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The World Parkinson’s Disease Day (WPDD) each year is 
celebrated on 11th April (the birthday of Dr James 
Parkinson) to raise the awareness of Parkinson’s Disease 
(PD) which was not understood for many centuries.

Parkinson’s Disease (PD) is a progressive neuro-degenera-
tive disease, the second most common disorder of this type 
after Alzheimer’s disease (National Institute of 
Environmental Health Sciences, 2017). It is speculated that 
PD is caused by a combination of environmental and 
genetic factors and perhaps the gut. This disease is a 
mystery for many around the world and is often 
misunderstood. Even the affected persons are 
misunderstood and unable to get the correct diagnosis, 
medical attention, family, carer and community support. 
Presently what is known is that PD is progressive in nature 
and can strike anyone with advancing age. As such early 
diagnosis is important as there are treatment options and 
help should be sought from neurologists.

The first step should be to seek attention from a 
neurologist, even though they are scarce in many 
developing countries including Kenya. Secondly, one is not 
alone since information and help is around the corner. In 
this digital world there are also smartphone apps for 
various assistance programs. Thirdly, we now have 
voluntary patient groups like the Parkinson’s Support 
Group (PSG) for patients /carers /family members and also 
the Africa Parkinson’s Disease Foundation (APDF), both 
based in Nairobi. Many patients benefit from the regular 
meetings / activities of these organisations.

The 2017 WPDD was celebrated in Nairobi, by the PSG and 
APDF with over 100 people participating in the medical 
talks and rehabilitation activities. The activities showcased 
daily physical exercises (important for muscle strength, 
reducing rigidity), breathing, sound and yoga exercises, 
general tips of taking care for the patient and carers, and 
demonstrations of mechanical aids like non-slip tiles for 
shower rooms and friendly door handle opening aids. 
Attendees included many PD patients together with their 
families and care-givers. Also present were health 
professionals like doctors, pharmacists, pharmacy /medical 
students and an occupational therapist, a physiotherapist, a 
speech therapist and a nutritionist.

The Journey of Parkinson’s disease
This year’s WPDD was special as it marked the 200th year 
since Dr James Parkinson, a British physician (1755-1828) 
published in 1817 his celebrated medical monograph 
called “An Essay on the Shaking Palsy” by Sherwood, Neely 

GUEST EDITORIAL
Understanding Parkinson’s Disease

Maroo H., Reeve M., Kambua D., Achei B., Ongeri J., Onyango E., Alex K., Kipchirchir K., 
Hakeem K., Oyuer L., Muthini P. and Kraft T.K.

and Jones (London). It was written in his own style of 
English of that era. Interestingly Dr. Parkinson, whilst 
observing people on the streets of London, noticed that 
some people suffered from a tremor that, along with 
muscle weakness, worsened with time. The Latin name for 
this condition was “paralysis agitans” or the “shaking palsy”.

PD is a condition that has been with mankind from ancient 
times, though not given a clear identity as a disease. It can 
be traced in ancient medical manuscripts including the 
Indian Ayurveda and Chinese Traditional Medicine texts 
and a 1200 BC Egyptian papyrus. All describe the disease as 
bearing characteristics like resting tremor, movement 
rigidity and muscle atrophy.

The Indian Ayurveda refers to the condition as kampavata. 
As early as 250 BC, the Ayurveda has writings of a medical 
doctor in India called Charaka, one of the principal 
contributors of the Ayurveda, describing a condition 
characteristic of tremor, rigidity and bradykinesia, a picture 
coherent with Parkinsonism. An extract from Atmagupta 
(mucuna pruriens), later shown to contain levodopa, was 
used to manage these symptoms.

Equally, ancient Chinese medical literature like the ‘Yellow 
Emperor’s Internal Classic’  has mention of a condition that 
mirrors Parkinsonism. A section of it describes symptoms of 
tremor, postural disturbances and stiffness resulting from 
“wind.”  The word ‘wind’ is described by the author as 
referring to symptoms of shaking and dizziness due to 
some dysfunction of the liver. This document, also known 
as the “Su wen” oldest Chinese medical text around 500 BC, 
shows a remarkable understanding of PD in Chinese 
medical science; and prescriptions for treatment also 
sprang up in the following centuries.

Another example is the Egyptian text around 1200BC, 
which describes the symptom of drooling found in some 
PD patients. The famous Greek physician Dr. Galen (AD 129 
- c 210) wrote a treatise on various types of tremors. He 
described a patient with multiple symptoms of PD 
(expressionless face, rigidity, rest tremor, constipation and 
psychiatric symptoms).

The French neurologist Dr. Jean-Martin Charcot 
(1825-1893), in appreciation of Dr Parkinson’s contribution 
to the description of the condition, had the disease named 
as PD. It is, however, important to note that in as much as 
the first systematic description of the PD is attributed to Dr. 
James Parkinson, the disease and all its four cardinal signs 
(tremor, bradykinesia, rigor and postural instability) had 
been described much earlier in 1690 by Dr. Ferenc Pápai 
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Abstract
Technology that involves use of mobile phones is defined 
as the practice of medical and public health via mobile 
communication devices. Many mobile phone health 
applications have been innovated and a range has been 
recognized by the government in providing healthcare. The 
problem however is lack of the use and availability of an 

Nyawara S.
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efficient mobile phone tool to enhance healthcare for 
persons living with HIV/AIDS. The objectives of the study 
were to innovate a mobile phone application that can be 
used by HIV/AIDS positive persons, to determine patient 
knowledge of HIV/AIDS, to determine factors that can be 
monitored using mobile phones and the challenges facing 
use of mobile phone in the healthcare of people living with 
HIV/AIDS. The main limitations currently against this system 

Páriz (1649 -1716) in his medical text  “Pax Corporis.” This 
book was written in the Hungarian language and was 
unfortunately unknown to the pool of medical literature in 
the main European languages, such that Dr. James 
Parkinson’s systematic description of the disease was 
believed to be the first as such. Dr. Páriz’s published 
description was in fact over 125 years before Dr. Parkinson 
wrote his classic essay in the English language.

In the 1950’s, Dr. Arvid Carlsson of Sweden discovered the 
dopamine system of neurotransmitters in the brain. With 
others they discovered that the chemical L-dopa 
(levodopa), which is converted to dopamine in the brain, is 
capable of being used as a treatment for people with PD. 
For this, Dr. Carlsson and two others were awarded a Noble 
Prize. All this eventually led to the use of levodopa to treat 
PD. It soon became evident, however, that the usefulness of 
levodopa in treating motor symptoms of PD diminished 
with time, and that the dyskinesia grew worse with time. 
George C Cotzias (1918-1977) pioneered a form of gradual 
build-up of the dosage of levodopa that produced lasting 
results. In 1970’s, it was found that the addition of 
carbidopa to levodopa (“the combination now known as 
“co-careldopa”) helped the absorption of levodopa by the 
brain. Other drugs for the treatment of PD have since been 
developed. A new class of drugs called “dopamine agonists” 
have recently been developed for efficacy but with a 
different set of side effects. At some point where the drug 
therapy is no longer effective, or the side effects are 
unacceptable, physicians are referred to for possible 
surgical approach. If the problem is purely one of tremor 
(which is very rare in a late-stage patient), a thalamotomy is 
considered. In all other instances, a procedure called DBS 
(deep brain stimulation) by placement of a device is 
considered. 

As part of the historical journey, four other interesting 
points are noted here. Firstly, in the early years there was 

very little one could do for PD patients. It seemed that 
drooling (excessive salivation) was a characteristic 
symptom in many patients. Such cases benefitted from use 
of anticholinergic drugs like benzhexol, which dries up 
mouth secretions. Additionally such drugs often decreased 
tremor by blocking the abnormal nerve transmissions. 
Secondly, all cases of suspected PD need proper evaluation, 
imaging studies and work-up. Once the diagnosis is 
confirmed, it is possible to divide the cases into two groups 
– “early onset” (generally below 60 years age) and “late 
onset” (above 60 years). The “early onset” cases are going to 
require a longer period of treatment. In those patients with 
tremor as the predominant symptom, benzhexol is 
generally considered, with or without an adjuvant drug 
such as amantadine. As the disease progresses, levodopa is 
added. On the other hand, for treating “late onset” patients, 
the tendency is to start with levodopa early on. Thirdly, it is 
advised that when co-careldopa (combination of carbidopa 
plus levodopa) is used, the total daily dose of carbidopa 
should be at least 70mg. A lower dose may not achieve full 
inhibition of extracerebral dopa-decarboxylase with a 
resultant increase in side effects. Fourthly, if a patient with 
PD has had a stroke, the side of the body affected by the 
stroke would show improvement in, or even disappearance 
of, the tremor of PD.

