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DEFINITION OF TERMS

Accurate malaria diagnosis: Concordance in the presence or absence of parasites

(i.e., positive or negative) between the health-facility

microscopist result and the expert reference result.

Artemisinin-based combined therapy: A combination of artemisinin or one of its

derivatives with an antimalarial or antimalarials of a

different class.

Continuing Professional Development: The process of tracking and documenting

Drug resistance:

Endemic:

Epidemic:

Febrile:

Fever:

the skills, knowledge and experience that a worker gains

both formally and informally, beyond any initial training.

The ability of a malaria parasite strain to survive and/ or to
multiply despite the administration and absorption of a
medicine given in doses equal to or higher than those
usually recommended but within the tolerance of the
subject, provided drug exposure at the site of action is

adequate.
Occurring frequently in a particular region or population.

Occurring in excess of what would be normal at a given

time.
With an increase in temperature compared with the normal.

An increase in body temperature above the normal

temperature i.e. above an oral temperature of 37.5°C.

Malaria Low-Transmission Areas: Zones known to have community malaria

parasitaemia prevalences by microscopy of between 1 and

3% during peak malaria transmission season.

Xiv



Public health facilities: Government owned health facilities.

Rapid Diagnostic Test: An antigen-based stick, cassette or card test for malaria in
which a coloured line indicates that plasmodial antigens

have been detected.

Severe malaria: Symptomatic infection with malaria parasitaemia with
signs of severity and/ or evidence of vital organ

dysfunction.

QA-pilot facilities: The health facilities that participated in the pilot quality-

assurance programme.

Non-QA npilot facilities: The health facilities that did not participate in the pilot

quality-assurance programme.
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ABSTRACT

Malaria accounts for approximately 21% of out-patient visits annually in Kenya.
Prompt and accurate malaria diagnosis is critical to ensure proper treatment. In 2013,
formal malaria microscopy refresher training for microscopists and a pilot quality-
assurance (QA) programme for routine malaria diagnostics (microscopy and rapid
diagnostic tests) were independently implemented by the national malaria control
program to improve malaria microscopy diagnosis in malaria low-transmission areas
of Kenya. Malaria microscopy is tedious and is a skill that is learnt over time and
through experience. In malaria low-transmission areas, community malaria
parasitaemia prevalences by microscopy are between 1 and 3% during peak malaria
transmission season. This study was conducted to identify factors associated with
malaria microscopy performance in the same areas. From March to April 2014, a
cross-sectional survey was conducted in 42 public health facilities; 21 were QA-pilot
while another 21were non-QA facilities. In each facility, 18 malaria thick blood slides
archived during January-February 2014 were selected by simple random sampling.
January-February are not peak malaria seasons in Kenya. Each malaria slide was re-
examined by two expert microscopists masked (blinded) to health-facility results.
Expert results were used as the reference for microscopy performance measures.
Logistic regression with specific random effects modelling was performed to identify
factors associated with accurate diagnosis of malaria through microscopy technique.
Of the 756 malaria slides collected, 204 (27%) were read as positive by health-facility
microscopists and 103 (14%) as positive by experts. Overall, 93% of slide results from
QA-pilot facilities were concordant with expert reference compared to 77% in non-
QA pilot facilities (p <0.001). Recently trained microscopists in QA-pilot facilities
performed better on microscopy performance measures with 97% sensitivity and
100% specificity compared to those in non-QA pilot facilities (69% sensitivity; 93%
specificity; p <0.01). The overall inter-reader agreement between QA-pilot facilities
and experts was k=0.80 (95% CI: 0.74-0.88) compared to k=0.35 (95% CI: 0.24-0.46)
between non-QA pilot facilities and experts (p <0.001). In adjusted multivariable
logistic regression analysis, recent microscopy refresher training (prevalence ratio
[PR]=13.8; 95% CI: 4.6-41.4), >5 years of work experience (PR=3.8; 95% CI: 1.5-
9.9), and pilot QA programme participation (PR=4.3; 95% CI: 1.0-11.0) were
significantly associated with accurate malaria diagnosis. Microscopists who had
recently completed refresher training and worked in a QA-pilot facility performed the
best overall. The QA programme and formal microscopy refresher training should be
systematically implemented together to improve parasitological diagnosis of malaria
by microscopy in Kenya.

XVi



CHAPTER ONE
INTRODUCTION
1.1 Background information

Human malaria is caused by the five members of Plasmodium species, namely;
Plasmodium falciparum, P. malariae, P. ovale and P. knowlesi (Antinori et al.,
2012). Of all these malaria species, P. vivax and P. knowlesi may not occur in Kenya
(Howes et al., 2015). P. falciparum causes the severest form of the disease, and
accounts for 98% of all malaria infections in Kenya (Baliraine et al., 2009).
Clinically, patients with P. falciparum malaria who do not receive prompt and
effective treatment may progress to severe malaria within a few hours to a few days
(WHO, 2015a). In 2013, approximately 198 million cases of malaria and 584,000
deaths occurred globally, and 90% of the deaths were in Africa (WHO, 2014c). In
2012, Kenya had an estimated malaria mortality rate of 27.7 per 100,000 people
(WHO & United Nations, 2015). Malaria accounted for almost 9 million out-patient
visits in Kenya in 2012, which represented approximately 21% of all out-patient
consultations (Division of Malaria Control, 2013a). Despite a number of control
measures being in place in the country, the quality of malaria testing, particularly by

microscopy is yet to be ascertained (Zurovac et al., 2014).

Parasitological diagnosis is recommended by the World Health Organization (WHO)
for all patients in whom malaria is suspected as part of the “test, treat, track” strategy
(WHO, 2010; WHO, 2012b). Both microscopy and malaria rapid diagnostic tests
(RDT) are the recommended malaria diagnostic methods by the Kenya National
Malaria Control Programme (NMCP) (Division of Malaria Control, 2009; Division
of Malaria Control, 2010; Division of Malaria Control, 2013b). Although over 90%
of public health facilities in Kenya had the capacity to diagnose malaria, the
proportion of health facilities performing malaria microscopy, approximately 50%,
has not changed in recent years (Nyandigisi et al., 2014). Despite the high
proportion of health facilities offering malaria diagnostic services, only 31% of
malaria cases were confirmed by parasitological diagnosis in Kenya in 2013
(Division of Malaria Control, 2013a).



Light microscopy was established over a hundred years ago and to date, is
considered reference standard for clinical diagnosis of malaria (Ashraf et al., 2012).
Limited microscopy services in health facilities in Kenya and across sub-Saharan
Africa has been attributed, in part, to limitations in the availability of equipment,
supplies, working environment, training, and supervision (WHO, 2009; WHO,
2014a; Zurovac et al., 2014). Increasing and sustaining access to prompt diagnosis
and effective treatment for at least 80% of the population across all levels of the
health care system and epidemiological zones is a key objective of the Kenya
National Malaria Strategy 2009-2017 (Division of Malaria Control, 2009).
Implementation of the national strategy included providing health facilities with
microscopes and laboratory supplies and improving the skills of microscopists
through formal microscopy refresher trainings at microscopy centers of excellence
(Division of Malaria Control, 2009; Ohrt et al., 2007).

From June to December 2013, the NMCP in coordination with the Malaria
Diagnostics Center (MDC), Walter Reed Army Research Institute, initiated a pilot to
operationalize the laboratory quality assurance (QA) policy and plan for malaria
diagnostics in health facilities in malaria low-transmission areas. Malaria low-
transmission areas were prioritized because of concerns surrounding over-diagnosis
of malaria arising from routine data that pointed to poor microscopy practices
(Division of Malaria Control, 2013b; Ministry of Health, 2015). Laboratory QA
programmes have been shown to improve the diagnosis of malaria and in particular,
microscopy accuracy (Ohrt et al., 2007; Wafula et al., 2014). Key to this programme
was the pilot implementing laboratory QA officers formally trained under WHO
curriculum, at the MDC, Walter Reed Army Research Institute. Laboratory
personnel (herein referred to as microscopists) who had attended and excelled in the
2 weeks WHO curriculum formal refresher training in malaria microscopy,
conducted at the MDC within the previous 12 months, were selected to participate as
QA officers. To implement the pilot QA programme, these QA officers were further
trained for 5 days on malaria diagnostics and another 5 days on formal QA/ quality
control (QC) methods and laboratory management systems in accordance with ISO
standard 15189.



Components of the 7-month pilot QA programme included four 1-day visits by
trained QA laboratory officers, who promoted personnel training and competencies
by on-job diagnostics training and supportive supervision. They provided equipment
(e.g., microscopes), essential laboratory consumables and reference materials which
included the national laboratory guidelines, bench and job aides. They cross-checked
at least 10 malaria microscopy slides at each visit and promoted internal QA/QC
processes through preparation of Standard Operating Procedures (SOPs) for
equipment calibration, specimen collection, slide preparation and examination
(Division of Malaria Control, 2013b). The pilot QA programme implementation is
further described in detail elsewhere (Wanja et al., 2017). In 2013, there were other
independent laboratory-strengthening activities ongoing in Kenya, such as malaria
microscopy refresher trainings and the WHO Stepwise Laboratory Improvement
Progress Towards Accreditation (SLIPTA) programme. The WHO SLIPTA
framework was established to improve the quality of public health laboratories in
developing countries through standardized processes to meet international
accreditation (WHO, 2012a). In early 2014, this survey was conducted to identify
factors associated with accurate malaria diagnosis by microscopy in 42 health

facilities in malaria low-transmission areas of Kenya.

1.2 Statement of the problem

Malaria imposes a heavy economic burden on individuals, saps the vitality of the
workforce and causes diversion of resources needed for development to treat the
sick. Microscopy is available in 50% of health facilities in Kenya and is one of the
methods that NMCP greatly relies on and promotes to ensure prompt and effective
disease management in febrile patients. It is the primary method for malaria

diagnosis in primary and secondary or referral hospitals in Kenya.

Expert or quality-assured malaria microscopy is the ‘gold-standard’ for identifying
mixed infections, treatment failures and quantifying parasite density. However, false
positive and negative malaria smear results often obtained from clinical laboratories
IS a serious concern. Persons who are misdiagnosed as having malaria when they

actually do not are at risk of not being treated for their actual disease, which could



lead to increased morbidity and mortality. According to routine health data, over-
diagnosis of malaria is common in low-transmission areas, and treating people who
do not have malaria with the relatively expensive artemisinin-based combination
therapies (ACTs) wastes limited resources and could contribute to the development

of artemisinin resistance in parasites.

1.3 Justification

Quality of malaria microscopy testing in malaria endemic and low-transmission
areas of Kenya is not known, despite the ministry of health’s target to reduce the
2007 figures of malaria mortality (= 40,000 deaths) and morbidity (= 15 million
case) by two-thirds by 2017 through accurate diagnosis, prompt and effective
treatment. Our study aimed to provide an opportunity to determine the quality of

malaria microscopy diagnosis within low malaria transmission areas in Kenya.

In order to reduce the number of false positives and false negatives obtained using
microscopy, there is need to determine the factors that are associated with accuracy
of malaria microscopy. This study aims at interrogating institutional factors
including participation in a QA programme as well as individual factors such as how

recently malaria microscopy training was done and duration of work experience.

Results of the study can be used in strengthening malaria microscopy systems to
ensure valid and reliable malaria testing. This would allow patients suspected of
malaria the opportunity to receive appropriate treatment, potentially reducing
morbidity and mortality due to malaria and other febrile illnesses. A strong malaria
microscopy diagnostic system has the potential to positively impact on clinicians’
confidence in the test results as well. This would restrict prescription of the
relatively expensive ACTs to only those who have malaria, hence decelerating the
development of artemisinin resistance by the parasites.



1.4 Research questions

1. What are the characteristics of health facilities and microscopists in low malaria
transmission areas of Kenya?

2. What is the performance of measures of malaria microscopy diagnosis in low
malaria transmission areas of Kenya?

3. What are the individual and institutional factors associated with accurate malaria

diagnosis by microscopy in low malaria transmission areas of Kenya?

1.5 Objectives

1.5.1 Main objective

To identify factors associated with performance of malaria diagnosis through
microscopy following a pilot quality-assurance (QA) program in health facilities in

selected low malaria transmission areas of Kenya

1.5.2 Specific objectives

1. To describe the characteristics of QA-pilot and Non-QA pilot participating
health facilities and microscopists

2. To determine performance of measures of malaria microscopy diagnosis in QA-
pilot and non-QA pilot participating health facilities

3. To identify individual and institutional factors associated with accurate diagnosis

of malaria by microscopy in low malaria transmission areas



CHAPTER TWO

LITERATURE REVIEW

2.1 Malaria situation

Globally, approximately 3.2 billion people are at risk of malaria (National malaria
control programme, 2015). However, a WHO report indicates an estimated decrease
in incidence rate of malaria by 18% globally, from 76 cases to 63 cases per 1000
population at risk, between 2010 and 2016 (WHO, 2017a). Sub-Saharan Africa
accounts for about 90% of all malaria cases and malaria related deaths (National
malaria control programme, 2015). In Kenya, malaria is still the leading cause of
morbidity and mortality. About 70 % of country’s 46 million people are at risk of
the disease (National malaria control programme, 2015; WHO, 2017b). The areas
around Lake Victoria and coast present the highest risk, and children under age 5
and pregnant women are the most vulnerable to infection. In Kenya, malaria
prevalence is on a downward trend, thanks to the concerted efforts and effective
partnerships among key players in the prevention and control. Hence, since 2013 the
national prevalence of malaria has dropped from 11% to 8% (National malaria

control programme, 2015).

Kenya has four divergent malaria epidemiological zones based mainly on prevalence
as determined by altitude, rainfall patterns, and temperature (Division of Malaria
Control, 2014b). One of the epidemiological zones is the endemic zones; which are
areas of 0-1,300 meters altitude and have stable malaria. These areas are found
around Lake Victoria and in the coastal regions. Rainfall, temperature, and humidity
are the determinants of perennial transmission of malaria. The vector life cycle is
usually short with a high survival rate due to the suitable climatic conditions.
Transmission is intense throughout the year, with annual entomological inoculation

rates between 30 and 100 (National malaria control programme, 2015).

The other zone is highland epidemic prone of the western highlands of Kenya.
Malaria transmission in these areas is seasonal, with considerable year-to-year

variation. The epidemic phenomenon is experienced when climatic conditions
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favour sustainability of minimum temperatures around 18°C. This increase in
minimum temperatures during periods of long rains favours and sustains vector
breeding, resulting in increased intensity of malaria transmission. The whole
population is vulnerable, and case fatality rates during an epidemic can be up to 10
times greater than what is experienced in regions where malaria occurs regularly

(National malaria control programme, 2015).

Seasonal malaria transmission is another zone which covers arid and semi-arid areas
of the northern and south-eastern parts of Kenya. This areas experience short periods
of intense malaria transmission during the rainfall seasons. Temperatures are usually
high, and water pools created during the rainy season provide the malaria vectors
with breeding sites. Extreme climatic conditions such as the El Nifio southern
oscillation lead to flooding in these areas, resulting in epidemic outbreaks with high
morbidity rates due to the population’s low immune status (National malaria control

programme, 2015).

Low risk malaria zone covers the central highlands of Kenya, including Nairobi. In
these areas, temperatures are usually too low to allow completion of the sporogonic
cycle of the malaria parasite in the vector. However, increasing temperatures and
changes in the hydrological cycle associated with climate change are likely to
increase the areas suitable for malaria vector breeding and introduce malaria
transmission in these areas where it did not previously exist (National malaria

control programme, 2015).

2.2 Medical laboratory personnel in Kenya

Technical personnel who work in clinical laboratories in Kenya are holders of
certificate in medical laboratory technology (technicians), diploma in medical
laboratory technology (technologists) or Bachelor of Science degree in medical
laboratory sciences (scientists). In addition, there are specialist levels of training in
medical laboratory sciences, which include higher diploma in medical laboratory
technology, Master of Science and doctor of philosophy degrees in medical
laboratory sciences (National Public Health Laboratory Service, 2006).



