 
use in Kenya since the year 2002 [8].Vaccines from three 
different companies were studied. These were Engerix™-B 
(Glaxo-Smithkline Biologicals s.a., Belgium); Euvax B (LG life 
Sciences, Korea) and Shanvac®-B (Shantha Biotechnics, 
India). Engerix™-B was used as the comparator vaccine 
because it is the originator brand. 

All the three brands of vaccines studied elicited a protective 
antibody response by producing, on average, antibody 
concentrations above 10mIU/ml. The sero-protection rates 
observed for Engerix™-B, Euvax B and Shanvac®-B were 
83.3%, 100% and 83.3% respectively. These findings were in 
agreement with other studies that showed that these 
vaccines are highly immunogenic, giving protection rates of 
up to 100% in humans [10–12].

Mice immunized with Euvax B gave the highest mean 
concentration at 138.0mIU/ml; however the response was 
not significantly different from those of Engerix™-B 
(96.9mIU/ml) and Shanvac®-B (90.5mIU/ml) (p = 0.653). The 
high antibody concentrations and sero-protection rate 
observed with Euvax B compared to Engerix™-B and 
Shanvac®-B have been reported in other studies, but as in 
this case, the differences were not statistically or clinically 
significant [11,13,14]. In fact, according to Tregnaghi et al 
(2004), Euvax B and Engerix B can be used interchangeably 
in an immunization schedule. Of note however, was the 
consistent inferior performance of Shanvac®-B compared to 
the other two brands in all of these studies. The reason for 
this occurrence has not been clearly elucidated.

The vaccines exhibited considerable inter-mouse variability 
in terms of the antibody concentrations elicited, but 
generally, the male mice had a higher mean antibody 
concentration (125.8mIU/ml) compared to the female mice 
(91.2mIU/ml). This finding was in contrast to what is 
expected; that female animals and humans tend to elicit a 
more robust antibody response to HBV vaccines compared 
to the males [15,16]. This disparity has been attributed to 
sex hormones and genetic factors that influence production 
of antibodies by B cells. The hormone estrogen has been 
reported to increase B cell proliferation and reduce 
apoptosis of immature B cells, thus influencing production 
of antibodies. In addition, the X chromosome has the genes 
that code for proteins that modulate the proliferation of  T 
and B cells; meaning that females with XX elicit a stronger 
response compared to males with an XY [17]. Therefore, the 

findings of this study, also being statistically insignificant (p 
= 0.5703), were an anomaly and could probably be 
attributed to experimental errors and the small sample size.

The findings also showed 2 cases of non-response in mice 
immunized with Engerix™-B and Shanvac®-B. Cases of 
non-response to immunization with these vaccines are not 
uncommon and have been reported in immunogenicity 
studies involving humans [18]. Lack of antibody production 
has been attributed to factors such as type of vaccine, 
administration route, age of recipients, presence of co-
morbidities, genetic make-up and nutritional status [19,20]. 
In this study, the type of vaccine, age of mice, 
administration route and genetic make-up appeared not to 
influence the absence of a response since the other mice 
produced antibodies under these same conditions. 
However, presence of an illness and the nutritional status of 
the mice could have been influencing factors.

In summary, the study method allowed the evaluation of 
the immunogenicity of the HBV vaccines; and the general 
observation was that a strong and protective HBsAb 
response (> 10mIU/ml) against HBsAg present in the 
vaccines was elicited across all the brands. However, there 
were a few limitations that affected the final outcome. The 
use of the Competitive / Inhibition ELISA method only 
enabled the estimation of the level of antibody 
concentrations produced, but did not give an exact value as 
would have been obtained through the use of the 
Sandwich ELISA method. The Sandwich method would also 
have given a better determination of how the immune sera 
performed compared to the negative control sera. Lastly, 
the antibody response to immunization across different 
time points was not evaluated. The data obtained would 
have enabled us to see if booster doses lead to increase in 
the concentrations over time.

