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We compared the performance of an in-house and a commercial malaria polymerase chain reaction (PCR) assay using freeze—
thawed hemolytic blood samples.

A total of 116 freeze—thawed ethylenediamine tetraacetic acid (EDTA) blood samples of patients with suspicion of malaria were
analyzed by an in-house as well as by a commercially available real-time PCR.

Concordant malaria negative PCR results were reported for 39 samples and malaria-positive PCR results for 67 samples. The in-
house assay further detected one case of Plasmodium falciparum infection, which was negative in the commercial assay as well as
five cases of P. falciparum malaria and three cases of Plasmodium vivax malaria, which showed sample inhibition in the commer-
cial assay. The commercial malaria assay was positive in spite of a negative in-house PCR result in one case. In all concordant re-
sults, cycle threshold values of P. falciparum-positive samples were lower in the commercial PCR than in the in-house assay.

Although Ct values of the commercial PCR kit suggest higher sensitivity in case of concordant results, it is prone to inhibition if
it is applied to hemolytic freeze—thawed blood samples. The number of misidentifications was, however, identical for both real-time

PCR assays.
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Introduction

Malaria, travel-associated diarrhea as well as skin and
sexually transmitted diseases are major health concerns on
deployments in subtropical and tropical endemic settings
[1]. Rapid diagnosis in case of suspected malaria is man-
datory. Traditional microscopy of Giemsa-stained thin and
thick blood smears remains the diagnostic golden stan-
dard. However, this cheap and easy-to-perform procedure
requires expert knowledge and substantial skills in parasite
microscopy, which is not easy to maintain in non-endemic
areas, where malaria is rare or constitutes a travel-associ-
ated disease.

In resource-limited deployment settings, alternative,
less investigator-dependent diagnostic approaches are
desirable. Rapid diagnostic tests (RDTs) are a frequently
chosen option. Such tests are usually based on lateral-
flow immunochromatography, and parasites are detected

by respective antibodies. In detail, type 2 RDTs are
based on anti-HRP-(histidine rich protein)-2-antibodies
for Plasmodium falciparum and anti-aldolase-antibodies
for all species; type 3 RDTs on anti-HRP-2-antibodies
for P. falciparum and anti-pLDH-(plasmodium lactate
dehydrogenase)-antibodies for all species; and type 4
RDTs on anti-pLDH-antibodies for P. falciparum and
anti-pLDH-antibodies for all species. In a recent Cochrane
meta-analysis, average sensitivities and specificities were
78% and 99% for type 2 and 3 tests, and 89% and 98% for
type 4 tests [2]. Thus, sensitivity of RDTs is still a matter
of concern. Moreover, in the presence of heterophilic IgM
antibodies or in cases of exceedingly high parasitemia,
RDTs may even produce false negative results [3, 4].
Molecular DNA-based assays have been proven as
alternative approaches, with high sensitivity and specific-
ity for malaria diagnostics, which can be standardized and
require less experienced skills than microscopy. If the re-
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spective infrastructural prerequisites are in place in a tropi-
cal field setting, polymerase chain reaction (PCR) might
substitute for microscopy or RTDs. However, PCR can
be limited by sample inhibition, e.g., due to hemolysis of
blood samples [5]. This is a relevant concern, as adequate
sample storage and transport cannot always be guaranteed
under tropical deployment conditions. To assess the di-
mension of this problem, we evaluated a commercial and
an in-house real-time PCR assay using repeatedly freeze—
thawed, hemolytic blood of patients with suspected ma-
laria.

Methods

Samples

A total of 116 freeze—thawed ethylenediamine tetraacetic
acid (EDTA) blood samples of patients with suspicion of
malaria were analyzed by traditional thick and thin blood
smear microscopy by experienced technical assistants at
the Bernhard Nocht Institute for Tropical Medicine Ham-
burg, the German National Reference Center for Tropical
Diseases, which is also responsible for malaria slide read-
ing proficiency testing of diagnostic German laboratories.
Parasitemia was determined according to WHO standards
and recorded as parasites per microliter.

Residual materials of EDTA blood were subjected to
repeated freeze—thawing to ensure progressive hemolysis
prior to further processing.