2.3 Health system in Kenya

Health systems in Kenya are categorized into public sector, commercial private
sector, and Faith Based Organizations (FBOs). The public sector has the largest
number of health facilities (Ministry of Health, 2014). Laboratory services are
distributed disproportionately among the various socio-economic classes, with the
rich being more favoured. There are more laboratory facilities with qualified staff in
their areas (Toda et al., 2012). This is despite mortality and morbidity indicators
reportedly being worse among the poor, majority of who reside in slums and rural
areas (Mberu et al., 2016). In Kenya, there is a surplus of trained laboratory
technicians and technologists, although generally their pre-service training often has
knowledge and skill gaps necessary for effective diagnosis of diseases (World Bank,
2009).

Initially, the National Health Sector Strategic Plan Il 2005-2010 organized
healthcare system in Kenya in levels as follows: Levell;community, level 2;
dispensaries, level 3; health centres, level 4; district hospitals, level 5; provincial
hospitals and level 6; national hospitals. Currently, National Health Sector Strategic
Plan 11l 2012-2017 has reorganized these levels into tiers as follows: Tier 1:
Community; tier 2: Primary care level; the previous level 2 and 3, tier 3: County
level; the previous level 4, and tier 4: National level; the previous level5 and 6
(Ministry of Health, 2014).

Dispensaries are the lowest level after community interventions in public health
system and are often the first point of contact with patients. They are staffed by
nurses, public health technicians and dressers. They hardly have a functional
laboratory since there are no clinical officers or doctors to request for laboratory
tests; hence they mostly depend on mRDT for malaria diagnosis (Division of
Malaria Control, 13a). Those with laboratory services should maintain at least two
technicians with certificate level training (National Public Health Laboratory
Services, 2006). Health centers often have basic clinical laboratories and are
managed by clinical officers who make laboratory requests for tests. Malaria

microscopy test is expected at this level, but due to priorities and limited resources



they are affected by understaffing coupled with high workload. They augment their
service coverage with outreach services and refer services and complicated cases to
the district hospitals. Health centers should maintain at least two laboratory
technicians; certificate level training or technologists; diploma level training
(National Public Health Laboratory Services, 2006)

County (primary) hospitals are the first referral level and national (secondary)
hospitals are the ultimate referral levels. Some are teaching hospitals for various
cadres of healthcare personnel, including laboratory technicians and technologist.
They offer specialized treatment and testing not available at the dispensary and
health centers. As such, staffing is often higher at this level because they are
prioritized during personnel deployment. Personnel in hospitals have mixture of
skills and specialization, hence expert malaria microscopy is expected at this level.
County level hospital is expected to have at least 24 laboratory technical staff that
include diploma and higher diploma trained personnel in medical laboratory
technology. On the other hand, the national level hospital should have, in addition to
technologists, two pathologists (National Public Health Laboratory Services, 2006).
Many hospitals laboratories are enrolled in the SLIPTA, which is a program that
enhances quality of testing (WHO, 2012a).

2.4 Malaria diagnostics

Microscopic examination of thick and thin blood films remains the gold standard for
laboratory diagnosis. It can be used to detect and quantify malaria parasites in a
thick blood film, hence useful in monitoring of treatment (Mathison, 2017). When
examined by knowledgeable microscopists under optimal conditions, the thick film
has reported detection threshold of 10 to 50 parasites/microliter of blood;
approximately 0.001% parasitemia, assuming an erythrocyte count of 5 x 108
cells/ul. Thin film is useful for species identification (Ochola, 2006). Since
management of different Plasmodiyum species may differ, e.g. P. vivax requires
different regimens for clinical management from the rest of the human species, it’s

important to identify the parasite to species level (Mathison, 2017).



Rapid antigen tests may also play a useful role in detection of acute infection. They
are lateral flow assays. Commonly used antigens are P. falciparum histidine-rich
protein-11 (HRPII), Plasmodium spp. lactate dehydrogenase, and Plasmodium spp.
aldolase. Depending on the format and number of antigens present, assays may
detect to the Plasmodium genus level only, or they may detect specific species e.g.,
P. falciparum, P. vivax (Mathison, 2017). In some settings, increasing levels of
histidine-rich protein 2 gene (HRP2) deletions threaten the ability to diagnose and
appropriately treat people infected with falciparum malaria. An absence of the HRP2
gene enables parasites to evade detection by HRP2-based RDTSs, resulting in a false-
negative test result. Although the prevalence of HRP2 gene deletions in most high-

transmission countries remains low, further monitoring is required (WHO, 2017a).

Serological tests to detect antibodies are available, but are not often used. They are
sometimes used to screen blood donors, in epidemiologic surveys and research. The
common serological tests (use serum or plasma) are immunofluorescence assays or
enzyme immune assays (Centers for Disease Prevention and Control, 2013). The
tests may be positive in cases where parasites are not seen on peripheral smears.
They are not appropriate for detection of acute disease due to relatively long time it
takes for human body to develop detectable antibody levels (Mathison, 2017).

Nucleic acid amplification methods may also play a useful role in detection of acute
infection. Plasmodium spp nucleic acid can be detected using DNA/RNA
hybridization, conventional and real-time PCR, loop-mediated isothermal
amplification (LAMP), and nucleic acid sequence-based amplification (NASBA).
This methods as listed are largely used in research (Vasoo, 2013). These are
expensive high-complexity methods. They have the highest sensitivity, and just like

expert microscopy they can detect mixed infections (Mathison, 2017).

2.5 Current status of malaria diagnostics in Kenya

World Health Organization recommends prompt malaria diagnosis either by
microscopy or malaria rapid diagnostic test (RDT) in all patients with suspected
malaria before treatment is administered (WHO, 2012b; WHO, 2015a). In Kenya,

especially in low transmission areas, many febrile patients have been treated for
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malaria without testing (Ye et al., 2009) despite over 90% of health facilities being
able to provide at least one of the recommended diagnostic methods (Zurovac et al.,
2014; Nyandigisi et al., 2014). Moreover, only 31% of suspected malaria cases were
confirmed by parasitological testing in 2013 (Division of Malaria Control, 2013a).
But according to a recent survey, testing has improved following the implemetation
of the ‘test and treat’ case-management policy in Kenya (Zurovac et al., 2014). In
Kenya, RDT is the primary method for diagnosis of malaria in most primary care
health facilities (dispensaries and health centre), while microscopy is the primary

method in hospitals (Division of Malaria Control, 2014a).
2.6 Performance measures of malaria diagnostics

Malaria microscopy, the ‘gold standard, is relatively labour intensive and is often
associated with delays and sometimes erroneous results (WHO, 2015b; Bejon et al.,
2006). It involves examination of blood films (thick/thin smear) processed by
staining either in Field stain or Giemsa (WHO, 2009). Although Giemsa stain is
more expensive than Field stain, it is the stain of choice because of its stability
during storage in powder form and it has a consistent, reproducible staining quality
over a range of temperatures ( WHO, 2015b; Wanja et al., 2017).

Key performance measures in malaria microscopy diagnosis are validity and
reliability (WHO, 2015b). Validity measures include; sensitivity, specificity,
negative predictive value and positive predictive value (WHO, 2009). Reliability on
the other hand is a measure of agreement levels between independent observers
denoted as kappa statistic (Landis & Koch, 1977). These measures as stated had not
been substantially evaluated in the study areas (Zurovac et al., 2014). The lack of
evaluation of performance measures may compromise the accuracy of the test
results, and potentially negatively impact the quality of patient care (Isiguzo et al.,
2014; Ohrt et al., 2007).

According to the National Guidelines for Diagnosis, Treatment and Prevention of
Malaria for Health Workers in Kenya, microscopy of stained blood film has a
sensitivity range of 86-98% with a lower sensitivity in parasitaemia < 320

parasites/ul of blood (Division of Malaria Control, 2010). But a cross-sectional
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study in Dar es Salaam of routine microscopy using expert microscopy with single
reading as comparator, gave a sensitivity of 71.4% (Cl: 35.9%, 91.8%) and a
specificity of 47.3% (Cl. 41.9%, 52.7%), with positive and negative predictive
values of 2.8% (CI: 1.2%, 6.4%) and 98.7% (CIl: 95.5%, 99.6%), respectively
(Kahama-maro et al., 2011). Further, in a study carried out in western Kenya,
sensitivity of microscopy was found to depend on parasite density, with 100%
sensitivity achieved at > 200 parasites/ul for experts and > 500 parasites/ul for
qualified readers (Ohrt et al., 2007).

In another recent study in Western Kenya, using expert microscopy as ‘gold
standard’, the sensitivity of RDTs to detect malaria parasites was 90.3-94.8 %, the
specificity was 73.3-79.3 %, the positive predictive value was 62.2—-68.8 %, and the
negative predictive value was 94.3-96.8 % (Wanja et al., 2017). A number of
nucleic acid amplification techniques are also available and they are more sensitive
in detection of malaria compared to RDTs and microscopy (Mathison, 2017).
Generally, the use of more sensitive diagnostic tools should be considered only in
low transmission settings and parasite prevalence rates (e.g. < 10%) where there is
already widespread implementation of malaria diagnostic testing and treatment
(WHO, 2014b).

2.7 Approaches for enhancing the quality of malaria diagnosis

World Health Organization designed a manual to assist national malaria
programmes, reference laboratories and other malaria technical agencies to control
quality assurance of malaria microscopy test. The key areas of focus include:
assessment of competence of microscopists, setting up of malaria slide bank,
proficiency testing (PT), slide validation and outreach training and supportive
supervision (WHO, 2015b). The manual recommends among other things, a
minimum of 100 fields examination of high-power (x100) magnification of blood
smear before the slide is classified as negative. This recommendation has been
adopted by the NMCP in Kenya (Division of Malaria Control, 2010). Quality of
laboratory confirmatory diagnosis of malaria includes external competence

assessment of malaria microscopists (Ohrt et al., 2007). Multi-country external
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quality assurance programs are known to strengthen national malaria microscopy
standards (Ashraf et al., 2012).

Limitations in microscopy validity and reliability in the diagnosis of malaria,
efficacy estimates in malaria drugs and vaccine malaria trials led to the
establishment of Malaria Diagnostics Centre in Kisumu to enhance malaria parasite
detection. This centre trains in malaria diagnostics, especially expert microscopy
(Ohrt, 2007). World Health Organization supports malaria microscopy proficiency
testing (PT) to determine the performance of individual laboratory for malaria
microscopy. Proficiency testing focuses on Plasmodium species identification and
distinguishing artifacts from parasites. One or more artifacts, and malaria parasites
are sent to participating laboratories for examination and results reported by each
laboratory are compared with reference; expert values (WHO, 2015b). This
approach is already being implemented through the national malaria reference

laboratory (National malaria control programme, 2015).

Microscopists gain enormously through training in Good Laboratory Practice (GLP).
The training is intended to promote the quality and validity of test data. It is a
managerial concept covering the organizational process and the conditions, under
which laboratory studies are planned, performed, monitored, recorded and reported
(WHO, 2009). Many laboratories are also enrolled and are implementing SLIPTA.
These SLIPTA-empowered laboratories are making marked improvement in
accurate and timely diagnosis of disease and patient care, transforming the landscape

of health systems, one laboratory at a time (WHO, 2012a).

2.8 Malaria control strategies

There are a number of interventions being implemented across the world. They
include Case management (diagnosis and treatment) and prevention which
comprised of insecticide-treated nets (ITNs), intermittent preventive treatment of
malaria in pregnant women (IPTp), intermittent prevention treatment of malaria in
infancy (IPTi) and indoor residual spraying (IRS). In a recent study in Kenya, IPTp
and ITN implementation through ANC was ineffective (Dellicour et al., 2016).

Malaria epidemiology determines the type of intervention to be implemented in a
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given area; hence IPTp is not recommended in low-transmission areas (National
malaria control programme, 2015). In Kenya, malaria mosquitoes have already
developed some resistance to pyrethroid insecticides used in the two main malaria

prevention tools; bed nets and indoor spraying (WHO, 2017b).

Effective treatment is a key malaria control measure (WHO, 2015a). But, the
recommended ACT drugs for malaria treatment are facing threat of resistance.
Multidrug resistances, which partially include artemisinin resistance and partner
drug resistance, have been reported in five countries of the Greater Mekong sub-
region. In Africa, artemisinin (partial) resistance has not been reported to date and

first-line ACTs remain efficacious in all malaria endemic settings (WHO, 2017b).

2.9 Factors impacting on microscopy test performance and malaria treatment

Refresher training in malaria centers of excellence can improve the capacity of
individual microscopists (Obare et al., 2013). However, trained microscopists often
face challenges such as heavy workloads and lack of trust in their test results by
clinicians upon return to their respective health-facility laboratories (WHO, 2009;
Ohrt et al., 2007). Some health workers treat malaria presumptively based on
assessment of signs and symptoms, whose success vary depending on the knowledge
and practice of the health worker, and by the prevalence of other acute febrile
illnesses (WHO, 2010). Ideally, clinicians in Kenya should rely on parasitological

diagnosis of malaria before treatment (Division of Malaria Control, 2010).

Documented institutional factors with the potential of significantly impacting on
quality of malaria microscopy diagnosis include equipment, laboratory supplies and

well-trained technicians (Hailegiorgis et al., 2010).

Working environment of the microscopists, training and supervision have also been
shown to impact on the individual microscopists’ performance (WHO, 2014a;
Zurovac et al., 2006). Public knowledge and understanding affect policy uptake, as
evidence, indicates that policy change processes have often been derailed by public

suspicions, personal experiences, and lack of trust (Nanyunja et al., 2011).
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2.10 Conceptual framework

This represents the flow of events and illustrates that independent individual and
institutional factors can impact the accuracy of test result. The extent of the True
(positive and negative) and false (positive and negative) test results determines the

validity and reliability levels (Fig. 2.1).

INSTITUTIONAL FACTORS INDIVIDUAL FACTORS
o Participation in pilot QA programme e Recent formal microscopy refresher
o Optical condition of microscope(s) training
G Daily workload e Initial professional training (certificate,
. Facility-location (rural or urban) Clgitarivs, S ED eth)
Staffi e Year of work experience
¢ a_ |.ng ) o . e Worked in malaria high-transmission
o Facility service provision level (hospital area(s)
or primary care facility) e Knowledge of malaria diagnostic and
o Participation in SLIPTA programme treatment guidelines
e Knowledge of malaria epidemiology in
county
INACCURATE TEST RESULTS ACCURATE TEST RESULT
False Positive (FP) True Positive (TP)
False Negative (FN) True Negative (TN)
VALIDITY RELIABILITY
Sensitivity
Specificity Kappa values
Positive Predictive Value (PPV)
Negative Predictive Value (NPV)

Figure 2.1: Conceptual framework showing independent institutional and
individual factors impacting on malaria microscopy test accuracy, validity and

reliability in low malaria transmission areas of Kenya, 2014.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Study area

From March to April 2014, a survey was conducted in 42 public-sector health
facilities that included 21 pilot-quality assurance (QA) programme facilities and 21
non-QA pilot facilities to identify factors associated with accurate malaria
microscopy diagnosis in malaria low-transmission counties in Kenya (Fig. 3.1). The
facilities that participated in the pilot QA programme are herein referred to as ‘QA-
pilot facilities’. Facilities which did not participate are referred to as ‘non-QA pilot
facilities’. The health facilities were widely distributed in 10 (38%) of 26 low-
malaria transmission counties in the Central, Eastern and Rift Valley regions and
represented approximately 4% of public-sector health facilities in the 10 counties.
The counties that were surveyed are: Murang’a, Kiambu, Machakos, Nakuru,
Kericho, Narok, Uasin Gishu, Nyeri, Trans Nzoia and Nandi. Five of the counties
were in the highland epidemic zone where malaria transmission is seasonal (Noor et
al., 2012). In the 10 counties, community malaria parasitaemia prevalences by
microscopy is between 1 and 3% during peak malaria transmission season (National
Malaria Control Programme [NMCP], Kenya National Bureau of Statistics [KNBS]
and ICF International, 2016). January-February, during which the study malaria
thick blood films were archived, was not malaria peak transmission season in

Kenya.

