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Abstract
Background: Malaria microscopy remains the reference standard for malaria diagnosis in clinical
trials (drug and vaccine), new diagnostic evaluation, as well as in clinical care in much of the world
today. It is known that microscopy is an imperfect gold standard, and that very low false positive
rates can dramatically lower protective efficacy estimates in malaria prevention trials. Although new
methods are now available, including malaria rapid diagnostic tests and PCR, neither is as yet
validated in the clinical trial setting and both have limitations. Surprisingly, the sensitivity of thin
smears is not well established and thin smears are not commonly used in the developing world.

Methods: Malaria thick and thin films were collected in the lowlands of Western Kenya. All had
density determined by four readings with two methods, as well as species identified. Thirty-six with
low density parasitaemia had the thin smear read by five independent microscopists, two were
expert and three were qualified. Microscopists read the entire thin film. For the first 10 parasites
seen, they reported the species, appearance, time, field number, and red blood cells in the field.
Total parasites, total fields, and total time to examine the smear were also recorded.

Results: Median parasitaemia was 201 parasites/µl, mean 1,090 ± 2,195, range 6–11,124 parasites/
µl for the 36 smears evaluated. The data revealed a density dependent increase in sensitivity, with
100% sensitivity achieved at >200 parasites/µl for experts and >500 parasites/µl for qualified
readers. Thin film readings confirmed parasitaemia 74% of the time by experts, and 65% of the time
for qualified microscopists. The 95th percentile for time to detect parasitaemia was 15 minutes for
experts, 17 minutes for qualified microscopists. This decreased to 4–10 minutes for experts at
densities of > 200 parasites/µl. Additionally, substantial discordance for species identification was
observed.

Conclusion: The thin film is sensitive enough to be a useful tool to confirm malaria diagnosis in
study subjects in some settings. Specificity of the thin film and its utility for confirming thick film or
other diagnostic test results should be assessed further.
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Background
Light microscopy is the reference or "gold" standard for
malaria diagnosis in clinical trials (drug and vaccine), new
diagnostic evaluation, epidemiology studies, as well as in
clinical management for much of the world today. It is
known that microscopy is an imperfect gold standard [1-
3]. The accuracy of microscopy relates to innate ability,
training, experience, motivation, and laboratory resource.

Although new methods are now available, including
malaria rapid diagnostic tests (RDTs) and PCR [1,3,4],
neither are yet validated in the clinical trial setting. RDTs
are coming into widespread clinical use in some parts of
the world, and may become key to malaria management
and control in many settings. However, currently availa-
ble devices have limitations, such as batch-to-batch qual-
ity variation, species and density determination,
persistent positivity, accuracy, and cost [4]. Also of con-
cern with RDTs are reported false negative results in the
presence of high parasitaemias [4]. The more affordable
and robust HRPII-based RDTs only detect Plasmodium fal-
ciparum. Because of a variety of limitations of new meth-
ods, microscopy will continue to have a significant role in
the clinical trial setting for several years to come, and as
the reference standard to which new diagnostics devices
are compared.

Serious problems resulting from false positive malaria
smears in two Phase III clinical trials on two separate con-
tinents have been observed (unpublished observations).
In recent publications [5-8], false positive smears appear
to be a common problem with the reading of malaria
thick films. Combinations of diagnostic methods are
being actively pursued to minimize or eliminate this
problem. Confirmation of positive smears with the thin
film could be one strategy, especially if rapid confirma-
tion of results is needed before study subject treatment.

The use of the malaria thin film varies widely in different
settings. It is usually taught that the malaria thin film
should be used for accurate species identification after
malaria is identified on the thick film and for counting
high density parasitaemia. However, in the developing
world, thin films are rarely examined, and frequently not
even made. Reasons cited by microscopists for not using
the thin film include low sensitivity at low parasite densi-
ties, and that the time required is too demanding. On the
other hand, laboratory technicians in the Western world
rarely use the thick film, relying solely on the thin film for
a definitive diagnosis. The rationale in this setting is that
the thin film is felt to be easier to make and interpret.

In review of the literature, surprisingly, the sensitivity of
the thin film relative to the thick film is not clearly
defined. A standard reference states it is 30 fold less sensi-

tive than the thick film [9], while a reference from 1917
reports ~1–4 fold less sensitive [10].

Classic work from Dowling and Shute reported that the
thin film read for 10 minutes was similar to the thick
smear read for 3 minutes [11]. Sensitivity of the thin film
by parasite density was not reported in any of these refer-
ences.

Dowling and Shute also reported that the thin film is
much more efficient for identification of Plasmodium ovale
[11]. They also deduced that 60–90% of parasites were
lost during preparation of the thick smear.