Conclusion and Recommendations
The three different brands of hepatitis B vaccines evaluated 
elicited similar immune responses, and these responses 
were protective. The two biosimilar brands, Euvax B and 
Shanvac®-B also performed at per with the originator brand, 
Engerix™-B. Firstly, the study was an immunogenicity study 
that only evaluated the elicitation of an antibody response 
to immunization in mice. Therefore, the recommendation is 
that efficacy and effectiveness studies should be carried out 
on human participants in order to evaluate the ability of the 
vaccines to reduce the incidence of HBV and offer real 
protection in the whole population [21]. Studies should also 
be carried out to evaluate if the vaccines do indeed offer 
long-term protection as is reported in literature [22].
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Abstract
Background

Decisions and practices on paediatric malaria prevention 
and care seeking depends significantly on household 
characteristics.

Objective

To investigate the influence of household factors on 
paediatric malaria prevention and health seeking behaviour 
in Homa-Bay County.

Methodology

We performed a population based cross sectional survey for 
a period of four months.  A total of 406 households, 
representing all households in Homa-Bay County, were 
sampled by multistage cluster sampling.  We administered 
questionnaires to consenting household heads. Data was 
analyzed by an R statistical software where descriptive 
summary statistics were run followed by chi square statistic 
to assess associations. 

Results

Most households (60%) were urban, headed by a father 
(75%), majority being Christians (93%), with secondary 
education (35%), in self-employment (54%) and monthly 
income below KShs. 10000 (80%). Up to 42% of the 
respondents knew malaria as an infection, transmitted by 
mosquito bite (82%), manifesting mainly with fever and 
headache (71%). Main source of information was electronic 
media (43). Majority (91%) had bed nets with 48% having 2-3 
nets. Most of respondents (92%) slept under the nets the 
night before the survey and most treated their nets within 
two months to the survey. 91% of the households had a 
child with fever in the month preceding the survey with 
majority (54%) seeking care on the same day. Government 
hospitals (58%) were preferred for seeking care and most 
patients (83%) underwent microscopic diagnosis. Choice of 
place of care seeking was influenced by knowledge on 
malaria, occupation, severity of fever, education and income, 
all with p-values<0.001. Time taken before care seeking was 
associated with occupation (p=0.02), fever severity 
(p<0.001), drugs at home (p<0.001), education (p=0.035) 
and income (p<0.001).

Conclusions

Owning nets alone is not enough to prevent malaria. Net 
use, treatment and care also matter. Household characteris-
tics influence prompt care seeking.

Key words: Household, Paediatric malaria, Prevention, 
Health seeking behaviour, Homa-Bay.

Introduction
Household decisions on how fast and from where care 
should be sought is a key determinant of paediatric malaria 
treatment outcomes. This is so because children depend on 
the decisions of the adults in the household either due to 
their age-related inability to make such decisions or due to 
their financial dependence on the adults. Many households 
opt for home management of fevers or seeking informal 
care before reaching out for formal care especially if they 
have no medical insurance [1, 2, 3]. This demonstrates why 
understanding household composition and characteristics 
is important in studying access to paediatric anti-malarial 
treatment. 

The choice of the first point of care is also influenced by 
availability of care, care giver attitudes, access to media, 
and perceived quality of care offered. Perceptions about 
the severity and duration of illness may lengthen the period 
between onset of symptoms and seeking treatment. An 
interventional study in Tanzania showed that improved 
understanding of causes of malaria improves health facility 
preference as first point of treating paediatric malaria, 
correct treatment with antimalarials and timely use of 
antimalarials [4]. A similar study in Ivory Coast indicated 
that household factors such as socioeconomic status are 
correlated with uptake of preventive measures like bed net 
ownership and insecticide spray. It is however noteworthy 
that they also found out that bed net ownership, for 
instance, does not a guarantee for their consistent use [5]. A 
good level of knowledge on malaria is often associated 
with high bed net ownership and use. For example, in a 
displaced group in Tamil Sri Lanka, a 94% bed net 
ownership was attributed to the fact that the government 
had a focused malaria education to this group of people [6]. 
A similar study in Ethiopia demonstrated that the level of 
education and knowledge on malaria of the mother 
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significantly influences household insecticide treated net 
(ITN) use and paediatric malaria health seeking behaviour 
[7]. Having a child less than 5 years old in the household 
and having a woman who had attended ante-natal 
clinic(ANC) in the past two years were also associated with 
possession of ITNs. [8]. 