Counties in low malaria transmission under our study, herein referred to as surveyed
counties are shown in figure 3.1. The various malaria epidemiological zones are
shown in Figure 3.2. Normally, parasitaemia prevalences of these epidemiological
zones are as follows: Coast endemic zone; 1 %-< 5% with some places having
prevalence of up to 40%, Highland epidemic zone; 5 %-< 10%, Lake endemic zone;
>40%, Low risk zone; <0.1%, Semi-Arid and Seasonal zone; 0.1 %-< 1.0%

(Division of Malaria Control, 2014).
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Figure 3.2: Map showing malaria epidemiological zones in Kenya

(Source: The Kenya National Malaria Indicator Survey 2015 report)
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3.2 Study design and sampling units

This was a cross-sectional survey. The study sampling units consisted of public-
sector health facilities in malaria low-transmission areas. The study health facilities
comprised all the service provision levels; dispensary, health centre, primary
hospital and secondary or referral hospital. Dispensaries and health centres together

comprised primary-care health facilities.

3.3 Ethical consideration

The study was conducted according to the Declaration of Helsinki and International
Conference on Harmonization Guideline on Good Clinical Practice (ICH-GCP). The
protocol was reviewed and approved by the Jaramogi Oginga Odinga Teaching and
Referral Hospital’s Ethics and Review Committee (#01713, ref: ERC 1B/VOL.1/70;
Appendix I11) prior to any protocol-related procedures being conducted (Appendix
V and VI). The investigator informed the Ethics and Review Committee (ERC)
about the progress of the study on a regular basis per the ERC requirements, but at
minimum once a year. Written consents from the hospital management and
participating personnel (Appendix | and I1) was sought and kept strictly confidential
and anonymous. Purpose of the study, participation and withdrawal rights, risks and
benefits were explained fully to the participants. Unique codes were assigned to
participants, which were used to identify them for purposes of this study. All study
records were maintained in a secured location. Participants’ information were not
obtained or released without written permission from the participant/participant’s
legally authorized representative except as necessary for conducting this study.
Furthermore, the results of this study were presented as a group and no individual

participants are identified.

3.3.1 Inclusion and exclusion criteria for health facilities

Public-sector health facilities within the defined malaria low-transmission QA-pilot
implementing counties were included. Private and faith-based health facilities were

excluded for not being clearly defined by service-provision levels.

19



3.4 Sample size determination
3.4.1 Determination of number of study health facilities

A convenient sample of 83 health facilities had been selected by the QA-officers to
implement the QA-pilot program. Eighty (80) health facilities comprising 45 public-
sector health facilities completed the QA-pilot programme during June to December
2013. The following formula (Yamane, 1967; Israel, 1992) was adopted to
determine the number of public-sector implementing QA-pilot program to be

included in this study:

_ N
"T1ENE)? |

where;
n = Desired sample size (Desired number of health facilities).
N = Population size (Total number of eligible health facilities).
e = Level of precision
N=45, e =0.05

45
n= - =40
1 +45(0.05)°

Finite population correction for small sample size:

where: n, =40

Therefore, n=21 .
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The ratio of QA-pilot public-sector laboratories to non-QA pilot laboratories was 1:1

for comparison purposes.

Twenty one public-sector QA-pilot and 21 non-QA pilot clinical laboratories were

therefore targeted, making a total of 42 laboratories.
3.4.2 Proportionate sample size of health facilities by service provision levels

To ensure that health facilities across the four service provision levels (secondary or
referral hospital, primary hospital, health centre and dispensary) were included in the
sample, the number of health facilities selected within a service-level stratum was
proportionate to the overall number of facilities within that stratum (probability

proportionate to size sampling [PPS]) as follows:

ni
n; = n(—j , Where;
N

n;= Desired number of health facilities in each level.

n = Desired sample size (facilities).
N = Total number of health facilities.

n, = Total number of facilities in each level.

N = 45, n= 21, n,: Referral hospital= 1, Primary hospital= 17, Health
Centre= 22, Dispensary= 5, n;=?

n;: Referral hospital = 1, Primary hospital = 8, Health Centre = 10 and
Dispensary = 2.
The ratio in each service provision level between QA-pilot and non-QA pilot was
1:1, i.e. referral hospital: one QA-pilot and one non-QA pilot facility; Primary
hospital: Eight QA-pilot and eight non-QA pilot facilities; health centre: Ten QA-
pilot and ten non-QA pilot facilities; dispensary: Two QA-pilot and two non-QA

pilot facilities.
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3.4.3 Determination of number of study malaria slides

The effective sample size used in this survey was computed with the intention of
comparing accuracy in diagnosis between the QA-pilot and non-QA pilot arms of
the study (Hajian-Tilaki, 2014). Assuming an index of accuracy of 90% based on
the area under the curve (AUC) (Kotepui et al., 2015), a 0.05 level of significance
and power of 0.80, the sample size required to detect a 5% difference in the accuracy
index (AUC) with the non-QA arm was 756.

The sample size formula used was:

r I -

Za ,\J!I 2V [:_TI[TC_ } T g ,.“!I 1[’1 ucy j' +V [_—’i uc, j'

= =
[aUc, — AUC,]?

Where;

e AUC, and AUC, are the AUCs for the QA-pilot and non-QA pilot arms of the

study, respectively.
e V(AUC,) and V(AUC,) are estimates of the variance of the AUCs for the QA-

pilot and non-QA arms of the study, respectively.

o The V(AUC) s obtained from the expression;
V(AUT) = (0.0099 x exp(—a?) ) x (6a® + 16),
Where;

a=a"1AUC) x 1.414 and @~ ! is the inverse of standard cumulative normal

distribution.

The effective sample size here was:

[1.96\,’2 % 0.1227 4+ 0.84/0.1221+ 0.12234J_
n= — =756
[0.9 — 0.85]°
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3.4.4 Sampling procedure

3.4.4.1 Health facilities sampling design

The pilot QA programme was implemented in conveniently selected 83 health
facilities (45 [54%] public-sector and 38 [46%)] private-sector). Facilities were
selected to participate in the pilot-QA program based on capacity to perform malaria
microscopy and distance from the QA officers’ primary duty station (Wanja et al.,
2017). For this study, a total of 42 public health facilities were selected to participate
in the survey. Twenty-one were part of the pilot QA programme (QA-pilot facilities)
from June to December 2013; these facilities were randomly selected from among
45 public-sector pilot QA programme facilities across 4 service-provision levels
(i.e., dispensary, health centre, primary hospital, secondary hospital). Twenty-one
non-QA pilot public health facilities of the same service-provision level and located
in the same county as the QA-pilot facilities, but which did not participate in the
QA-pilot programme, were randomly selected to participate in the survey; by simple
random sampling technique, using a random number table where the sequence

boundary was the number of facilities in specified service-level in each county.

3.4.4.2 Sampling design for malaria thick films

A total sample size of 756 malaria slides was calculated to detect a 5% difference in
diagnostic accuracy between the QA-pilot and non-QA pilot facilities, assuming an
index of accuracy of 90%, power of 0.80, 0.05 level of significance (Hajian-Tilaki,
2014; Kotepui et al., 2015). All facilities that consented to participate in the survey
were provided with slides and requested to label and archive all slides prepared for
malaria diagnosis between 1 January and 28 February, 2014. All thick-smear slides
prepared for malaria diagnosis with a result recorded in the health-facility laboratory
parasitology log-book and archived from 1 January to 28 February, 2014 were
eligible for survey inclusion. Eighteen malaria slides were collected by the survey

team from each health facility.
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From the slide boxes, 9 positive and 9 negative slides were collected per facility via
simple random sampling using a random number table where the sequence boundary
was the number of slides archived at each facility. Slides which were found
unlabelled (i.e., no date, laboratory number, patient age, or sex), stuck together, not
entered in the log-book or with results that were not signed by the examining
microscopist were excluded. At facilities with fewer than 9 positive slides, all the
positive slides were selected and the balance was randomly selected from negative
slides to total 18 per facility. The slides were first collected in QA-pilot health
facilities in each county and the ratios matched in corresponding non-QA pilot

health facilities.
3.5. Data collection
3.5.1 Training data collectors and piloting data collection tools

Data collection team comprised of the principal investigator (PI; the student writing
this thesis) and two medical laboratory technologists. Each of these individuals
would collect data independently during the actual study. The training of medical
laboratory technologists, by the PI, on how to collect data was both theoretical and
practical and took two days covering the entire data collection process. Data
collectors were trained, and then participated in piloting of the data collection tools.
Data collection tools included standardized forms for facility information and slide
collection (Appendix 1V), structured questionnaires (Appendix V), and worksheet

for reporting expert microscopists’ results (Appendix V1).

To minimize measurement errors, the questionnaire was piloted in four health
facilities that were located in counties that were part of the survey in malaria low-
transmission areas. The selected health facilities and group of respondents mirrored
the intended respondents in the field. Number of pilot health facilities and
respondents were 10% each of the estimated study health facilities and respondents.
The research team paid attention and made notes to instances when respondents
hesitated to answer or asked for clarifications, as these might have been indications
that the question or answers were too vague, difficult to understand or had more than

one meaning. After the respondent finished the survey, the researcher would ask one
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respondent at a time how they understood each question and response choices by
going over the survey again, and for each question, had the respondent explain what
they thought they were being asked. They would be asked about the instances when
they hesitated or needed clarification. For questions with multiple responses they
would be asked if there were any other choices that should have been listed. After
piloting the questionnaire on the requisite number of people, debrief with the
research team to look for patterns in feedbacks was held. These data was used to
revise the questionnaire. The revised questionnaire was field tested before starting

actual data collection.

3.5.2 Data for characterizing health facilities and microscopists

Standardized form for laboratory and facility conditions (Appendix 1V) and
structured questionnaires (Appendix V) were used to collect institutional and
individuals’ (microscopists’) data respectively. Institutional data comprised of
participation in QA-pilot programme, health-facility service level, health-facility
location (rural or urban), participation in SLIPTA programme, condition of
microscope(s), daily workload and staffing. Individuals’ data on the other hand
included recent microscopy refresher training, initial professional training, years of
work experience, work experience in malaria high-transmission areas, knowledge of
malaria diagnostics and treatment guidelines, knowledge of malaria epidemiology in
county and knowledge of malaria case importation (infection acquired from other
counties). Recent training for microscopists was defined as having attended initial or

refresher malaria microscopy training within the year prior to the survey.

3.5.3 Data for determining performance measures of malaria microscopy

Thick-blood smear slides were examined for the presence or absence of parasites by
expert microscopists who had been certified through the WHO External
Competency Assessment for Malaria Microscopy scheme. Two independent expert
microscopists cross-checked each of the slides and a third independent expert
microscopist was a tie-breaker when the first two expert readers disagreed. The
expert microscopist results, or the tie-breaker result when necessary, were

considered the reference value. Expert microscopists were masked to both the
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health-facility microscopy results and the other expert microscopy results. Expert
microscopists examined a minimum of 100 fields of high-power (x100)
magnification before the slide was classified as negative per national and WHO
guidance ( WHO, 2009; Division of Malaria Control, 2013b). Each microscopist
read a maximum of 20 slides per day. Accurate malaria diagnosis was defined as
concordance in the presence or absence of parasites (i.e., positive or negative)
between the health-facility microscopist result and the expert reference result. The
health-facility results were compared to expert reference to obtain validity and

reliability performance measures.

3.5.4 Data for identifying individuals and institutional factors associated with

test performance

Standardized form for laboratory and facility conditions (Appendix IV) and
structured questionnaire (Appendix V) were used to collect institutional and

individuals data respectively as explained in section 3.5.2 above.
3.6 Data management and analysis

Data was stored in three different locations: Hard disc exclusively used for this
purpose kept at the Malaria Diagnostic Centre, personal computer in a controlled
folder and in yahoo e-mail account. Access to these data was secured using
passwords that were only known to the Pl and the Walter Reed Army Research
Institute supervisor. The data was however shared with all the university supervisors
during handling and analysis.

Research materials included records and thick blood films for malaria parasite
detection. All the patient malaria slides collected during the data collection period
were stored in the slide boxes provided by the research team. Sampled slides were
then transferred in slide boxes to Malaria Diagnostics Center, Walter Reed Army

Research Institute, where cross-checking took place.

Following the completion of the study, PI (author of this thesis) and Walter Reed

Army Research Institute supervisor were in-charge of the secured storage of the
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research materials in environment that enables continued access and ease of
retrieval. Access is controlled to prevent unauthorized use, removal or destruction of
the materials and unauthorized disclosure of information they contain. Research
materials will be destroyed when agreed retention period of three years expires. At
the end of the storage period, slide boxes containing the cross-checked blood slides
will be placed in a waste bin container (a wide-mouth plastic jar) and the paper

records in a another bin container, which will then be incinerated.

To describe health facilities and microscopists, data from the checklist were entered
into Microsoft Excel TM 2010 (Microsoft, Seattle, WA, USA) from where counts,

proportions, median and range were obtained.

To determine performance of malaria microscopy diagnostic measures, the
sensitivity, specificity, positive predictive value (PPV) and negative predictive value
(NPV) of the health-facility microscopy results were calculated with 95%
confidence intervals (Cl) using exact method by Graph Pad Prism version 5.01
(Graph Pad Software, La Jolla, CA, USA). Inter-reader agreement for facilities
versus reference values was expressed as kappa (k) values with 95% Cls using

Graph Pad Prism version 5.01 (Landis & Koch, 1977).

In determining factors associated with accurate malaria microscopy, accurate
malaria diagnosis was used as the outcome of interest. Multivariable logistic
regression with institutional-specific random effects was performed using Stata
version 12 (Stata Corp LP, College Station, TX, USA). Both individual (i.e., recent
microscopy refresher training status, level of initial training, years and location of
work experience, and malaria knowledge) and institutional-level factors (i.e.,
participation in pilot QA programme or other external QA programme, condition of
microscopes, number of microscopists, service-provision level, location and daily

workload) were included as independent variables in the regression model.
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CHAPTER FOUR

RESULTS

4.1 Description of health facilities and microscopists in malaria low-

transmission areas

All 42 selected heath facilities agreed to participate in the survey. Participating
health facilities were located in 10 (38%) of 26 low-malaria transmission counties.
Among surveyed facilities, 58% were primary-care facilities (i.e., dispensaries
[10%] and health centres [48%]) and 42% were hospitals (i.e., primary [38%] and
secondary or referral [4%]) (Table 4.1). More QA-pilot facilities were in urban
settings (48% versus 19%), participated in an external laboratory-strengthening
program (i.e., SLIPTA) (19% versus 14%), and had microscopes in good optical
condition (95% versus 86%) compared to non-QA pilot facilities. The number of
microscopists per facility and daily malaria slide workload were similar across
surveyed facilities (Table 4.1). Overall, the daily range of malaria slides prepared
was 4-28 in QA-pilot and 4-52 in non-QA pilot facilities (Table 4.1). The number
of slides collected for the survey represented <5% of all malaria slides archived from

1 January to 28 February, 2014 at each facility.
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Table 4.1: Characteristics of surveyed health facilities in malaria low-

transmission areas of Kenya, 2014

Characteristic QA-pilot Non-QA pilot
health facilities health facilities
(N=21) (N=21)
Number Percentage Number Percentage
Health-facility level
Primary care facilities 12 58 12 58
Dispensary 2 10 2 10
Health centre 10 48 10 48
Hospitals 9 42 9 42
Primary hospital 8 38 8 38
Secondary or referral hospital 1 4 1 4
Urban location 10 48 4 19
Participates in SLIPTA program 4 19 3 14
Microscope(s) in good optical condition 20 95 18 86
Workload >10 malaria slides per day 14 67 13 70
Median Range Median Range
Number of microscopists
Dispensary 1 — 3 2-3
Health centre 2 1-4 2 1-2
Primary hospital 7 5-12 4 2-7
Secondary or referral hospital 7 — 7 —
Malaria slide workload per day
Dispensary 22 5-28 30 7-52
Health centre 17 5-21 15 4-19
Primary hospital 21 7-28 18 6-52
Secondary or referral hospital 9 4-16 18 7-28

QA quality assurance, SLIPTA Stepwise Laboratory Improvement Towards Accreditation, an external

laboratory-strengthening program sponsored by World Health Organization
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More microscopists in QA-pilot facilities had completed recent refresher training

(68% versus 29%), had worked in a malaria high-transmission area (63%

versus21%), and had knowledge of national malaria diagnostic and treatment

guidelines (84% vs 39%) (Table 4.2).