This manuscript details a pilot experiment to begin to
address the potential use of the thin smear in the clinical
trial setting by assessing malaria smears with low parasi-
taemia using several readers to interpret both the thick
film and thin films from the same smears. A second objec-
tive was to determine possible usefulness in the clinical or
malaria control setting when RDTs are unavailable or sub-
optimal. The specificity of the thin film was not evaluated
in this experiment and needs to be defined relative to and
in combination with the thick smear.

Methods
Malaria smears
Malaria thick and thin films were collected as part of a
screening effort to identify adult asymptomatic malaria
carriers in Kombewa District, Kenya. The data reported for
the thick films were collected during assessment of count-
ing methods using white blood cells (WBC) versus a grid
method [12].

Malaria smears were prepared from EDTA-preserved veni-
puncture blood within four hours of sample collection.
Two microliters of blood were smeared to produce a thin
film and 12 microliters of blood were spread in a circle
with a 15 mm diameter on the same slide. Smears were air
dried for 10–20 minutes and then the thin film fixed by
dipping it only briefly into absolute methanol. The slides
were individually stained with 3% Giemsa for one hour,
then rinsed, and air dried.

Thirty-six slides were selected from a sample of 144 used
in the counting study [12]. This sample was from a sub-
group that were collected from asymptomatic semi-
immune adults and therefore expected to be low. A WBC
count was determined using a Coulter Counter for 29 of
the 36 smears and was used to calculate parasitaemia
using the WBC method. The seven smears without WBC
counts had the mean WBC count of 5,200/µl substituted.
Each malaria smear had its density estimated by two to
four independent microscopists using a WBC or grid
method. All density comparisons in this manuscript were
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based on a mean of the two independent 500 WBC esti-
mates (parasites/500 WBC × WBCs/µl).

While counting parasites, each reader also reported spe-
cies identified. Species from each of the four readings were
compared to those from the thin film readings. Species
identification was not a focus of the WBC versus grid
experiment. Microscopists were instructed not to turn to
the thin film for species identification.

Microscopists
For the counting experiment, eight microscopists were
trained during a "long" microscopy training workshop
immediately prior to the study [7,12]. Slides were ran-
domly assigned to each of the microscopists who were
asked to read them using either the WBC method or the
grid method. Not all microscopists participated equally,
some performed as many as 25 readings, others as few as
two. The same two readers did not perform counts using
either method, but three did read both using the WBC and
Grid methods. The readers consisted of three experts, and
three qualified microscopists. Fifty-five percent of the four
readings were performed by experts.

For the thin smear experiment, five microscopists who
were available were selected. One expert reading thin
smears (Expert 2) also read thick smears in the counting
experiment above; the others were different individuals.
In this experiment, each microscopist read every thin
smear in a blinded fashion. Of the five readers, two were
experts and three were qualified microscopists. Of the
three qualified microscopists reading thin smears, one
was newly trained and the other two had some difficulty
on slide reading examinations.

Counting methods
For the WBC method, parasites and WBCs were counted
simultaneously on the thick film using a 100× oil-immer-
sion objective, with the number of parasites recorded
when 200 and 500 WBCs had been counted. One hun-
dred high-powered fields were examined before a slide
was declared negative. Participants were instructed to start
reading the film in an area with at least eight WBCs.
Counting was initiated when the first parasite was
observed.

For the grid method, a 10 × 10 mm square grid divided
into 100 smaller squares etched onto a glass circle was fit
into the eyepiece of a microscope (Klarmann Rulings,
Inc., Litchfield, NH). Parasites in the grid area in 100 high-
powered fields were counted, with counting initiated in
the first field. Parasite density was calculated based on vol-
ume per field. Based on the mean WBC count in the study
population, 100 grids were approximately equivalent to
430 WBCs.

Thin smear reading methods
By study specific procedure, microscopists were instructed
to read the entire thin film. A form was provided to record
the slide identification information and the following for
each of the first 10 parasites identified: species, time to
parasite, field number, and % typical. Percent typical was
100% if all characteristics were typical of a parasite, with
progressively lower percentages if not all characteristics
were correct. The final diagnosis, number of parasites
seen, total fields, and time to read the smear were also
recorded.

Data analysis
Data were entered into, verified in, and calculations per-
formed with Microsoft Office Excel 2003. Further statisti-
cal analyses were performed in and tables constructed
with SPSS 14.0 for Windows. Means were compared with
independent sample t-tests.