The PD journey will continue with more findings and 
developments in the understanding and management of 
PD. For example, there are some findings recently 
suggesting that an unrelated drug added to the regular PD 
medications could do more than provide symptom relief 
for PD. Only time will tell.

Further information is available from some of the 
co-authors who are PSG members or from APDF (www.
africaparkinsons.org). Other references include www.
parkinsons.org.uk/content and www.pdf.org/ about_pd.
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are still lack of access by some patients to smart phones 
and the issue of stigma. Methodology used was a 
descriptive cross sectional research design. Quantitative 
data collection using a structured questionnaire was used 
and also a laptop for making and uploading the application 
to respondents mobile phones on their approval. Sampling 
using the Cochrane formula was done at the Kenyatta 
University VCT center for one week between 2/7/18 to 
7/7/18 and the sample size was 104. The application was 
successfully made using android studio software. Patient 
knowledge indicated that some patients still did not know 
their medication by name (40%); adverse drug reactions 
and opportunistic infections were not reported 
immediately (80%) correlating to similar studies carried out 
in Kiambu county hospital in 2011. The biggest challenge 
was lack of any application or mHealth program to use. 
Attitude to the invented app was positive as 73% accepted 
its installation. From the study, use of mobile phones in 
improving healthcare is a feasible way that can help 
improve healthcare. 

Keywords: mHealth, application, HIV/AIDS, Adverse drug 
reaction, knowledge, technology, mobile. 

Introduction
HIV/AIDS is still a burden to many nations especially of the 
developing world, with over 25.6 million persons living with 
HIV/AIDS in Africa. The use of mobile information 
technology today has been a major transformation in 
tackling various world challenges including education, 
agriculture and health.  Kenya has particularly seen a rise in 
mobile technology innovations amongst young and 
determined creatives and entrepreneurs with a range of 
startups all over the country. Health mobile phone 
applications have also been invented and a range have 
been recognized by the government in connecting patients 
to doctors; among these are like m-tiba, ushahidi, isikcure, 
mDaktari, myDawa and Hello Doctor. To achieve Universal 
access to treatment, national and local programs must 
expand access to HIV care, strengthen health systems, 
improve quality of care delivered, reduce costs and access 
to barriers at every stage of HIV treatment and this can be 
achieved using mobile phone technology [1].  However, no 
mobile phone application had been invented for HIV/AIDS 
positive patients. In 2015, South Africa launched the first of 
these applications but was meant only to be used by 
doctors to remind them of treatment regimens and 
guidelines. The lack of a mobile phone application for HIV/
AIDS positive persons therefore prompted the 
development of one that could be used by the patients and 
not only by the doctors. It will be more informative to 
patients and aid to give the best treatment care. This novel 
innovation and its use will improve pharmacovigilance. 
There is also great technological advancement in the 
country with high literacy levels of up to 61% and over 65% 
of mobile users, a factor that can be tapped in improving 
pharmacovigilance in persons living with HIV/AIDS [2]. 

Objectives
General research objective is to investigate the use of 
mobile phone technology in providing healthcare and 
follow ups in people living with HIV/AIDS.

Specific objectives include;

1. To formulate components of a working and effective 
mobile phone app effective in HIV care and implement 
it.

2. To determine patient knowledge on HIV/AIDS and 
factors that can be monitored using mobile phones in 
patients.

3. To investigate potential barriers in the use of mobile 
phones in care of people living with HIV/AIDS.

4. To determine patients attitudes and acceptability in 
using mobile phones in care and monitoring.

Methodology
Research design
A descriptive cross-sectional design was used in which a 
structured questionnaire was given to the patients who 
turned up for check-up at the comprehensive care center of 
Kenyatta University VCT center. 

Due to the limited time of study as given by the institution, 
any patient who had already been registered at the center 
and came for the checkup that week was eligible and took 
part in the study. Participation was voluntary and a consent 
form signed.

Android studio software which provides a standard 
development kit was used for construction of the mobile 
phone application and patients willing to try the 
application had it installed on their mobile devices.

Location
The study was conducted in Kenyatta University VCT center.

Target population

The Kenyatta University VCT center had a total population 
of 200 registered patients on antiretroviral therapy.

Sampling size and technique

Sampling was conducted using the Cochrane formula. 
Sample size was calculated using the formula;

N=4PQ/d2

The minimum sample size was to be 100.

Sampling technique used was non-random convenience 
sampling. This is because of limited time thus only those 
patients who came to refill their medication between the 
dates of 2/7/18 to 7/7/18 were respondents. 

Sample size was 104.
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Data collection 

Data was collected using a structured questionnaire. Other 
opinions from the respondents were also noted.

Data analysis

Completed questionnaires were examined for any inconsis-
tencies. The information was then entered and presented in 
the form of pie charts, tables and bar graphs using simple 
software Ms. Excel 2014.

Logistics and ethical consideration

Authorization to conduct the study was obtained from 
Kenyatta University   Ethics and Review committee. The 
Directorate of Kenyatta University Health Services and 
nurse in-charge of the comprehensive care center also gave 
consent for only a limited period of one week. All 
respondents signed a consent form before taking part and 
all information was treated with confidentiality.

Results
The first objective was to be able to come up with a mobile 
phone application. This was modeled based on some of the 
already existing medical applications for other diseases and 
improve and customize it only for HIV/AIDS care. (Figure1).

Figure 1. Innovation of an effective mobile phone 
application and some of its features. 

Technology

The application was made using simple android studio 
software combined with Java. It was developed by 
Sammerion Nyawara based on other already existing health 
applications though none yet was for HIV/AIDS patients. It 
was named HealthAid. It was sent directly to the patients 
phones from the android studio software. It works as 
follows:

1. Patient goes for checkup or to refill medication, after 
the necessary tests have been done, they can ask the 
doctor for their results and enter it in their phones by 
themselves. This provides convenience as the patient 
can visit any other health facility whilst knowing their 
history of tests and medication without needing a file 
all the time. Patient also is encouraged to go for more 
checkups. These include records of;

I.    CD4 Count. (On previous laboratory check)
II.   Viral load. (On previous laboratory check)
III.  Metabolic enzymes. (On previous laboratory check)
IV.  Weight.  Etc.

2. HealthAid also provides a description of suspected 
opportunistic infection symptoms that a HIV/AIDS 
patient may feel and also adverse drug reactions for 
each drug they are taking. The patient can then identify 
which particular drug is responsible for his/her 
symptoms. Furthermore they are able to contrast and 
compare whether it is due to an opportunistic infection 
or not. 

After knowing the suspected cause, the patient can then be 
in touch with a doctor directly. A number of doctors will be 
enlisted on the HealthAid platform and they will give 
directions to the patient.  
3. HealthAid also has its own medical report for every 

patient that is customized only to them and only 
accessible to the application account holder and a 
doctor to share with.  

This will enable the patient to use any health facility 
wherever they are as they will be having their own records.

4. Daily notifications on how to eat healthy and practice a 
good lifestyle will be sent to the patients.

Y axis- Number of respondents in Percentage.
X axis- Knowledge of patients on HIV/AIDS. 

Figure 2. Awareness of HIV/AIDS patients on their health.

This was to investigate patients’ knowledge on HIV/AIDS. It 
investigated parameters such as knowledge of their 
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medication, if they have ever changed medication and the 
reasons, and if they have ever experienced any toxicity as 
was explained to them (Figure 2). In addition to this, 
knowledge and reporting of adverse drug reactions was 
also investigated (Figure 3) and knowledge on use of 
mobile phones in improving healthcare (table 1).

Y axis- Number of respondents in percentage.
X axis- Adverse drug reactions and opportunistic infections

Figure 3. Frequency and reporting of adverse drug 
reactions and opportunistic Infections
Table 1. Patients’ information on mobile phone and its 
technology in Healthcare

Own a smartphone Yes 80%

No 20%

Aware  of  apps Yes 40%

No 60%

Apps downloaded Games 93%

Education 20%

Books 13.33%

Health and lifestyle 20%

Business 13.33%

Health apps used Alcohol unit 0.00%

Smoking cessation 0.00%

Fitness 13.33%

Nutrition 26.67%

Vascular risk assessment 0.00%

 HIV treatment 0.00%

Aware of phones in 
care

Yes 13.33%

No 86.67%

Methods  aware  of Reminder SMS 13.33%

General info 0.00%

Forums/discussion groups 13.33%

Mobile apps 0.00%

Would you 
recommend an app

Yes 100%

No 0.00%

Figure 4: Challenges of using mobile phone technology in 
HIV/AIDS care.

