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Abstract

Background: Malaria accounts for ~21% of outpatient visits annually in Kenya; prompt and accurate malaria diagno-
sis is critical to ensure proper treatment. In 2013, formal malaria microscopy refresher training for microscopists and a
pilot quality-assurance (QA) programme for malaria diagnostics were independently implemented to improve malaria
microscopy diagnosis in malaria low-transmission areas of Kenya. A study was conducted to identify factors associ-
ated with malaria microscopy performance in the same areas.

Methods: From March to April 2014, a cross-sectional survey was conducted in 42 public health facilities; 21 were
QA-pilot facilities. In each facility, 18 malaria thick blood slides archived during January—February 2014 were selected
by simple random sampling. Each malaria slide was re-examined by two expert microscopists masked to health-facil-
ity 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 malaria microscopy
diagnosis.

Results: Of 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 refer-
ence compared to 77% in non-QA pilot facilities (p < 0.001). Recently trained microscopists in QA-pilot facilities per-
formed 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% Cl 0.74-0.88) compared to k = 0.35 (95% Cl 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% Cl 4.6-41.4), >5 years of work experience (PR = 3.8; 95% Cl 1.5-9.9), and
pilot QA programme participation (PR = 4.3; 95% Cl 1.0-11.0) were significantly associated with accurate malaria
diagnosis.
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Conclusions: Microscopists who had recently completed refresher training and worked in a QA-pilot facility per-
formed the best overall. The QA programme and formal microscopy refresher training should be systematically imple-
mented together to improve parasitological diagnosis of malaria by microscopy in Kenya.

Keywords: Malaria, Microscopy, Quality assurance, Interpretation, Validity, Reliability, Laboratory, Kenya

Background

In 2013, approximately 198 million cases of malaria and
584,000 deaths occurred globally, and 90% of the deaths
were in Africa [1]. In 2012, Kenya had an estimated
malaria mortality rate of 27.7 per 100,000 people [2].
Malaria accounted for almost 9 million outpatient visits
in Kenya in 2012, which represented approximately 21%
of all outpatient consultations [3].

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’ strat-
egy [4, 5]. Both microscopy and malaria rapid diagnostic
tests (RDT) are recommended malaria diagnostic meth-
ods by the Kenya National Malaria Control Programme
(NMCP) [6-8]. Although over 90% of public health facili-
ties in Kenya had the capacity to diagnosis malaria, the
proportion of facilities performing malaria microscopy,
approximately 50%, has not changed in recent years [9].
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 [3].

Limited microscopy services in health facilities in
Kenya and across sub-Saharan Africa have been attrib-
uted, in part, to limitations in the availability of equip-
ment, supplies, working environment, training, and
supervision [10-12]. Increasing and sustaining access to
prompt diagnosis and effective treatment for at least 80%
of the population across all levels of the health care sys-
tem and epidemiological zones is a key objective of the
Kenya National Malaria Strategy 2009-2017 [6]. Imple-
mentation 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 centres of
excellence [6, 13].

From June to December 2013, the NMCP in coordina-
tion with the Malaria Diagnostics Center, Walter Reed
Army Research Institute, initiated a pilot to operation-
alize the laboratory quality assurance (QA) policy and
plan for malaria diagnostics in health facilities in malaria
low-transmission areas [8, 14]. Malaria low-transmission
areas were prioritized because of concerns surrounding
over-diagnosis of malaria due to poor microscopy prac-
tices. Laboratory QA programmes have been shown
to improve the diagnosis of malaria and, in particular,

microscopy accuracy [13, 15]. Components of the
7-month pilot QA programme included 4 1-day visits by
trained QA laboratory officers, who promoted internal
QA/quality control (QC) processes, provided supportive
supervision and on-job training, and cross-checked at
least 10 malaria microscopy slides at each visit 8, 14, 16].
The pilot QA programme implementation is described
in detail elsewhere [16]. Independently in 2013, there
were other laboratory-strengthening activities ongoing
in Kenya, such as malaria microscopy refresher trainings
and the WHO Stepwise Laboratory Improvement Pro-
gress 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 inter-
national accreditation [17]. In early 2014, a survey was
conducted to identify factors associated with accurate
malaria diagnosis by microscopy in 42 health facilities in
malaria low-transmission areas of Kenya.