Results
Thirty-six malaria thin films were blindly and independ-
ently read by five microscopists in order to better under-
stand the utility of the thin smear in low density
infections. These results were compared to density esti-
mates from two independent readings on the thick film
(differently designed initial experiment). Species reported
from four independent readings by six microscopists read-
ing thick films were also compared (thick smear readings
for species include two more readings including the two
grid readings). Median parasitaemia was 201 parasites/µl,
mean 1,090 ± 2195, range 6–11,124 for the 36 smears
evaluated.

Sensitivity
Sensitivity of the thin film by parasite density is reported
in Table 1, with breakdown by level of expertise in Table
2. The data reveals a density dependent increase in sensi-
tivity, with 100% sensitivity achieved at > 200 parasites/µl
for experts and > 500 parasites/µl for qualified readers. In
the low density range studied, thin film readings con-
firmed parasitaemia 74% of the time by experts, and 65%
of the time for qualified microscopists. 50–78% of the
slides were positive by individual readers, and 92% of the
slides were positive if any one of the five readers called it
positive (Table 3). True negative smears were not included
in the assessment; therefore, estimates of the specificity of
the thin smear could not be made.

The time for identification of the first and second parasites
and field in which the parasite was observed is density
dependent (Table 1 and Table 2). Expert microscopists
identified the first parasite on average in 4.5 minutes,
while the qualified took 7.2 minutes (p = 0.002). Expert
microscopists also identified the first parasite as being
more typical (p = 0.001). At > 300 parasites/µl, expert
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Table 1: Thin film sensitivity and other factors by parasite density

Sensitivity Time to 1st 
Parasite

Field to 1st 
Parasite

% Typical 
1st

RBC's Field 
1st Parasite

Time to 2nd 
Parasite

Field to 2nd 
Parasite

% Typical 
2nd

RBC's Field 
2nd 

Parasite

Total 
Parasites

Total Fields Total Time

Parasite (95% CI)

Densiy n

< 100 45 40% (25–
55%)

6.5 ± 3.7* 
(12)**

155 ± 150 98 ± 6 195 ± 71 5.8 ± 5.4 245 ± 163 45 ± 52 103 ± 117 0.7 ± 1.3 475 ± 213 22 ± 10

101–200 50 46% (32–
60%)

8.3 ± 7.7 (20) 194 ± 198 100 ± 1 199 ± 67 8.4 ± 4.4 268 ± 151 61 ± 50 146 ± 127 0.7 ± 1.1 455 ± 199 19 ± 8

201–300 15 87% (67–
106%)

5.3 ± 3.4 (10) 139 ± 115 99 ± 3 188 ± 89 4.3 ± 2.0 85 ± 50 100 ± 1 162 ± 83 4.8 ± 3.5 490 ± 234 25 ± 12

301–500 15 93% (79–
108%)

2.9 ± 1.7 (6) 69 ± 78 100 ± 1 237 ± 80 4.3 ± 3.3 59 ± 45 100 ± 1 257 ± 88 5.2 ± 3.8 475 ± 174 24 ± 13

501–1000 15 100% (NA) 4.2 ± 5.5 (20) 35 ± 32 98 ± 4 187 ± 48 3.3 ± 3.0 33 ± 28 99 ± 3 198 ± 59 8.1 ± 3.8 352 ± 214 24 ± 10

1001–2000 20 100% (NA) 2.7 ± 3.4 (11) 32 ± 39 99 ± 3 194 ± 78 3.8 ± 6.6 29 ± 33 98 ± 4 195 ± 79 9.2 ± 2.9 225 ± 134 17 ± 6

>2000 20 100% (NA) 4.2 ± 3.4 (11) 30 ± 59 98 ± 3 176 ± 57 3.2 ± 3.2 15 ± 15 99 ± 4 192 ± 68 10.4 ± 2.4 147 ± 82 25 ± 9

Total 180 68% (61–
75%)

5.9 ± 5.5 (15) 113 ± 133 99 ± 3 203 ± 73 5.0 ± 4.8 97 ± 130 89 ± 29 192 ± 93 2.8 ± 4.0 412 ± 204 20 ± 10
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microscopists identified the first parasite in 1.1–2.7 min-
utes, with the 95th percentile at 3–5 minutes. The quali-
fied microscopists required more time with a mean time
to first parasite taking 3–6.1 minutes, 95th percentile 6–
20 minutes in the same density range. Lower density
ranges took more time for both groups. The red blood
cells/field, total time to read, total fields, and total para-
sites seen under these conditions are also reported in
Table 1 and Table 2.