The third objective investigated barriers to improving 
healthcare to people living with HIV/AIDS using mobile 
phone technology (Figure 4). 

The patients’ attitude toward use of mobile phone 
applications to improve on their healthcare was 100% due 
to expression of willingness and interest to have it, however 
due to lack of a smartphone only 73% had it installed in 
their phones. This installation was done by directly sending 
the application to their phones using a universal serial bus 
(USB) connected to the android studio software in a laptop. 

Discussion 
Knowledge of patients on HIV/AIDS

The results indicate that quite a number of patients 
currently on highly active anti-retroviral therapy 60% are 
aware of their medication. This also means they are aware 
of the names of the drugs being taken and the times of day 
required for dosing. Furthermore these patients suggested 
they could differentiate the drugs by their colors. On the 
downside, 40% of the respondents were not aware of the 
drugs they were taking by name.

This was seen as a gap that needed to be filled 
appropriately and use of mobile phone technology could 
be a possible solution.

Eighty percent of the patients had also changed medication 
at one time or another in the course of therapy. Some 
patients indicated that their doctor had not told them the 
reason for change of medication but 46.67% explained that 
it was due to   toxicity whereas 53.33% was due to 
opportunistic infections.

Patients may adhere to education given to them regarding 
prevention of HIV transmission through safe sex practices, 
taking medication as prescribed and accepting 
responsibility for their own health [9, 10]. This may, 
ultimately, contribute to an improvement in the quality of 
life of patients and thus decrease mortality.

According to a study done in South Africa [11], it was 
revealed that knowledge  on  ART  will  be  able  to 
empower  people  living with  HIV/AIDS.

Seventy three of the patients in the study had experienced 
adverse drug reactions (ADR).  The concept of adverse drug 
reactions was fully explained to them before filling the 
questionnaire and they showed understanding. Twenty six 
percent however said they had never experienced adverse 
drug reactions before. All those patients with ADR’s had 
reported to the VCT, 45.54% had reported after two weeks, 
36.36% after three months and lastly only 18.18 had 
reported immediately. This remained an area of concern as 
it was evident that patients mostly report ADR’s during the 
refill of their medicines. The most experienced ADR was 
yellow urine and skin rash.  The least experienced was 
numbness and diarrhea.

The findings were almost similar to a study [12], which 
showed that ADRs symptoms occurred in 62.2% of the 
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patients on ARVs but the patients did not relate the ADRs to 
the medicines used but rather to the AIDS syndrome. 
Patients had insufficient knowledge of the medicines they 
were taking: 92.1% could not tell the medicines by name 
and 28.5% could not recall the frequency of the daily 
dosing. Only a small number (10%) had encountered a 
change in medication and the majority could tell why their 
medicines had been changed.

Opportunistic  infections  had  been  experienced   by  all  
the  respondents  but  the  reporting  was  varied.  Forty 
percent  had  reported  after  three  months ,35%   after  two  
weeks  and  only  25%   had  reported  immediately.   This  
also   puts  in  view  the  need  for  urgent  reporting  tools  
to  avoid  exacerbations  of  condition.

Eighty percent  of  the  respondents  owned  a  smartphone  
as  compared  to  20%   who  had  other  types  of  phones.  
Despite  this  commendable  number,  60%  were  not  
aware  of  any   use  of  mobile  phones  in  providing  
healthcare  of  any  form  whether  in Kenya  or  outside.  
The  40%   who  were  aware  of  such  indicated  that  they  
mostly  used  nutritional  apps  on  their  mobile  phones.  
There  was  no  knowledge   of  use  of  mobile  phones  in  
providing  care  and  monitoring for  HIV/AIDS  patients.

Barriers and challenges to improving and providing 
healthcare using mobile phone applications.

Lack  of  such  initiatives  or  mobile  phone  applications  
was  the  main  challenge  cited.  Language  barrier  was  not  
seen  as  a  challenge  by  majority  of  the  
respondents(87%). The case of  affordability  of  mobile  
phones  especially  smartphones was not a big challenge, 
agreeable with a similar study in South Africa that 
attributes  affordable  phones  in developing  countries  due  
to  imports  from  China [13].

Patients’ attitude to the use of mobile phone 
applications in improving and providing healthcare

More than half of the respondents (73%) were willing to try 
HealthAid and even started using it in storing data, getting 
information on better health, adverse drug reactions and 
opportunistic infections. Other aspects such as doctor 
consultation still need to be structured in coordination with 
healthcare givers. 

Recommendations by patients

The government and other stakeholders would improve 
care by using mobile phone technology [14, 15, and 16]. 
The respondents further recommended a number of 
features such as personal passwords, data storage, 
symptom marker, daily reminders, information on 
medication and an open social media group for persons 
living with HIV/AIDS. A study done in Nyeri hospital had 
similar recommendations [17].

Conclusion
a.     There is lack of efficient health monitoring as 60% of  
        the patients in the study though owning smartphones  

         and having other health applications, have never had  
         one that is meant for HIV/AIDS patients.

b.     Formulating the components that can be used in  
         effective health monitoring can be done as is the  
         innovation of HealthAid mobile phone  application.

c.      Many of the respondents (73%) agreed to have the  
         HealthAid mobile phone application put into their  
         phone and try to use it. This shows that it is a feasible  
         undertaking in the provision of healthcare to HIV/AIDS  
         patients.

d.     Forty percent of the respondents were unaware of the  
         medication they were taking currently. It is important  
         to note that, with improved insight and knowledge  
         about the disease and the management thereof, an  
         improvement in adherence may result as patients with  
         inadequate knowledge of HIV and its transmission  
         would be more likely to report not taking ART.

e.     Monitoring adverse drug reactions is necessary as 73%  
        admitted to having experienced them [18].

f.      All the patients had had opportunistic infections.  
        However only 25% had    reported immediately. Mobile  
        phone technology can also be used to bridge this gap. 

g.     After installation, patients could use it to store data, get  
        health information including lifestyle, adverse drug  
         reactions and opportunistic infections. Other features  
         like doctor consultations still needs coordination with  
         their doctors to be fully implemented. It can then be  
         introduced all over the country. 

h.     If implemented worldwide, patients will access the  
         application via Google play store or ios app store.
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Monitoring of microbial quality of purified water 
used in pharmaceutical production of non-sterile 
products: A case study of Elys Chemical Industries 

Limited, Kenya.

Abstract
Water is used in pharmaceutical production as an 
ingredient and also in cleaning of equipment making it a 
potential source of product contamination. Risks of 
microbial contamination can arise due to poorly designed 
water purification systems and inadequate sanitization 
procedures. Monitoring of water systems is vital for 
ensuring robustness of the purification process. The aim of 
this study was to monitor microbial quality of purified 
water used in pharmaceutical production at Elys Chemical 
Industries Ltd. Kenya. Water samples were collected from 
the water purification system twice-weekly for one year, 
from January to December 2018 and tested using pour 
plate method to determine total viable aerobic microbial 
count.  A total of 2,376 water samples were tested.  All 
samples were found to be free from Escherichia coli, 
Salmonella and Pseudomonas aeruginosa, and with total 
viable count of less than 100 colony forming units per ml as 
specified in the acceptance criteria.

Keywords: Microbial, monitoring, pharmaceutical, 
purification, water.

Introduction
Microbial contamination control is essential in 
pharmaceutical manufacturing as it ensures quality and 
safety of the product. Presence of microbes may change 
the chemical and physical properties of products as well as 
content of active ingredients. Microbial assessment is 
cognizant of the fact that microbial contamination can 
reduce or eliminate the therapeutic effect of a medicinal 
product [1]. It is the responsibility of the manufacturer to 
ensure that medicines are not only fit for their intended use 
but they also do not cause risk to the user in terms of safety 
and efficacy. Microbes are introduced into products mainly 
through raw materials, equipment, personnel and 
manufacturing environment [2]. 

Purified water is a key component in pharmaceutical 
manufacturing, either as a raw material or a cleaning agent 
[3-5]. Due to its function, purified water is a potential source 
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of microbial contamination in pharmaceutical production. 
In addition, micro-organisms depend on water for their 
growth and the potential for microbial proliferation 
especially in ambient, stagnant water is high [6]. Risks of 
microbial contamination arise from poorly designed water 
purification and distribution systems and inadequate 
sanitization of the system. 