Methods

Study design and area

From March to April 2014, a cross-sectional survey was
conducted in public-sector health facilities that included
pilot QA programme facilities to identify factors asso-
ciated with accurate malaria microscopy diagnosis in
low-malaria transmission counties in Kenya. 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. In
these counties, malaria transmission is seasonal with an
estimated population-adjusted parasitaemia prevalence
of <5% [18].

Sample size and sampling procedure

A total of 42 public health facilities were selected to par-
ticipate in the survey. Twenty-one facilities were part of
the pilot QA programme 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 cen-
tre, primary hospital, secondary hospital). The pilot QA
programme was implemented in 83 health facilities (45
[54%)] public-sector and 38 [46%)] private-sector); facili-
ties were selected to participate based on capacity to
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perform malaria microscopy and distance from the QA
officers’ primary duty stations [16]. These facilities are
referred to as ‘QA-pilot facilities! Twenty-one 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 also randomly selected to participate in the survey.
These facilities are referred to as ‘non-QA pilot facilities’
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 and finite population correction [19-21].
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
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archived from 1 January to 28 February, 2014 were eli-
gible for survey inclusion. Eighteen malaria slides were
collected by the survey team from each health facility.
Overall, the daily range of malaria slides prepared was
4-28 in QA-pilot and 4-52 in non-QA pilot facilities
(Table 1). The number of slides collected for the survey
represented <5% of all malaria slides archived from 1 Jan-
uary to 28 February, 2014 at each facility.

From the slide boxes, 9 positive and 9 negative slides
were collected per facility via simple random sam-
pling 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 posi-
tive slides were selected and the balance was randomly
selected from negative slides to total 18 per facility.

Table 1 Characteristics of surveyed health facilities in malaria low-transmission areas of Kenya, 2014

Characteristic

QA-pilot health facilities (N = 21)

Non-QA pilot health facilities

(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
Characteristic QA-pilot health facilities (N = 21) Non-QA pilot health facilities
(N=21)
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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Data collection

Each microscopist who had examined the selected slides
was interviewed by trained survey staff using a standard-
ized, pilot-tested structured questionnaire (Additional
file 1). Laboratory and facility conditions were collected
via a standardized form (Additional file 2). Recent train-
ing for microscopists was defined as having attended ini-
tial or refresher malaria microscopy training within the
year prior to the survey.

Thick-blood smear slides were examined for the pres-
ence or absence of parasites by expert microscopists who
had been certified through the WHO External Compe-
tency 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 disa-
greed. Expert readers disagreed on 9 (1%) slides requir-
ing a third tie-breaker. The expert microscopist results,
or the tie-breaker result when necessary, were considered
the reference value. Expert microscopists were masked
to both the health-facility microscopy results and the
other expert microscopy results. Expert microscopists
examined a minimum of 100 high-power magnifica-
tion fields before the slide was classified as negative per
national and WHO guidance [8, 10]. 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 ref-
erence result. The health-facility results were compared
to expert reference to obtain validity and reliability per-
formance measures.

Data management and analysis

Data were entered into Excel 2010 (Microsoft, Seattle,
WA, USA). The sensitivity, specificity, positive predic-
tive value (PPV) and negative predictive value (NPV) of
the health-facility microscopy results were calculated
with 95% confidence intervals (CI) using exact method
by Graph Pad Prism version 5.01 (GraphPad Software,
La Jolla, CA, USA). Inter-reader agreement for facilities
versus reference values was expressed as kappa (k) val-
ues with 95% ClIs using Graph Pad Prism version 5.01
[22]. Using accurate malaria diagnosis as the outcome
of interest, multivariable logistic regression with institu-
tional-specific random effects was performed using Stata
version 12 (StataCorp 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 micro-
scopes, number of microscopists, service-provision level,
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location and daily workload) were included as independ-
ent variables in the regression model.

Ethical review

The study was approved by the ethical review commit-
tee of the Jaramogi Oginga Odinga Teaching and Referral
Hospital (#01713, ref: ERC 1B/VOL.1/70) in collabora-
tion with the Ministry of Health. The study underwent
human subject review at CDC and was approved as non-
engagement in human subject research. The manage-
ment official at each health facility and each microscopist
provided written consent. No personal identifiers were
collected from microscopists or extracted from labora-
tory or clinical records.