Species identification
Results by species and reading of the thick and thin film
are presented in Table 3 and Table 4. Thin smear results by
individual reader are presented in Table 3 and thick smear
by group reading are presented in Table 4. On both thick
and thin films, considerable variability in reporting
appears to be present, and mixed infections appear to be
common. Table 5 compares expert Reader 1 to the four
thick film readings, more clearly illustrating the variability
in reporting present.

Most of the discordant thick smear results were due to dif-
fering reports of mixed infections (Tables 3, 4, and 5).
From the four independent readings on thick films, 36%
were discordant (at least one of the four readings did not
agree). The discordance resulted from the following: 25%
mixed versus not, 6% mixed versus not and pure species
disagreement, 3% pure species disagreement, and 3% pos-
itive versus not. The WBC (reading 1 and 2) and grid
(reading 3 and 4) methods showed similar findings.

Most of the discordant thin smear results were due to dif-
fering reports of the presence of parasites (Tables 3 and 5).
From the five independent readings on thin films of the
same slides, 53% were discordant (at least one of the five
readings did not agree). The discordance resulted from the
following: 3% mixed versus not, 3% mixed versus not and
pure species disagreement, 3% positive versus not and
pure species disagreement, 3% positive versus not, mixed
versus not, and pure species disagreement, and 42% posi-
tive versus not. Of the two experts reading thin films, 33%

were discordant. The discordance resulted from the fol-
lowing: 6% mixed versus not, 3% mixed versus not and
pure species disagreement, 3% positive versus not and
pure species disagreement, and 22% positive versus not.

For the densities of infections examined in this experi-
ment and using Expert 1 for the thin smear readings as the
gold standard, the thin smear added P. ovale to the diag-
nosis in one case (Table 5). It confirmed the presence of
mixed infection in three of four cases where mixed infec-
tion was identified by at least two of the other readers. It
confirmed the presence of Plasmodium malariae in four of
the six cases where this species was identified by at least
two of the readers.

Discussion
In this study, the potential utility of the thin film was
explored. The intent was to determine at what parasite
density it is appropriate to confirm parasites and species
in the thin film when the thick film is read as positive.
False positive thick smears are a problem [5-8] and very
low rates of false positive malaria smears can dramatically
impact efficacy estimates in malaria prevention trials [13].
Rapid verification of results is needed before study sub-
jects are treated and removed from trials, and methods
must be acceptable to regulatory authorities. Use of the
thin smear to verify thick smear results is a possible tool,
as are RDTs or a repeat thick film. PCR is not practical in
most settings when treatment decisions must be made
within hours, but can potentially be used later to help
confirm malaria, malaria species, and if a new infection is
a treatment failure or not.

If the results of this report are confirmed, the thin smear
can be expected to be positive 100% of the time if parasi-
taemia are > 500 parasites/µl as a single reading by any
qualified microscopist, and at > 200 parasites/µl with
experts. The time required for experts to identify a 100%
typical parasite on the thin film in this experiment was
substantially less than that for less experienced micro-
scopists. Parasite densities are often low in malaria pre-

Table 3: Percentage of readings by species and reading on thin smear

Result Expert 1 Expert 2 Qualified 1 Qualified 2 Qualified 3 Any One Reading*

Positive 69% 78% 69% 50% 75% 92%
Pf 76% 89% 88% 94% 89% 79%
Pfm 12% 0% 0% 0% 4% 12%
Pfmo 4% 0% 0% 0% 0% 3%
Pfo 4% 7% 8% 0% 4% 3%
Pm 4% 0% 4% 6% 4% 0%
Po 0% 4% 0% 0% 0% 3%

* positive or non-P. falciparum species if any reader identified
Pf = P. falciparum, Pfm = Pf & P. malariae mix, Pfmo = Pfm & P. ovale mix
Pfo = Pf + P. ovale mix, Pm = P. malariae, Po = P. ovale
Page 5 of 9
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Table 2: Thin film sensitivity and other factors by parasite density and reader level

Sensitivity Time to 1st 
Parasite

Field to 1st 
Parasite

% Typical 1st RBC's Field 
1st Parasite

Time to 2nd 
Parasite

Field to 2nd 
Parasite

% Typical 2nd RBC's Field 
2nd Parasite

Total 
Parasites

Total Fields Total Time

Parasite (95% CI)

Densiy n

Expert < 100 18 44% (19–
70%)

5.2 ± 4.3* 
(12)**

133 ± 174 100 ± 0 208 ± 95 4.8 ± 2.5 189 ± 137 50 ± 55 109 ± 100 1.0 ± 1.8 523 ± 202 22 ± 11

101–200 20 55% (31–
79%)

7.2 ± 6.6 (20) 272 ± 264 100 ± 0 217 ± 89 9.2 ± 3.9 237 ± 110 67 ± 52 158 ± 137 1.1 ± 1.5 572 ± 228 21 ± 7