Pharmaceutical water purification process, storage and 
distribution systems should ensure reliable production of 
water of an appropriate quality that meets official 
pharmacopoeial specifications. Requirements of 
pharmaceutical water for specific application are provided 
in Good Manufacturing Practices (GMP) Guidelines and in 
official pharmacopoeias as guidance for compliance [7, 8]. 
Official compendial documents describe their uses, method 
of preparation and quality attributes.  The selection of the 
type of water to use in manufacturing is based on the 
intended purpose. Due to the criticality of water in 
pharmaceutical production, regulatory guidelines provide 
the Good Manufacturing Practices (GMP) requirements for 
design, material of construction and installation control 
parameters for water purification plant.  Water is generally 
produced by continuous processes, hence the system 
should be designed to prevent growth of microorganisms 
and formation of biofilms by continuous circulation of 
water through the plumbing system [9]. The GMP stipulates 
that water systems be routinely monitored to evaluate the 
chemical, microbiological and endotoxin control and also 
to demonstrate the robustness of the purification process 
to consistently produce and maintain the same quality of 
water [10-13]. 

Monitoring schemes should define the alert and action 
limits and the actions to be taken to correct and prevent 
the risk of loss of control.  Alert level constitutes warning 
and do not necessarily require a corrective action whereas 
the action level refers to a limit  which  when exceeded 
indicates that the process has drifted from the normal 
range of operation necessitating corrective action to bring 
the process back to its normal range of operation. The data 
collected during the monitoring is useful in identifying 
adverse trends and early warning on deviations from a state 
of control and contamination build-up. Monitoring for 
microbial level is crucial because the potential for microbial 
build-up in water purification and distribution system is 
high, especially in ambient water, since some 
microorganisms can survive and proliferate [14, 15]. 

The aim of this study was to monitor and assess the 
microbial quality of purified water used in production at 
Elys Chemical Industries Ltd, a non-sterile pharmaceutical 
company in Kenya.  This firm has in place a water 
purification plant designed to produce purified water that 
complies with British Pharmacopeia (BP) requirements. The 
purification system employs sequential unit operations to 
reduce the level of microbial and other contaminants in 
feed water to acceptable levels. Water sampling points are 
suitably positioned across the system.

Experimental
Materials

Water samples 

Samples of water for microbial testing were collected from 
24 specified sampling points on the water purification plant 
and water user points as indicated in Tables 1 and 2. The 
samples were collected twice-weekly from January to 
December 2018 according to Elys Chemical Industries Ltd. 
standard procedure (QC/153/X). The samples were tested 
for total viable aerobic microbial count (TVAMC), presence 
of Escherichia coli, Salmonella spp. and Pseudomonas 
aeruginosa (for raw water analysis). 

Table 1. Water purification plant sampling points. 

Sample 
No.

Tag No. Description of sampling point

1 SV 22-01 Sampling  valve  for feed/source/ raw water 

2 SV 22-02 Sampling  valve immediately after the 
Multigrade filter 

3 SV 38-01 Sampling  valve before Micro Cartridge Filter

4 SV 38-02 Sampling  valve immediately after the Micron 
cartridge filter 

5 SV 41-01 Sampling valve  immediately after 1st Reverse 
Osmosis unit 

6 SV 49-02 Sampling valve immediately after 2nd Reverse 
Osmosis unit 

7 SV 49-03 Sampling valve for the feed from electro-deioni-
sation unit 

8 SV 49-05 Sampling  valve for the feed from the UV 
disinfection unit 

 9 SP 9 Sampling point immediately after purified water 
storage tank.

10 SP10 Sampling point immediately after the return 
Loop.

Table 2. Water user-sampling points

Sample 
No.

User Points Tag 
Number

Department

1 Bottle filling room 1 Tap BFI Syrups

2 Bottle filling room 2 Tap BFII Syrups

3 Bottle washing room 1 Tap BW 1 Syrups

4 Bottle washing room 2 Tap BW II Syrups

5 Manufacturing room 1 Tap 1 LI 1 Syrups

6 Manufacturing room 1 Tap 2 LI 2 Syrups

7 Manufacturing room 1 Tap 3 LI 3 Syrups

8 Manufacturing room 2 Tap 1 LII 1 Syrups

9 Manufacturing room 2 Tap 2 LII 2 Syrups

10 Externals Preparation room Tap EII Syrups

11 Externals Quarantine room Tap EI Syrups

12 Washing area Tap TII Tableting

13 Paste and Preparation room Tap TI Tableting

14 Washing area Tap PW3 Packaging
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Methods
Total viable aerobic microbial count.

The pour plate technique was used to assess the microbial 
quality of purified water. The total viable aerobic microbial 
count was performed by diluting 10ml of the water sample 
to 100 ml with casein soya bean digest broth.  Two 
petri-dishes were prepared; one was labelled as SCDA 
(casein soya bean digest agar) and the other, SCA 
(Sabouraud chloramphenicol agar) for bacteria and fungi, 
respectively.  The prepared sample (1ml) was pipetted into 
each of the two plates. This was followed by aseptically 
adding 15 - 20 ml of sterile molten SCDA media that had 
been cooled to 450C to the plate labelled SCDA and 15 - 20 
ml of sterile molten SCA media that had been cooled to 
450C to the plate labelled SCA. The plates were inverted 
and incubated at 30-350C   (SCDA) and SCA at 20-250C for 5 
days. The plates were checked for colony forming units 
(CFU) per plate daily and the values recorded for a 
minimum of 5 day. The results were displayed as number of 
CFU per ml. The remaining diluted sample was incubated at 
30-350C for 24 hours and used to carry out specific tests for 
E. coli, Salmonella spp. and Pseudomonas aeruginosa as 
described below.

Test for Escherichia coli 

E. coli test was carried out by adding 1 ml of previously 
incubated sample to 10 ml of Mac-Conkey broth and 
incubating at 43-450C for 24 hours.  Turbidity and colour 
change to creamish with gas production on Durham tubes 
indicated presence of E. coli.  A loop full of (24 hours) 
incubated sample was streaked onto Mac-Conkey agar and 
the plates incubated at 30-350C for 48 hours. Growth of red 
non mucoid colonies indicated possible presence of E. coli. 
As a confirmatory test, 1 ml of the turbid creamish 
Mac-Conkey broth above was added to 10 ml of tryptone 
soya broth (TSB) and incubated at 43-450C for 48 hours. 
After completion of incubation, 0.5 ml of Kovac’s reagent 
and 3 drops of ether added, shaken and allowed to stand 
for 1 min. Appearance of red colour- ring indicated the 
confirmation of E. coli.

Test for Salmonella spp. 

The test was carried out by transferring 1 ml of incubated 
(24 hours) sample to 10 ml tetrathionate bile brilliant green 
(TTBG) broth and incubated at 30-350C for 24 hours. A loop 
full of TTBG was streaked onto xylose lysine deoxycholate 
agar (XLDA) then incubated the plates at 30-350C for 18-72 
h. The probable presence of red colonies with or without 
black centres on XLDA medium indicated possible presence 
of Salmonella . A confirmatory test was performed by 
transferring the suspected colony onto triple sugar iron 
(TSI) slants and incubating at 30-350C for 24 hours. 

Test for Pseudomonas aeruginosa

The test was only performed on raw water analysis. This was 
done by streaking a loop full of (24 hours) incubated 
sample on the surface of sterile cetrimide agar then 
incubating at 30-350C for 18-72 hours. The growth of 

greenish colonies on the surface of cetrimide agar 
indicated the presence of Pseudomonas aeruginosa. If 
present, then the oxidase confirmatory test was performed 
by transferring the suspected colonies to filter papers 
impregnated with 1% solution of N,N,N’,N’-tetramethyl-p-
phenylenediamine dihydrochloride. Development of a   
dark purple colour within 5-10 seconds denoted positive 
results. 

Acceptance criteria

The acceptance criteria for total viable aerobic microbial 
count, objectionable microbes, alert and action limits 
presented as Colony Forming Units (CFU) per ml is 
summarized in Table 3.

