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Abstract.

Microscopy of stained blood films is essential for the diagnosis of malaria, differentiation of parasite spe-

cies, and estimation of parasite density performed for assessments of antimalarial drug efficacy. The accuracy and
comparability of these measures over time and space are vital to discern the emergence or spread of antimalarial drug
resistance. Although evidence-based guidelines for malaria microscopy methods exist, the age-old microscopy tech-
niques for parasitological assessments are subject to considerable methodological variations. The purpose of this review
was to explore critically how microscopy methods were reported in published malarial studies between 2013 and 2017
with the focus on outlining the methodological differences and improving reporting standards in practice.

INTRODUCTION

Early and accurate parasitological diagnosis is the corner-
stone of malaria treatment and control strategy. Light micros-
copy performed on peripheral blood smears remains the
reference standard for malaria diagnosis." Malaria rapid di-
agnostic tests are often in use in routine care in malaria-endemic
regions. Microscopy offers the advantages of differentiating
malaria parasite species and stage along with the quantification
of peripheral blood parasitemia.2 However, light microscopy is
not easy to adapt to settings where laboratory infrastructure and
resources for quality assurance are limited, as is often the case
in malaria-endemic areas. Standardization is further hindered by
variability in the quality and procedures for slide preparation and
staining, as well as differences in the number of thick film fields
examined or white blood cells (WBCs) counted to detect or
quantify parasitemia, leading to considerable variation in the
performance of field-based malaria microscopy.®>

Microscopic examination of stained blood smears has be-
come the standard of malaria diagnosis since the introduction
of Giemsa’s solution in 1904.%7 Giemsa stains’ stability and its
persistent staining quality made it preferable over other stains,
that is, Leishman, Field, Romanowsky, or Wright stain.°
There are two methods of staining with Giemsa stain: rapid
and slow methods. The rapid method (10% Giemsa solution,
stain for 10-15 minutes) is generally used in outpatient clinics
and busy laboratories where a quick result is required to de-
termine a patient’s malaria status. The slow method (3-5%
Giemsa solution, stain for 45-60 minutes) is often used for
staining a large number of slides and is ideal for staining blood
smears from surveys or clinical research studies. Evidence
suggests that large numbers of parasites can be lost during
rapid staining procedures, which might result in errors in
parasite detection and density estimation.'®"

Accurate parasite quantification is essential for the man-
agement of malaria patients by assessing disease severity
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associated with high parasitemia, and for testing antimalarial
drug resistance and monitoring drug-efficacy.'? Parasite
density can be estimated by counting parasites against WBCs
(WBC method) or per oil immersion field (high-power field,
HPF method) on a thick smear or against red blood cells (RBC
method) on a thin smear. Variability in blood film reading
procedures accounts for considerable variation in parasite
counts. Such variability might substantially affect research
outcomes and end point determination in antimalarial drug
efficacy trials, as well as in asymptomatic and submicroscopic
infections.'® For instance, the time from antimalarial treatment
administration until no asexual malaria parasites are detect-
able in a peripheral blood smear, that is, the parasite clearance
time, is generally considered to be an essential measure of
antimalarial treatment efficacy.' The amount of blood ex-
amined on a blood smear is also crucial because the likelihood
of detecting a malaria infection is a function of the blood vol-
ume considered.""® Thus, the method to declare a peripheral
blood smear negative is important for study outcomes. Al-
though guidelines and manuals for malaria microscopy
methods have been developed under the umbrella of the
WHO, there is an often-expressed need for practical recom-
mendations for standardized reporting of malaria microscopy
procedures. 1617

The purpose of this review was to explore critically how
malaria microscopy methods and results were documented in
malarial clinical trials published in 2013-2017. We also aimed
to outline the methodological variations observed in the mi-
croscopy procedures.

MATERIALS AND METHODS

Search strategy and selection criteria. The current review
was conducted using the “WorldWide Antimalarial Resistance
Network (WWARN) Clinical Trials Publication Library,” an
open-access, up-to-date database of malaria treatment effi-
cacy trials, as a resource.® In brief, the WWARN publication
library was constructed using a series of searches in PubMed,
Excerpta Medica Database, and Web of Science Core Col-
lection databases to identify prospective clinical trials
assessing antimalarial drug efficacy.'® In this current review,
all studies published between 2013 and 2017 (5 years) and
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listed in the “WWARN Clinical Trials Publication Library” were
deemed eligible for inclusion. The authors assumed that all
prospective clinical studies published in these 5 years would
be representative of the current microscopy methods prac-
ticed in field malaria drug trials. Those selected articles were
examined in depth to explore how the microscopy procedures
were performed and documented.