Apart from knowledge alone, socioeconomic factors such 
as having health insurance, ability to pay for health care 
services, having a positive attitude and perceiving social 
support have also been associated with bed net ownership 
and prompt and adequate access to malaria treatment [3]. 
Indeed, having medical insurance and distance travelled to 
health facility have been generally associated with health 
demand [2]. 

Other factors elicited in a Kenyan study include household 
head, age of the household head, household size, 
household source of income and household monthly 
income [9]. In a study in Burkina Faso, possession of 
antimalarial drugs at the households was associated with 
urban residence, level of education of household head, 
having young children, and high socio-economic status. 
The medicines were obtained mainly from local public 
health facilities or community health workers (CHWs) [10]. 
Household malaria treatment seeking behaviour has been 
demonstrated to differ between urban and rural residences. 
For example, rural residents consult community health 
workers more than their urban counterparts. Distance from 
the nearest health facility and a recent visit of the 
household by a community health worker (CHW) also 
influences the chances of consulting them on child fevers 
[11]. 

Delay in seeking care has been associated with household 
economic status, level of education of the household head, 
folklore beliefs and occupation of the household head [12]. 
Other barriers to prompt care seeking include perceived 
severity of illness, previous positive experiences with 
home-made therapies and the tendency to prefer simple 
convenient options before seeking formal care [13]. 
Examples of such sources of care considered convenient 
include herbalists, religious healers, community health 
workers and drug peddlers [14].

Objective

The objective of the study was to investigate the influence 
of household factors on paediatric malaria prevention and 
health seeking behaviour in Homa-Bay County.

Methodology
Study design

The study was conducted as a population based cross 
sectional survey. Survey data was obtained by means of 
primary data collection from respondents in their 
households.

Study area

The study was conducted in Homa-Bay County. The County 
is in the shores of Lake Victoria and has one of the highest 

malaria prevalence rates in Kenya (>40%). This is why it was 
chosen as the study site. 

Study Population

The study population comprised households in the eight 
sub-Counties of Homa-Bay County. 

Sample size determination and sampling procedures

For the purposes of this study, the County was divided into 
blocks. A block was defined as a Sub-County. Each block 
was further divided into two sub-blocks, namely urban and 
rural. The sub block named urban was that which included 
the largest urban centre in the Sub-County.  The rest of the 
Sub-County was categorised as rural. In each sub-block, 
cluster sampling was used to randomly sample 
sub-locations. A sub-location formed the cluster hence the 
sampling unit. Homa-Bay County has eight Sub-Counties 
with a total of 226 sub-locations. In each sub-block, one 
cluster was sampled randomly. 

To increase representativeness of the sample and generaliz-
ability, all households in the sampled cluster were included 
in the study. The justification for this approach to sampling 
is that Homa-Bay County is geographically vast and 
socioeconomically diverse. The only feasibly way of 
ensuring representativeness was therefore this approach of 
cluster sampling and not sampling of individual 
households. The sample size was therefore 16 clusters with 
each sub-county represented by two clusters; one urban 
and the other rural. A cluster was defined as urban or rural 
segment of one sub County. From each cluster, one 
sub-location was sampled by the simple random sampling 
technique. From each sub-location, a simple random 
sample of 20 households for rural and 30 households for 
urban clusters was taken. 

Table 1. Number of sub-locations per Sub-County in 
Homa-Bay County

No. Sub-County Number of Sub locations

1 Homa-Bay Town 11

2 Rangwe 17

3 Karachuonyo 58

4 Kasipul 20

5 Ndhiwa 50

6 Kabondo 19

7 Mbita 27

8 Suba 24

TOTAL 226

Recruitment of study participants 

Data collection assistants arrived in a household with a 
letter of authorization from both the County director of 
medical services and the local area chief. They then 
introduced themselves and requested the head of the 
household to either read the consent explanation or have it 
read for them then decide to consent or not. For purposes 
of this study, the household head was taken as the father, 
the mother or the guardian as was decided by the 
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occupants therein. If the time of arrival of the data 
collectors was not convenient for the household head to 
participate in the study, a suggestion for another time was 
sought from him/her. Upon giving consent and permission 
to proceed with the data collection, the data collectors 
administered the questionnaire to the respondent.

