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Abstract

Background: Microscopic detection is the conventional method for detecting malaria
parasites. Although it is efficient and inexpensive, it has its limitations. In recent years, polymeras
chain reaction (PCR) has been considered superior to microscopy in detecting mixed Plasmodium
infections or infections with low parasite density. To determine whether microscopic or nested PCR
(nPCR) is better at detecting congenital malaria (CM).

Methods: Blood smear examination and nPCR were performed with blood samples taken
from mothers and their newborns, who were likely to be suffering from CM and in whom one of the
symptoms was low birth weight (LBW). The sensitivity and specificity of each method were then
compared.

Results: During one year of study, the prevalence of CM among 92 LBW newborns was
determined to be 6.8% using microscopy and 7.8% using nPCR. Among the 92 mother—infant paired
subjects, CM was detected in 34 subjects (37%) by microscopy and in 39 subjects (42.4%) by nPCR.
nPCR was more sensitive (76.5% vs 66.7%) but less specific (77.6% vs 84.9%) than microscopy. When
the two methods were compared, nPCR gave significantly better results in diagnosing CM (AUC =
0.770; P < 0.001).

Conclusion: Although microscopy remains the most appropriate method for the diagnosis of
CM in remote areas, nPCR can be considered a complementary test.
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Introduction

Infection with Plasmodium species during
pregnancy has been associated with low birth
weight (LBW), which increases the risk of
perinatal and infant mortality (1). Another
adverse outcome that has received less attention
is the placental passage of Plasmodium parasites
and the subsequent risk of malaria in the

newborn, known as congenital malaria (CM).
Estimating the prevalence of CM is complicated
because several factors make diagnosis difficult.
It is difficult to distinguish cases of CM from
autochthonous malaria in endemic regions
because case definitions differ, such as presence
of parasites in the placenta at delivery or clinical
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diagnosis of malaria in newborns. Diagnosis
is further complicated by low density of the
parasites in peripheral blood of newborns. These
complications have led to estimates that have
ranged from 0.03% to 46.70% in endemic areas
(2—4).

The traditional microscopic examination to
detect malaria parasites has been the standard
method for diagnosis because of its efficacy and
lower cost compared with other diagnostic tools
(5). However, microscopic examination has
some limitations. The species may be incorrectly
identified, especially when the slides are not
properly prepared or the infecting species are
present at low density or mixed species are
present. It also requires considerable expertise
(5,6). Therefore, molecular tests such as the
polymerase chain reaction (PCR) has been used
as a complementary tool to achieve more accurate
diagnoses. Inrecentyears, PCR hasbeen developed
as a diagnostic tool for malaria, and most studies
have found it to be superior to microscopy in
detecting mixed infections or infections with low
density, due to its higher sensitivity (5).

In this study, the utility of microscopy and
PCR in diagnosing CM infection was compared
using mother—infant paired samples at Tjark
Corneile (TC) Hillers Hospital, Maumere, which
serves a remote area in Indonesia in which malaria
is endemic.

Materials and methods

Definitions used in this study

CM was defined as an infection resulting
from the transmission of live parasites from
an infected pregnant woman to her foetus that
occurs prenatally or during delivery and persists
after birth (9). In addition, only asexual malaria
parasites are present in the peripheral blood
smear of the newborns during the first seven
days of life, irrespective of the clinical symptoms
(10,11). LBW was diagnosed if the birth weight
of the newborns was less than 2500 grams,
irrespective of the duration of gestation (12). Pre-
term infant was defined as birth before 37 weeks
of gestation, based on the Ballard score (13).

Study design and study population

A preliminary study conducted at TC Hillers
Hospital showed that the species causing CM
were Plasmodium falciparum, P. vivax or a
mixture of both (8). This cross-sectional study of
the utility of microscopy and PCR as diagnostic
tools in CM included 92 mother—infant pairs and
was conducted from December 2012 through
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December 2013. Samples were taken from
newborns at TC Hillers Hospital, Maumere.
Aliquots were then shipped in containers
equipped with dry ice to the Faculty of Medicine
University of Brawijaya (FMUB), Malang-East
Java, Indonesia, which is approximately 1060 km
away. Thin and thick blood smear examinations
were performed at the FMUB Department of
Parasitology and then confirmed by nested PCR
(nPCR) examination at the FMUB Department of
Biomedical. Blood samples from each mother—
newborn pair that fulfilled inclusion criteria were
aseptically obtained.