Data extraction. For the selected articles, full texts were
obtained, and two reviewers (D. D., P. D.) extracted relevant
variables of interest. From each of the included studies in this
review, the following variables related to the malaria micros-
copy method were extracted (when available): slide staining
method, Giemsa stain strength, duration, parasite density
estimation, gametocyte count method, the method to de-
clare slide negative, and quality control (QC) procedures. The
details on extracted variables are presented as the data dic-
tionary in Supplemental File 1. The first reviewer (D. D.) in-
dependently extracted the data using Research Electronic
Data Capture (REDCap, Vanderbilt University, Nashville, TN),
an online data capture tool hosted at the University of
Oxford.?%2" The second reviewer (P. D.) double-checked and
verified the data extracted by the first reviewer on all publi-
cations included in the review. Any discrepancy in the
extracted information was flagged within the REDCap system
by the second reviewer. The differences were resolved
through consensus between the two reviewers.

Data definition. While extracting parameters related to the
microscopy method, the information not available in the full-
text article or in the Supplemental File was recorded as “not
stated.” The reported methodological variations were also
stratified by parasite species and study location. Parasite
species were grouped into Plasmodium falciparum only,
Plasmodium vivax only, both species (P. falciparum or P. vivax
or mixed), or other species (Plasmodium malariae, Plasmo-
dium ovale, and Plasmodium knowlesi). Study locations were
grouped into regions according to the United Nations desig-
nation of areas and regions.??

Data analysis. Variations in microscopy methods and re-
sults are presented as descriptive statistics in this review. The
primary unit of the analysis reported in the Results section is
“publication.” Data were analyzed using R software, version
3.6.3 (The R Foundation for Statistical Computing, Vienna,
Austria).

RESULTS

A total of 206 published malaria studies between 2013 and
2017 from the “WWARN Clinical Trials Publication Library”
were selected and assessed in full-text in this review (Figure 1).
Of the 206 published studies, 51% (104/206) were conducted
in Africa, 38% (78/206) in Asia, 8% (17/206) in the Americas,
and 3% (7/206) were multiregional. Besides, 66% (135/206)
studies recruited patients with P. falciparum only, 23% (48/
206) with P. vivax only, 9% (18/206) with both species, and 2%
(5/206) with other species (Supplemental File 2).

Method for parasite density estimation. The approaches
for parasite density estimation, as reported in the 206 malaria
articles derived from the WWARN Clinical Trials Publication
Library, are summarized in Table 1 and Figure 2.

Asexual peripheral parasitemia. Of the 206 studies, 61%
(125/206) estimated parasite density by the WBC method, 2%
(4/206) by the HPF method, a single study used the RBC

WWARN clinical trials
publication library (1946-2018)
(N=1,221)

Excluded
Out of time range (N=1,004)

v
Articles identified (2013-2017)
and accessed in full-Text

(N=217)
Excluded
* Pharmacokinetic study, N=3
I E vitro, N=2
\ * Observational, N=1
* Full-text not available, N=5
Selected
(N=206)

P. falciparum, N=135
P. vivax, N=48

Both species, N=18
Other species, N=5

D}

Ficure 1.  Study flow diagram.

method, and 5% (10/206) used both WBC and RBC methods
(Figure 2A). About one-third of the articles (32%, 66/206) did
not report the method for parasitemia estimation. Among
studies in which peripheral parasitemia was measured using
the WBC method, 37% counted parasite densities per 200
WBC, 4% per 500 WBC, and 12% per 200 or 500 WBC. To
calculate parasite density per pL, the majority of studies (84 %,
[105/125]) used an assumed WBC value per pL, whereas only
9% (11/125) used an actual count of WBC measured by using
the hematology analyzer. In studies calculating parasitemia
using assumed WBC values, the range was 6,000-10,000
WBCs/pL, with 68% (85/125) assuming 8,000 WBCs/uL and
16/125 (13%) using 6,000 WBCs/uL (Table 1). The reported
methods for parasite density estimation stratified by study
region and parasite species are shown in Table 2.