Table 3.  Acceptance criteria for microbial load in purified 
water

                                                                                                              Test Limits

                                                                                        Purified water Raw water 

Total viable aerobic microbial count 100 CFU/ml 500 CFU/ml

Alert limits 10 CFU/ml 100 CFU/ml

Action limits 80 CFU/ml 200 CFU/ml

Test for E. coli To be absent To be absent

Test for Pseudomonas Not applicable To be absent

Test for Salmonella To be absent To be absent

Results 
Ninety-nine samples of water were collected and tested 
from each of the 24 sampling points. A total of 2,376 
samples were tested. The total viable microbial count 
readings range for the samples tested from each sampling 
point during this period is shown in Table 4. All samples 
tested were found to be free from Escherichia coli, 
Salmonella spp and Pseudomonas aeruginosa (for raw 
water).   In addition, all samples tested showed total 
microbial count of less than 100 CFU/ml. A number of 
bacteria were detected in the feed water sample and the 
three sampling points preceding the first Reverse Osmosis 
(RO) unit but the total microbial count for these samples 
ranged between 0 and 24 CFU/ml which was far less than 
the alert limit 100 CFU/ml for raw water. The samples from 
SV 2202 which is the feed from MGF (Sand Filter) exhibited 
the highest number of total bacterial count ranging from 
0-24 which was still below the alert level. Fungi were 
detected in one sample during this study that contained 5 
CFU/ml of fungi. However this was within acceptable limits. 
There was no out of specification results observed during 
the period. Furthermore, there were no out of trend results 
in total viable bacteria count as illustrated in Figures 1-3 for 
5 sampling points during the first quarter of the year. 

The feed water (raw water) and purified water used in 
manufacturing of pharmaceutical products at Elys Chemical 
Industries Ltd comply with requirements for microbial 
quality attributes specified in the British Pharmacopeia. This 
is attributed to the fact that the feed water which is 
supplied  by the Nairobi Water Company is disinfected in 
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order   to comply with  the requisite standard of drinking  
water  prior to its distribution [16]. Additionally, Elys has 
installed a water purification plant that is designed to 
produce purified water that complies with BP requirements. 
The water purification system consists of multicomponent 
unit operations that purify the feed water to required 
specifications. 

Table 4. Total viable microbial count readings range*

Sampling point Microbial count  readings 
range 

                                                                  Total  
                                                                  bacteria

Total Fungi TVAMC

Raw water (SV 22-01) 0 - 22 0 - 0 0 -  22

Feed from MGF (SV 22-02) 0 - 24 0 - 0 0 -  24

MCF inlet  (SV 38-01) 0 - 15 0 - 0 0 - 15

MCF outlet (SV 38-02) 0 - 8 0 - 0 0 - 8

Feed from CSRO (SV41-01) 0 - 6 0 - 0 0 - 6

Feed from HSRO (SV 49-02) 0 - 4 0 - 0 0 - 4

Feed from EDI (SV 49-03) 0 - 9 0 - 0 0 - 9

Feed from UV unit (SV 49-05) 0 - 4 0 - 0 0 - 4

Purified water tank 0 - 7 0 - 5 0 - 12

Return loop 0 - 4 0 - 0 0 -  4

Bottle washing room I 0 - 7 0 - 0 0 -  7

Bottle filling room I 0 - 5 0 - 0 0 -  5

Bottle washing room II 0 - 5 0 - 0 0 -  5

Bottle filling room II 0 - 5 0 - 0 0 -  5

Manufacturing  2 Tap I 0 - 2 0 - 0 0 -  2

Manufacturing  2 Tap II 0 - 6 0 - 0 0 -  6

Manufacturing  I Tap 1 0 - 3 0 - 0 0 -  3

Manufacturing  1 Tap II 0 - 3 0 - 0 0 -  3

Manufacturing  I Tap III 0 - 6 0 - 0 0 -  6

External preparation Tap 0 - 4 0 - 0 0 -  4

External quarantine Tap 0 - 6 0 - 0 0 -  6

Packaging Tap 0 - 4 0 - 0 0 -  4

Tableting Tap 0 - 3 0 - 0 0 -  3

Changing room Tap 0 - 4 0 - 0 0 -  4

* Lowest and highest number of microbes for 99 samples tested from the 
24 sampling points in 2018.

Figure 1. Total viable aerobic bacteria count; raw water 
sampling points. 

Figure 2: Total viable aerobic bacteria count; External 
preparation sampling points.

Figure 3. Total viable aerobic bacteria count; Return loop.

Feed water is collected in a storage tank and pre-treated by 
chlorine dosing to control microbial proliferation. This  is 
then pumped through a multi-grade filter to remove turbid 
material and reduce total suspended solids after which it 
undergoes a three dosing process to adjust pH to the 
requisite specification, add an anti-scalent and remove 
excess chlorine. The subsequent unit is the micron cartridge 
filter which removes large suspended particles. The water is 
then passed through a double reverse osmosis, electro-ion-
ization and ultraviolet disinfection unit into the water 
storage tank for distribution to the user points. The 
purification system has a circulating loop to avoid stagnation 
of water and microbial build-up [17-19]. This water system 
has been validated and performance qualification activities 
were carried out by monitoring the total viable microbial 
count at defined sampling points on the system for a period 
of 12 months. Periodic sanitization is also carried out 
following an in-house standard procedure.  In this 
assessment, all water samples that were tested complied 
with BP microbial requirement for raw water and purified 
water. This shows that the water system is appropriately 
designed, robust and consistently produces pharmaceutical 
water of the desired quality standard. The presence of 5 CFU/
ml of fungi in one sample may be due to introduction of 
microbes from a source other than the analysis sample such 
as contamination during sample collection. Since this was a 
solitary occurrence and the CFU/ml detected in the sample 
within the acceptance criteria of <10 CFU/ml for fungi in 
non-sterile products, investigation was deemed unnecessary. 

Conclusion 
The pharmaceutical water that is used in production at Elys 
Chemical Industries Ltd., Nairobi-Kenya, complies with the 
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BP requirement for microbial quality. This is proof that the 
water purification system at this facility is robust and in a 
state of control. In addition, the sanitization program for the 
purification plant and water distribution system is adequate.
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Introduction
Parkinson’s disease (PD) is a neurological disorder that 
currently affects 1% of the global population aged over 60 
years (Tysnes and Storstein, 2017). The global prevalence of 
PD has more than doubled from 1990 to 2016, increasing 
from 2.5 million to 6.1 million people with PD (PWPD) 
(Dorsey et al., 2018). This large increase is mainly due to 
increased life expectancy leading to ageing populations. As 
populations continue to age, we can expect to see over 12 
million people living with PD globally by 2050 (Rocca, 
2018).

PD is the second most common neurodegenerative disease 
globally and has a range of motor and non-motor 
symptoms (Connolly, 2014). According to the Global Burden 
of Disease Study 2016 (Dorsey et al., 2018), PD was the 
fastest growing neurological disorder globally in terms of 
prevalence, disability and deaths. Symptomatic drug 
therapy can be used to improve the motor symptoms of PD 
but cannot prevent progression of the disease or reverse it. 
The rate of progression is variable and use of drug therapy, 
as well as exercise, physiotherapy, speech therapy and 
occupational therapy are key in the management of 
symptoms (NICE, 2017). The aetiology of PD is not known, 
although age is the most important risk factor. Genetic 
factors, such as mutations in parkin or LRRK2 genes in 
familial PD (Chen and Tsai, 2010), and environmental 
factors, including industrial chemicals such as pesticides 
(Dorsey et al., 2018) are also thought to increase the risk of 
PD. 

PD medication
A substantial number of PD prevalence studies have been 
carried out globally, but few epidemiological studies have 
been conducted on PD in sub-Saharan Africa (SSA), making 
it difficult to estimate the true prevalence of PD in Kenya 
(Okubadejo et al., 2006). Estimates of PD prevalence across 
the globe range from 108 to 257 per 100,000 in Europe (von 
Campenhausen et al., 2005), to 2,168 per 100,000 
population among white males in USA (Wright Willis et al., 
2010). Dotchin et al. (2008) conducted a community-based 
prevalence study in the Hai region of neighbouring 
Tanzania. This study identified an age-standardised 
prevalence rate of 40 per 100,000 population. This lower 
estimate of PD prevalence in Tanzania compared to the UK 
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for example, is mainly due to lack of knowledge and 
information about PD leading to underreporting of the 
disease and symptoms (Kaddumukasa et al., 2015), but may 
also reflect differential environmental and genetic risk 
factors. The symptoms of PD can be controlled by a range 
of drug therapies. NICE (2017) guidelines suggest the use of 
levodopa (L-Dopa) (combined with carbidopa or 
benserazide), dopamine agonists, monoamine oxidase B 
(MAO-B) inhibitors, catechol-O-methyl transferase (COMT) 
inhibitors and anticholinergics. In addition, a surgical 
procedure, deep brain stimulation (DBS), is also indicated 
for certain PD patients with advanced disease who are 
levodopa-responsive, while the older and cheaper lesioning 
approaches with pallidotomy or subthalamotomy have 
been used in some low income countries such as in Cuba, 
and more recent Magnetic Resonance Imaging guided 
focused ultrasound (MR-FUS) lesioning is being trialled 
currently especially for the tremor of Parkinson’s disease 
(Alvarez et al., 2009;  Schlesinger et al., 2015).