Nucleic acid extraction

From the hemolytic EDTA blood samples, DNA was ex-
tracted and enriched using the EZ1 DNA Blood 200 pl Kit
(Qiagen, Hilden, Germany) on the automated EZ1 system
(Qiagen) exactly as described by the manufacturer. EZ1-
based extraction has recently been shown to be equally ef-
ficient than extraction by the column-based QIAamp DNA
Blood Mini Kit (Qiagen) for such specimens [6].

PCR analyses

All samples were subjected to real-time in-house one-tube
SybrGreen malaria PCR and commercial altona Diagnos-

tics Realstar Malaria PCR, a Tagman approach. In detail,
the in-house SybrGreen melting curve analysis-based ap-
proach targeting Plasmodium (P.) falciparum, P. malariae,
P. ovale, and P. vivax was performed as previously de-
scribed [7]. The Plasmodium spp.-specific real-time PCR
RealStar Malaria PCR Kit 1.0 (altona Diagnostics, Ham-
burg, Germany) was applied exactly as described by the
manufacturer.

Analysis

If concordant positive PCR results in both PCR approaches
were observed, achieved cycle threshold (Ct) values were
assessed including calculation of median and mean values
as well as standard deviations (SDs). Commercial Real-
Star Malaria PCR included an inhibition control, which
allowed monitoring of PCR inhibition as well. Of note,
negative inhibition control PCR in PCR-positive samples
is caused by competitive amplification in this assay and
not a sign of procedural failure.

Matched pairs of recorded Ct values were compared
using Wilcoxon matched-pairs signed ranks testing with
the software GraphPad InStat, version 3.06 (GraphPad
Software Inc., La Jolla, CA, USA). Significance was ac-
cepted in case of a two-tailed P value < 0.05. The nonpara-
metric Spearman correlation coefficient was calculated
(GraphPad Software Inc., La Jolla, CA, USA) to confirm
effective pairing.

Results

Microscopic assessment

Of the 116 samples analyzed, 76 were microscopically
positive for plasmodia. These comprised 61 cases of
mono-infections with P. falciparum, seven cases with
P, vivax, two cases with P. ovale, and one case with P. ma-
lariae, respectively. Parasite densities are shown in 7a-
ble 1. Of note, parasitemia was not determined in one case
of P. vivax infection and there were two cases in which
microscopic discrimination between P. vivax and P. ova-
le was uncertain (1240/ul and 8720/ul). There was one
case of P, vivax infection with a possible coinfection with
P. malariae (100,000/ul), one case with a double infection
of P. falciparum and P. malariae (500,000/ul), and one

Table 1. Parasite density of mono-infections with African Plasmodium spp. as assessed by thick and thin smear microscopy

P. falciparum P, vivax P ovale P. malariae
Lowest observed density [/pl] 0.2 2400 714 1400
Highest observed density [/ul] 350,000 8040 5200 1400
Median [/pl] 7000 3040 3117 n.a.
Mean [/ul] 43,753 4120 3117 n.a.
Standard deviation [/ul] 81,990 2167 3398 n.a.

n.a. = Not applicable
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Table 2. Characterization of samples with discordant PCR results

Species in Parasite density in Species in in-house  Ct value in in-house Ct value in
microscopy microscopy [/ul] PCR PCR commercial PCR
P. falciparum 0.4 P. falciparum 28 Negative
P. falciparum 800 P. falciparum 22 Inhibited
P, falciparum 96 P. falciparum 24 Inhibited
P. falciparum 0.2 P. falciparum 25 Inhibited
P, falciparum 37,600 P. falciparum 16 Inhibited
P. falciparum 50,000 P. falciparum 15 Inhibited
P, vivax/ovale 1240 P, vivax 20 Inhibited
P vivax 2920 P, vivax 19 Inhibited
P. vivax 2920 P, vivax 17 Inhibited
Negative Negative Negative Negative 31

case in which microscopic discrimination of Pasmodium
spp. beyond the genus level failed (480/ul). In 40 cases,
malaria microscopy was negative.