Sample size

To be considered for the study, a mother—
newborn pair had to meet the following inclusion
criteria: 1) pre-term infant delivery; 2) LBW infant;
3) infant illness during the first seven days of life
with symptoms such as anaemia, poor feeding,
jaundice, seizures, fever, or hepatomegaly; and 4)
informed consent obtained from each newborn’s
mother or guardian for participation in this study.
However, to alleviate study bias, exclusion criteria
were implemented. Infants who suffered from
asphyxia or multiple congenital anomalies or were
suspected to suffer from bacterial sepsis were
excluded. Mother—infant pairs who experienced
rupture of the membrane more than 18 hours
before delivery or a traumatic delivery process
were also excluded. After informed consent was
obtained, blood was obtained from mother and
from the newborn shortly after delivery. The
appropriate sample size was calculated on the
basis of a comparative statistical analysis formula
(7), with an estimated CM prevalence of 14.7%
and the species identified as P. falciparum and
P. vivax (8). On the basis of a calculated sample
size of 64 mother—infant pairs, subjects were
consecutively enrolled during a one-year period.
A total of 92 mother—infant pairs were enrolled in
the study.

Blood smear

Peripheral blood samples of 0.5 mL and 3
mL were aseptically taken from the infant and
mother, respectively. Thick and thin smears,
which required about 50 pL and 10 pL blood,
respectively, were stained with Giemsa solution.
Identification of Plasmodium species using thin
smear was performed by a trained medical analyst
and confirmed by a parasitology consultant.
Parasite densities were determined by calculating
the number of infected erythrocytes per 1000
erythrocytes and are expressed as percentages.



Nested PCR

DNA samples were extracted from whole
blood using the absorption method described in
the blood lysate and purification protocol of the
PureLink™ Genomic DNA Kit (Invitrogen, USA).
After purification, all samples were stored at
—20 °C until further processing for nPCR. A pair
of outer primers (rPLU1 and rPLU5) was used
to amplify a section of the Plasmodium genome.
Two pairs of inner primers, one for P. falciparum
(rFali—rFal2) and one for P. vivax (rVIV1-rVIV2),
were used for species amplification. A DNA
template of 1 uL was used in 25 uL master mix
(Go Tag®Green Master Mix, Promega) under the
following conditions: 1 puL of each primer (10 pM),
12.5 uL of PCR master mix and 9.5 pL of double-
distilled H,O. The nest 2 reaction was identical to
the nest 1 reaction (14). Sterile aqua dest was used
as a negative control.

Statistical analysis

Statistical analyses were performed using
SPSS software version 17. A descriptive analysis
was used to calculate the prevalence of the
outcome variables, each diagnosed by microscopy
and nPCR methods. The prevalence of CM
infection was expressed as a percentage. The
sensitivity and specificity of each method were
compared using microscopy and nPCR alternately
as the gold standard. Thus, when the sensitivity
and specificity of the microscopic method were
examined, nPCR was used as the gold standard,
and vice versa. Receiver Operating Characteristic
(ROC) curves of both methods were analysed
using a significance level of 5% (7).

Ethical considerations

This study was approved by the Ethical
Committee for Medical Research of the Medical
Faculty University of Brawijaya (Ethical Clearance
no. 368A/EC/KEPK/12/2012). Informed consent
was obtained from mothers or legal guardians of
all newborns.

Results

Comparison of CM diagnosis by microscopy and
nPCR

CM was diagnosed when similar Plasmodium
species were detected in both the mother’s and
infant’s peripheral blood, either by microscopy
and/or nPCR. During the one year study period,
the prevalence of CM diagnosed by microscopy
and PCR among all LBW newborns was 6.79% and
7.78% respectively. Table 1 provides a matched-
sample description of how microscopy and PCR
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performed in relation to each other, using the
alternate method as the gold standard.

In this study, discrepancies were found in
21 (22.8%) samples. The Plasmodium species
identified by each method are specified in Table
2. An example variation assessment by each
diagnostic tool is shown in Figure 1.

Accuracy of microscopy and nPCR method in
diagnosing CM

In order to determine which method showed
better accuracy, the sensitivity, and specificity
of microscopy and nPCR, using the alternative
method as the gold standard, were evaluated.
Table 3 provides a description of the accuracy of

Figure 1: Example of comparative identification

of  Plasmodium  species using
microscopy and nPCR. a) Identification
by microscopy showed trophozoites/
ring form on enlarged red blood
cell (red arrow). Active macrophage
ingesting Plasmodium is showed
by blue arrow; b) Confirmation by
PCR showed mixed infection of P.
falciparum (upper gel, 1st column,
205 bp) and P. vivax (lower gel, 1st
column, 117 bp). ¢) Identification by
microscopy showed trophozoites/
ring form on enlarged red blood cell
(white arrow) but there was an image
resembling schizont of P. falciparum
on upper field (brown arrow); d)
Confirmation by PCR showed single
infection of P. vivax (lower gel, 12th
column, 117 bp).
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Table 1: Identification of congenital malaria: comparison between microscopic and nPCR