PD management
As a neurological disorder, the management of PD is 
coordinated by neurologists. In Kenya, there are 
approximately 20 neurologists practicing (including 
consultant and higher specialty trainees). These 
neurologists are concentrated in the three major cities of 
Kenya, Nairobi (n=18), Mombasa (n=2) and Kisumu (n=2). 
There are no neurologists in rural Kenya. The World Health 
Organisation (WHO) recommended neurologist to 
population ratio is 1 neurologist per 100,000 people (Bower 
and Zenebe, 2005). The average number of neurologists in 
Africa is thought to be 0.03 per 100,000 people (Howlett, 
2014), similar to the ratio in Kenya. WHO (2004) shows that 
at the time of publication, there were no neurology nurses 
in sub-Saharan Africa (SSA). There is only one PD nurse 
specialist in Kenya, who has returned to Kenya after years 
working in the United Kingdom. There is only one physician 
trained in elderly care medicine in the country. 

Limited knowledge on the prevalence of PD in Kenya has 
resulted in PD being ‘neglected’. Knowledge about the 
disease is very low among the general population and 
healthcare professionals, while diagnosis is often not made, 
and even if it is, is usually delayed. Symptoms of PD are 
often confused with general expectations around ageing 
and this also delays help seeking. This commentary aims to 
address the issue of PD in Kenya, within the context of 
neurology services, and provide an evaluation of the 
current situation of PD medication in Kenya.
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Commentary on PD medication in 
Kenya
This paper reflects on a study conducted by Mokaya et al. 
(2016) which explored the accessibility of PD medication in 
Kenya. Following on from Mokaya’s study, further research 
was conducted as part of a wider study exploring the 
perceptions about PD in Kenya, which included exploring 
access to services and medicines. This study included 
questionnaires, interviews and informal conversations with 
patients with PD (n=55), family members (n=22), medical 
consultants in private and public hospitals (n=13), 
community health volunteers (n=2), herbal doctors (n=5) 
and pharmacists (n=28) across urban and rural locations. 

Evidence regarding the affordability and availability of 
PD medication

Mokaya et al. (2016) conducted a survey across Kenya in 
order to explore the accessibility of PD medication. The 
study included 48 outlets, 6 outlets in each of the eight 
provinces of Kenya identified from a national list. Outlets 
included public sector medicine outlets (run by the 
government and generally in hospitals and clinics), private 
sector outlets (private businesses and pharmacies), and 
other outlets including NGO facilities, religious 
organisations and private hospitals. The study identified 
that L-Dopa, one of the most common treatments for PD 
globally, was available in 50% of outlets (24 outlets) 
(Mokaya et al., 2016), of which only one was a public 
pharmacy (i.e. only one pharmacy run by the government 
stocked L-Dopa). In terms of other PD medication, 
dopamine agonists were available in 37 outlets, anticholin-
ergics in 35, MAO inhibitors in 4, non-ergot dopamine 
agonists in 2 and COMT inhibitors in none. 20% of the 
public outlets and 10% of the private outlets had never 
come across someone with PD before. 

The mean cost of 100 L-Dopa tablets identified in this study 
was $48.2 (4,860Ksh), and ranged from $28 (2,800Ksh) to 
$82 (8,265Ksh). Using the approximate day’s wage of the 
lowest paid government worker in Kenya (the national 
minimum wage), the study identified the affordability of PD 
medication. After deducting basic living expenses, 7% of 
wages remained to spend on healthcare costs, equating to 
785Ksh ($9.24) to spend on PD medication every month. 
Only anticholinergics were considered affordable for 
Kenyans in this study. As part of the study, pharmacists 
were asked about barriers to availability and affordability of 
PD medication in Kenya. All public outlets and 65% of 
private outlets had experienced problems in PD medication 
supply and acknowledged this as the main barrier for 
patients to access PD medication.  

Of the 24 outlets that stocked L-Dopa, 19 only stocked one 
preparation of L-Dopa, while 6 stocked 2-3 preparations. 
L-Dopa 100/10 (i.e. 100mg levodopa/10mg carbidopa) was 
available in 20 outlets (42%), 100/125 was available in 3 
(0.06%) and 250/25 was available in 9 (0.19%). The authors 
concluded that there is a lack of available and affordable 
drug treatment for those diagnosed with PD in Kenya.

In a more recent study conducted in Kenya exploring the 
experiences of people living with PD in Kenya, the 
availability and affordability of L-Dopa was investigated. 
This work is yet to be published and results are part of a 
wider ethnographic PhD study on PD in Kenya. 28 outlets 
across Kenya were visited, 7 in Nairobi, 13 in Mombasa, 4 in 
Karatina, 2 in Nanyuki, 1 in Nyeri and 1 in Kisumu. Outlets 
included private businesses/pharmacies, private hospital 
pharmacies and public pharmacies in government 
hospitals. 

L-Dopa was available in 17 outlets. L-Dopa 100/10 was 
available in 17 outlets (60%), 100/25 was available in 7 
(25%), 200/50 was available in 4 (14%) and 250/25 was 
available in 11 (39%). The 4 public government run 
hospitals, Kenyatta National Hospital in Nairobi, Coast 
General in Mombasa, Nyeri County Referral Hospital and 
Nanyuki District Hospital did not stock any preparation of 
L-Dopa at the time of visiting. L-Dopa 100/10 was the most 
available preparation, but this 10:1 preparation is outdated 
and has significant side effects. The optimal ratio of L-Dopa 
to dopa-decarboxylase inhibitor (DDCI) is 4:1 to prevent 
side effects such as nausea. Of the private hospitals across 
Kenya who stocked L-Dopa, only 1 hospital stocked all four 
preparations, 5 stocked one, and 1 private hospital stocked 
no L-Dopa. The outlets visited within this study were largely 
situated in major cities and towns of Kenya, yet availability 
of L-Dopa is still limited. It is thought that in more rural 
regions of Kenya, availability will be even lower. 

The cost of different preparations of L-Dopa was identified 
from those outlets which stocked L-Dopa. The average cost 
of 100 tablets of 100/10 preparation was $33 (3,360Ksh) 
ranging from $20 to $65. The average cost of 100/25 
preparation was $41 (4,170Ksh) ranging from $30 to $48. 
The average cost of 200/50 preparation was $66 (6,700Ksh) 
ranging from $50 to $78. The average cost of 250/25 
preparation was $60 (5,980Ksh) ranging from $42 to $75. 
On a whole, the average cost of 100 L-Dopa tablets was 
$50, which is almost identical to the findings of Mokaya et 
al (2016) of $48.2. Interviewing people with PD across 
Kenya, the impact of the high costs of medication on 
families became clear. 

‘’They gave me a prescription of Sinemet 110 [L-Dopa], and 
umm, another one that was called Amantadine, yes, those 
two. I was able [to afford] at the beginning at the starting of 
it, then I was unable to buy. They dropped Amantadine for 
me, eventually I dropped the Sinemet myself. I just couldn’t 
buy anymore. It was costing me about 25Ksh per tablet. So, 
if you are told to take 5…that’s too much for me, I couldn’t 
make that in a day. So, I stopped. But after I stopped it got 
worse, I couldn’t even get out of bed, I couldn’t walk. I 
couldn’t [afford], and my family wasn’t able to support me.’’ 
(Interview with PWPD)

This study, and that by Mokaya et al (2016) demonstrate the 
poor accessibility of PD medication in Kenya, in particular 
L-Dopa which is the most prescribed drug for PD in Kenya. 
If people are to be diagnosed with PD and effectively 
managed, something needs to be done to improve the 
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availability and affordability of PD medication. PD is a 
chronic illness, meaning medication needs to be taken for 
life. This constant cost is bankrupting families in Kenya. 
Insurance providers will often exclude chronic diseases or 
pre-existing illnesses and thus not cover people with PD 
(unless they have an overseas medical aid often at a very 
high premium), so families often delve into their savings, 
sell their possessions, or solicit contributions from 
well-wishers, to afford medication, while pensions intended 
for old age are used up, if indeed there are any. 