PCR results

In direct comparison of the two PCR assays regarding the
overall detection of malaria, concordant results were re-
corded for 106 of the 116 samples of which 67 were para-
site positive and 39 were parasite negative according to
microscopy. The in-house assays further detected one case
of a P. falciparum infection, which was negative by the
commercial assay as well as five cases of P. falciparum
and three cases of P, vivax infections, which showed sam-
ple inhibition in the commercial assay (Table 2). All of the
latter discordant nine samples were positive by microsco-
py. In one case, the commercial malaria assay was positive
with a relatively high Ct value of 31, but was negative with
the in-house PCR. Of note, microscopy was negative in
this sample (Table 2).

Inhibition control PCR of the commercial PCR ap-
proach remained negative for 46 of 116 samples. Negative
inhibition control PCR was observed in 29 PCR-positive
samples, in nine PCR-negative samples in concordance
with microscopic results, and in eight PCR-negative sam-

ples in discordance with microscopic results. In total, 17
out of 116 (14.7%) PCR results of the commercial assay
were non-interpretable, reducing the number of unambigu-
ously false negative results of this approach with incon-
spicuous inhibition control PCR to one.

Of note, in-house PCR recorded P. vivax only in two
microscopically uncertain cases of P. vivax/P. ovale infec-
tions and P, falciparum in a case in which microscopic dif-
ferentiation beyond the genus level of Plasmodium spp.
failed. In addition, in-house PCR recorded P. falciparum
in a case of microscopic finding of P. vivax infection with
possible coinfection with P. malariae and, in another case,
in-house PCR recorded P. falciparum mono-infection, but
microscopy suggested double infection with both P. falci-
parum and P. malariae (Table 3).

Cycle threshold comparison of the two assessed
PCR assays

In cases of concordant results, cycle threshold values of
P falciparum-positive samples were significantly lower
with the commercial PCR than with the in-house assay.
However, there were no differences in Ct values between
the two assays for samples containing P. vivax. The num-
ber of samples containing P. ovale or P. malariae was too
low for meaningful statistical analyses (Table 4).

Table 3. Characterization of samples with discordant results in in-house PCR and microscopy

Species in in-house Ct value in in-house

Ct value in commercial

Species in microscopy Parasite density in

PCR PCR PCR microscopy [/ul]
P, vivax 16 15 P, vivax/ovale 8720
P, vivax 20 Inhibited P. vivax/ovale 1240
P, vivax with possible
P. falciparum 16 12 coinfection with 100,000
P. malariae
P. falciparum with
P. falciparum 19 16 coinfection with 500,000
P. malariae
P. falciparum 23 20 Plasmodium spp. 480
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Table 4. Comparison of Ct values of commercial PCR and the in-house approach

P. falciparum P, vivax P ovale P. malariae
Median Ct value in-house PCR 18 16.5 22.5 26
Median Ct value commercial PCR 15 16 21 20
Mean Ct value in-house PCR 18.6 16.3 22.5 26
Mean Ct value commercial PCR 15.7 15.8 21 20
Standard deviation in-house PCR 3.7 1.4 3.5 n.a.
Standard deviation commercial PCR 4.0 24 2.8 n.a.
1; S\;?Illlge in Wilcoxon matched-pairs signed ranks P<0.0001 P=04375 na. na.
P value of nonparametric Spearman correlation P <0.0001 P=0.0167 n.a. n.a.

n.a. = Not applicable

Discussion

The role of PCR for the diagnosis of malaria is still under
ongoing debate. As PCR assays have been shown to be
more sensitive and specific than other approaches, some
authors argue that this technology should be regarded as
the new golden standard for the diagnosis of malaria at
least in non-endemic countries. These authors justify their
claim with the fact that a negative PCR finding shows the
highest reliability in excluding malaria infections, a matter
of high importance in returning travelers with a low risk
of acquiring malaria [8]. Diagnostic PCRs for, e.g., P. fal-
ciparum, typically target genes such as SSUrRNA, pf155/
resa, or coxl [9]. Alternative diagnostic approaches such
as flow cytometry and mass spectrometry that might allow
for high-throughput screenings are still in experimental
states [10].

More critical authors argue that several factors limit
the use of PCR for the diagnosis of malaria at least in
resource-limited high-endemicity settings. These factors
comprise the time lag between sample collection, transpor-
tation and processing, and dissemination of results back
to the physician in comparison to traditional microscopy
next to limited financial resources, persistent subclinical
parasitemia, and inadequate laboratory infrastructures in
resource-limited, remote areas [11]. Such problems can be
overcome in deployment situations, e.g., in medical field
camps. Therefore, the developmental interest should be fo-
cused on potential technical limitations.