Table 4.2: Characteristics of surveyed microscopists in malaria low-

transmission areas of Kenya, 2014

Characteristic Microscopists at Microscopists at
QA-pilot non-QA pilot
health facilities health facilities
(N=82)
Number Percentage Number Percentage
Individual level
Training and work experience
Recent microscopy refresher training 38 68 24 29
More than diploma-level initial training 45 80 59 72
>5 years of work experience 49 88 66 80
Worked in malaria high-transmission area 35 63 17 21
Knowledge
Malaria diagnostic and treatment guidelines 47 84 32 39
Malaria epidemiology in county 55 98 70 85
Malaria case importation 55 98 75 91

QA quality assurance; recent training was defined as in the year prior to the survey

4.2 Performance of malaria microscopy diagnosis measures

A total of 756 malaria slides were collected from the health facilities surveyed. Out

of these, 204 (27%) slides were read as positive for malaria by health-facility

microscopists and 103 (14%) as positive by expert microscopists. Expert readers

disagreed on 9 (1%) slides requiring a third tie-breaker. In Figure 4.1, slides are

stratified by facility QA-pilot programme participation and recent training status

(i.e., formal initial or refresher microscopy training within the year prior to the

survey) of the microscopists. More microscopists (68%, 38 of 56) had completed

recent refresher training in the QA-pilot facilities compared to non-QA pilot
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facilities (29%, 24 of 82) (p <0.01) (Table 4.2). In QA-pilot facilities, recently-
trained microscopists read 285 (75%) slides compared to 176 (47%) in the non-QA

pilot facilities (p <0.001). Recently-trained microscopists in QA-pilot facilities

performed better on all microscopy performance measures with 97% sensitivity and

100% specificity compared to recently-trained microscopists in the non-QA pilot

facilities with 69% sensitivity and 98% specificity (p <0.01). Microscopists without

recent microscopy refresher training performed the same regardless of facility

participation in the QA-pilot programme (Figure 4.1).

| QA Pilot Program Health Facilities

| | Non-QA Pilot Program Health Facilities

n=18

All public health facilities with QA pilot
n=45
Selected public health facilities with QA pilot Slides collected Public health facilities
n=21 per health facility of same service level and county

n=21

l

Total slides collected
n=756

Slides from QA-pilot health facilities
n=378

™

Slides from non-QA pilot health facilities
n=378

of health-facility laboratory personnel

Analysis stratified by recent* training status

N

N

Trained (38/56), n=285 (75%) slides

read.

Not trained (18/56), n=93 (25%)
slides read.

Trained (24/82), n=176 (47%) slides
read.

Not trained (58/82), n=202 (53%)
slides read.

Microscopy results:
Positive=69, Negative=216

Microscopy results:
Positive=33, Negative=60

Microscopy results:
Positive=25, Negative=151

Microscopy results:
Positive=77, Negative=125

[

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity
97% 100% 90% 71% 69% 98% 56% 65%
PPV NPV PPV NPV PPV NPV PPV NPV
100% 99% 27% 98% 88% 93% 25% 88%

QA quality assurance, PPV positive predictive value, NPV negative predictive value
1 Recent training was defined as within the year prior to the survey

Figure 4.1: Malaria microscopy performance stratified by pilot QA programme

participation and recent training status of microscopists in malaria low-

transmission areas of Kenya, 2014.
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Overall, QA-pilot facilities performed significantly better on measures of diagnostic
accuracy (i.e., sensitivity, specificity, PPV and NPV) against expert reference
compared to non-QA pilot facilities (Table 4.3). The overall inter-reader agreement
between QA-pilot facilities and expert microscopy was k=0.80 (95% CI: 0.74-0.88)
compared to k=0.35 (95% CI: 0.24-0.46) in non-QA pilot facilities (p <0.001).
When the diagnostic performance measures were stratified by service level; only
primary hospitals participating in the pilot QA programme performed statistically
better on all diagnostic accuracy measures compared to non-QA pilot facilities
(Table 4.3). In total, 351 (93%) slide results were read as concordant with expert
reference from QA-pilot facilities compared to 292 (77%) in the non-QA pilot
facilities (p <0.001) (Figure 4.1).
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Table 4.3: Measures of malaria microscopy performance in surveyed health facilities in malaria low-transmission areas of Kenya,

2014
agsﬁlgge Number ORI Negative
pilot of slides Sensitivity Specificity predictive predictive Kappa value
value value
Programme
% 9% Cl % 95H5%CI % 95%CI % 95%Cl K 95% CI
overall Yes 378 96 (90-99) 92 (88-95) 76 (67-84) 99 (97-99) 0.8 (0.74-0.88)
No 378 62 (49-74) 80 (76-85) 40 (31-50) 91 (87-94) 0.35 (0.24-0.46)
Dispensar Yes 36 100 (59-100) 100 (88-100) 100 (59-100) 100 (88-100) 1 —
P y No 36 62 (24-91) 54 (34-72) 28 (10-53) 83 (59-96) 0.11 (-0.16-0.38)
Health centre Yes 180 88 (69-97) 90 (85-94) 60 (42-75) 98 (94-100) 0.65 (0.51-0.79)
No 180 59 (39-76) 94 (89-97) 65 (44-84) 92 (87-96) 0.55 (0.38-0.72)
: . Yes 144 100 (92-100) 93 (85-97) 87 (75-95) 100 (96-100) 0.89 (0.82-0.97)
Primary hospital
No 144 62 (41-80) 69 (59-77) 30 (18-44) 89 (8195 0.22 (0.06-0.37)
. Yes 18 100 (40-100) 93 (66-100) 80 (28-99) 100 (75-100) 0.85 (0.58-1.00)
Secondary hospital
No 18 100 (29-100) 87 (60-98) 60 (15-95) 100 (75-100) 0.68 (0.29-1.00)

ClI Confidence interval, italic denotes statistical significance



4.4 Individual and institutional characteristics associated with accurate malaria

microscopy diagnosis

In unadjusted logistic regression analysis shown in table 4.4, all the microscopist
characteristics were positively associated with accurate malaria diagnosis except
initial level of training. Only pilot QA programme participation and good optical
condition of microscopes were institutional factors associated with accurate malaria
diagnosis. In adjusted multivariable logistic regression analysis, recent microscopy
refresher training (prevalence ratio [PR] =13.8; 95% CI: 4.6-41.4), >5 years of work
experience (PR=3.8; 95% CI: 1.5-9.9), and pilot QA programme participation
(PR=4.3; 95% CI: 1.0-11.0) were the only factors significantly associated with

accurate malaria diagnosis (Table 4.4).



Table 4.4: Individual and institutional characteristics associated with accurate malaria microscopy diagnosis in surveyed health

facilities in malaria low-transmission areas of Kenya, 2014

Unadjusted Adjusted
Characteristic Response Slides Accurate 95% 95% Confidence
diagnosis Confidence interval
n (%) Prevalence interval Prevalence
n (%) ratio
ratio

Individual
Recent microscopy refresher No 295 (39.0) 197 (66.8)  1.00 (Ref) 1.00 (Ref)
training Yes 461 (61.0) 446 (96.7) 40.5 15.1-108.6 13.8 4.6-41.4
More than diploma-level No 141 (18.7) 109 (77.3)  1.00 (Ref)
initial training Yes 615 (81.3) 534 (86.8) 2.1 0.9-4.6
>5 years of work experience  NoO 137 (18.1) 78 (56.9)  1.00 (Ref) 1.00 (Ref)

Yes 619 (81.9) 565 (91.3) 23.7 9.7-57.6 3.8 1.5-9.9
Worked in malaria high- No 383 (50.7) 290 (75.7)  1.00 (Ref)
transmission area Yes 373 (49.3) 353 (94.6) 12.1 5.2-28.3
Knowledge of malaria No 194 (25.7) 119 (61.3)  1.00 (Ref)
diagnostic and treatment Yes 562 (74.3) 524 (93.2) 25.6 10.4-62.9
guidelines
Knowledge of malaria No 94 (12.4) 45 (47.9)  1.00 (Ref)
epidemiology in county Yes 662 (87.6) 598 (90.3) 22.8 8.7-60.3
Knowledge of malaria cases  No 63 (8.3) 20 (31.7)  1.00 (Ref)




importation Yes 693 (91.7) 623 (89.9) 21.1 7.2-62.1
Institutional
Quality-assurance pilot No 378 (50.0) 292 (77.2)  1.00 (Ref) 1.00 (Ref)
programme Yes 378 (50.0) 351 (92.8) 6.0 1.9-18.9 4.3 1.0-11.0
Good optical condition of No 72 (9.5) 46 (63.9)  1.00 (Ref)
microscope(s) Yes 684 (90.5) 597 (87.3) 7.6 1.1-51.4
Rural location No 505 (66.8) 415 (82.2)  1.00 (Ref)
Yes 251 (33.2) 228 (90.8) 2.7 0.7-10.1
Participation in SLIPTA No 647 (85.6) 539 (83.3) 1.00 (Ref)
program Yes 109 (14.4) 104 (95.4) 4.8 0.8-28.8
>3 laboratory staff No 361 (47.8) 308 (85.3) 1.00 (Ref)
Yes 395 (52.2) 335 (84.8) 1.1 0.3-3.3
Hospital-level facility No 432 (57.1) 376 (87.0) 1.00 (Ref)
Yes 324 (42.9) 267 (82.4) 0.8 0.2-2.5
Workload >10 slides per day No 269 (35.6) 239 (88.8)  1.00 (Ref)
Yes 487 (64.4) 404 (83.0) 0.6 0.2-2.1

SLIPTA Stepwise Laboratory Improvement Towards Accreditation, sponsored by World Health Organization; Ref reference; italic denotes statistical significance;

recent training was defined as in the year prior to the survey

36




CHAPTER FIVE

DISCUSSION, CONCLUSION, RECOMMENDATIONS

5.1 Characteristics of health facilities and microscopists in malaria low-

transmission areas

We established that the surveyed health facilities had laboratory human resource and
equipment challenges, although at individual level, substantial number of
microscopists had considerable experience and training. There was inadequate
number of laboratory staff across all service provision levels in the surveyed areas
(National Public Health Laboratory Services, 2006; Netherlands enterprise Agency,
2016). Despite this, a surplus of trained laboratory technicians and technologists has
been reported in Kenya (World Bank, 2009). First step to addressing laboratory
staffing challenge in Kenya may be to focus on health systems financing and
laboratory personnel recruitment to bridge the gap and ensure adequate staffing at all
health care service-provision level. The laboratory human resource problem is
however not unique to Kenya, since its experienced across sub-Saharan Africa (
Zurovac et al., 2006; WHO, 2009; Hailegiorgis et al., 2010; WHO, 2014a).

Laboratory staff with sound background in malaria microscopy is an extremely
important resource in the accurate diagnosis of malaria (Payne, 1988). Hence, this
survey assessed a number of individual level characteristics necessary in the
diagnosis of malaria. It was found that a substantial number of microscopists had >5
years of work experience. This level of experience is beneficial in diagnostic and
testing services (Obare et al., 2013). Additionally, the study demonstrated that most
of the microscopists had higher than diploma (>degree) level initial training.
However, knowledge and skill gaps necessary for effective diagnosis of diseases
have been reported among new pre-service trained laboratory staff in Kenya (World
Bank, 2009). Initial training alone may, therefore, not be sufficient individual-level
factor in achieving accurate diagnosis of malaria. Many microscopists in the non-
QA pilot facilities in the surveyed areas had not recently undertaken microscopy
refresher training, which should be supplemental to the initial training. More



microscopist in the QA pilot programme had recent microscopy refresher training
and had worked in malaria high-transmission areas, which could have given them
the advantage they had in performance measures over their counterparts in the non-
QA facilities since parasite identification is a skill learned over time and though
practice (Obare et al.,, 2013). The microscopists’ knowledge on malaria case
importation and malaria epidemiology in county was largely similar between
microscopists in the QA pilot and non-QA pilot facilities. The QA pilot
microscopists however had a huge advantage in knowledge on malaria diagnostic
and treatment guidelines, which might have sensitized them to perform better
(Mayo, 1933; Roethlisberger & Dickson, 1939).

Hospitals require expert microscopists for the management of complicated patients
with severe malaria and co-morbidities. Expert microscopy is the gold standard for
identifying mixed infections and treatment failures, and quantifying parasite density
( WHO, 2009; Division of Malaria Control, 2013b; WHO, 2015b). Hospitals
generally have more substantial laboratories and resources available to maintain at
least adequate, if not expert, diagnostic microscopy programmes compared to out-
patient health centres and dispensaries (Netherlands enterprise Agency, 2016). In
contrast, in this survey, hospitals performed no better than the primary care facilities
in test accuracy. Out-patient health centres and dispensaries generally have high
patient workloads, which makes labour-intensive diagnostics, such as malaria
microscopy, challenging. Despite having the high workloads for malaria,
dispensaries had the fewest staff. Moreover, staff in dispensaries in Kenya generally
have the minimum level of pre-service and least access to refresher training
(National Public Health Laboratory Services, 2006).

Historically in Kenya, programmes and training cascaded from the highest service-
provision levels to the lowest and often did not reach dispensaries due to limited
resources and lower prioritization. In 2010, Kenya prioritized dispensaries to receive
malaria RDTs for parasitological diagnosis, since expert microscopy services were
not expected at this level (Division of Malaria Control, 2013a). Dispensaries do not

provide in-patient services and refer patients with severe malaria (Division of
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Malaria Control, 2010; National Public Health Laboratory Services, 2006).
However, due to convenient sampling, two surveyed QA-pilot and non-QA pilot

facilities with microscopy were dispensaries.

The challenge of proper equipment, particularly the condition of microscopes used
for malaria microscopy, is not unique to malaria low-transmission areas of Kenya
(Hailegiorgis et al., 2010). Ideally all equipment, more so microscopes used for the
diagnosis of malaria require thorough evaluation to ensure the whole unit, including
the optics or lenses are in good working conditions. It is known that poor optical
condition of a microscope could lead to unreliable diagnosis of malaria (WHO,
2009). It was therefore least expected, that some surveyed health facilities would be

participating in malaria diagnosis using microscopes with poor optical conditions.

Parasitaemia prevalence of malaria is known to differ between urban and rural
settings. Urban areas generally have a substantially lower parasitemia prevalence
compared to rural areas and a greater percentage of QA-pilot facilities were located
in urban areas (Landis & Koch, 1977; Kotepui et al., 2015;). Therefore, it’s possible
that persons who presented to QA-pilot facilities in urban areas would have had
lower parasite densities overall, underestimating the test accuracy association with

participation in pilot-QA.

The WHO SLIPTA was being implemented independently across the country during
this survey. It has broader scope than the malaria diagnostics QA programme. The
SLIPTA frameworks was established to generally improve the quality of disease
diagnosis in public health laboratories in developing countries through standardized
processes that would help them meet international accreditation (WHO, 2012a).
Evidently, the international accreditation by the surveyed health facilities is still far
from being achieved, since very few of even the hospital-level facilities had been

enrolled.
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5.2 Performance of malaria microscopy diagnostic measures in malaria low-

transmission areas

QA-pilot facilities out-performed the non-QA pilot facilities in all the validity and
reliability measures. Dispensaries, followed by the primary hospitals, had the best
overall performance. The largest overall performance differences measured at the
dispensaries level might have been due to having only one microscopist at this
service-provision level and subsequently more of the QA officer’s time and
attention. Overall in QA-pilot facilities, inter-reader agreement measure of reliability
was substantial to almost perfect at kappa, k=0.8 compared to fair at k=0.35 in non-
QA facilities (Landis & Koch, 1977). Likewise, the sensitivity, specificity and
Negative Predictive Value (NPV) were very high at over 90% in QA-pilot facilities.
These findings are consistent with a recent study in the same area (Wanja et al.,
2017).