Results

All 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 1). More QA-pilot facilities were in
urban settings (48 vs 19%), participated in an external
laboratory-strengthening program (i.e., SLIPTA) (19 vs
14%), and had microscopes in good optical condition (95
vs 86%) compared to non-QA pilot facilities. The number
of microscopists per facility and daily malaria slide work-
loads were similar across surveyed facilities (Table 1). As
shown in Table 2, more microscopists in QA-pilot facili-
ties had completed recent refresher training (68 vs 29%),
had worked in a malaria high-transmission area (63 vs
21%), and had knowledge of national malaria diagnostic
and treatment guidelines (84 vs 39%).

A total of 756 malaria slides were collected from the
health facilities surveyed; 204 (27%) slides were read as
positive for malaria by health-facility microscopists and
103 (14%) as positive by expert microscopists. In Fig. 1,
slides are stratified by facility QA-pilot programme par-
ticipation 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 facilities
(29%, 24 of 82) (p < 0.01). 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 per-
formed better on all microscopy performance measures
with 97% sensitivity and 100% specificity compared to
recently-trained microscopists in the non-QA pilot facili-
ties with 69% sensitivity and 98% specificity (p < 0.01).
Microscopists without recent microscopy refresher



Odhiambo et al. Malar J (2017) 16:371

Page 5 of 10

Table 2 Characteristics of surveyed microscopists in malaria low-transmission areas of Kenya, 2014

Characteristic

Microscopists at QA-pilot health
facilities (N = 56)

Microscopists at non-QA pilot
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

QA-pilot Programme Health Facilities

Public health facilities with QA-pilot
n=45

v

Non-QA Pilot Programme Health
Facilities

Surveyed public health facilities with
QA-pilot
n=21

Slides collected
per health facility
n=18

Surveyed public health facilities
of same service level and in same county
n=21

Slides from QA-pilot health facilities
n=378

|

Total slides collected
n=756

— T

Slides from non-QA pilot health facilities
n=378

Analysis stratified by recent! training
status of microscopist

Micr

Trained, n=285 (75%) slides

Positive=69, Negative=216

oscopy results:

Not trained, n=93 (25%) slides
Microscopy results:
Positive=33, Negative=60

Trained, n=176 (47%) slides Not trained, n=202 (53%) slides
Microscopy results: Microscopy results:

Positive=25, Negative=151 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%

transmission a

reas of Kenya, 2014

Fig. 1 Malaria microscopy performance stratified by pilot QA programme participation and recent training status of microscopists in malaria low-

training performed the same regardless of facility partici-

pation in the

QA-pilot programme.

Overall as shown in Table 3, QA-pilot facilities per-
formed significantly better on measures of diagnostic

accuracy (i.e., sensitivity, specificity, PPV and NPV)
against expert reference compared to non-QA pilot facili-
ties. The overall inter-reader agreement between QA-
pilot facilities and expert microscopy was k = 0.80 (95%
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Table 3 Measures of malaria microscopy performance in surveyed health facilities in malaria low-transmission areas

of Kenya, 2014
Quality-assurance Number Sensitivity Specificity Positive Negative Kappa value
pilot programme of slides predictive value  predictive value
% 95% Cl % 95% CI % 95% Cl % 95% CI K 95% Cl

Overall

Yes 378 96 (90-99) 92 (88-95) 76 (67-84) 99 (97-99) 0.80 (0.74-0.88)

No 378 62 (49-74) 80 (76-85) 40 (31-50) 91 (87-94) 035 (0.24-0.46)
Dispensary

Yes 36 100 (59-100) 100 (88-100) 100 (59-100) 100 (88-100) 1.00 -

No 36 62 (24-91) 54 (34-72) 28 (10-53) 83 (59-96) 0.11 (—0.16 10 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)
Primary hospital

Yes 144 100 (92-100) 93 (85-97) 87 (75-95) 100 (96-100) 0.89 (0.82-0.97)

No 144 62 (41-80) 69 (59-77) 30 (18-44) 89 (81-95) 0.22 (0.06-0.37)
Secondary hospital

Yes 18 100 (40-100) 93 (66-100) 80 (28-99) 100 (75-100) 0.85 (0.58-1.00)