Data collection procedure

Data collection assistants were trained in a central place 
before embarking on the exercise. Data was collected for a 
period of approximately four months; between August 
2016 to November 2016. A team of data collectors arrived 
in a household between 10 am and 3 pm on a week day 
with a letter from the county director of medical services 
(CDMS). They then identified the head of the household by 
way of asking the occupants. Upon granting the consent, 
the respondent was given the questionnaire to fill or the 
questionnaire was read to him/her and responses filled by 
the data collectors as was appropriate. The period of 10 am 
to 3 pm on weekdays was chosen for data collection since 
most respondents would be performing domestic duties 
earlier in the morning or going to the market later in the 
afternoon. Weekdays were preferred to weekend since 
majority of the potential respondents were Christians 
hence would attend church services on Saturdays or 
Sundays. 

Data Management and Analysis

By the end of each session of data collection, the 
completed questionnaires were checked for completeness 
and consistency. The collected data was then cleaned, 
sorted and coded to make entry easy. This was followed by 
entry into the excel computer software awaiting analysis 
with R statistical software. First, descriptive analysis was 
done followed by univariate and multivariate logistic 
regression analysis of the determinants of access. Prior to 
and during analysis, all hard copy data was stored under 
lock and key with access only to the investigator. Soft copy 
data was kept under password protection in a computer. 
Backups in other storage devices such as flash discs, CD 
ROM and other external storage devices were also 
password protected to preserve confidentiality and 
integrity of the data collected. This applied for all the other 
parts of this research study.

Ethical Considerations

Research authorisation was obtained from the Kenyatta 
National Hospital/University of Nairobi-Ethics and Research 
Committee. Voluntary informed consent of the participants 
was also obtained before recruitment into the study. 
Participants were informed about the study purpose, 
procedures, benefits, risks and their rights as participants. 
The study questionnaire was translated into a language 
that the respondents were familiar with to facilitate 
comprehension for those who did not understand English. 
The participants were free to leave study at any time 
without any consequences to them. They were however not 
compensated or paid to participate in the study. Confiden-
tiality was ensured by use of codes to represent participants 

instead of their names. Data was kept safely in a computer 
under a password available to the principle investigator 
only. 

Results 
Response Rate

A total of 406 households were interviewed compared to 
the estimated sample size of 400 representing response 
rate of 102% as indicated in Table 2.

Table 2. Distribution of Respondents by Sub-County and 
Residence

Sub-County Household status Frequency %

Homabay Rural

Urban

20

30

40.0

60.0

Kabondo Rural

Urban

20

33

37.7

62.3

Kasipul Rural

Urban

8

42

16.0

84.0

Mbita Rural

Urban

31

21

59.6

40.4

Ndhiwa Rural

Urban

20

30

40.0

60.0

Rangwe Rural

Urban

20

30

40.0

60.0

Suba Rural

Urban

21

30

41.2

58.8

Rachuonyo Rural

Urban

20

30

40.0

60.0

Total Rural

Urban

Total

160

246

406

39.4

60.6

100.0

Table 3. Sociodemographic characteristics of the 
households

Characteristics Frequency %

Household status

Rural 

Urban

160

246

39.4

60.6

Household head

Father

Mother

Other

305

92

9

75.1

22.7

2.2

Religion

Christian

Islam

African

378

26

2

93.1

6.4

0.5

Education level of household head

None

Primary

Secondary

Post-Secondary

40

131

143

92

9.9

32.3

35.2

22.7
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Occupation

Business

Farmer

Salaried Employment

Self Employed

41

87

57

221

10.1

21.4

14.0

54.4

Income

< 10,000

10,000 - 30,000

30,000 - 50,000

50,000+

325

40

25

16

80.0

9.9

6.2

3.9

Knowledge about malaria

Respondents were asked questions on different aspects of 
malaria ranging from etiology, clinical presentations and 
where they obtained such information from. Their 
responses were captured as summarised in Table 3.