The Positive Predictive Value (PPV) was much lower, but lower PPVs and higher
NPVs would be expected because all the surveyed facilities were located in malaria
low-transmission counties. Predictive values are dependent on the prevalence of the
disease in the population, with PPV increasing and NPV decreasing with increase in
prevalence. These counties have community malaria parasitaemia prevalences by
microscopy of between 1 and 3% during peak malaria transmission season (National
Malaria Control Programme [NMCP], Kenya National Bureau of Statistics [KNBS]
and ICF International, 2016). Positive and negative predictive values obtained in this
study were comparable to those obtained in a recent study in Tanzania (Allen et al.,
2013). A 2014 national health-facility survey for malaria infection found that 3.4%
of outpatients who reported a history of fever within the last 48 hours had positive
malaria RDT in seasonal low-transmission counties in Kenya (Githinji et al., 2016).
Since the survey was designed to assess malaria microscopy performance during low
malaria transmission, and routine health data was indicating over diagnosis of
malaria in low transmission areas (Division of Malaria Control, 2013b; Ministry of
Health, 2015), malaria slides were collected in January and February, which is not

the peak malaria transmission season in Kenya (Wanja et al., 2017). Therefore, most
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persons presenting to health facilities, even if febrile, were unlikely to have malaria

at the time of the survey.

In malaria low-transmission settings, the low PPV findings translate into a large
number of false-positive results. Persons misdiagnosed as having malaria when they
do not are at risk of not being treated for their actual illness, which can lead to
increased morbidity and potentially mortality. In addition, treating people who do
not have malaria with the relatively expensive artemisinin-based combination
therapy wastes limited resources and could contribute to the development of
artemisinin resistance ( WHO, 2009; WHO, 2010; Division of Malaria Control,
2010; WHO, 2015b). Improved performance in malaria microscopy may increase
clinicians’ confidence in malaria microscopy test and refine their suspicion indices
in considering other causes of fever and disease ( Zurovac et al., 2006; Ohrt et al.,
2007).

5.3 Individual and institutional factors associated with accuracy of malaria

microscopy diagnosis in malaria low-transmission areas

This observational study demonstrated that diagnostic accuracy of malaria
microscopy was positively associated with recent microscopy refresher training and
>5 years of experience for microscopists and health facility participation in the pilot
QA programme. The findings are consistent with other studies from Kenya and
elsewhere that have shown both laboratory QA programmes and microscopy
refresher trainings improve malaria microscopy performance (Ohrt et al., 2007;
Ngasala et al., 2008; Kiggundu et al., 2011; Obare et al., 2013; Wafula et al., 2014).
In 2013, the NMCP independently started both formal refresher trainings for
microscopists at a malaria microscopy centre of excellence and the pilot QA
programme for malaria diagnostics at 83 health facilities; both the refresher trainings
and pilot QA programme were intended to improve malaria diagnosis by
microscopy. However, implementation of the two diagnostic strengthening

components was not coordinated or systematic in health facilities, across service-
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provision levels or administrative zones, which hindered independent evaluation of

the pilot QA programme.

Refresher trainings in malaria microscopy is known to improve malaria diagnosis
through its key components such as quality of thick and thin smear preparation and
parasite detection (Kiggundu et al., 2011; Leslie et al., 2012; Nateghpour et al.,
2012; Moura et al., 2014). In this survey, recent microscopy refresher training at the
individual level was more strongly associated with accurate malaria diagnosis than
health facility participation in the pilot QA programme. However, microscopists
who had recently completed refresher training and worked in a facility that was part
of the pilot QA programme had the best performance for all measures of diagnostic
accuracy. These findings suggest that synergies exist between formal microscopy
refresher training and the pilot QA programme. Implementation of both diagnostic

strengthening components together appears to produce the best performance results.

Malaria microscopy refresher training for individuals was an important confounder
in this study. The study was powered to detect differences at the health-facility level
rather than at the individual microscopist level, and malaria microscopy refresher
training was not uniform across surveyed facilities. Twice as many microscopists
from QA-pilot facilities had recent refresher training compared to non-QA pilot
facilities. Three-quarters of the malaria slides from QA-pilot facilities were read by
microscopists who had recently completed malaria microscopy refresher training
compared to less than half of the slides from non-QA pilot facilities. In addition,
there were other general laboratory-strengthening activities ongoing, such as
SLIPTA, in a minority of facilities that were included in the survey. Although
participation in the WHO SLIPTA programme was not significantly associated with
accurate malaria microscopy diagnosis, the programme might have contributed to
overall laboratory improvements that were not specifically measured in this study
(WHO, 2012a).
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5.4 Limitations of the study

This study had a number of limitations as highlighted below. Although health
facilities were randomly selected for the survey, the facilities selected to participate
in the pilot QA programme were a convenience sample. Thus, the surveyed facilities
are not representative of all public health facilities in Kenya, which limits the

generalizability of the findings.

A baseline evaluation of microscopy performance was not conducted prior to the
start of the refresher trainings or the pilot QA programme. Microscopists and
facilities selected for participation in the diagnostic strengthening components might
have performed better at baseline compared to those not selected. Therefore, the
association between microscopy performance and refresher training and the pilot
QA programme might have been overestimated. Additionally, when health facilities
consented to participate in the survey, they were asked to store slides during a
specific time interval for later retrieval. Facilities might have preferentially stored
slides for which they felt confident about the results, and microscopists might have
performed better during this period because they were aware of the survey i.e.,
Hawthorne effect (Mayo, 1933; Roethlisberger & Dickson, 1939). Both situations
would have resulted in an overestimation of diagnostic accuracy, but the potential

bias should be non-differential across all facilities.

Another important limitation was that slide preparation quality, including the stain
type and adequacy, was not evaluated. Although both NMCP and WHO recommend
Giemsa preferentially for malaria microscopy, the use of both Giemsa and Field
stains was common in health facilities ( WHO, 2009; Division of Malaria Control,
2013b; Wanja et al., 2017). Slides were not matched on parasite density either.
Thick films were examined for the presence or absence of parasites; no thin films
were examined for parasite density or speciation ( WHO, 2009; Division of Malaria
Control, 2013b). Slides from QA-pilot facilities might have had higher parasite
densities, which would make malaria easier to identify correctly. However, urban

areas generally have a substantially lower parasitaemia prevalence compared to rural
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areas and a greater percentage of QA-pilot facilities were located in urban areas
(Landis & Koch, 1977; Kotepui et al., 2015). Therefore, it is possible that persons
who presented to QA-pilot facilities in urban areas would have had lower parasite
densities overall; if this represented the true situation, then QA-pilot enrolled
facilities would have performed better than estimated (underestimation of

association) compared to non-QA pilot facilities.

5.5 Conclusion

Based on the findings of this study the following conclusions can be drawn:

1. Surveyed health facilities had laboratory human resource and equipment
challenges, although at individual level, substantial number of microscopists had
>5 years of work experience and more than diploma initial training. Unlike in
the non-QA pilot facilities, most microscopists in the QA-pilot facilities had
completed recent refresher training, had worked in a malaria high-transmission
area and had knowledge of national malaria diagnostic and treatment guidelines.
Likewise, most malaria slides in the QA-pilot health facilities were examined by
microscopists with recent refresher training.

2. QA-pilot facilities out-performed the non-QA pilot facilities in all the validity
and reliability measures. In our survey, dispensaries were the best overall
performers, followed by the primary hospitals.

3. Diagnostic accuracy of malaria microscopy was positively associated with recent
microscopy refresher training and >5 years of experience for microscopists at the
individual level and pilot QA programme participation at the health facility
level. Microscopists who had recently completed refresher training and worked
in a facility that was part of the pilot QA programme had the best performance

for all measures of diagnostic accuracy.
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5.6 Recommendations

1. Kenya could benefit from a clear strategy to optimize laboratory human resource
and equipment policy. This should focus on adequate staffing of health facilities,
proper allocation of duties to ensure only competent staff perform malaria
microscopy, continuing professional development (CPD) and service contracting

for microscope maintenance.

2. The QA programme once implemented needs to be evaluated regularly to
consolidate best practices and curb discrepancies between implementing
facilities. Incorporation of PT panels of malaria slides into the QA programme
should be considered to enable the implementation of targeted comprehensive

individual and institutional corrective actions.

3. The NMCP should consider systematically implementing formal microscopy
refresher training and the QA programme together as a package of interventions

to improve parasitological diagnosis of malaria by microscopy in Kenya.

45



REFERENCES

Allen, L. K., Hatfield, J. M., & Manyama, M.J. (2013). Reducing microscopy-based
malaria misdiagnosis in a low-resource area of Tanzania. Tanzania
Journal of Health Research, 15(1), 1-9.

Antinori, S., Galimberti, L., Milazzo, L., Corbellino, M., & Asia, S (2012). Biology
of Human Malaria Plasmodia Including Plasmodium Knowlesi.
Mediterranean Journal of Hematology and Infectious Diseases, 4(1),
1-10.

Ashraf, S., Kao, A., Hugo, C., Christophel, E.M., Fatunmbi, B., Luchavez, J., &
Bell, D. (2012). Developing standards for malaria microscopy: external
competency assessment for malaria microscopists in the Asia-Pacific.
Malaria Journal, 11(1), 1-10.

Baliraine, F. N., Afrane, Y. A., Amenya, D. A., Bonizzoni, M., Menge, D. M., Zhou,
G, ... & Yan, G. (2009). High Prevalence of Asymptomatic
Plasmodium falciparum Infections in a Highland Area of Western
Kenya : A Cohort Study. Journal of Infectious Diseases, 200(1), 66—74.

Bejon, P., Andrews, L., Hunt-cooke, A., Sanderson, F., Gilbert, S. C., & Hill, A. V.
S (2006). Thick blood film examination for Plasmodium falciparum
malaria has reduced sensitivity and underestimates parasite density.
Malaria Journal, 5(104), 1-4.

Centers for Disease Prevention and Control (2013). DPDx-Laboratory Identification
of Parasites of Public Health Concern. Global Health: Division of

Parasitic Diseases and Malaria.

Dellicour, S., Hill, J., Bruce, J., Ouma, P., Marwanga, D., Otieno, P., ... & Webster,
J (2016). Effectiveness of the delivery of interventions to prevent

malaria in pregnancy in Kenya. Malaria Journal, 15(221), 1-13.

46



Division of Malaria Control (2009). National Malaria Strategy 2009-2017. Nairobi:
Ministry of Public Health and Sanitation.

Division of Malaria Control (2010). National guidelines for the diagnosis, treatment
and prevention of malaria in Kenya. (3rd edition). Nairobi: Ministry of

Public Health and Sanitation and Ministry of Medical Services.

Division of Malaria Control (2013a). Kenya Annual Malaria Report 2012-2013.
Nairobi: Ministry of Health.

Division of Malaria Control (2013b). National guidelines on parasitological
diagnosis of malaria and malaria vector surveillance in Kenya.

Nairobi: Ministry of Public Health and Sanitation.

Division of Malaria Control (2014a). Kenya Annual Malaria Report 2013-2014.
Nairobi: Ministry of Health.

Division of Malaria Control (2014b). National guidelines for the diagnosis,
treatment and prevention of malaria in Kenya. (4™ edition). Nairobi:
Ministry of Health.

Githinji, S., Noor, A. M., Malinga, J., Macharia, P. M., Kiptui, R., Omar, A,, ... &
Snow, R.W. (2016). A national health facility survey of malaria
infection among febrile patients in Kenya, 2014. Malaria Journal,
15(591), 1-9.

Israel, G.D. (1992). Determining Sample Size. Tarleton: Tarleton State University

Hailegiorgis, B., Girma, S., Melaku, Z., Teshi, T., Demeke, L., Gebresellasie, S., ...
& Reithinger, R. (2010). Laboratory malaria diagnostic capacity in
health facilities in five administrative zones of Oromia Regional State,
Ethiopia. Tropical Medicine & International Health, 15(12), 1449-
1457.

47



Hajian-Tilaki, K. (2014). Sample size estimation in diagnostic test studies of
biomedical informatics. Journal of Biomedical Informatics, 48(C),
193-204.

Howes, R.E., Battle, K.E., Longbottom, J., Mappin, B., Ordanovich, D., Tatem, A.J.,
... & Hay, S. | (2015). Plasmodium vivax Transmission in Africa. PloS
One, 9(11), 1-27.

Isiguzo, C., Anyanti, J., Ujuju, C., Nwokolo, E., Cruz, A. D. La, Schatzkin, E., ... &
Liu, J (2014). Presumptive Treatment of Malaria from Formal and
Informal Drug Vendors in Nigeria. PloS One, 9(10), 1-14.

Kahama-maro, J., Acremont, V. D., Mtasiwa, D., Genton, B., & Lengeler, C. (2011).
Low quality of routine microscopy for malaria at different levels of the
health system in Dar es Salaam. Tanzania Journal of Health Research,
10(332), 1-10.

Kiggundu, M., Nsobya, S.L., Kamya, M.R., Filler, S., Nasr, S., Dorsey, G., & Yeka,
A. (2011). Evaluation of a comprehensive refresher training program in
malaria microscopy covering four districts of Uganda. The American
Journal of Tropical Medicine and Hygiene, 84(5), 820-824.

Kotepui, M., Uthaisar, K., Phunphuech, B., & Phiwklam, N. (2015). A diagnostic
tool for malaria based on computer software. Scientific Reports, 5,
16656.

Landis, JR., & Koch, G.G (1977). The measurement of observer agreement for

categorical data. Biometrics, 33, 159-174.

Leslie, T., Milkhail, A., Mayan, 1., Anwar, M., Bakhtash, S., Nader, M., ... &
Rowland, M (2012). Overdiagnosis and mistreatment of malaria among
febrile patients at primary healthcare level in Afghanistan:

observational study. British Medical Journal, 345(4389), 1-13.

48



Mathison, B.A., & Pritt, B.S (2017). Update on malaria diagnostics and test
utilization. Journal of Clinical Microbiology, 55(7), 2009-2017.

Mayo, E. (1933). The human problems of industrialization. New York: The

Macmillan Company.

Mberu, B. U., Haregu, T. N., Kyobutungi, C., Ezeh, A. C (2016). Health and health-
related indicators in slum , rural , and urban communities: a

comparative analysis. Global Health Action, 9(33163), 1-13.

Ministry of Health (2014). Kenya Health Sector Strategic and Investment Plan
(KHSSP) July 2014-June 2018. Nairobi: Ministry of Health.

Ministry of Health (2015). Quality assurance for parasitological diagnosis of

malaria: Implementation plan 2014-2017. Nairobi: Ministry of Health.

Moura, S., Fangony, C., Mirante, C., Neves, M., Bernardino, L., Fortes, F., Sambo,
M.R., & Brito, M (2014). Impact of a training course on the quality of
malaria diagnosis by microscopy in Angola. Malaria Journal, 13(437),
1-7.

Nanyunja, M., Nabyonga Orem, J., Kato, F., Kaggwa, M., Katureebe, C., & Saweka,
J (2011). Malaria Treatment Policy Change and Implementation: The
Case of Uganda. Malaria Research and Treatment, 2011, 1-14.

Nateghpour, M., Edrissian, G., Raeisi, A., Motevalli — Haghi, A., Farivar, L.,
Mohseni, G., & Rahimi-Froushani, A (2012). The Role of Malaria
Microscopy Training and Refresher Training Courses in Malaria
Control Program in Iran during 2001 — 2011. Iranian Journal of
Parasitology, 7(4), 104-1009.

National Malaria Control Programme (2015). Kenya malaria indicator survey.
Nairobi: Ministry of Health.