No 18 100 (29-100) 87 (60-98) 60 (15-95) 100 (75-100) 0.68 (0.29-1.00)

Italic denotes statistical significance
Cl Confidence interval

CI 0.74-0.88) compared to k = 0.35 (95% CI 0.24—0.46)
in non-QA pilot facilities (p < 0.001). Table 3 also shows
the diagnostic performance measures stratified by ser-
vice level; only primary hospitals participating in the
pilot QA programme performed statistically better on
all diagnostic accuracy measures compared to non-QA
pilot facilities. In total, 351 (93%) slide results were read
as concordant with expert reference from QA-pilot facili-
ties compared to 292 (77%) in the non-QA pilot facilities
(p < 0.001) (Table 3).

In unadjusted logistic regression analysis shown in
Table 4, all the microscopist characteristics were associ-
ated with accurate malaria diagnosis except initial level
of training, but only pilot QA programme participation
and good optical condition of microscopes were institu-
tional factors associated with accurate malaria diagno-
sis. 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 expe-
rience (PR = 3.8; 95% CI 1.5-9.9), and pilot QA pro-
gramme participation (PR = 4.3; 95% CI 1.0-11.0) were
the only factors significantly associated with accurate
malaria diagnosis.

Discussion

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 par-
ticipation 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 micros-
copy performance [13, 15, 23-25]. In 2013, the NMCP
independently started both formal refresher trainings for
microscopists at a malaria microscopy centre of excel-
lence and the pilot QA programme for malaria diagnos-
tics at 83 health facilities; both the refresher trainings
and pilot QA programme were intended to improve
malaria diagnosis by microscopy. However, implemen-
tation of the two diagnostic strengthening components
was not coordinated or systematic in health facilities,
across service-provision levels or administrative zones,
which hindered independent evaluation of the pilot QA
programme.

Recent microscopy refresher training at the indi-
vidual 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 accu-
racy. These findings suggest that synergies exist between
formal microscopy refresher training and the pilot QA
programme. Implementation of both diagnostic strength-
ening components together appear to produce the best
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Table 4 Individual and institutional characteristics associated with accurate malaria microscopy diagnosis in surveyed
health facilities in malaria low-transmission areas of Kenya, 2014

Characteristic Slides Accurate Unadjusted Adjusted
n (%) diagnosis n (%)
Prevalence 95% confidence Prevalence 95% confidence
ratio interval ratio interval
Individual
Recent microscopy  No 295 (39.0) 197 (66.8) 1.00 (Ref) 1.00 (Ref)
refreshertraining  ves 461 (610) 446 (96.7) 405 15.1-1086 138 46-414
More than diploma- No 141 (18.7) 109 (77.3) 1.00 (Ref)
level initial Yes 615(813)  534(868) 2. 0.9-46
training
>5 years of work No 137(18.1) 78 (56.9) 1.00 (Ref) 1.00 (Ref)
experience Yes 619(81.9) 565 (91.3) 237 97-57.6 38 1.5-9.9
Worked in malaria No  383(50.7) 290 (75.7) 1.00 (Ref)
';:g;“’“ansmissm Yes 373(493) 353 (946) 121 52-283
Knowledge of No 194 (25.7) 119 (61.3) 1.00 (Ref)
malaria diagnostic ves 563 (743) 524 (93.2) 256 104-62.9
and treatment
guidelines
Knowledge of No 94 (12.4) 45 (47.9) 1.00 (Ref)
malaria epidemi-  ves 662 (876) 598 (90.3) 28 8.7-603
ology in county
Knowledge of No 63(8.3) 20 (31.7) 1.00 (Ref)
malaria cases Yes 693 (91.7) 623 (89.9) 211 7.2-62.1
importation
Institutional
Quiality-assurance No 378 (50.0) 292 (77.2) 1.00 (Ref) 1.00 (Ref)
pilot programme  ves 378 (50,0) 351(92.8) 6.0 1.9-189 43 1.0-11.0
Good optical No 2(9.5) 46 (63.9) 1.00 (Ref)
condition of Yes 684(90.5) 597 (87.3) 76 11-514
microscope(s)
Rural location No 505 (66.8) 5(82.2) 1.00 (Ref)
Yes 251(332) 228 (90.8) 2.7 0.7-10.1
Participation in No 647 (85.6) 539 (83.3) 1.00 (Ref)
SLIPTAprogram  ves 109 (144) 104 (954) 48 08-288
>3 laboratory staff  No 361 (47.8) 308 (85.3) 1.00 (Ref)
Yes 395(52.2) 335 (84.8) 1.1 03-33
Hospital-level facility No 432 (57.1) 376 (87.0) 1.00 (Ref)
Yes 324 (429) 267 (82.4) 0.8 0.2-25
Workload >10slides No 269 (35.6) 239 (88.8) 1.00 (Ref)
per day Yes 487 (64.4) 404 (83.0) 06 02-2.1