Table 4. Knowledge and beliefs on malaria at the 
household level

Frequency %

Respondents’ definition of malaria

Any fever   

Headache 

Parasitic infection 

Tiredness  

Vomiting  

         75

       122

       171

         34

          4

18.5

30.0

42.1

8.4

1.0

Beliefs on what causes malaria

Being bewitched      

Eating raw mangoes       

Mosquito bite        

Playing in the rain

Not sure

   5

   1

332

 65

   3

1.2

0.25

81.8

16.0

0.75

Key signs/symptoms of malaria

Do not know

Fever with headache 

Poor appetite

Vomiting   

Weakness

26

291

68

   3

  18

6.4

71.1

16.75

0.75

4.4

Main source of information 

CHWs 

Friends       

HWs in hospitals   

Newspapers

Pharmacy          

PHOs      

Radio/Television  

  18

  19

122

  17

  19

  35

176

4.4

4.6

30.1

4.2

4.6

8.7

                                      
43.4

Malaria prevention at the household 

To ascertain what the households do to prevent malaria, 
they were asked some questions on their ownership and 
use of bed nets. The responses they gave were as outlined 
in Table 5.

Table 5. Household level malaria prevention behaviour 

Characteristics Frequency                                   %

Household has nets

Yes

No

383

23

94

6

Number of nets per household 

0-1

2-3

4 or more

139

195

72

34

48

18

Anyone slept under a net last night?

No  

Not sure   

Yes 

       31

         3

     372

7.6

0.4

92

Who regularly sleeps under the net

None

Children 

Everyone   

Father and children      

Father and mother   

Mother and children   

24 

14

220

   12

  50

  86

6

3.5

54.2

3

12.3

21

When were the nets last treated

<1month   

2-5 months   

>5months

Not sure 

   67

 215

   104

    20

16.5

53

26.6

4.9

Household paediatric malaria health care seeking 
behaviour
To determine the health seeking behavior at the household 
level with respect to paediatric malaria, some questions 
were posed to the respondent representing the household 
concerning what they did when their child last had fever. 
Table 6 is a summary of the responses they gave to the 
questions. 
Table 6. Paediatric malaria health seeking behavior of 
households

Characteristics    Frequency            %

Child had fever in the past month

Yes 

No

371

35

91.4

8.6

Days to seeking treatment 

Same day

One day

Two days

Three days or more

201

68

44

50

55.4

18.7

12.1

13.8

Where did you seek treatment/advice from

GoK Hospital

Private Hospital

Pharmacy

Shop

Traditional Practitioner

Faith Based Organization

Other

Never sought treatment 

214

39

34

28

19

19

10

43

57.5

10.5

9.1

7.5

5.1

5.1

2.6

10.6
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Was Microscopic Diagnosis done

Yes

No

310

63

               83.1

               16.9

Factors influencing place and time of seeking treatment 

To understand the health seeking behavior more deeply 
analysis of association between some sociodemographic 
characteristics of the households and time and place of 
seeking treatment for paediatric malaria was performed by 
way of chi squared analysis. Table 7 is a summary of the 
measure of association by way of chi squared statistics and 
the respective p-values for the various sociodemographic 
characteristics. 

Table 7. Determinants of place and time of seeking 
treatment

Attribute Chi squared p-value

Place of seeking treatment Place of seeking treatment

Knowledge on cause of malaria 

Place of Residence (Rural or Urban)

Religion        

Occupation

Severity of fever

Level of education

Income

68.91

43.1

19.56         

80.65

364.39

72.15

102.28

<0.001

0.089  

0.241

<0.001

<0.001

<0.001

<0.001

Time taken before seeking treatment

Knowledge on cause of malaria

Religion

Occupation

Severity of fever

Availability of drugs at home

Level of education

Income

Place of residence (Rural or urban)