201–300 6 100% (NA) 4.7 ± 3.6 (10) 119 ± 83 98 ± 4 162 ± 61 4.2 ± 2.1 83 ± 67 100 ± 0 178 ± 77 6.2 ± 3.1 494 ± 239 26 ± 10

301–500 6 100% (NA) 2.7 ± 1.6 (5) 61 ± 47 100 ± 0 214 ± 103 3.6 ± 2.8 56 ± 47 100 ± 0 267 ± 116 7.7 ± 3.4 560 ± 201 32 ± 13

501–1000 6 100% (NA) 1.3 ± 1.0 (3) 29 ± 38 100 ± 0 186 ± 50 1.5 ± 0.5 27 ± 31 100 ± 0 195 ± 78 8.7 ± 3.9 276 ± 141 27 ± 11

1001–2000 8 100% (NA) 1.1 ± 1.2 (4) 17 ± 33 100 ± 0 184 ± 101 2.0 ± 2.2 38 ± 46 100 ± 0 201 ± 113 10.0 ± 0.9 198 ± 168 19 ± 5

>2000 8 100% (NA) 1.4 ± 1.2 (4) 7 ± 6 100 ± 0 157 ± 51 1.6 ± 1.0 11 ± 8 100 ± 0 183 ± 56 10.8 ± 1.0 96 ± 56 26 ± 5

Qualified < 100 27 37% (18–
57%)

7.6 ± 3.0 (11) 175 ± 133 96 ± 7 185 ± 48 6.7 ± 7.5 302 ± 179 40 ± 55 98 ± 144 0.5 ± 0.8 443 ± 218 22 ± 10

101–200 30 40% (21–
59%)

9.3 ± 8.8 (30) 123 ± 60 100 ± 1 182 ± 34 7.7 ± 5.1 294 ± 184 56 ± 52 136 ± 128 0.5 ± 0.7 376 ± 130 18 ± 9

201–300 9 78% (44–
112%)

5.9 ± 3.5 (10) 156 ± 141 99 ± 2 210 ± 107 4.3 ± 2.1 87 ± 34 99 ± 2 146 ± 93 3.9 ± 3.7 488 ± 245 24 ± 13

301–500 9 89% (63–
115%)

3.0 ± 1.9 (6) 75 ± 98 99 ± 2 254 ± 58 5.0 ± 3.8 62 ± 48 99 ± 2 247 ± 57 3.6 ± 3.2 418 ± 137 18 ± 9

501–1000 9 100% (NA) 6.1 ± 6.5 (20) 39 ± 29 97 ± 5 189 ± 50 4.4 ± 3.5 37 ± 27 98 ± 4 200 ± 47 7.7 ± 3.9 403 ± 246 23 ± 10

1001–2000 12 100% (NA) 3.7 ± 4.1 (15) 42 ± 41 98 ± 3 97 201 ± 62 5.1 ± 8.4 23 ± 19 97 ± 5 191 ± 46 8.7 ± 3.6 243 ± 111 15 ± 6

>2000 12 100% (NA) 6.0 ± 3.2 (11) 45 ± 73 ± 3 189 ± 59 4.3 ± 3.8 18 ± 18 98 ± 5 198 ± 77 10.2 ± 3.0 181 ± 81 25 ± 11

Expert Total 72 74% (63–
84%)

4.5 ± 5.2 (15) 120 ± 165 100 ± 2 206 ± 83 4.7 ± 4.4 96 ± 124 91 ± 28 203 ± 98 3.5 ± 4.2 495 ± 225 23 ± 10

Qualified Total 108 64% (55–
73%)

7.2 ± 5.6 (17) 106 ± 98 98 ± 4 200 ± 61 5.2 ± 5.2 97 ± 136 88 ± 30 182 ± 87 2.3 ± 3.9 356 ± 168 18 ± 9

*standard deviation **95th percentile
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vention trial failures and in treatment trial failures,
limiting the ability to detect parasites with a single reading
of the thin film. Historical parasite density data was avail-
able from confirmed parasitaemia from two malaria pre-

vention trials using weekly routine screening and
microscopy at the time malaria symptoms developed. In
the first population of non-immune study subjects [14],
95%, 86%, and 71% of P. falciparum infections were
above 100, 200, and 300 parasites/µl, respectively, com-
pared to 83%, 54%, and 30% of Plasmodium vivax infec-
tions. In a semi-immune adult population in Kenya, 60%,
54%, and 30% of P. falciparum parasitaemia were above
100, 200, and 300 parasites/µl, respectively (unpublished
data). In malaria prevention trials, thousands of slides are
often collected with only a very small percentage being
positive. A procedure should be implemented that micro-
scopists report the result of the thick and thin smear
always in this setting. Based on probability of being posi-
tive at a given density, quality assurance personnel and the
Principal Investigator could use the thin smear as in inter-
nal control for monitoring results and interpreting the
data. They could also help with study subject manage-
ment decisions.