‘’’The condition [PD] is continuing. So, you drain, you drain, 
you drain, borrow, borrow, borrow, send, send, send. You 
have not paid; the drug is finished. You sell, we have cows, 
we have sold them. Like when we went to [doctor], we sold 
a cow, a great cow. So, the problem has made us very poor, 
poor. We have been drained. So, if month end you don’t 
have 40,000Ksh, madam, he won’t survive. And the disease, 
I call it a problematic disease. He has no peace and we have 
no peace, unless you run away from him…which you can’t 
do.’’ (Interview with spouse of PWPD)

As a result of the limited additional and affordable services 
available for PWPD, such as physiotherapy or speech and 
language therapy, this study identified medication as the 
main treatment for PD in Kenya. Neurologists 
acknowledged the culture of prescribing, without 
managing PD holistically. 

‘’I think the outpatient model of ambulatory care model is 
very, what do you call it, it’s prescription, it’s not the totality. 
Nurses don’t participate in any management. Your job is 
[prescription filling], L-Dopa, this other one, then another 
one, go to the pharmacy. They don’t have it in the 
pharmacy. So, then just leave it, so they decide what they 
want to do. So, they decide maybe they don’t increase the 
dose, just take the little because that’s what I can afford. 
Doctor increases the dose; I don’t increase it. He adds 
another medication, I don’t do it, because it’s going to cost 
me a lot of money. I’ll use the same dose all along and I 
don’t improve, and he wonders why I’m not improving. 
Yeah, because there’s no package [at hospital]. You queue, 
then same thing, prescription, and then you go back, the 
pharmacy doesn’t have it.’’ (Interview with neurologist)

Available services and medication 
for PD in Kenya 

The low number of neurologists practicing in Kenya results 
in increased pressures to diagnose, treat and follow-up 
PWPD, while many patients with symptoms remain 
undiagnosed. PD management is individual and PWPD 
must be monitored regularly to take into account new or 
changing symptoms or side effects and reduce fluctuation 
of “on’’ and ‘’off’’ symptoms. Side effects experienced by 
PWPD are generally caused by wearing off of medication 
and this requires monitoring by neurologists. Individual 
dosing regimens are required for all PWPD, therefore, 
regular history taking and recording of medical notes are 
required, as well as continued care with a neurologist for 
the duration of the disease. 

There is a heavy reliance in Kenya on outdated medicines 
for PD, in particular trihexyphenidyl (benzhexol), which is 
readily available in many pharmacies and affordable at an 
average of 3Ksh per tablet, but in a higher dose 5 mg tablet 
which needs to be split into halves and quarters to dose it 
appropriately. Benzhexol causes a variety of side effects 
among PWPD, including dry mouth, constipation, visual 
disturbances and dizziness, as well as urinary retention in 
elderly men with prostatism. Other newer medicines have 
limited availability in Kenya, such as pramipexole. In SSA, 
Sinemet is only registered in South Africa, Botswana and 
Namibia and its registration has not been updated in 
Kenya. Thus, Sinemet is not currently legally registered in 
Kenya. However, Sinemet, made by MSD, is currently the 
only brand of L-Dopa available in Kenya and is made 
available through parallel importation into the country. 
Parallel importation is difficult, and affordability prohibits 
this route for the majority of Kenyans. Generic brands of 
L-Dopa, which cost between 12-15% of the price of 
Sinemet, are commercially unattractive for companies to 
import, even on a parallel importation basis. Previously, an 
Indian company brought in generic levodopa/carbidopa 
but withdrew it due to excess stocks, but frankly it did not 
invest in its distribution and availability at the retail end. No 
local manufacturers currently produce L-Dopa because of 
commercial viability concerns. There are huge availability, 
affordability and accessibility issues with L-Dopa. In 
addition, Kenya’s National Health Insurance Fund (NHIF) 
and plans for Universal Health Coverage would not 
currently cover much in the area of neurological conditions 
such as PD. 

Kenya currently has three regular voluntary PD support 
groups running in Nairobi, Mombasa and Kisumu. The 
groups meetings are convened once a month and 
attendees include PWPD, family members, caregivers and 
health professionals with an interest in PD. These meetings 
allow people to learn more about PD, share ideas and 
experiences and take part in activities such as art therapy, 
yoga and physiotherapy exercises. In addition, the African 
Parkinson’s Disease Foundation (APDF) was founded in 
2012 to improve knowledge and awareness about PD in 
Kenya and provide information for PWPD and their families. 

In high income countries, the management of PD involves 
various different holistic aspects, including medication. In 
Kenya, medication must be made available, affordable and 
accessible, otherwise people with PD will suffer and their 
symptoms will progress. Neurologists must also be made 
aware of the situation of drug availability and affordability 
when prescribing medication for PD patients.

In Kenya, attempts at holistic care include the initiation of 
the supports groups and their vibrant meetings including 
guest lectures and yoga, art and dance sessions; 
establishment of an exercise regime designed by 
volunteers patients, families and therapists; referral to 
appropriate physical, occupational and speech therapy 
services, albeit with severe limitations in terms of 
availability and access; an increasing awareness, availability 
and use of home based care services; and the advent of 
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structured palliative care services being set up in Nairobi 
and in the country at large.

Conclusion
The incidence and prevalence of PD in Kenya is going to 
drastically increase in the near future as life expectancy 
continues to rise and populations age. There is also the 
possibility that lifestyle changes and environmental risk 
factors may play a part in this rise. Action needs to be taken 
to ensure PD medication is legally registered, available and 
affordable for those who need it. L-Dopa, the most 
commonly prescribed medication for PD in Kenya is not 
affordable for the majority of Kenyans. Ideally, holistic 
management of PD will be used and its use strengthened in 
the near future, including the use of physiotherapy, speech 
therapy, occupational therapy, exercise, dieticians and 
support groups. Until these services are made readily 
available and accessible in Kenya, people with PD will have 
to rely almost exclusively on effective PD medication to 
control their symptoms. Much needs to be done by relevant 
authorities to improve the affordability, accessibility and 
availability of L-Dopa. In addition, PD needs to receive more 
attention, along with other chronic neurological conditions, 
within the NHIF and Universal Health Coverage platforms 
and in healthcare planning in Kenya. A medication access 
program for non-communicable diseases including 
neurodegenerative disorders, and in particular Parkinson’s 
disease, the motor symptoms of are eminently treatable, 
would be a great service in this regard, modelled on those 
for human immunodeficiency virus (HIV) infection, 
tuberculosis, and in some instances insulin for diabetes..
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Introduction
In 1928, Alexander Fleming’s discovery of penicillin was 
heralded as one of the major medical breakthroughs of the 
20th century, along with it came the antimicrobial golden 
era. In that period from the 1950’s to 1980’s, antimicrobials 
impressive clinical successes resulted in a sharp decline in 
mortality due to killer infectious diseases as countless of 
millions of lives were saved [1]. Less than 100 years since 
their inception, the glory found by antimicrobials is 
dissipating into resistance and is rendering most of these 
agents ineffective. The straddling effects of antimicrobial 
resistance could include routine surgeries and minor 
infections becoming life-threatening once again[2] . 
Furthermore, efforts at taming infectious diseases over the 
last fifty years has been jeopardized. Social economic 
impacts could include increased hospital stays and 
expenses, for both public health care providers and for 
out-of-pocket payers. As antimicrobial resistance renders 
the available armamentaria ineffective to treat common 
infectious diseases, World Health Organization is warning of 
a possible return to the ‘pre-antibiotic era of plagues’[3].

Recent findings by the University of Western Australia and 
Carnegie Institution of Washington estimate that microbes 
have been in existence for 3.5 billion years, since the earth 
was formed [4]. This shows that they have ability to evolve 
and adopt better than any other organisms. A review on 
the impact of antimicrobial resistance funded by UK 
government and chaired by Jim O’Neillin 2014 paints a 
grim picture of the prospect of a world without effective 
antimicrobials as a daunting one. From the review, it is 
estimated that deaths attributable to antimicrobial 
resistance may rise from the current 700,000 lives per year 
to ten million lives annually by 2050, at a cost to world GDP 
of US$100 trillion. Four million out of the ten million deaths 
are expected to be from Africa. With the predicted 
resistance explosion, the GDP of African economies might 
not be able to support the rising burden [5].