Italic denotes statistical significance; recent training was defined as in the year prior to the survey

SLIPTA stepwise laboratory improvement towards accreditation, sponsored by World Health Organization; Ref reference

performance results. Therefore, the NMCP and partners
should consider systematically implementing formal
microscopy refresher training and the QA programme
together as a package of interventions to improve para-
sitological diagnosis of malaria by microscopy in accord-
ance with national and WHO guidance [8, 10, 14, 26].
Malaria microscopy refresher training was an impor-
tant confounder in the 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 facili-
ties. Twice as many microscopists from QA-pilot facili-
ties 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 train-
ing compared to less than half of the slides from non-
QA pilot facilities. In addition, there were other general
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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 accu-
rate malaria microscopy diagnosis, the programme might
have contributed to overall laboratory improvements that
were not specifically measured [17].

Overall in QA-pilot facilities, the sensitivity, specific-
ity and NPV were very high at over 90%. The 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. These counties have
community malaria parasitaemia prevalences by micros-
copy of between 1 and 3% during peak malaria transmis-
sion season [27]. 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 h had a posi-
tive malaria RDT in seasonal low-transmission counties
in Kenya [28]. Malaria slides were collected in January
and February for the survey, which is not the peak malaria
transmission season in Kenya. Therefore, most 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 misdiag-
nosed 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 relatively
expensive artemisinin-based combination therapy wastes
limited resources and can contribute to the development
of artemisinin resistance [4, 7, 10, 26].

Hospitals require expert microscopy for the manage-
ment of complicated patients with severe malaria and
co-morbidities. Expert microscopy is the gold standard
for identifying mixed infections, treatment failures, and
quantifying parasite density [8, 10, 26]. Hospitals gener-
ally have more substantial laboratories and resources
available to maintain at least adequate, if not expert,
diagnostic microscopy programmes compared to outpa-
tient health centres and dispensaries. Outpatient health
centres and dispensaries generally have high patient
workloads, which makes labour-intensive diagnostics,
such as malaria microscopy, challenging. 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 dispensa-
ries to receive malaria RDTs for parasitological diagnosis
since expert microscopy services were not expected at
this level [3].

However, the strategy for utilizing malaria RDTs
and microscopy concurrently to improve diagnostic
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performance across service levels and malaria epidemi-
ologic zones is not clear in the national diagnostic and
treatment guidelines [6-8].

This study has a number of limitations. Although
health facilities were randomly selected for the survey,
the facilities selected to participate in the pilot QA pro-
gramme were a convenience sample. Thus, the surveyed
facilities are not representative of all public health facili-
ties in Kenya, which limits the generalizability of the find-
ings. 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) [29, 30]. 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 prepara-
tion quality, including the stain type and adequacy, was
not evaluated. Although both NMCP and WHO rec-
ommend Giemsa preferentially for malaria microscopy,
the use of both Giemsa and Field stains was common in
health facilities [8, 10, 16]. 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 [8, 10]. 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 sub-
stantially lower parasitaemia prevalence compared to
rural areas and a greater percentage of QA-pilot facili-
ties were located in urban areas [21, 22]. 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 compared to non-QA pilot facilities.

Conclusions

Diagnostic accuracy of malaria microscopy was posi-
tively associated with recent microscopy refresher train-
ing and >5 years of experience for microscopists at the
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individual level and pilot QA programme participation at
the health-facility level. Microscopists who had recently
completed refresher training and worked in a QA-pilot
facility had the best performance for all measures of diag-
nostic accuracy. Therefore, formal microscopy refresher
training and the QA programme should be systematically
implemented together to improve parasitological diagno-
sis of malaria by microscopy in Kenya.