One would think that false positive malaria smears are
only reported as extremely low densities. However, for 81
false positive smears read from true negative smears in a
counting examination, the mean (median) count was 591
(300) parasites/µl, with 66% > 200 and 32% > 500 para-
sites/µl (unpublished observations). The 24 microscopists
from Kenyan research organizations had among the low-
est reported densities for false positives. Their 37 false pos-
itive readings had 62% > 200 and 22% > 500 parasites/µl.

Specificity of the thin film was not assessed in this experi-
ment, nor has it been reported in the literature. It is antic-
ipated that it will be substantially higher than with thick
films, as parasite morphology is clearer and parasites are
identified within red blood cells on the thin film. Specifi-
city must be confirmed by appropriately designed
research studies assessing microscopists of varying levels
of expertise if this tool is to be used to support clinical tri-
als.

Table 4: Percentage of readings by species and reading on thick smear

Result Reading 1 Reading 2 Reading 3 Reading 4 Any One*

Positive 97% 100% 100% 100% 100%
Pf 80% 81% 86% 86% 64%
Pfm 17% 14% 11% 11% 28%
Pfmo 0% 0% 0% 0% 0%
Pfo 0% 3% 3% 0% 6%
Pm 3% 0% 0% 3% 0%
Po 0% 3% 0% 0% 3%

* positive or non-P. falciparum species if any reader identified
Pf = P. falciparum, Pfm = Pf & P. malariae mix, Pfmo = Pfm & P. ovale mix
Pfo = Pf + P. ovale mix, Pm = P. malariae, Po = P. ovale

Table 5: Thin smear species results from Expert 1 compared 
with four thick smear readings

Thin Film Thick Film

Slide No. Reading 1 Reading 2 Reading 3 Reading 4

Negative 1 Neg Pf Pf Pf
2 Pf Pf Pf Pf
3 Pf Pf Pf Pf
4 Pf Po Pf Pf
5 Pm Pf Pf Pf & Pm
6 Pf Pf Pf Pf
7 Pf Pf Pf Pf
8 Pf & Pm Pf Pf Pf
9 Pf Pf Pf Pf
10 Pf Pf Pf Pf
11 Pf Pf Pf Pf

Pf 1 Pf Pf Pf Pf
2 Pf Pf & Pm Pf Pf
3 Pf Pf Pf Pf
4 Pf & Pm Pf Pf Pf
5 Pf Pf Pf Pf
6 Pf Pf Pf Pf
7 Pf Pf Pf Pf
8 Pf Pf Pf Pf
9 Pf Pf Pf Pf
10 Pf Pf Pf & Po Pf
11 Pf Pf Pf Pf
12 Pf Pf & Pm Pf Pf & Pm
13 Pf Pf Pf Pf
14 Pf Pf Pf Pf
15 Pf Pf Pf Pf
16 Pf Pf Pf Pf
17 Pf Pf Pf Pf
18 Pf Pf Pf Pf
19 Pf Pf Pf Pf

Pfm 1 Pf & Pm Pf & Pm Pf Pm
2 Pf Pf Pf & Pm Pf
3 Pf & Pm Pf & Pm Pf & Pm Pf

Pfmo 1 Pf & Pm Pf & Pm Pf & Pm Pf & Pm
Pfo 1 Pf Pf & Po Pf Pf
Pm 1 Pf & Pm Pf Pf & Pm Pf & Pm

Pf = P. falciparum, Pfm = Pf &P. malariae mix, Pfmo = Pfm &P. ovale mix
Pfo = Pf + P. ovale mix, Pm = P. malariae, Po = P. ovale
Page 7 of 9
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If these pilot data are confirmed and specificity of the thin
film is reported to be very high, it is recommend the thin
smear result be routinely recorded to verify malaria
smears are truly positive for slides that will represent crit-
ical clinical trial endpoints (prophylaxis and treatment
failure). These should be read by expert microscopists.
Depending on human resource available, time could be
limited to 10 minutes per thin film for experts to identify
at least one parasite. Principal investigators will be able to
use parasite density as a guide as to whether the results
should be expected to be positive. Alternatively, strategies
to have more than one reader, more than one thin film, or
repeat sampling could be used for confirmation. Results
from both the thick and thin film should always be per-
manently documented with high quality photographic
images.