“The time may come when penicillin can be bought by 
anyone in the shops. Then there is the danger that the 
ignorant man may easily under-dose himself and by 
exposing his microbes to non-lethal quantities of the drug 
make them resistant” Fleming warned while receiving his 
Nobel prize in 1945 [6].  Twenty years later after introducing 
penicillin as a mainstream antibiotic, alas his prophecy 
came true. The paradox that is antimicrobial resistance is 
fueled or mitigated by how these medicines are used. With 
proper use, antibiotics that were defined “as wonder drugs” 
resulted in the effective elimination of the bacteria. 

However, the misuse and over use of antimicrobials results 
in mutations that lead to microbial progeny that are 
insensitive to antimicrobials. Subsequent use of the 
antimicrobial selectively kills the sensitive microbes leaving 
the mutated progeny to thrive. This mutated progeny later 
dominate the population resulting in resistant bacteria 
strains.

Antibiotic use has been widespread in modern medicine, 
which has sadly fueled the development of resistance. 
Research  in Uganda by researchers from the University of 
Makerere and Karolinska University Hospital, Stockholm, 
exposed the misuse of antibiotics whereby 96% of the 
cases of pregnant women investigated were erroneously 
given antibiotics for urinary tract infection, thus driving the 
rising cases of strains of dangerous pathogens such as 
Escherichia coli (E. coli ) and Klebsiella that are becoming 
resistant to a wide array of antibiotics [7]. In another study 
done by scientists from Muhimbili University of Health 
Sciences Tanzania and Kenya Medical Research Institute in 
2017 on susceptibility of Methicillin Resistance 
Staphylococcus aureus to the commonly used antibiotics in 
Nairobi exhibited similar findings. The result showed high 
resistance to erythromycin (69.6%), trimethoprim-sulfa-
methoxazole (SXT) (69.6%), oxacillin (82.6%), ciprofloxacin 
(52.2%) and clindamycin (39.1 %). To put this in perspective, 
a patient with this superbug has only 30%,17%, 48% and 
61% chances of being cured when the named antibiotics 
are used [8]. This study was also in agreement with another 
KEMRI study in Nairobi against Antimicrobial susceptibility 
patterns of Staphylococcus aureus where significantly high 
resistance to erythromycin (69.6%), sulphamethoxazole 
(69.6%), oxacillin (82.6%), ciprofloxacin (52.2%) and 
clindamycin (39.1%) were reported in the same year [8]. 
These findings indicate that as much as antibiotic resistance 
is a global concern, the problem is closer to home than we 
think.

Children under 5 years are becoming more and more 
vulnerable to antimicrobial resistance, as the impact for this 
portion of the population is significant. This is due to the 
fact that there are fewer drugs which children under 5 years 
can tolerate well. In 2016 KEMRI findings on the prevalence, 
seasonal variation, and antibiotic resistance patterns of 
enteric bacterial pathogens among hospitalized diarrheic 
children in sub-urban regions of central Kenya were 
daunting. Extremely high resistance was seen in penicillins 
such as amoxicillin (97.2%) and ampicillin (96.6%), followed 
by erythromycin (96.9%), and trimethoprim/sulfamethoxa-
zole (97.6%) [9]. These are drugs in the WHO and Kenyan 
Essential medicines list for treating infectious disease for 
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children under 5 years. Based on these findings, for the 
treatment of diarrhea caused by enteric bacterial 
pathogens doctors may have to switch to cephalosporins, 
carbapenems and fluoroquinolones which showed 
resistance levels below 10%. However, these options are a 
bit more expensive and with increased use resistance may 
eventually develop to these alternative medicines.

Antimicrobials in agriculture are prophylactically used at 
high levels to prevent disease and promote faster animal 
growth. This practice is of grave concern as this has 
accelerated bacterial evolution, resulting in more resistant 
bugs. This is driven by the fact that the antibiotics are 
administered to animals in sub-optimal concentrations 
which results in nurturing resistant bacterial strains in these 
animals. These resistant strains are further transferred to 
humans upon consumption of animal products. These 
claims were substantiated by findings by International 
Livestock Research Institute and University of Nairobi 
where they isolated multiple drug resistance 
Staphylococcus aureus from foods of animal origin in 
Nairobi. It was found that the occurrence of S. aureus was 
36.2% and 39.4% from the food outlets and meat 
processing factory respectively. Moreover, more 
contamination was observed in meat products (40.7%) 
compared to dairy products (25.0%). Penicillin G (99.6%) 
and ampicillin (93.1%) were the antibiotics with the highest 
resistance patterns [10].

Other alarming problems associated with the use of 
antibiotics in agriculture are the consumption of animal 
products with traces of antibiotics which leads to sub 
optimal antibiotic exposure in the human body and wash 
out of the antibiotic to water sources which are later 
consumed by humans in sub lethal doses. These 
subsequently leads to development of resistant strains. 
Scientists from Ghent University and University of Eldoret 
took to task to quantify the occurrence of pharmaceutical 
residues in waste water, surface water and ground water of 
Nairobi and Kisumu cities in Kenya in 2017. Twenty four 
pharmaceuticals were detected in Kenyan waste water, 
river water and ground water. The highest levels of the 
pharmaceuticals detected were antibiotics and antiretrovi-
rals [11]. These results are further corroborated by findings 
of the studies by Masinde Muliro University of Science and 
Technology, Chuka University and Machakos University 
College where Kimosop and coworkers were able to detect 
loads of ampicillin, amoxicillin, sulfamethoxazole, chloram-
phenicol, and ciprofloxacin (CPF) within Lake Victoria Basin 
of Kenya. The misuse of antibiotics eventually ends up in 
our water tables usually in concentrations that favor the 
development of resistant bacteria strains [12].

As traditional antibiotics are becoming less and less 
effective, we are relying on our ‘last resort’ antibiotics more 
and more. However, this has dreadful repercussions as they 
translate to more side effects and increased costs to 
patients. Furthermore, if the last resort antibiotics 
eventually fail, what will we turn to? Heightening the sad 
state of affairs is the fact that major pharmaceutical 

companies are reducing funding for research in antibiotics 
and focusing on more lucrative non-communicable 
diseases. The high turnover of antibiotics due to resistance 
means the manufacturing companies will not recover the 
cost of research involved in developing new antibiotics as 
the product life circle is short. 

Reinvigorating the pipeline of antibiotics in development is 
more critical today than ever before, as increasingly 
hard-to-treat bacteria continue to emerge. In June 2016, a 
Multidrug-resistant organism Repository and Surveillance 
Network (MRSN) scientist at the Walter Reed Army Institute 
of Research analyzed a sample of E. coli bacterium taken 
from a Pennsylvanian woman which was found to be 
untreatable with colistin, a last-line antimicrobial resort. 
Since then other studies have been reported in the Journal 
of Infection which indicate the spread of colistin resistant 
bacteria [13]. The shocking revelation is that some of these 
patients with bugs resistant to the drug had not been 
exposed to colistin before. Similar colistin resistant strains 
have also been isolated in South Africa and Kenya [14, 15]. 
This is a worldwide problem and with the world becoming 
a global village, transfer of resistant strain from one region 
to another is relatively easy. 

Tackling antibacterial resistance requires a multifaceted 
approach as the causes stretch to different sectors. Apart 
from scientific approaches, community approaches are 
paramount. Issues like sharing of antibiotics, not finishing 
the treatment course, self-medication and the use of 
antibiotics for viral conditions like flu and common cold 
need to be addressed at the community level when it 
comes to tackling antibiotic resistance. A cross sectional 
study in 2017 about the use of antibiotics in Kibera, 
revealed that 66% and 74% of respondents considered 
antibiotics effective for treating colds and flu in the entry 
and exit surveys respectively. Eighty percent of those 
respondents reported that they had taken antibiotics for 
cold and flu symptoms in the study period of 12 months. 
Half of the respondents could not remember the 
instructions for use of antibiotics they had consumed [16]. 
It is obvious that there is a need for public education on 
antibiotic consumption, self-medication and agricultural 
use. Knowledge, attitude and practice of healthcare 
personnel also needs to be changed as most practitioners 
have tendencies to prescribe and dispense antibiotics 
without empirical knowledge. As antimicrobial resistance 
takes a toll on the globe, it will take a multidisciplinary 
approach to win this fight. To win the battle there is need 
for a change in behavior and practice towards the 
consumption of antibiotics by having vigorous public 
health programs to educate people about the risks of 
antibiotic overuse. Robust stewardship programs and the 
application of current technological advances in the 
medical field to develop antibiotics that employ novel 
modes of action are other approaches to tackle the 
problem. The future can be different if we undertake the 
correct actions.
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