Indeed, the here described analysis showed good con-
cordance between microscopic findings and PCR results
in spite of a considerably high inhibition rate of the hemo-
Iytic samples as detected by the internal control approach
of the commercial PCR. Regarding the overall detection of
malaria, non-inhibited, truly discordant PCR results were
observed in only two cases. Commercial PCR failed in one
case without indicating inhibition. This sample contained
a very low number of parasites. In contrast, commercial
PCR was positive with a high cycle threshold value in a
sample which was negative in in-house PCR as well as in
microscopy. Of note, this sample was positive for hemo-
zoin in matrix-assisted laser desorption—ionization time-
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of-flight mass spectrometry (MALDI-TOF-MS) [12, 13]
(data not shown). This result makes a false-positive result,
e.g., due to contamination, unlikely. Instead, it suggests
either a case of extremely low parasitemia or a post-treat-
ment case with parasite DNA and antigen remnants still
circulating in the blood.

The high number of eight malaria cases that were
missed due to inhibition of the commercial PCR is bother-
some. Regarding this aspect, in-house PCR proved to be
more inhibition-resistant than the commercial approach. In
cases of concordant results between the two PCRs, how-
ever, cycle threshold values of the commercial PCR were
lower, suggesting higher sensitivity. However, statistical
significance of this phenomenon was observed for P. falci-
parum only, while detection of other Plasmodium ssp. was
too rare for reliable statistical results.

Melting curve-based species identification of the in-
house PCR approach allowed for the identification of one
case of P, falciparum infection and two cases of P. vivax
infections in which microscopy was not able to reliably
discriminate the parasites on species level. This is in line
with the widely accepted fact that PCR is more suitable
for Plasmodium species identification than microscopy, in
particular in case of low parasite counts, which make mi-
croscopic identification challenging [9].

However, discordant results of in-house PCR were ob-
served for two cases of microscopically detected double
infections. In case of a double infection with P. falciparum
and P. malariae, only P, falciparum was identified by PCR.
In the applied one-tube SybrGreen approach, the primers
obviously reacted more readily with the quantitatively
dominating DNA of P. falciparum, leading to a neglect of
P. malariae coinfection. This is a known disadvantage of
this procedure [7], although other molecular approaches
were reported to be able to identify coinfections with dif-
ferent Plasmodium spp. even more reliable than microsco-
py [9]. In another instance, in-house PCR indicated P. fal-
ciparum although microscopy suggested P. vivax with a
possible P. malariae coinfection. Obviously, schizonts of
P, vivax and P. malariae had been observed in microscopy
and the ring stages of P. falciparum had been attributed
to one of these species. PCR, again, detected only DNA
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of quantitatively dominating P. falciparum in this sample
which contained two or maybe even three different Plas-
modium spp. The disadvantage of the low discriminatory
potential of the one-tube SybrGreen in-house approach in
case of infections with more than one Plasmodium spp.
has to be balanced against the obvious advantage of high
robustness even with hemolytic samples as observed in
this assessment.

The development of molecular approaches for the di-
agnosis of malaria is ongoing. The use of microfluidic and
chip-based approaches has been suggested several years
ago [14]. More recently, a review on currently introduced
loop-mediated isothermal amplification (LAMP) schemes
as robust molecular approaches for the detection of Plas-
modium spp. has been published [15]. On the intermediate
and long term, the targeted detection of drug resistance-
related mutations to support targeted antimalarial therapy
might become an option for the diagnostic routine setting
in well-equipped laboratories [9].

Conclusions

The analysis presented here suggests that malaria PCR
leads to reliable results even in cases of poor sample qual-
ity due to hemolysis of blood. The one-tube SybrGreen
in-house approach proved to be more robust than the com-
mercial assay, in particular with regard to inhibition toler-
ance, although the cycle threshold values were lower in the
commercial PCR. If sample inhibition in the commercial
assay and associated negative Plasmodium spp. specific
PCRs are observed, other diagnostic approaches have to
be applied in order to rule out malaria infections.
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