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Abstract. Microscopic diagnosis of malaria is a well-established and inexpensive technique that has the potential to
provide accurate diagnosis of malaria infection. However, it requires both training and experience. Although it is
considered the gold standard in research settings, the sensitivity and specificity of routine microscopy for clinical care in
the primary care setting has been reported to be unacceptably low. We established a monthly external quality assurance
program to monitor the performance of clinical microscopy in 17 rural health centers in western Kenya. The average
sensitivity over the 12-month period was 96% and the average specificity was 88%. We identified specific contextual
factors that contributed to inadequate performance. Maintaining high-quality malaria diagnosis in high-volume,
resource-constrained health facilities is possible.

BACKGROUND

Since the discovery of the blood stage infection of Plasmo-
dium by Laveran in 18801,2 and the development of differential
staining techniques by Romanowsky and others in the early
20th century, microscopy has been the gold standard for diag-
nosing blood-stage malaria infection. Under ideal conditions,
microscopic examination of stained blood smears can detect
infections of < 20 parasites per microliter of blood.3,4

High quality diagnosis requires microscopes with high-
powered lenses in good repair, trained personnel, and good
laboratory practices to prepare clean, uncontaminated smears
(e.g., Mbakilwa and others5). Clinical microscopy in health facili-
ties in malaria-endemic countries is often lacking these critical
elements. As a result, low sensitivity and specificity of routine
clinical microscopy has been documented in several studies.
Given the importance of parasitological confirmation of

malaria infection and the central role of microscopy in the
peripheral health system, we implemented an external quality
assurance (EQA) program in 17 rural government health facil-
ities in Kenya to monitor and improve diagnosis of malaria by
microscopy. We measured the accuracy of routine clinical
microscopy during a 1-year period and the relationship
between accuracy, working conditions, and workload.

METHODS

Study area. The study was conducted in seven districts in
five counties in the Western and Rift Valley Regions of
Kenya. High transmission counties included Bungoma and
Busia counties where malaria endemicity is high. Uasin Gishu,
Elgeyo Marakwet, and Baringo counties have low transmis-
sion and are prone to epidemics when climatic conditions
are suitable.
Selection of health facilities. Health centers within the five

counties were eligible for the study if they were government
owned and had capacity to diagnose malaria by microscopy at
the time of the study. Eighteen health centers from seven dis-
tricts were selected by simple random sampling from a list of
61 eligible facilities. One facility was later dropped 4 months

into the study as a result of noncompliance with study proto-
col and absence of a laboratory technologist. Seventeen facil-
ities completed the study.
Training. All of the participating facilities were staffed by

laboratory technologists with a diploma in laboratory sciences,
with the exception of one laboratory technologist with a degree.
One laboratory technologist from each facility attended a
2-week Malaria Microscopy Training Course at the Malaria
Diagnostic Center, Kisumu, Kenya during June and July 2012.
This training has been shown to improve sensitivity and speci-
ficity of microscopic diagnosis of malaria to > 85% and 90%,
respectively.6 The two expert study microscopists also attended
the 2-week Malaria Microscopy Training Course. They both
hold degrees in medical laboratory science. They have been
working in research settings for a minimum of 5 years and
focused exclusively on malaria microscopy for the last 2 years.
External quality assurance. The external quality assurance

program was implemented as part of a larger study investigating
the impact of incentives on facility performance. A full descrip-
tion of the study activities can be found in Menya and others.7

The EQA program consisted of four components: 1) re-reading
of positive and negative smears collected from the facility for
calculation of sensitivity and specificity, 2) feedback on the
quality of slide preparation along with suggested corrective
measures, 3) preparation of monthly performance reports for
each facility indicating the sensitivity and specificity of their
laboratory malaria diagnosis and 4) on-the-job mentorship of
laboratory staff including rereading of all discrepant slides.
The facilities were supplied with only slides and slide boxes;