49



National Malaria Control Programme [NMCP], Kenya National Bureau of Statistics
[KNBS] and ICF International (2016). Kenya Malaria Indicator Survey
2015. Nairobi and Rockville, Maryland: NMCP, KNBS, and ICF

International.

National Public Health Laboratory Services (2006). Medical Laboratory Services of
Kenya: National Polocy Guidelines; Quality Laboratory Services for
All. Nairobi: Ministry of Health.

Netherlands enterprise Agency (2016). Kenya Health Care Sector, Opportunities for
the Dutch Life Science & Health Sector. Nairobi; Embassy of the
Kingdom of the Netherlands.

Ngasala, B., Mubi, M., Warsame, M., Petzold, M. G., Massele, A. Y., Gustafsson, L.
L., ... & Bjorkman, A (2008). Impact of training in clinical and
microscopy diagnosis of childhood malaria on antimalarial drug
prescription and health outcome at primary health care level in
Tanzania: A randomized controlled trial. Malaria Journal, 7(199), 1-
11.

Noor, A., Kinyoki, D., Ochieng, J., Kabaria, C., Alegana, V., & Otieno, V (2012).
The epidemiology and control profile of malaria in Kenya: reviewing
the evidence to guide the future vector control. Nairobi: Division of
Malaria Control and KEMRI-Welcome Trust-University of Oxford-
Research Programme.

Nyandigisi, A., Machini, B., Kigen, S., Memusi, D., Kimbui, R., & Muturi, A
(2014). Monitoring Outpatient Malaria Case Management under the
2010 Diagnostic and Treatment Policy in Kenya: 2010-2014 Progress
Report. Nairobi: Ministry of Health.

Obare, P., Ogutu, B., Adams, M., Odera, J. S., Lilley, K., Dosoo, D., ... & Johnson,
J (2013). Misclassification of Plasmodium infections by conventional

50



microscopy and the impact of remedial training on the proficiency of
laboratory technicians in species identification. Malaria Journal, 12,
(113), 1-6.

Ochola, L.B., Vounatsou, P., Smith, T., Mabaso, M.L., & Newton, C.R (2006). The
reliability of diagnostic techniques in the diagnosis and management of
malaria in the absence of a gold standard. Lancet Infectious Diseases,
6, 582-588.

Ohrt, C., Obare, P., Nanakorn, A., Adhiambo, C., Awuondo, K., O'Meara, W. P., ...
& Ogutu, B (2007). Establishing a malaria diagnostics centre of

excellence in Kisumu, Kenya. Malaria Journal, 6(79), 1-9.

Payne, D (1988). Use and limitations of light microscopy for diagnosing malaria at
the primary health care level. Bulletin of the World Health
Organisation, 66(5), 621-626.

Roethlisberger, F., & Dickson, W (1939). Management and the worker. Cambridge:

Harvard University Press.

Yamane, T. (1967). Statistics: An Introductory Analysis, (2nd edition). New york:
Harper and Row.

Toda, M., Opwora, A., Waweru, E., Noor, A., Edwards, T., Fegan, G., ... &
Goodman, C. (2012). Analyzing the equity of public primary care
provision in Kenya : variation in facility characteristics by local poverty

level. International Journal for Equity in Health, 11(75), 1-12.

Vasoo, S., & Pritt, B.S (2013). Molecular diagnostics and parasitic disease. Clin Lab
Med., 33, 461-503.

Wafula, R., Sang, E., Cheruiyot, O., Aboto, A., O’Meara, W. P., & Menya, D
(2014). High Sensitivity and Specificity of Clinical Microscopy in
Rural Health Facilities in Western Kenya Under an External Quality

o1



Assurance Program. The American Journal of Tropical Medicine and
Hygiene, 91(3), 481-485.

Wanja, E., Achilla, R., Obare, P., Adeny, R., Moseti, C., Otieno, V., ... & Buff, A.
M (2017). Evaluation of a laboratory quality assurance pilot

programme for malaria diagnostics in low - transmission areas of

Kenya , 2013. Malaria Journal, 16(221), 1-13.

WHO (2009). Good clinical laboratory practice (GCLP). Geneva: World Health
Organization.

WHO (2009). Malaria Microscopy Quality Assurance Manual-Version 1. Geneva:
World Health Organization.

WHO (2010). Treatment Guidelines for the Treatment of Malaria. (2nd edition).

Geneva: World Health Organization.

WHO (2012a). Guide for stepwise laboratory improvement process towards
accreditation in the African region. Brazzaville: World Health

Organization.

WHO (2012b). Scaling up diagnostic testing, treatment and surveillance for

malaria. Geneva: World Health Organization.

WHO (2014a). Technical consultation to update the WHO malaria microscopy
quality assurance manual meeting report. Geneva: World Health

Organization.

WHO (2014b). WHO policy recommendation on malaria diagnostics in low

transmission settings. Geneva: Global Malaria Programme.

WHO (2014c). World Malaria Report 2014. Geneva: World Health Organization.

WHO (2015a). Guidelines for the Treatment of Malaria. (3rd edition). Geneva:

World Health Organization.
52



WHO (2015b). Malaria Microscopy Quality Assurance Manual-Version 2. Geneva:
World Health Organization.

WHO (2017a). World malaria report. Geneva: World Health Organization

WHO (2017b). In Kenya, the path to elimination of malaria is lined with good
prevention. Nairobi: World Health Organization.

WHO and United Nations. (2015). Kenya: WHO Statistical Profile. Geneva: WHO.

World Bank (2009). The World Bank Regional Health System Strengthening TB
and Laboratory Support Project: Report of Assessment Mission to
Kenya.

Ye, Y., Madise, N., Ndugwa, R., Ochola, S., & Snow, R.W. (2009). Fever treatment
in the absence of malaria transmission in an urban informal settlement
in Nairobi, Kenya. Malaria Journal, 8(160), 1-7.

Zurovac, D., Githinji, S., Memusi, D., Kigen, S., Machini, B., Muturi, A., &
Nyandigisi, A (2014). Major Improvements in the Quality of Malaria
Case- Management under the Test and Treat Policy in Kenya. PLoS
ONE, 9(3), 1-11.

Zurovac, D., Midia, B., Ochola, S. A., English, M., & Snow, R. W (2006).
Microscopy and outpatient malaria case management among older
children and adults in Kenya. Tropical Medicine & International
Health : TM & IH, 11(4), 432-440.

53



APPENDICES

Appendix I: Informed Consent for the hospital management

Informed Consent for the Hospital Management

Title of the study | Factors associated with Malaria Microscopy Diagnostic
Performance following a Pilot Quality-Assurance Programme
in Health Facilities in Malaria Low-Transmission Areas of

Kenya

Researchers’s

name

Phone

number

e-mail

Introduction

| am a post graduate student at Jomo Kenyatta University of Agriculture and
Technology. As part of my masters thesis, I am conducting research under the
supervision of Dr. Jesca Okwara Wesongah and Dr. Elizabeth Wanja. | invite
your institution to take part in my study. Taking part in this study is voluntary .
We’ll share the findings of this study with you and you may benefit from the
recommendations made. Information might also be gained that will benefit other
institutions like yours in the long run. You may withdraw from the study at any time.
My performance evaluation as a student will not be affected by your desire not to

participate. The study is described below. This description tells you about the risks,
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inconveniences or discomfort that you may experience. You should discuss any

questions you have about this study with the people who explain it to you.

Purpose of the study

The purpose of this study is to find out if there are any factors associated with
malaria microscopy diagnostic performance in this health facility and others in
similar malaria epidemiological zones. This study involves asking your laboratory
personnel questions relatedto malaria diagnosis and treatment. It also involves
rechecking of malaria slides from this facility by experts to establish test

accuracy and abstracting data from laboratory registers.

Participation and withdrawal

Your participation is completely voluntary.You may withdraw from this study at
any time without penalty. An estimated 5 members of laboratory staff will
participate in this study. The duration of this study will be 01 March-30 April 2014.

If you agree to participate in this study, your involvement will last for 10minutes.

Risks and benefits

For your participation in this study, you will not receive any formal compensation.
You will not suffer any risk participating in this study. We’ll share the findings
of this study with you and you may benefit from the recommendations made.
Information might also be gained that will benefit other institutions like yours
in the long run; this study might be used by the ministry of health to strengthen

national laboratory systems and to improve malaria case management.
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Confidentiality

All information obtained in this study will be kept strictly confidential and
anonymous. All softcopy information will be directed to a personal computer that is
password protected; hard copies will be sealed in envelopes and securely locked up
in secured location with limited access. Participants’ information will not be
obtained or released without written permission from the
participant/participant’s legally authorized representative except as necessary
for conducting this study. Participants identifying information will not be put on
any of the forms. To further protect individual identities of participants, their
consent forms will be sealed in an envelope and stored separately. Furthermore, the
results of this study will be presented as a group and no individual participants will

be identified.

If you have any questions, please contact the student researcher (Mr. Fredrick

Odhiambo at

+254722390020, odhiambof@yahoo.com) or the university supervisor (Dr. Jesca

Okwara Wesongah at +254723958983)

Ethics review

This research has been reviewed and approved by the JOOTRH Ethics Review

Committee. If you have any questions or concerns about the study, you may contact

Secretary, JOOTRH (+254720766550)

By signing this consent form, you are indicating that you fully understand the
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above information and agree that your institution participates in this study

Respondent’s full name:

Position in the institution:

Telephone number: +254

E-mail address:

Signature: Date
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Appendix I1: Informed consent for the participating microscopists

Informed Consent for Participating Microscopists

(To be administered after all the data has been abstracted from records and requisite blood slides have been collected)

Title of the study | Factors associated with Malaria Microscopy Diagnostic
Performance following a Pilot Quality-Assurance Programme
in Health Facilities in Malaria Low-Transmission Areas of
Kenya

Researchers’s

name

Phone
number
e-mail

Introduction

I am a post graduate student at Jomo Kenyatta University of Agriculture and

Technology. As part of my masters thesis, | am conducting research under the

supervision of Dr. Jesca Okwara Wesongah and Dr. Elizabeth Wanja. | invite

you to take part in my study. Taking part in this study is voluntary . Your terms of

employment will not be affected by whether you participate or not. We’ll share the

findings of this study with your institution and you may benefit from the

recommendations made. Information might also be gained that will benefit other

institutions like yours in the long run. You may withdraw from the study at any time
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without affecting your terms of employment. My performance evaluation as a
student will not be affected by your desire not to participate. The study is described
below. This description tells you about the risks, inconveniences or discomfort that
you may experience. You should discuss any questions you have about this study

with the people who explain it to you.

Purpose of the study

The purpose of this study is to find out if there are any factors associated with
malaria microscopy diagnostic performance in this health facility and others in
similar malaria epidemiological zones.This study involves asking youquestions
related to malaria diagnosis and treatment. It also involves rechecking of
malaria slides from this facility by experts to establish test accuracy and

abstracting data from laboratory registers.

Participation and withdrawal

You have the opportunity to participate in this study because you have been
involved in diagnosis of malaria.Your participation is completely voluntary.You
may withdraw from this study at any time without penalty. An estimated 756
patients and 100 members of laboratory staff will participate in this study. The
duration of this study will be 01 March-30 April 2014. If you agree to participate in

this study, your involvement will last for 8 minutes.

Risks and benefits

For your participation in this study, you will not receive any formal compensation.

You will not suffer any risk participating in this study. We’ll share the findings
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of this study with your institution and you may benefit from the
recommendations made. Information might also be gained that will benefit
other institutions like yours in the long run; this study may be used by ministry of
health to strengthen national laboratory systems and to improve malaria case

management.

Confidentiality

All information obtained in this study will be kept strictly confidential and
anonymous. All softcopy information will be directed to a personal computer that is
password protected; hard copies will be sealed in envelopes and securely locked up
in secured location with limited access. Your information will not be obtained or
released without written permission from yourself/your legally authorized
representative except as necessary for conducting the study. Please do not put
any of your identifying information on any of the forms. To further protect
individual identities, this consent form will be sealed in an envelope and stored
separately. Furthermore, the results of this study will be presented as a group and no

individual participants will be identified.

If you have any questions, please contact the student researcher (Mr. Fredrick

Odhiambo at +254722390020, odhiambof@yahoo.com) or the university

supervisor (Dr. Jesca Okwara Wesongah at +254723958983)

Ethics review

This research has been reviewed and approved by the JOOTRH Ethics Review

Committee. If you have any questions or concerns about the study, you may contact
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Secretary, JOOTRH (+254720766550)

By signing this consent form, you are indicating that you fully understand the

above information and agree that your institution participates in this study

Participant’s signature

Date

Researcher’s signature

Date
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Appendix I11: Research Authorization Letter

Telegrams: “MEDICAL”, Kisumu JARAMOGI OGINGA ODINGA TEACHING &
Telephone: 057-2020801/2020803/2020321 REFERRAL HOSPITAL
Fax: 057-2024337 P.O. BOX 849
E-mail:  ercjootrh@gmail.com KISUMU
When replying please quote
ERC 1B/VOL.1/70 14" November, 2013

Refi covreniieiiiiiiiiiniiiiiiie DAte civsasvavsnne e s uusussiossisssivovansbununce

Fredrick Odhiambo,

JKUAT.

FORMAL APPROVAL TO CONDUCT RESEARCH TITLED:

“COMPARISON OF MALARIA MICOSCOPY RESULTS BETWEEN PUBLIC HEALTH
FACILITIES AND WITHOUT A FUNCTIONAL QUALITY ASSURANCE SYSTEM IN
KENYA, AND ELUCIDATION OF FACTORS ASSOCIATED WITH PROFICIENCY

LEVELS.”

The JOOTRH ERC (ACCREDITATION NO. 01713) has reviewed your protocol and found it
ethically satisfactory. You are, therefore, permitted to commence your study imglediately. Note
that this approval is granted for a period of one year (14™ November, 2013 to 14" November 2014).
If it is necessary to proceed with this research beyond the approved period, you will be required to
apply for further extension.

Also note that you will be required to notify the committee of any protocol amendment(s), serious
or unexpected outcomes related to the conduct of the study or termination for any reason.

Finally, note that you will also be required to share the findings of the study in both hard and soft
copies upon completion.

The JOOTRH ERC takes this opportunity to thank you for choosing this institution and wishes you
the best in your endeavours.

Yours sincerely,

DR. MARY A.ONYANGO,
For: FRED O. AKWATTA,
SECRETARY - ERC,
JOOTRH - KISUMU.
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Appendix 1V: Standardized form for facility information and slide collections

1. HEALTH FACILITY INFORMATION
Health facility identification number (use the assigned unique code)
Health facility service level (observe the service charter and confirm with management: 2, 3, 4,
5) ------

Address: P.O.Box

E-mail

QA-pilot implementation status (Yes/No)

Region (Central, Eastern, Rift Valley)

County

Epidemiological zone Location (Urban/Rural) ---------------

E-mail Tel

Head of Laboratory ---------------m-msm e

--------------------------- SLAMTA/SLIPTA/ WHO-AFRO Registration (Yes/No)
------ Other accreditation body (specify) -----
Number of practicing Lab. techs in the health facility laboratory----------------

Date of visit/ data collection -----=-=-===-m=mmmmm oo

Data collected Dy -------=nmnmmmmm e e
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2. DOCUMENTS AND RECORDS

Confirm availability of the following:

Quality essentials

1. Malaria blood film (MBF) sample collection SOP
present.

2. MBF preparation SOP present.

3. MBF reading and quantification SOP present.

4. MBF staining SOP present.

5. Species reference charts (micrographs).

6. Staining procedure job aid.

7. Parasite quantification job aid.

8. Giemsa stain preparation SOP present.

9. PH 7.0-7.2 buffer preparation SOP present.

10. Internal quality control for stains documented.

11. Microscope maintenance logs complete.

12. Test results logbook complete.

13. Occurrence book available and complete.

14. Slide easily traceable
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3. SLIDE INFORMATION

i. Optical condition of microscope in-use (team to examine high-power
magnification fields of stained malaria slide sample to confirm: Good=1,

Slide collection form:

Slide no. Date Health facility | Assigned code for
exam | microscopist’s microscopist/slide  examiner
result (use the assigned unique code)

(positive, Negative)
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Appendix V: Questionnaire for microscopist level information

a. Certificate--------- I Date of completion (mm/yy)--------------------
----------- ]

b. Diploma-------------=-=-=-=-m-momo-- Date of completion (mm/yy) -------------------
---------- [ ]

c. Higher Diploma------------------- Date of completion (mm/yy) --------------------
.......... ]

d. Degree ----------------mcmemememeeee- Date of completion (mm/yy) -------------------
----------- ]

e. Others (Specify)---  --------mmnm-- Date of completion (mm/yy) -----------------
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Work experience

1.