43.87         

22.20

44.60

403.67         

514.17         

41.73          

102.28

39.26 

0.520

0.22

0.02

<0.001

<0.001

0.035         

<0.001

0.030

Discussion 
Despite high uptake of malaria preventive measures such 
as the insecticide treated mosquito nets, the prevalence of 
fever in children within one month prior to the study was 
still more than 90%. This could be because the use of the 
nets might not have been consistent. Also, almost 30% of 
respondents stated that their bed nets were treated more 
than five months prior to the study. The fevers could also 
have been due to other conditions than malaria such as 
pneumonia and upper respiratory tract bacterial and viral 
infections. Given the ease with which it can be prevented, 
diagnosed and treated, malaria should not kill any person 
today, leave alone children. This is because our generation 
boasts of cutting edge research and technical capacity to 
manage diseases as well as global internet connectivity 
that makes the world a global village. From the findings of 
this study, it is disturbing that a whole 30% of respondents 
still believed that any fever is malaria. It is particularly 
troublesome for children who often depend on the 
decision of their parents or guardians to seek care. If such 
parents are poorly informed about the aetiology and 

pathophysiology of malaria, they are not likely to seek 
prompt and competent care for their children with 
suspected cases of malaria. A study in Sri Lanka found that 
when the knowledge on malaria is improved, bed 
occupancy due to malaria increases [6]. Preventive actions 
such as ownership and use of insecticide treated bed nets is 
also seen to be influenced by level of knowledge as well as 
socioeconomic status [2,7]. Uptake of bed nets as well as 
their use was impressive. However, the incidence of malaria 
in children in those households within one month prior to 
the study was 97%. This is probably because 84.5% of the 
households had their nets treated more than two months 
prior to the date of the interview. Mosquito feeding 
behavior has also changed with time and now feeds before 
bed time and some even display exophagic anthropophilic 
feeding behaviour, that is, they feed on humans outside the 
house [15]. Preferred place of seeking treatment was 
government facilities and was significantly associated with 
knowledge on cause of malaria, occupation, severity of 
fever, level of education and monthly income of the 
household. Time taken before seeking treatment was 
however significantly associated with occupation of the 
household head, severity of fever, availability of drugs at 
home, level of education of the household head, monthly 
household income and place of residence (whether rural or 
urban). These findings concur with those of Kassile and 
others [12] and Angwin and others [13] which found out 
that delay in seeking care for a child with fever is influenced 
by level of education and occupation of household head, 
socioeconomic status of the household and folklore beliefs. 
They also reflect the finding of Tipke and others that having 
medicines at home may delay seeking care [10]. Many 
households have been shown to opt for home 
management of fevers or seeking informal care before 
reaching out for formal care further delaying care seeking. 
[1,2,3]. Seeking care is only meaningful only if there is 
reasonable physical and financial access. Universally, access 
to health care is determined by physical access, 
acceptability and affordability. In this study, access was 
defined as both physical and financial access. Operationally, 
access was therefore defined as when a patient reported 
that they procured paediatric malaria treatment and they 
found it affordable. Access was found to be significantly 
associated with urban residence, being educated, 
household income and obtaining health information from 
friends.  These findings concur with the findings of a study 
in eastern Rwanda which found that prompt access to 
malaria care was associated with socioeconomic status of 
the household, level of knowledge of the household head 
and perceived social support [3]. In our study, we 
considered receiving information on malaria from friends 
as a surrogate of positive social support. Favourable 
treatment outcomes were associated with seeking care 
from a government hospital, urban residence, being 
self-employed and living in Homa Bay town sub-County. 
These findings agree with those of a Tanzania study that 
attributed public health facilities with better outcomes 
hence preference by people who were financially more 
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stable [16]. Similar findings were seen in another study in 
Burkina Faso [17] where treatment outcomes was 
associated with place of residence, socioeconomic status 
and level of education of the household head, delayed 
treatment and treating children at home. It is however 
intriguing to note that a very high percentage of 
respondents (92%) reported sleeping under the nets a day 
before the survey. The possibilities are that either they were 
not honest and probably feared repercussions of not using 
the nets or their level of compliance was just excellent.

Conclusions and recommendations
The findings of this study provide sufficient scientific 
evidence that widespread ownership of net alone is not 
enough to prevent malaria. There is need for emphasis on 
appropriate net use, net treatment and care. This may be 
accomplished through awareness campaigns and training. 
Also, prompt care seeking is influenced by occupation of 
the household head, severity of fever, availability of drugs 
at home, level of education of the household head, 
monthly household income and place of residence. The 
County government therefore needs to prioritize equitable 
distribution of income, education and health services in the 
whole County.
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