An additional potential use of the thin film would be to
train microscopists to turn to the thin film routinely at
densities when it is expected to be positive. Based on these
data, this would be at 5 or 8 parasites/200 WBCs (~200 or
500 parasites/µl) to confirm a positive. It would make
sense to do this in any setting when the microscopist is
unsure of the result (e.g. < 100% typical appearance).

Alternative diagnostic procedures should be considered,
but need to have sensitivity and specificity estimates for
the intended use verified, and ideally should be approved
by the appropriate regulatory authority. The exact strategy
should always be acceptable to the appropriate regulatory
authorities for new malaria compounds or vaccines under
development, and results from each reading or methods
should be captured and reported.

PCR was not performed on the samples studied in this
experiment. PCR may have helped clarify the actual spe-
cies present. However, PCR results also vary by method
used, and from laboratory to laboratory (unpublished
observations). Future experiments should include the use
of PCR using different methods and different laboratories.
PCR should be validated so that it can be used as a pri-
mary endpoint in clinical trials.

RDTs were also not included in this experiment. Sensitiv-
ity and specificity estimates vary widely in the literature
for the same RDT [4]. HRPII-based RDTs may be problem-
atic in treatment trials because of persistence of positivity,
may not be substantially more sensitive than a thin film,
are not quantitative, and only identify P. falciparum. The
specificity of these devices also needs to be considered, as
well as regulatory approval and batch-to-batch variability.
RDTs are found to be very useful for screening in order to
rapidly help identify study subjects that may qualify for a
given study, but have not yet assessed their potential for
determination of primary endpoints in clinical trials.

Cross contamination causing false positive malaria
smears clearly occurs with batch staining [15-17]. If single
staining cannot be used, the thin smear will separate con-
tamination from true positive smears. Parasites will be vis-
ualized in the red blood if a smear is truly positive.

In terms of species identification, the only clear advantage
of the thin smear over the thick film appears to be identi-
fication of P. ovale in experienced hands [11]. P. ovale does
not always have the "red zone" on the thick film, and if
not, it is commonly confused with P. malariae. There
appeared to be one of 36 cases in this experiment where
P. ovale was added to the diagnosis. Mixed infections were
commonly not confirmed, probably due to low density of
the additional species. PCR in future studies may help
confirm if this is indeed true.

Initial evaluation has revealed that some laboratory tech-
nicians are not achieving adequate sensitivity and specifi-
city using thick malaria smears following two weeks of
training [7]. In the Western world, only thin smears are
routinely used reportedly because they are easier to pre-
pare correctly and interpret. Whether the use of the thin
smear in health care settings in the developing world
would be beneficial should be critically studied. They may
have acceptable ease of use, sufficient accuracy, and be
more cost effective than RDTs in some settings. A key
advantage of thin films over RDTs is the ability to estimate
parasite density and define specific species.

Conclusion
The data revealed a density dependent increase in sensitiv-
ity, with 100% sensitivity achieved at > 200 parasites/µl
for experts and > 500 parasites/µl for qualified readers.
Substantial discordance for species identification was
observed. The thin film is may be additional tool to con-
firm a malaria diagnosis. Specificity of the thin film and
its utility for confirming thick film results should be
assessed further.

Abbreviations
RDTs: Rapid Diagnostic Tests

HRPII: Histidine-Rich Protein II

EDTA: Ethylenediaminetetraacetic Acid

WBC: White Blood Cell

Authors' contributions
CO designed this experiment, coordinated data collection
and verification, performed analysis, interpreted the data,
and wrote the manuscript. WPO was responsible for the
thick smear counts and species determination. SR was
responsible for day-to-day management of staff and pro-
Page 8 of 9
(page number not for citation purposes)



Malaria Journal 2008, 7:22 http://www.malariajournal.com/content/7/1/22
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

vided the source slides. PM helped to conceive the study
and revised the manuscript critically for substantial intel-
lectual content. BO is Director of the Malaria Diagnostics
Center of Excellence. He revised the manuscript critically
for substantial intellectual content. RM and JSO were the
expert microscopists interpreting the slides and final data.
All authors read and approved the manuscript.

Acknowledgements
This manuscript was reviewed by the Kenya Medical Research Institute 
(KEMRI) and Walter Reed Army Institute of Research (WRAIR). Permis-
sion to publish the manuscript was granted by the Director, KEMRI and 
WRAIR. The opinions expressed herein are those of the authors and do 
not necessarily reflect the views or opinions of KEMRI, the Department of 
the Army, or the Department of Defense, nor the U.S. Government.