Additional files

Additional file 1. Microscopist questionnaire.

Additional file 2. Health facility information and slide collection form.

Authors’ contributions

FO, BO and EW conceived and designed the study; FO, JOW, TG, and EW coor-
dinated and performed the study; FO, CM, SL, WA, and TA analysed the data:
FO, AMB, JOW, SAL, WA, CMM, TG, ZG, WB, LC, and EW drafted manuscript. All
authors read and approved the final manuscript.

Author details

! Field Epidemiology and Laboratory Training Programme, PO. Box 225-00202,
Nairobi, Kenya. 2 Jomo Kenyatta University of Agriculture and Technology, PO.
Box 62000-00200, Nairobi, Kenya. 3 Division of Parasitic Diseases and Malaria,
Center for Global Health, U.S. Centers for Disease Control and Prevention,

1600 Clifton Rd NE, Atlanta, GA 30333, USA. * US. President’s Malaria Initiative,
United Nations Avenue, PO. Box 606, Village Market, Nairobi 00621, Kenya.

® United States Army Medical Research Unit-Kenya, Malaria Diagnostics Center,
PO. Box 54, Kisumu 40100, Kenya. ® Kenya Medical Research Institute, Centre
for Clinical Research, PO. Box 1578, Kisumu 40100, Kenya.

Acknowledgements

We would like to acknowledge and thank the Kenya Field Epidemiology and
Laboratory Training Programme for administrative and technical support. We
would also like to acknowledge and thank the Malaria Diagnostic Centre staff
who participated in the expert reading of the blood slides, those who helped
with sorting and blinding the slides, and Peter Wasswa, Africa Field Epidemiol-
ogy Network (AFENET), for his help with manuscript development. Finally, we
acknowledge the management and staff of participating health facilities for
allowing us to conduct the study.

Competing interests
The authors declare that they have no competing interests.

Disclaimer

The views expressed in this work are those of the authors and do not repre-
sent those of the Walter Reed Army Institute of Research, US Army Medical
Department, US Departments of the Army or Defense, US President’s Malaria
Initiative, US Centers for Disease Control and Prevention or US Agency for
International Development.

Funding

This publication was made possible through support provided by the US
President’s Malaria Initiative, through an interagency agreement between
the US Agency for International Development (USAID) and Walter Reed Army
Institute of Research (WRAIR), Award GHA-T-00-08-00007, and through an
interagency agreement between USAID and US Centers for Disease Control
and Prevention (CDC), Award GHN-T-00-06-00001, and through cooperative
agreements between WRAIR and the Kenya Medical Research Institute and
between CDC and Africa Field Epidemiology Network. The sponsor of the
study had no role in study design, data collection, data analysis, data interpre-
tation or writing of the report.

Page 9 of 10

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 22 June 2017 Accepted: 6 September 2017
Published online: 13 September 2017

References

1. WHO. World Malaria Report 2014. Geneva: World Health Organization;
2014,

2. WHO and United Nations. Kenya: WHO Statistical Profile. Geneva: World
Health Organization; 2015.

3. Division of Malaria Control. Kenya Annual Malaria Report: 2012-2013.
Nairobi: Ministry of Health; 2013.

4. WHO. Guidelines for the Treatment of Malaria. 2nd ed. Geneva: World
Health Organization; 2010.

5. WHO.T3: Scaling up diagnostic testing, treatment and surveillance for
malaria. Geneva: World Health Organization; 2012.

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

7. Ministry of Public Health and Sanitation and Ministry of Medical Services.
National guidelines for the diagnosis, treatment and prevention of
malaria in Kenya. 3rd ed. Nairobi: Ministry of Public Health and Sanitation;
2010.

8.  Division of Malaria Control. National guidelines on parasitological diagno-
sis of malaria and malaria vector surveillance in Kenya. Nairobi: Ministry of
Public Health and Sanitation; 2013.

9. Nyandigisi A, Machini B, Kigen S, Memusi D, Kimbui R, Muturi A. Monitor-
ing outpatient malaria case management under the 2010 diagnostic and
treatment policy in Kenya: 2010-2014 progress report. Nairobi: Ministry
of Health; 2014.