Method to consider slide negative. More than half of the
studies (65%, 113/206) did not mention how a patient was
considered aparasitemic by microscopy examination (Figure 2B).
One-third (33%, 68/206) of studies used the HPF method in
which microscopic fields ranging from 30 to 500 were examined
before declaring a slide negative. Examining 100 HPFs (56%, 38/
68) was the most common method reported, followed by 200
HPFs (34%, 23/68). And, 12% of studies (25/206) followed the
WBC method, whereby 1,000 WBCs were examined before
considering a slide negative most often (80%, 20/25). The

TaBLE 1

Estimation of parasitemia per pL using the WBC method (N = 125)

Variable N %
Actual WBC count/pL* 11 8.8

Assumed WBC count/uL

6,000 WBCs 16 12.8
7,000 WBCs 1 0.8
7,500 WBCs 2 1.6

8,000 WBCs 85 68
10,000 WBCs 1 0.8
Not stated 9 7.2

N = number of articles; WBC = white blood cells.
* Actual WBC count was measured using a hematology analyzer.
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Ficure 2. Methodologies used for parasite density estimation and for declaration of a slide negative (N = 206 articles). HPFs = high-power fields;
RBC = red blood cells; WBC = white blood cells. “WBC: per X” means X WBCs were counted. This figure appears in color at www.ajtmh.org.

methods for declaring a slide negative stratified by study region
and parasite species are shown in Table 3.

Staining of blood smear. Of the included studies, 67% (138/
206) used Giemsa-stained blood films for microscopic ex-
amination, whereas in one-third (63/206), information on the
staining procedure was not available (Figure 3A). The strength
of Giemsa stain ranging from 2 to 10% and duration of staining
ranging from 5 to 60 minutes were reported (Figure 3B and C).
Studies using 10% Giemsa solution (rapid) stained slides for
10-30 minutes, except for a single study that used a 5-minute
staining duration. Studies using 3% Giemsa solution (slow)
stained slides for 30-60 minutes.

Quality control procedures. Of the 206 articles reviewed,
two-thirds (135/206) reported some form of QC procedures,
that is, the proportion of slides cross-checked and/or sent
to a reference laboratory for external QC. However, in about
one-third published articles (70/206), there was no mention of
any cross-checking system in place to assess blood film
preparation, stain quality, parasite detection, and quantification—
the critical components of a quality assurance system for

malaria microscopy. Only 14 studies in this review explicitly
stated how discrepancies between two microscopists were
resolved. The reported QC procedures stratified by study re-
gion and parasite species are shown in Table 4.

DISCUSSION

We have documented differences in microscopic proce-
dures adopted in malaria clinical trials in terms of slide stain-
ing, parasite density estimation, the method to declare a
slide negative, and QC procedures. The observed differences
could not be statistically explained by differences in parasite
species or study location, indicating a generalized lack of
standardization in the methods used and their reporting.
Further detailed exploration was limited by the large pro-
portion of studies, about one-third to half, with missing in-
formation (referred to as “not stated”) on the parameters
related to the microscopy. However, a tendency toward more
comprehensive reporting on methods was observed in studies
conducted in Africa compared with those in Asia (Tables 2 and 3).

TaBLE 2
Reported methodology used for estimating parasite density (N = 206)

Methodology used for estimating parasite density

N WBC RBC WBC and RBC High-power fields Not stated

Region

Africa 104 71 (68.3%) 0 (0.0%) 1(1.0%) 3(2.9%) 29 (27.9%)

Asia 78 39 (50.0%) 1(1.3%) 9 (11.5%) 0 (0.0%) 29 (37.2%)

The Americas 17 12 (70.6%) 0 (0.0%) 0(0.0%) 1(5.9%) 4 (23.5%)

Multiregional 7 3 (42.9%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 4 (57.1%)
Parasite species

P. falciparum 135 93 (68.9%) 0 (0.0%) 2 (1.5%) 3(2.2%) 37 (27.4%)

P. vivax 48 24 (50.0%) 0 (0.0%) 3(6.2%) 1(2.1%) 20 (41.7%)

P. falciparum and P. vivax 18 6 (33.3%) 1(5.6%) 5(27.8%) 0 (0.0%) 6 (33.3%)

Other 5 2 (40.0%) 0 (0.0%) 0 (0.0%) 0(0.0%) 3 (60.0%)

Overall 206 125 (60.7%) 1(0.5%) 10 (4.9%) 4 (1.9%) 66 (32.0%)

N = number of articles; P. falciparum = Plasmodium falciparum; P. vivax = Plasmodium vivax; row percentages are presented within the parenthesis; RBC = red blood cells; WBC = white

blood cells.
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TaBLE 3
Reported methods to declare a slide negative (N = 206)