the facilities continued to purchase their own laboratory
reagents as they had before the program. Starting in October
2012, all malaria smears prepared and read in each facility
were archived by the staff and collected each month by the
field team. Each month, patients were selected from the labo-
ratory register by systematic random sampling until at least
15 malaria-positive and 15 malaria-negative patients had been
identified. Because of the importance of reducing false nega-
tives in the clinical setting, we chose to read proportionately
more negatives than the standard rechecking scheme (i.e., all
positive slides and 5–10% of negative slides). Fifteen positive
and 15 negative slides gives a reasonable estimate of sensitiv-
ity and specificity each month. In facilities with very few posi-
tive patients, all of the positive patients were selected. Slides
corresponding to the first 15 positive and first 15 negative
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patients from the sample were located in the archived patient
smears and re-read by the expert study microscopist, who was
blinded to the facility results. The blood slide results were
reported by the expert microscopist as either positive or nega-
tive. Smears that were unreadable were not included in the
re-checking scheme. Specificity and sensitivity were calculated
by comparing the results recorded in the laboratory register to
that of the expert microscopist. Discrepant slides were re-read
by a second expert microscopist and taken back to the facility
to be reviewed until both the expert microscopist and the
facility laboratory technologist came to an agreement. The
expert microscopist’s results were never overturned during
these reviews.
Data analysis. Mean sensitivity and specificity are weighted

by the number of positive or negative slides read each month
for each facility. In some months in the low transmission
facilities, no positive slides were found and sensitivity could
not be calculated; these are treated as missing and excluded
from the analysis. Linear regression was used to explore cor-
relation between sensitivity and specificity and other factors.
Analytic weights (number of positive or negative slides read)
were used and standard errors were adjusted for repeat mea-
sures within a facility.
Ethical review. Permission to conduct the study was

granted by the Director of the Division of Malaria Control,
the Provincial Director of Public Health and Sanitation (West-
ern and Rift Valley), the District Medical Officer of Health
from each district, and the Officer In-charge of each partici-
pating health facility. Ethical approval was granted by the
Duke University Institutional Review Board (Pro00035154)
and the Moi University Institutional Research and Ethics
Committee (000804).

RESULTS

Results of training. Standardized slide reading tests were
administered before and after the training course to evaluate
performance and track improvement. The mean sensitivity
and specificity of participants before the training were 50.2%

and 72.1%, respectively. Following the training, sensitivity
and specificity rose to 77.7% and 91.7%, respectively. Fifteen
of the 18 trainees exceeded 90% specificity in the post-test
but only 8 of the trainees exceeded 80% sensitivity.
Overall performance. Seventeen facilities completed

12 months of external quality assurance (Table 1). The expert
microscopist reviewed an average of 26 slides from each facility
each month; 25.5% of slides were positive. The overall sensi-
tivity and specificity for all 17 facilities over the 12-month
program was 96% and 88%, respectively (range of sensitivity
82–100, range of specificity 62–100).
During the first 2 months of the program, slides from 10 of

the 17 facilities had debris or other quality problems that were
reported to the facilities. These issues may have contributed
to lower specificity at the beginning of the program. The study
team showed the laboratory technologist how to filter the
stain and avoid getting the smear too hot during drying. By
the third month, the expert microscopists had no further con-
cerns about slide quality and smear preparation.
Sensitivity remained consistently high over the study period

(Figure 1). Mean sensitivity dropped below 90% in only 2
months—December and July. Mean specificity increased
slightly over the study period (P = 0.056).
Effect of laboratory conditions. We calculated the sensitiv-

ity and specificity for facilities in high versus low transmission
zones, facilities with suboptimal equipment, and facilities
where the laboratory technologist changed during the study
(Table 2). We saw no significant difference in quality of diag-
nosis between high and low transmission areas. The specificity
for facilities and months where the microscope was in bad
repair (two facilities, 5 months each) was significantly lower
than the average, but there was no measurable effect on sen-
sitivity. Three facilities had a permanent change in personnel
and two facilities hired temporary staff to cover absences of
their normal technologist. In facilities with a change in labo-
ratory personnel, either temporary or permanent (five facili-
ties, total of 16 months), specificity was not significantly
different, but sensitivity was slightly lower. Laboratory technol-
ogists who came on in a temporary capacity to cover during the