2.

When were you first employed to practice as a medical laboratory scientist
(mm/yy)? -------
In your opinion, is it possible that SOME of the malaria cases reported in this
health facility are from infections acquired from other malaria epidemiological
areas (Yes/N0)? ------------
I. If Yes, and giving reasons, which of the 47 counties would the infection have
been imported from (at most five counties)?
ii. County Reason(tick if applicable) Other reasons
| | High-transmission, endemic
a.
b. | | High-transmission, endemic
C. Hinh-transmission. endemic
d Hinh-transmissinon endemic
& High-transmission, endemic
In your duty, how many years have you been using microscopy in the diagnosis
Of Malaria (YY) ? —----mmmmmmm oo o e
Have you used methods other than microscopy in the diagnosis of malaria in
YOUF dUtY (YES/NQ)? -mmmmmmmm e o e e e e e o e
i. If Yes, which of the following methods (tick all that apply to you):
a. Rapid diagnostic tests (RDTSs) to detect specific parasite antigens [ ]
b. Detection of parasite DNA by polymerase chain reaction (PCR) E
c. Rapid diagnostic tests (RDTSs) to detect specific parasite antibodies E
d. Others (SPeCify) —---=mmmmmmm oo o
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I. State the approximate duration you have used the above declared methods

(mm/yyyy-mm/yyyy).

o o

o

o

i. If Yes provide the following

Health Facility | County/District Period (mm/yy- Comment

name mm/yy)

Refresher training

6. Have you attended any malaria microscopy refresher training between
01January-31 December 2013(YeS/NQ) ------==-==nmmmmmmmmm oo

i. If YES provide the following:

A
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ii. If No, have you ever attended a malaria microscopy refresher training in your
life (YES/NOQ) =-=--mmmmmmememe e oo e e e eee

If YES provide the following:

A
a. Name or certification of the course attended ----------=-==-=-==mmmmmmemmmm oo
b. Date of the training (MM/yy)-=-========mmm e
c. Duration in hours of the training ------=-==========m=mmmmm e
d. Provider of the training =---=-=-====smme e
B.
a. Name or certification of the course attended --------=-=-==-==nmmmmmmmmmmmeo oo
b. Date of the training (MM/yy)-=========mmmm s
c. Duration in hours of the training ----=-=-==========mmm e
d. Provider of the training =--=-=-==-==-=smemm e e
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Guideline Knowledge

7. Have you seen this current ‘NATIONAL GUIDELINES FOR THE
DAIGNOSIS, TREATMENT AND PREVENTION OF MALARIA IN
KENY A, Fourth Edition”’(show a copy) (YeS/NOQ) ---------=--=-mmmmmmmmmmm oo

Have you read this current ‘NATIONAL GUIDELINES FOR THE
DAIGNOSIS, TREATMENT AND PREVENTION OF MALARIA IN
KENY A, Fourth Edition” (YES/NQ)----=--=-=-mmmm e m oo oo

The current ‘NATIONAL GUIDELINES FOR THE DAIGNOSIS,
TREATMENT AND PREVENTION OF MALARIA IN KENYA, Fourth

Edition” recommends the following regarding parasitological diagnosis and

treatment of uncomplicated malaria (Indicate FALSE or TRUE in the boxes

against each statement ):

a.

10.

Patients presenting with signs and symptoms of uncomplicated malaria

should be tested for ma|

Only those who test positive should be treated for malaria

Patients should also be assessed for other conditions that may cause fever

and be managed accordir

Children aged below 5 years presenting with signs and symptoms should be

treated regardless of the test resu

Appropriate treatment should never be delayed or denied due to inability to

test for malaria

In your understanding, what are the commonly used routine ‘parasitological

diagnostic’ methods of malaria in Kenya?

Microscopy, Rapid diagnostic tests (RDTs) to detect specific parasite antigens
Microscopy, Rapid diagnostic tests (RDTs) to detect specific parasite antibodies
Detection of parasite DNA by polymerase chain reaction (PCR), Rapid

diagnostic tests (RDTs) to detect specific parasite antigens
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Detection of parasite DNA by polymerase chain reaction (PCR), Rapid
diagnostic tests (RDTSs) to detect specific parasite antibodies
Rapid diagnostic tests (RDTSs) to detect specific parasite antigens, Rapid

diagnostic tests (RDTSs) to detect specific parasite antibodies
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Epidemiology knowledge

11. Kenya has how many malaria epidemiological zones (tick one)?
a. Three
b. Four
c. Five
d. Six

e. Seven

12. In which of the following epidemiological zones does this county belong (tick
one)? E
a. Endemic
b. Seasonal E
c. Epidemic prone areas of western highlands of Kenya E
d. Low risk malaria areas E
13. What is the community prevalence of Plasmodium falciparum in this county
(tick one)?
<0.1%
0.1%-<1.0%
1.0%-<5.0%
5.0%-<10.0%
10.0%-<20.0%
20.0%-<40.0%
g. >=40.0%

o 2

h o ® o O

UoOHon o
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Appendix VI: Laboratory worksheet

Slide No.

Date Exam

Result

(Pos/Neg)

Examiner

(initials)

Comment
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Ochismbe szl Malar ) 2017 16007

Page 3 of 12:

Condusions Microaropists wha fad mcently completed rfesher training and worked in a Qi-pllot fad ity pe-
formed the: best overall The O programime and formal micrscopy refreshes training should be sysismatically imple-
mented tooether i mpove pacastinlogical diagnasis of malara by miceascopy In Eznya

Kaywords Mabeb, Microscopy, Cality assurance, Intsmpietation, Valldty, Rstabilty, Laboeatory, Kemya

Background

In 2013, spproximately 196 mallon ceses of malaris snd
584,000 deaths occarmed globally, snd 50% of the deaths
wore m Africs [1]. In 2012, Kenys had an estimated
malurta mortslty rate of 37.7 per 100,000 people [3]
Malsris serounted for sbmost 5 million oetpetient visils
in Eimys in 2012, which represented spprosimately 215
off all ctpaticent comsalistions |4
Parssainingicsl disgnosts & recommanded by the World
Heslth Organteation (WHO) for ol patients in whom
malurta 5 sespecied us part of the ‘test, trest, track” strat-
egy [4, 5] Both microscopy and meloria rapid dlagnostic
tsts [RDT) are recommended malsris disgnostse meth-
ods by the Kenya Mutiona] Makina Control
(ML) [6-E]. Although over 90% of peblic health faclh-
ties in Kenys had the cupadity to disgnosis malsra, the
propartion of faclitses performing malsria microsmpy,
approximalely 50%, has not chenged in recent pears [5]
Diespiie the high proportion of health facilties olfering
malurta dugnestic services, only 31% of malers cases

Kenya ind arross seb-Ssharan Africs have been atinb-
wied, in part, (o limitations in the availshalty of cquip-
ment, supplies, working emvironment, irsining snd
sapervison [10-12]. Incressing und sustaining seeoss Lo
promipt disgnosts snd effoctive trestment for st beast 205
of the popalation across ol levels of the health cure sys-
tom and epidemiclogical rones is a key ohjective of the
Kenva National Malaris Straiegy 20052017 [6]. Imple-
mentsison of the nations] stralegy mouded providing
health fecthties with microsoxopes snd |sborsiory supplies
and improving the skills of microscopists through formad
microseopy refresher ireinings s micrnscopy cenlres of
excellener &, 13]

From June io December 2013, the NMCP in coordins-
tion with the Malars Magnostss Center, Walter Bed
Army Resesrch Insistube, mitisied g pilot o opersiion-
dlze the lsboratory quality assurance (A) policy snd
plan fior malsris dagnostics in health [Eeilite in malariz
Jowtrareemassion arcas |8, 14] Malaris low- transmissdon
arcas were priomtimed becsuse of coneerns surmomnding
creer-disgnosis of malsris due o poor miceoscopy prac-
tioe. Laboratoey QA programmes have been shown
o improve: the diagnosis of malaris snd, in partsoulsr,
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microseopy sccurscy [13, 15]. Components of the
7-month pilot QA programme incleded 4 1-day visits by
trained QA lshorstory officers, who promoted miemal
3 Mquality conteol (O] processes, provided sepporttve
superyision and on-job training, end eross-checked st
least 10 malaris microscopy slides st cach vt [g, 14, 14].
The pilot QA im talion & described
in detsil dsewhere [16] Indepondentdy m 2013, thore
were other |sbometory-sirengihening scifvities ongoing
in Kenye, sech s malsria microscopy refresher trainings
and the WHO Stepwise | shomeiory Improvement Fro-
gress Towsrds Accredilation (SLIPTA) programme. The
WHO SUPTA frumework wis esishlished to improve
the quality of public health lsborstories in developing
couniries through sandandized proceses o meet inter-
nationsl accreditstion [17] In carly 2014, @ sorvey was
condected in sdentify fectors amociated with accursle
malaris dizgnogs by micrescopy in 42 health fedlities
malans low-transmission ereas of Kenya

Mathods
Study dasign and ara
From March to April 2014, a eross-sectional survey was
condected in peblic-secior health fadlities that induded
plll:l.q.ull programme felities o identify factors ssso-
cialed with securste malirs microscopy m
low.malaris transmission counties in Kenye ke heslth
fanliises were widely disiributed in 10 [38%) of 26 low.
maliris transmision comntics in the Central, Eastern
and Eift Walley regions and represented approximalely
4% of public-sactor heslth feeilities in the 10 scunties. In
thest countics, malsria transmission 15 seasona] with sn
:I:I:::lbliglpnptdﬂlmd]md parssiisemis provalence
i |

Sampla size and smmpling proceduns

A inta] of 42 poblic health fucilties were seecied in par-
tcipate i the servey. Twenty-mne fucilities were part of
the pilot QA programme from June to Decemnber 2003
these fadlities were randomly sedecied fFom among
45 public-sector pilot QA programeme (eeilittes arross
4 service-peovision lovels (Lo, dispensary, heslth cen-
tre, primary hospital, secondary hospital). The pilot QA
programma wis implemented in 63 hoalth facdities (45
[54%] poibc-sector and 38 [455)] provede-sectork Goll-
ties wore sclected 1o participete hesed on capedly in
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perform makirs misroszopy snd distance from the QA
officers’ primary duty sistions [16]. These faribiies are
refemred 1o as 'Qub-pilol Golises! Twenty-one public
heslth fanliies of the same service- level and
bocsiod in the same county s the Cb-pilot Goilises, bol

which did nol pariscipae in the QA-pilol programme,
were alsn randomly selecied o participale in the servey
These faetlties gre referred bo ex ‘non-QA pilot fasties’
A tots] sample stee of 756 malaris shdes was cabeuluted
o deteet 2 5% difference in dagnostic accuracy hotweon
the (-pilot and non-Qia palod Farilites, swcaming an
mdex of acoaracy of 505, power of 0BDL 0UD5 level of
significsnce snd fnile popolation correction [15-21]
All fartlitics that comsented Lo participate in the survey
were provided with slides and regeested io kbel snd
archive ol shdes prepared fior malaris disgnoss between
1 Janusry and 2 February, 2004, All thicksmesr shides
for maleria disgnosis with & resolt reconded in

the health-facility kaboratory parssiinlogy log-book and
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srchived from 1 Janoery i 26 Februsry, 2014 were di-
giliiz for survey incleson malsria shides were
collected by the sarvey tesm from esch health feility.
Crverall, the daily mange of malsria shdes propared was
4-28 In Qa-pilot and 4-52 in non-QA pilot facilises
(Table 1). The number of slides collected for the sirvey
reprosented 5% of all malsris sides anchived from 1 pan.
usry o 28 February, 2004 st cach facility.

From the dide bomes, 9 posittve and 5 nogetive shda
were rollected per fecilty via smple mndom zam-
pling using 2 rendom member teble where the segeence
houndary was the member of shdes srchived st each
faclity. Slides which were [ound unkbelled (L., no date,
luborsdory mamber, patient sge, or sex), sock ingether,
not entered in the bog-hook or with resalts that were not
signod by the exemining microesnpist were exchdod. At
fanlittes with [ewer than 9 positive shides, &l the posi-
izve slides were solocted snd the halsnee wes randomily
selepted from negtive slides in intsl 18 per Gslity.

Tabids 1 Charscterstics of surscyed haalth TaclRles in makaris kw-tranemission areas of Kanya, 2004

Charecterisic Qh-pilice haulth fucisen [H = 11) mh-l.‘pl.plh-ll-dihh
=11}
MNurbar Percertage MNurzhar Percarzage
Health-Ecdlity kel
Prirvary corr faciltien 13 -] 13 o
Dnpermary 3 I 3 12
Headth cemita 10 4 1} 4
Henpiai L] 4 9 42
Prirrary oyl ] L} E -
Serondary o reienal hespial 1 4 1 4
Ui keratior. 10 4 ] I
Paritpmie b ST, procram q 5 3 14
Wicrscopeiy) in geod oplical condiion m ] ] o
Weridosac 2 10 rrabarien ik oo chary 14 & 13 e
Charecterisic Ob-plic bawfth fuciliien [H = 1) rlﬂ:-n.l.ph health fcil ki
=13
Mediar Ranga Madisn Fanz=
Mumbe of micescopiniy
Dy 1 3 3-1
Hemlih: cemive 3 14 3 1
Prirrary benipial I L1 4 -7
Smonclary or referal Poagia T T
Wialarin: dick: workined jprr day
e sy E+] -3 b1
Hinakh conirs w 431 1% 41
Prirrary honpi el kal -3 L] [
Seondary or referal boapia 9 LR L
m ST riep ; sreckiabon, 3n siemal ko i doeriering progr wpenaosed by Werd Hiakh
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Data collection

Fach microsoopist who hid axemined the seected shdes
wis Interviewed by trained sarvey stalf using & standard-
ized, pilol-iested strectared questionnaire [Addstional
filz 1). | sboratory snd faclity conditsons were allected
vis & stsndardized form (Addisonal file 2. Resent tram-
ing, for microszopists was defmed s having sttended ni-
il or refresher malsra microscopy training within the

yesar priar b Uhe sarvey.
Thick-Blsod smear dides were examined far the pros-

ence o ahsence of paresics by expert microscopists who
hisd heen certificd thromgh the 'WHO Externsl Compe-
tency Assessment for Malara Microscopy scheme. Twa
independent expert microscopists coss-checked each of
th shdes snd 3 thard independent expert macTosoopist
wis 2 Be-hresker when the first bwo expert readers diss-
greed. Expert resders dissgreed on & (1%) shides requir-
ing & third tie-breaker. The experi microscopist resulls,
o the te-breaker result when necessary, wene conssdered
thi reference veloe. Expert microscopists wore masked
o Eoth the heslth-facility microscopy resulis end the
cither expert microseopy resalts. Expert microscopists
emamined & mintmam of 10 high-power magnifics-
tion ficlds before the shide wes classtficd a5 negaisve per
nstsomal and WHO gedance |4, 10]. Esch macrosoopist
read & maxtmam of 20 shdes per day. Acruruie makiriz
dagnosts wis defined s concordsmer i the prosence or
ahsnee of parasites (Le, posittve or negative] between
tha hesth-feclity microseopest result and the expert ref-
erence result. The health-fuslty recolts were compared
i expert reference to oblzin validity and relishility per-

formanoe measures.