Methodology used to declare a slide negative

N High-power field White blood cell Not stated

Region

Africa 104 46 (44.2%) 7 (6.7%) 51 (49.0%)

Asia 78 15 (19.2%) 14 (17.9%) 49 (62.8%)

The Americas 17 6 (35.3%) 3(17.6%) 8 (47.1%)

Multiregional 7 1(14.3%) 1(14.3%) 5(71.4%)
Parasite species

P. falciparum 135 55 (40.7%) 16 (11.9%) 64 (47.4%)

P. vivax 48 11 (22.9%) 8 (16.7%) 29 (60.4%)

P. falciparum and P. vivax 18 2 (11.1%) 1(5.6%) 15 (83.3%)

Other 5 0 (0.0%) 0 (0.0%) 5(100.0%)
Overall 206 68 (33.0%) 25 (12.1%) 113 (54.9%)

N = number of articles; P. falciparum = Plasmodium falciparum; P. vivax = Plasmodium vivax; row percentages are presented within the parenthesis; WBC = white blood cells.

Poor staining techniques have the potential to generate
artifacts commonly mistaken for malaria parasites: stain
precipitation, presence of dirt, and cellular debris, resulting
in a false-positive diagnosis.® Such misdiagnosis may cause
unnecessary use of antimalarial drugs and their potential
adverse effects in routine clinical practice, as well as has
implications for determining the effectiveness of antima-
larial drugs.17 Thus, high-quality smear preparation and
staining are required to ensure diagnostic accuracy and
correct assessment of parasite density. For more trans-
parency on staining procedures, as minimum information,
the type of stain, the strength, and duration of staining should
be systematically reported. Moreover, the standardized,
automated blood slide preparation and staining merit fur-
ther investigation to address the inherent inconsistencies in
procedures.?®

Microscopic examination of the thick blood film, first in-
troduced by Ross and Thomson??, is still the method of
choice for examining blood for malaria parasites and esti-
mating the parasite density in field studies. The method of
choice for parasite density estimation is dependent on the
level of parasitemia. Therefore, the methods used for para-
site quantification can vary not only between the studies
but also within a study. Different approaches were prac-
ticed for counting parasites on thick blood films, as evi-
denced in this review (Table 2). Parasite count is not only
important for the assessment of the severity of malaria
but also crucial for monitoring the therapeutic efficacy of
drugs, emergence, and spread of drug resistance.?® Effi-
cacy outcomes depend on parasite clearance estimates

A Staining method used B Duration

Giemsa/Field - 45-804
Leishman 1110<304
Field - -104
Not stated -

30to<454

Giemsa Not stated

and on the accurate determination of parasitemia status dur-
ing follow-up.

Parasite density estimation varies with the total WBC count
per microliter used in the calculations.?®?” In a given pop-
ulation, WBC counts generally vary and are age-dependent.
Olliaro et al.?® highlighted an inverse relationship between
age and actual WBC counts in African children younger than
5 years with uncomplicated P. falciparum malaria. The study
also showed an underestimation of parasitemia in infants
compared with the older age-groups, whereas assumed
white cell counts of 8,000/uL were used to estimate parasite
density. Values of severalfold fluctuations in total WBC
countsin the African population have also been reported.2®:%°
Many laboratories in malaria-endemic remote settings may
not have the technical capacity to measure actual WBC
counts. Quite paradoxically, our review had also found that
the actual WBC measurements are not always used for es-
timation of parasite density even when they were measured.
Of 125 studies that used the thick-film method in the current
review, 84% (105/125) used assumed WBC counts to esti-
mate parasite density, although at least 10% (10/105) of
those studies measured actual WBC counts. Getting the
patient’s actual WBC count and enumerating the number
of parasites per WBC can provide an accurate method of
estimating parasite density.®" The HPF method (the parasite
density calculated from the average number of parasites
present per HPF, and the estimated volume of blood pre-
sent in one HPF) has proved to be more accurate than the
WBC method for determining malaria parasite count, given
the correct volume of blood is used in the preparation of thick

of Giemsa stain/mins C Strength of Giemsa stain

1:50, viv 4
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o4

T T T
50 100 150

Number of studies

o4

u T T
50 100 150

Number of studies

a4

T T T
50 100 150

Number of studies

Ficure 3. Blood film staining procedures (N = 206 articles). This figure appears in color at www.ajtmh.org.
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TaBLE 4
Quiality control procedures reported (N = 206)