Table 1

Sensitivity and specificity by facility

Facility
Average slides read

per month by laboratory
Total slides
rechecked

True
positives

True
negatives

False
positives

False
Negatives Sensitivity Specificity Comments

High transmission
Angurai 405 295 103 165 5 22 82 97
Budalangi 589 288 137 143 6 2 99 96
Bumala A 520 296 101 165 20 10 91 89 Laboratory tech. transferred
Bumala B 778 354 166 183 2 3 98 99
Malaba 961 336 118 172 35 11 91 83 Temporary laboratory tech (2 months)
Moding 279 260 106 138 15 1 99 90
Mukhobola 559 302 118 167 12 5 96 93 Laboratory tech. transferred
Milo 288 316 115 162 37 2 98 81 Temporary laboratory tech (2 months)
Sinoko 245 188 23 103 62 0 100 62 Broken microscope (5 months)

Low transmission
Kapteren 77 141 4 110 27 0 100 80 Broken microscope (5 months)
Kiptagich 30 242 2 240 0 0 100 100
Moi’s Bridge 1084 198 9 139 49 1 90 74
Msekekwa 82 291 3 275 13 0 100 95 Laboratory tech. transferred
Railways 851 260 42 172 46 0 100 79
Sosiani 248 244 10 187 46 1 91 80
Soy 423 272 30 213 26 3 91 89
Tenges 41 231 3 227 1 0 100 100

Average 96 88
Range 18 38
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absence of a regular technologist had very poor performance
(74% sensitivity and 58.5% specificity). Laboratory technolo-
gists who were transferred within the government system per-
formed well and no difference could be measured between
these individuals and those trained in at the Malaria Diagnos-
tic Center after a few months in the program.
The number of slides read by the laboratory each month

had a significant impact on specificity (P = 0.001), but not on
sensitivity (P = 0.659, Figure 2A and B). Specificity declined
by 1% for every additional 100 slides read in a month.

DISCUSSION

Accurate diagnosis is critical in the management of malaria.
Our results show that a simple performance monitoring pro-
gram can reinforce training and help to maintain high-quality
diagnosis of malaria by microscopy.

Our results differ from other studies that estimate the accu-
racy of routine microscopy in health facilities to be unaccept-
ably low8–11 and highly variable between facilities.12 For
example, in Tanzania and Kenya, sensitivity of <70% and
specificity of 47–61% of clinical microscopy compared with
expert readings has been observed.13,14 Similar to our results,
Kiggundu and others15 reported sensitivity and specificity
> 95% following a brief refresher training program. However,
their evaluation only included slides prepared 1 month after
training. Our study shows that high quality diagnosis can be
maintained for at least a year after training.
Specific conditions could be linked to months or facilities

with suboptimal performance. Workload was a key determi-
nant of accurate diagnosis. Facilities that read more than
800 slides in a month had significantly lower specificity.
Because high-volume facilities were primarily located in high
transmission zones, this result may reflect a tendency to over-
call slides as positive, influenced by the expectation of high
slide positivity rates. Facilities with inadequate microscopes
and temporary laboratory technologists also contributed to
poor specificity. Sensitivity declined only slightly in Decem-
ber when temporary technologists were hired to cover absences
of government technologists and again in July when health
facility fees were removed by a government order, resulting in
a spike in patient volume.
The program described here employs routine patient spec-

imens prepared in each laboratory for diagnostic purposes
rather than a standardized set of specimens prepared exter-
nally. This approach allows evaluation of performance under
actual working conditions, including stain preparation, patient
volume, and equipment condition. Slide quality has been
shown to be a key determinant in accurate reading,5 therefore

Figure 1. Sensitivity and specificity of study facilities by month (October 2012–December 2013). The 95% confidence intervals are shown.

Table 2

Sensitivity and specificity by facility characteristics

Facility characteristics (n) Sensitivity (95% CI) Specificity (95% CI)

High Transmission (9) 94.7 (92.9–96.6) 88.1 (85.1–91.2)
Low transmission (8) 96.1 (91.2–100) 88.3 (85.2–91.4)
Good equipment (15) 94.8 (93.1–96.5) 90 (88.0–92.0)
Poor equipment (2) 100 (no variation) 64.4 (54.4–74.3)
Laboratory tech change (5) 86.9 (78.5–95.3) 84.8 (74.7–94.8)
No laboratory tech change (12) 95.8 (94.2–97.4) 88.6 (86.4–90.8)
Slides read per month (number of facility-months*)
Less than 400 (49) 95.3 (92.4–98.2) 89.9 (86.8–93.1)
400–800 (45) 93.2 (90.1–96.3) 89.4 (86.5–92.4)
More than 800 (39) 96.3 (93.5–99.1) 82.3 (77.4–87.2)