Doz manzgement and analyss

Dats wore enbored inko Excel 2000 (Microsolt, Sesttle,
Wik, USAL The sensithity, spectficaty, positve predic-
tive value (PPV] and negaisve predictive valee (KPV) of
the health-fdlity microscopy results were caboulsted
with 55% confidence intervals (1) using exsct method
by Graph Ped Prism version 501 (GraphPad Softwere,
L& Jolls, €A, USA). Inter-reader agrecment for facilities
versus referenor vilues was exprossed as lapps (x] vl
mes with 955 (Is mang Graph Pad Prism vorsion 5.01
|22]. Using acrerate malaris dagnosis e the outeome
of interest, multivariahle logistic regression with mstits-
tional-specific random effects was performed using Stats
version 12 (SistsCorp LF, College Station, TX, USAL
Both indrvidusl (Le,, recent microscopy refresher training
status, kevel of inttsal tratning, pears and location of work

experience, snd malsris knowledge) snd institelions]-

kewel fmctors (Le, pertidpation in pilot Q. progremme
or cther exiernal Qub programme, condiSon of mioo-

sonpes, numier of microscopsts, service- provision level,

78

Page 4 of 12

location and detly workload) were incloded as independ-
ent variahles in the regresion model.

Ethical ravias

ke study was spproved by the cthicsl review commit-
tee of the Jaramagl Ogings Odinga Teaching and Referral
Hospatsl (#01713, eof: ERC 1WWOL1770) in eollsbora-
tsom with the Minisiry of Heslth, The siady undereont
huran subjeet eeview al CI0C and was approved as non-
crgsgement I homsn mbjert research. The mansge-
ment oifictal st esch health faeility and cach microseopet
peovided written consent. Mo persons] sdentsfiers wene
collected from mecroscopisls or extracted from kbors-
tory or chinicsl reconds.

Fasults

Al solertisd hiesth faclitios spreed to participate in the
survey. Participating healkth facilitics were lomted m 10
(38%) of 26 low-malsris ireremision counlss. Among
surveyed faolities, 585 wore primary care faclities Li,
disperearies |1 snd heslth contres [465%]) and 42%
were hospitaks (Lo, primary |38%| snd secondsry or
refierral [4]) [Table 1). More Qa-palat fantlises were
urhan settings (48 vs 195, partscipeted @ sn extemal

lsborstory-strengthening progmm (Lo, SLUIPTA) (19 v
14}, and had microszopes in good optical condstion (95
vs A6%) compared to non-Cp pllot fBclities. The numker
of microscopists per faclity end daily malaris slide work-
Inads were similar serces surveyed facilises (Table 1). As
shown in Table 2, more macroscopists m Q-palot Eall-
i hed completed recont refresher training (68 vs 295,
had worked in o malsmia high-transmesdon ares (63 v
21%), and had knowledge of nations] malars disgnosts:
amd trestment gesdelines (54 ve 3950
A totel of 756 makiria shides were collected from the
health faciities surveyed; 204 (27%) shdes were resd as
positrve for makna by heslth-leeihly microsmopists snd
1E [19%) &= positive by experl microscopists, In Ag. 1,
shides sre stratified by fe=lity Qa-pilol progremme per-
sctpation and recent reming stabns {Le., formal inissl or
refreshior microseopy tratning within the par prior 1o the
survey] of the microscopists. More microscopists [S8%,
38 of 56) had rompleted revent refresher tratning in the
(ya-pllot feeibties rompared to non-CA pllot fectlises
[E'!i 24 of 82} (p « 0.02). In (- piliot fecilities, recentdy-
trained microsoopists resd 285 (75%) shides compared
b 176 (47%) in the non-guA pilot fecthiises [p < 0.001),
Reeenly-tramed microscopists in (- pilot faclises per-
formeed Eeeticr on all microscopy performance measanes
with 97% scnsitivity and 100% specificily rompared io
recently- tramned microscopists in the non-CpA pilot Gali-
ties with 695 seredtivity and %85 spedficity (p « Q.02).
Microscopists  without  recent  microszopy  refresher
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Tabds I Charctarstics of surssed microscoplsts in malariz low-tonemBssion arsas of Kenys, 3014

Chamciersic Micraazpivts ot Q- piloe baalth Miozacnoplis et ron-
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Rumber Forconiuge ke Perceresge
Irclbvichual lrved
Trainirg anl werk experierce
Pecrni mcascopy reirmhar iraining 1 ] L b
Miore than dipgiormes-kevel initial fasining 1 1] L] n
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Fig. 1 Malaria microcnpy prlcrmance dntifed by pilot (A progremme participation, snd meend issining stetes of micowoophds in maleis s

Irmrarnboion sevan of Kerepe, 2004

iraining performed the same regandless of faolity partict-  somurecy (Le, somedthvity, spedficity, PFY and KPV)]
palson in the (A-pallod. programme. sgparest experi refierence compared to non-Cu pllol fanli-

Owerall ax shown in Teble 3, QA-pilot factities per-  Bes. The overall mier-resder agroement botween Q-
formed significantly betier on messures of diagnestic  pilol feclites snd expert microscopy was k = 0ED [(95%
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Table 3 Measuras of malais MICTeSopy DETOTMEnds In surveysd health facltias In malars w-ransmission areas

of Kanya, 2014
pllot programea of thdex preditivevalue  predidive velue nia
L o ) k] - Tl L w5l L e ) : arul

Cheerall

o 13 . |3 £l R | B A b |5 0AG [FERF. 4]
Ha 173 [T | [T &0 15 oM s G0 DG
Dbpormary
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Heabth cemie

e E- = ] [y oW OE- i - H [H-100y  OaER OS] -0
] 13 Ee ] TG ™ - i AR = A -3 o {OIE-0TR
Primary e

T 14 - N I N T BF -0 LY e
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Ka iE] W PRl B g0 B QIS 10 [PN-IOD G jEOR1O0
H:tl'.-ttl'l'-:lq'l'l:l'ﬂ

LT zeckres: el

€1 0.74-0:58) compared o K = 0.35 (95% €1 0.24-0.46)
im non-Qu pilot Gelities p o 0.001). Teble 3 slso shows
the disgnosis: performance messores simtified by ser-
vioe levek; only primery hospilals pariscipsting in the
pilot Gy progremme performed sistisicslly better on
all disgnostse securssy meseares rompared bo non-CA
pilot fardlitics. In totald, 351 (53%) shde resubts were read
as roncordsnt with expert eeference from Q- palat fuch-
i compared Lo 292 [ 77%] in the non-(pa pilot fuelties
(p < 0uD01) {Table ).

In enadjusted logistic regression wmabyds shown o
Table 4, all the microseopist charseleristics were sssocl-
aled with areerale malins dagnods ewrepl indtisd level
dtiﬂ:g,'lﬂun]rplhlq-.lprmnnpnﬂquﬂ.m
and good optical condstion of werr mstiis-
tionsl foines essocisted with accorale melaris dagno-
s In adjusted multveriahle logistss regression analys,
recenl microsmpy refresher tralning (prevelence ralio
|[FR| = 13.E 95% €1 45-414), =5 vears of work cxpe-
mience (PR = 3.8; 954 (1 1.5-99), end pilot QA pro-
grumma partizipation (PR = 43 958 1 10-10.4] were
the only fmctors significently associsied with serursie
mularia

Discussion
accuracy of malaris mécroscopy was posithvely eseocisted
with recent microscopy refresher truining and =5 years

of experience for microscopists end health Gality par-
icipation in the pilot A progmmme. The fmdings sme
consisient with other sindics from Kenys snd chewhene
that bave shown both [shorsiory A programmes smd
microsenpy refresher trainings improve malars micros-
copy performance [12, 15, 23-25], In 2013, the NMCP
independently sterted hoth inrmad refresher trainings for
microssopists ol o maliry micrnsropy contre of evodd-
lenee and the pilot QA progremme for maleris disgnos-
i st 53 health fecililies; both the refresher trainings
and pilot QA progremme were mlended i0 improve
malsris disgnosis by microesopy. Howevon, implemen-
talion of the two disgnestic sirengthening components
was mol coondinsted or sysiomatic in heslth Grilises,
BCTIES S2rvice- levds or sdministradive nomes,
which hindered independent evalustion of the pilot Qu
PrOFTAMMmE.

Eecent microscopy refresher training st the indi-
vidual level wes more stromgly esosisied with accurale
maliris diagnoss than heslth Geilty participstion
the pllot A programme. Howeerr, microscopisls who
had recently completed refresher training and worked in
u [adlity thet wes pari of the pilot (A programme had
the hest performsnes fior 5l messures of disgnestic soeu-
racy. Thise findings sigget that smergies exist between
formel microseopy refresher treining and the pilot Qu
programme. Implemenistion of Both dagnostie sirength-
cning, eomponents Angether appear o prodece the best
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Tabls 4 Individual snd institwtional charsfaristics ssodated with oourate makn micresoopy dlagnosts in suragyed
egaith fa00IE ka2 bn mizkirk low-transmission srass of Kenya, 2014
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mieTserty
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sibbraicrydal Ko WIHME AT 100 e}
¥ MR 1N pHE 11 fi1-13
Hospital vl ety Wo  4mpin oy 100 (e}
¥n IMpIS MIE ] [3-3%
ot sl Ho OGS 1@ 100 (e
prv clay Yoo AR 4O oL 01-11
) g e pricr iz e warvey
LT i ¥ woraesd by i Haskh rpanica oy B reisrence

performance results. Therefone, the WMCF and partniers
shoold comdder syslematieslly mplkementing formal
microscopy refresher training and the Cpd progremme
together as o packsge of mlerventions Lo Emprove pars-
siinlogical disgnoss of malsria by microscopy in sccond-
ance with nations] and WHO guidance 8, 140, 14, 25].

Malsria microscopy refresher truining wis an impor-
tanl confounder in the study. The stody wis powered Lo
detert differences st the heslth-fusility kv ruther than at
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the mdmidual mezenscopist level, and malaris microseopy
refnesher iruning was nol uniform seross sureeyed Geili-
ties. Twine as many microscopists from QA-pilot eili-
i had recent refresher training sompared (o non-QA
pllot fezilities. Throe-quarters of the malsris shides from
Cya-pilot facilises were resd by microscopists who had
recenidy completed malaris mieroszopy rofresher train-
ing compared Lo lew then halfl of the dides from non-
(i pilod facilties. In sddition, there were other general
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Lhorslcry-sirengthening scitvitles ongping, sech as
Z1IFTA, in & minarsty of Goilities thet were induded in
the survey. Althoogh partscipstion in the WHO SLIFTA
programmme was nob sgnificantly essocisted with aoe-
rale malaris microscopy disgnosis, the programme might
have contributed 1o owerall liboralory mprovements that
were not specificslly messared [17].

Orvorall in Q-pilot Gardites, the sorsthity, specific-
nty and NPV were very high sl over 505 The PPV was
much lower, bt lower FPVs and higher MNPV would be
experted berause all the surveyed faedlities were locuted
i mealaris low- treremession countses. These munlies have
community maluris parasieemis prevalences by micrms-
copy of Between 1 and 3% during peak malsns truremes.
sion sepsnn |27 A 2004 national heslth-fanlity survey
fior malaria infection found that 2.4% of outpetients who
reparizd & hastory of fever within the last 48 h had 2 posi-
ive maleria RO in scasons] low-transmission comnties
i Kenys [25] Mabiris sides were collectsd i Jsmary
and Febraary for the survey, which 1s not the peak malsns
irensmission season in Kenya. Therefore, most persons
presenting b health fecibitics, oven I febrle, wore unlikdy
i have malaris at the time of the survey. In malaris low-
transmission setiings, the kow PPV findings translate tnka
4 |arge namiber of flse-postive results. Persons
niad a5 baving malaris when they da not sre st risk of
nint heing trested for their setnsl diness, which can lesd o
miressed morbadty snd polentisly mortality. In sdditson,
tresting peaple whio do not heve malaris with rdatvdy
axpenstve srtemisnin-hased combinstion therapy wastes
lmited resources end can contribete io the development
of aricmesinin redstanice |4, 7, 10, 25].

Haspitals rquine expert microscopy for the mansge-
ment of momplicated patients with severe malaris and
co-morbadities. Expert microscopy is the gold standand
fior identifving mized infoctlons, tresiment fallures, snd
quanizfying paresiie density |B, 10, 28] Hospitals gener-
ally have more substanisal lshorsiores wnd resources
avallshie o maintain st kast adogeale, If not expert,
dugnnstic mieroseopy programmes sompared Lo oolps-
tient heslth contres snd dispensaries. Oulpaticnt health
centres and dispensaries gemerslly have high patient
workloeds, which makes lhour-intenstve diagnostics,
soch a5 malsria microscopy, challenging. Historically
in Kenys, progremmis and iraining cesceded from the
highest service-provision levels o the lowest and ofien
did not reach dispersaries doe o imited resounces snd
loweor prioftization. In 30040, Kenye priortized dispenss-
ries Lo receive maleris ROS for perestologizal disgnoses
smer expert microsropy services were nob expecied at
this levd [3].

However, the strategy for uthring maliris BDTS
and microscopy concerrently oo mmprove diagnostic
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performanice seroes service bevels and malaris epidemi-
ologi wonis & not clear i the nations] dagnestic snd
trestment guidelines [F-£]

This siudy has 2 momber of Emetstions. Although
health faeilities were randomly selected for the survey,
the facilities selected to participate in the pllot Qi pro-
Eramms were 4 comventence sample. Thus, the surveyed
fartlises wre not representutive of all public health Goli-
1325 in Eenye, which lmits the generalizshility of the find-
ings. A& hasebne evaloaton of micrmscopy perfomance
was mol conducted prior to the start of the refresher
trainings or the pilob (A programmme. Micmsoopiss
und farilities seleeted for partidpation m the disgnosis:
sirengthening components might heve performed hetter
ul haseline compared to those not sdected. Therefore,
the esmoctalion Between microscopy performance snd
refresher tralning snd the pilol QA programme might
hove been owerestimaled. Additionslly, when heslth
facilitses consenied bo participale in the survey, they were
wked o siore slides doring & specific me interval for
Ister retrieval Facilitics might have preferentislly stored
slides for which they it confident shomt the rosalis,
und microscoplsts might heve performed betier during
this period becanse they were eware of the sarvey (Le.,
Hewthorne effioct] [29, 30 Both sitmations would bave
resulted in an overestimation of dagnostic aoceracy, bt
the potentisl bias should be non-dufferentisl soross all
fanlitses.

Ancther mmportent hmitstson wes that shde propars-
tson quabty, meloding the stsin type and sdequacy, was
not evalnsted. Although hoth MMCP md WHO rec
ommend Giemss preferentislly for malins microscopy,
the use of both Glemesa snd Fickd stains wis commen m
health facilties |8 10, 1&] Shides were not matched oo
parasile derealy cither. Thick films were oamined for
the presence or shsener of parssites; no thin films were
cxammined for parasile density or speciation [E, 10]. Shde
from (jA-pilot Ganlitis might have hed hagher parasite
dereatics, which would make malera sasier to identify
corroctly. However, mrban srras generslly have o sub-
stanifally lower parasitacmia prevelence compared o
rursl aress end & grester percentage of QA-pilot all-
ties were bozstod in urben eress |21, 22] Therefore, 1L is
possible that persons who presenied to Qa-pilot fecilites
in urhan aress womld have had lower parasile densities
overalk o this represented the true sitestion, then (JA-
pilot ennolled fcilities wonld bave performed betbor then
estimaied compared to non-O pilol feeilitbs.

Condusions

Duagnostic acceracy of melars mecrnscopy was posi-
trvely eesoctated with recent microscopy refresher train-
ing and =5 years of experience for microscopests at the
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mdividual kevel and pilol Q4 programme pariscpatson at
the healih-Goility levd. Microescopests who had recently
completed refresher treining and worked tn & Qa-pilot
facibity had the hest performanee for all measures of dag-
mostie erumecy. Therefore, foomal microsmopy refresher
training and the (A progremme should be syt eeatically
implemented ingether to improve parasitological diagno.
=i of malaris by microszopy in Kenya
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