Reporting of QC procedures

Region N QA/QC carried out QA/QC not carried out Not stated
Africa 104 73 (70.2%) 1(1.0%) 30 (28.8%)
Asia 78 44 (56.4%) 0(0.0%) 34 (43.6%)
The Americas 17 12 (70.6%) 0(0.0%) 5 (29.4%)
Multiregional 7 6 (85.7%) 0(0.0%) 1(14.3%)

Parasite species
P. falciparum 135 93 (68.9%) 1(0.7%) 41 (30.4%)
P. vivax 48 29 (60.4%) 0(0.0%) 19 (39.6%)
P. falciparum and P. vivax 18 11 (61.1%) 0(0.0%) 7 (38.9%)
Other 5 2 (40.0%) 0 (0.0%) 3(60.0%)

Overall 206 135 (65.5%) 1(0.5%) 70 (34.0%)

N = number of articles; P. falciparum = Plasmodium falciparum; P. vivax = Plasmodium vivax; row percentages are presented within the parenthesis; QC = quality control.

blood smear.2° However, despite the improved accuracy, the
current review showed that the HPF method for density es-
timation is seldom practiced in field microscopy.

The method to declare a slide negative is critical in parasite
clearance studies and field therapeutic efficacy studies in
which blood films are examined daily. For instance, if blood
films are taken daily and a microscopist fails to detect a sin-
gle parasite in the thick blood film, then the parasite clear-
ance time could be reduced by 24 hours. Of the reviewed
studies, only 11% (23/206) counted 200 HPFs as per the WHO
Research Malaria Microscopy Standards before declaring a
patient aparasitemic.’ Even if the number of HPFs is stan-
dardized, there is a need for standard thick films and micro-
scope because the volume of blood examined varies with the
thickness of the films and the size of the HPF.

Ourreview has some limitations. Information on microscopy
methodology was primarily extracted from the full-text arti-
cles. If a full-text referred to a Supplemental File, that was also
searched for. However, study protocols were not accessible
to extract the intended parameters. In some articles, micros-
copy procedures were not described in the text and instead
referred to the WHO guidelines and manuals, which can par-
tially explain the large number of “not stated” parameters. In
addition, some studies, focusing solely on parasite clearance
measures such as slope half-life or the proportion of patients
remaining parasitemic on day 3, might have been excluded
because of the inclusion criteria of a minimum 28 days of
follow-up in the WWARN Clinical Trials Publication Library.
However, it is unlikely that this selection criterion may have
caused an information bias. The review was conducted over
a period of 5 years, from 2013 through 2017. We believe that
this period would be representative of current microscopy
practices, and it is unlikely that those practices have sub-
stantially changed since.

Box 1

The observed differences in microscopy methods need to
be minimized by implementing standardized procedures. This
would allow for methodological consistency and compara-
bility of clinical trial outcomes across studies. Based on the
findings of this review, we have proposed a minimum checklist
for reporting microscopy procedures and results in malaria
study publications (Box 1). This evidence-based checklist
supplements existing guidelines and recommendations for
microscopy methods.'*'” We propose pursuing the following
standard practices: a minimum of 200 HPFs should be ex-
amined on the thick film before declaring a slide negative.
Parasites should be estimated against 500 WBCs in the thick
film, given actual WBC counts by a hematology analyzer is
used for counting parasitemia. If the laboratory facility to
perform actual WBC counts is not available, parasites must be
counted in 40 HPFs on the thick smear. Another provision for
the adoption of aharmonized standard microscopy procedure
would be making it a prerequisite by the sponsor or funder of a
trial.

CONCLUSION

Our review documents heterogeneity in malaria microscopy
procedures and the need for following standardized ap-
proaches in malaria clinical trials. The authors have captured a
range of variations in current field malaria microscopy practice
and highlighted how this observed variability might lead to
considerable differences in malaria diagnosis and parasite
density estimation. This study aimed to provide an overview of
the principles and approaches used in malaria microscopy
methods and suggest a checklist of items to be systematically
reported in future studies. Researchers and policy-makers
should discuss and agree on strategies toward harmonization
of the microscopy procedures.

A checklist for reporting microscopy methods and results in malaria study publications.

enumeration

 Staining procedure, the type of stain, the strength of Giemsa stain solution if applicable, and duration of staining
* Number of high-power fields (HPFs) examined before declaring a slide negative
» Parasite density estimation method (white blood cell [WBC], HPF, or red blood cell [RBC]); assumed or actual count of WBC or RBC used for

* Quality control procedure—internal or external; the proportion of slides cross-checked; how discrepancies between two readers get resolved.
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