* Slide volume was unknown for seven facility-months.
CI = confidence interval.
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standardized specimens may lead to artificially high perfor-
mance results if smears are of higher quality than routine
smears, or personnel allocate more time to read these smears
than they normally would for patient smears. However, our
approach does not permit comparison of sensitivity and spec-
ificity between facilities because of the inherent differences in
working conditions and smear preparation.
On-the-job supervision and slide rechecking was an impor-

tant component of the program and continually reinforced the
training. Two other programs have reported positive effects of
on-site mentorship and slide rechecking.16,17 In our study,
specificity improved over the first few months, probably
reflecting the influence of the regular feedback and review of
discrepant slides. Some participants were initially reluctant to
review slides with the study microscopist and had to be
reassured that there was no penalty for discrepant slides, only
the opportunity for feedback and improvement. Slide review
emphasized consensus rather than correction, allowed ques-
tions to be raised, and generated important discussion. These
sessions often led to self-correction in the laboratory.
The training at the Malaria Diagnostic Center of Excel-

lence dramatically improved performance, but there are three
pieces of information internal to our study that support an
effect of the EQA program over and above the training. First,
results after 1 year of EQA were higher than post-training
performance. Second, not all of the laboratory technicians in
each facility went to the program—only one attended and yet
both trained and untrained technicians contributed to excel-
lent performance. Finally, when new laboratory technicians
replaced trained technicians (three facilities), their perfor-
mance was initially lower, but after 1 or 2 months in the pro-
gram, was equal to that of trained technicians.
Our study was conducted in rural, peripheral facilities with

high patient volume and very basic infrastructure, therefore
we believe that this approach could be applied in other sim-

ilar contexts. We did not provide any special equipment or
reagents. Nonetheless, health care infrastructure in the
malaria-endemic world varies widely and this type of program
may not be practical in places with no electricity, no labora-
tory technologists, or other major infrastructure limitations.
However, given the long delay in provision and extremely
erratic supply of rapid diagnostic tests (RDTs) in health facil-
ities in Kenya, this is a simple approach that could signifi-
cantly improve quality of diagnosis and clinician confidence
in diagnosis in the absence of RDTs. Supporting excellence in
microscopy could also have trickle-down effects to other
microscopically diagnosed infections such as tuberculosis,
helminthes, and urinary tract infections among others.
Several clear recommendations emerge from these results.

First, the sourcing of temporary staff to stand in for regular
technologists should be more stringently controlled. Only
trained, credentialed personnel should be allowed to provide
clinical laboratory services. Second, functioning equipment is
essential. Using substandard equipment can severely compro-
mise patient care. Finally, on-the-job supervision and estab-
lishment of performance metrics with regular feedback can
ensure high quality diagnosis. The results of performance
evaluation should also be made available to clinicians to
increase their confidence in the results of malaria diagnosis
in their facility and ultimately improve adherence to the
results of laboratory testing.
The World Health Organization (WHO) now recommends

that all suspected malaria cases be confirmed by parasitological
diagnosis before treatment whenever possible.18 Point-of-care
immunochromatographic diagnostic tests (RDTs) have been
proposed as an alternative to microscopy to circumvent prob-
lems with poor performance of microscopic diagnosis. These
tests suffer from inadequate supply chain management and
erratic availability in many government health facilities. Trans-
port and storage of RDTs require controlled temperatures not

Figure 2. (A) Sensitivity as a function of total number of slides read in the facility for each month and facility. (B) Specificity as a function of
total number of slides read for each month and facility. Linear regression results are shown.
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exceeding 40°C. In contrast, stains for malaria microscopy are
readily available and affordable in the nearest commercial cen-
ter and are far less sensitive to temperature changes.
Our study shows that maintaining high-quality malaria

diagnosis in high-volume, resource-constrained health facili-
ties is possible.
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