10. WHO. Malaria Microscopy Quality Assurance Manual Version 1. Geneva:
World Health Organization; 2009.

11. WHO. Technical consultation to update the WHO malaria microscopy
quality assurance manual meeting report. Geneva: World Health Organi-
zation; 2014.

12. Zurovac D, Midia B, Ochola SA, English M, Snow RW. Microscopy and
outpatient malaria case management among older children and adults
in Kenya. Trop Med Int Health. 2006;11:432-40.

13. Ohrt C, Obare P, Nanakorn A, Adhiambo C, Awuondo K, O'Meara WP, et al.
Establishing a malaria diagnostics centre of excellence in Kisumu, Kenya.
Malar J. 2007;6:79.

14. Ministry of Health. Quality assurance for parasitological diagnosis of
malaria: implementation plan 2014-2017. Nairobi: Ministry of Health;
2015.

15. Wafula R, Sang E, Cheruiyot O, Aboto A, Menya D, O'Meara WP. High
sensitivity and specificity of clinical microscopy in rural health facilities in
western Kenya under an external quality assurance program. Am J Trop
Med Hyg. 2014;91:481-5.

16. Wanja E, Achilla R, Obare P, Adeny R, Moseti C, Otieno V, et al. Evaluation
of a laboratory quality assurance pilot programme for malaria diagnostics
in low-transmission areas of Kenya, 2013. Malar J. 2017;16:221.

17. WHO. Guide for the stepwise laboratory improvement process towards
accreditation in the African Region. Brazzaville: World Health Organiza-
tion; 2012.

18. Noor AM, Kinyoki DK, Ochieng JO, Kabaria CW, Alegana VA, Otieno VA,
et al. The epidemiology and control profile of malaria in Kenya: review-
ing the evidence to guide the future vector control. Nairobi: Division of
Malaria Control and KEMRI-Welcome Trust-University of Oxford-Research
Programme; 2012.

19. Taro Yamane. Statistics: an introductory analysis. 2nd ed. New York: Harper
and Row; 1967.

20. Hajian-Tilaki K. Sample size estimation in diagnostic test studies of bio-
medical informatics. J Biomed Inform. 2014;48:193-204.


http://dx.doi.org/10.1186/s12936-017-2018-2
http://dx.doi.org/10.1186/s12936-017-2018-2

Odhiambo et al. Malar J (2017) 16:371

21

22.

23.

24,

25.

Kotepui M, Uthaisar K, Phunphuech B, Phiwklam N. A diagnostic tool for
malaria based on computer software. Sci Rep. 2015;5:16656.

Landis JR, Koch GG. The measurement of observer agreement for cat-
egorical data. Biometrics. 1977;33:159-74.

Obare P, Ogutu B, Adams M, Odera JS, Lilley K, Dosoo D, et al. Misclas-
sification of Plasmodium infections by conventional microscopy and the
impact of remedial training on the proficiency of laboratory technicians
in species identification. Malar J. 2013;12:113.

Kiggundu M, Nsobya SL, Kamya MR, Filler S, Nasr S, Dorsey G, et al.
Evaluation of a comprehensive refresher training program in malaria
microscopy covering four districts of Uganda. Am J Trop Med Hyg.
2011;84:820-4.

Ngasala B, Mubi M, Warsame M, Petzold MG, Massele AY, Gustafsson LL,
et al. 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. Malar J.
2008;7:199.

26.

27.

28.

29.

30.

Page 10 of 10

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

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

Githinji S, Noor AM, Malinga J, Macharia PM, Kiptui R, Omar A, et al. A
national health facility survey of malaria infection among febrile patients
in Kenya, 2014. Malar J. 2016;15:591.

Mayo E. The human problems of an industrial civilization. New York: The
Macmillan Company; 1933.

Roethlisberger FJ, Dickson WJ. Management and the worker. Cambridge:
Harvard University Press; 1939.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

( ) BiolMed Central




	Factors associated with malaria microscopy diagnostic performance following a pilot quality-assurance programme in health facilities in malaria low-transmission areas of Kenya, 2014
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and area
	Sample size and sampling procedure
	Data collection
	Data management and analysis
	Ethical review

	Results
	Discussion
	Conclusions
	Authors’ contributions
	References