This work would not have been accomplished without funding from the 
U.S. Department of Defense Global Emerging Infections Surveillance and 
Response System (GEIS). The funding bodies did not influence study design, 
collection of data, data analysis, interpretation of data, manuscript writing, 
or the decision to publish. We would like to thank Peggy Wasson for assist-
ance with drafting and reviewing the manuscript. Funding for each author is 
from their parent organization or GEIS.

References
1. Ogutu BR: Malaria diagnosis.  East Afr Med J 2005, 82:109-110.
2. Payne D: Use and limitations of light microscopy for diagnos-

ing malaria at the primary health care level.  Bull World Health
Organ 1988, 66:621-626.

3. WHO: Evaluation of rapid diagnostic tests: malaria.  Nature
Reviews Microbiology 2006, September:34-40.

4. Murray CK, Bell D, Gasser RA, Wongsrichanalai C: Rapid diagnos-
tic testing for malaria.  Trop Med Int Health 2003, 8:876-883.

5. Zurovac D, Larson BA, Akhwale W, Snow RW: The financial and
clinical implications of adult malaria diagnosis using micros-
copy in Kenya.  Trop Med Int Health 2006, 11:1185-1194.

6. Zurovac D, Midia B, Ochola SA, English M, Snow RW: Microscopy
and outpatient malaria case management among older chil-
dren and adults in Kenya.  Trop Med Int Health 2006, 11:432-440.

7. Ohrt C, Obare P, Nanakorn A, Adhiambo C, Awuondo K, Prud-
homme O'Meara W, Remich S, Martin K, Cook E, Chretien JP, Lucas
C, Osoga J, McEvoy P, Owaga ML, Odera JS, Ogutu B: Establishing
a Malaria Diagnostics Center for Excellence in Kisumu,
Kenya.  Malar J 2007, 6:79.

8. McKenzie F, Sirichaisinthop J, Miller RS, Gasser RA, Wongsrichanalai
C: Dependence of malaria detection and species diagnosis by
microscopy on parasite density.  Am J Trop Med Hyg 2003,
69:372-376.

9. Cook GC: Manson's Tropical Diseases.  Twentieth edition. Lon-
don: WB Saunders Company Ltd; 1996. 

10. Taylor H: A comparative study of thick and thin blood smears
for diagnosis of malarial fevers.  Volume 68. Wharton: Philippine
Jour Sc; 1917:771-772. 

11. Dowling MA, Shute GT: A comparative study of thick and thin
blood films in the diagnosis of scanty malaria parasitaemia.
Bull World Health Organ 1966, 34:249-267.

12. Prudhomme O'Meara W, Remich S, Ogutu B, Lucas M, Mtalib R,
Obare P, Oloo F, Onoka C, Osoga J, Ohrt C, McKenzie FE: System-
atic comparison of two methods to measure parasite density
from malaria blood smears.  Parasitol Res 2006, 99:500-504.

13. Ohrt C, Purnomo , Sutamihardja MA, Tang D, Kain KC: Impact of
microscopy error on estimates of protective efficacy in
malaria-prevention trials.  J Infect Dis 2002, 186:540-546.

14. Ohrt C, Richie TL, Widjaja H, Shanks GD, Fitriadi J, Fryauff DJ, Hand-
schin J, Tang D, Sandjaja B, Tjitra E, Hadiarso J, Watt G, Wignall FS:
Mefloquine compared with doxycycline for the prophylaxis
of malaria in Indonesian soldiers. A randomized, double-
blind, placebo-controlled trial.  Ann Intern Med 1997,
126:963-972.

15. Brooke MM, Donaldson AW: Use of a surface active agent to
prevent transfer of malarial parasites between blood films
during mass staining procedures.  J Parasitol 1950, 36:84.

16. Hoo CC: Notes on the transfer of malaria parasites during
mass staining of thick blood films.  Med J Malaysia 1963,
18:129-130.

17. Thaver S: Transfer of malaria parasites during staining of thick
blood films.  Trans R Soc Trop Med Hyg 1971, 65(1):2.
Page 9 of 9
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16122071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2463112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2463112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14516298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14516298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16903882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16903882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16903882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16553926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16553926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16553926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17565676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17565676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17565676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14640495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14640495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5296131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5296131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16572338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16572338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16572338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12195382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12195382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12195382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9182474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9182474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9182474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15402963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15402963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15402963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14117282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14117282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4104018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4104018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4104018
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Malaria smears
	Microscopists
	Counting methods
	Thin smear reading methods
	Data analysis

	Results
	Sensitivity
	Species identification

	Discussion
	Conclusion
	Abbreviations
	Authors' contributions
	Acknowledgements
	References