PCR Total
Negative (%) Positive (%)
Microscopy Negative 45 (48.9) 13 (14.1) 58 (63)
Positive 8(8.7) 26 (28.3) 34 (37)
Total 53 (57.6) 39 (42.4) 92 (100)

Table 2: Identification of Plasmodium species: comparison between microscopic and nPCR

Species Diagnostic Tools
Microscopy (%) Nested PCR (%)

P. falciparum 3(8.8) 9(23.1)

P. vivax 29 (85.3) 29 (74.4)

Mixed Infection P.falciparum & P.vivax 2(5.9) 1(2.5)

Total 34 (100) 39 (100)

Table 3: Accuracy of congenital malaria diagnostic tools: comparison between microscopic and nPCR

Diagnostic Sensitivity Specificity 95% CI Pvalue
Tools (%) (%)

Microscopy 66.7 84.9 0.758 0.653 — 0.863 < 0.001*
Nested PCR 76.5 77.6 0.770 0.667 — 0.874 < 0.001%*

*significantly different (P < 0.05).
Abbreviation: AUC = Area Under Curve; CI = Confidence Interval.
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Figure 2: Summary of Receiver Operating Characteristic (ROC) plot of sensitivity and specificity of
microscopy and nPCR. a) ROC plot of microscopy method (blue line) using PCR (green line)
as a gold standard and AUC obtained was 0.758 (P < 0.001). b) ROC plot of nPCR method

(blue line) using microscopy (green line) as a gold standard and AUC obtained was 0.770
(P < 0.001).
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microscopy and nPCR in diagnosing CM, while
Figure 2 shows a comparison of the ROC curves
obtained using each method.

Discussion

In this study, nPCR yielded a slightly higher
prevalence of CM among LBW newborns (7.78%)
than microscopy (6.79%). In malaria endemic
areas, CM is considered as a rare consequence of
malaria infection among pregnant semi-immune
women; its prevalence varies from 0 to 23%.
The reasons that have been suggested for this
variability include: (i) differences in the definition
of CM; (ii) levels of maternal immunity; (iii) the
type of blood sample examined (peripheral blood
of neonates or cord blood); (iv) the expertise in
blood smear examinations; (v) the method of
parasite detection (Giemsa staining or PCR);
or even (vi) a reflection of true environmental
differences (11). In this study, blood smears were
evaluated by an expert at the central education
centre. However, in real situations at TC Hillers
Hospitals or in other remote endemic areas, blood
smears would be evaluated only by a local analyst,
and the results would be dependent on available
technical support and skill. This condition would
probably increase the gap between CM prevalence
diagnosed by both methods and would give
different results from this study. However, due
to the prohibition of local culture, blood samples
were only taken from peripheral blood, instead of
cord blood; thus, this could affect the magnitude
of the actual prevalence of CM.

A previous study in Africa stated that nPCR
has been used and considered a molecular gold
standard for detecting human malaria parasites
since 1999 (15). In recent years, PCR has been
developed as a malaria diagnostic tool, and
many studies have demonstrated its ability to
detect mixed infections and infections with low
parasite densities.5 The present study is the first
analytical report comparing microscopy with
nPCR for routine use in diagnosing CM at TC.
Hillers Hospital, Maumere. In this study, false
negative results from nPCR were found in eight
samples and have been re-evaluated two times.
Such cases can be confirmed by DNA sequencing;
however, due to resource limitations, sequencing
could not be performed. A possible explanation
for the discrepant results is that the false positives
observed in our study may be due to the lack
of primers targeting other human malaria
species, including P. knowlest, a simian malaria.
P. knowlesi has been reported to resemble
P. malariae and P. falciparum when viewed with
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a microscope (17). The detection threshold in the
Giemsa-stained microscopic method has been
estimated to be 50—100 parasites/pL (£ 0.001%)
under imperfect conditions. In remote areas with
less skilled microscopists and poor equipment, a
higher threshold is very likely (16). In this study,
the parasite loads in both infants (0.962 + 1.047%)
and their mothers (0.341 + 0.378%) were quite
dense, but sample quality was not ideal. Poor
blood film may cause artefacts, with bacteria,
fungi, precipitated stain and dirt, or cell debris
resembling malaria parasites. The chance of false
negative results would increase with decreasing
parasite density. The recommended number of
fields on a thick blood film requiring examination
before declaring a negative result varies from
100 to 400 (16). In this study, more mixed
infections were identified using the microscopic
method than were identified using nPCR. Another
explanation for these discrepant results is that
when one Plasmodium species is present at high
parasite density, it may inhibit the identification
of other infecting species using PCR. For example,
competition for amplification at the beginning of
the nPCR due to a high density of P. vivax may
preclude detection of P. falciparum (17).

When the diagnostic tools used in this
study were compared, nPCR was found to
be more sensitive, whereas the microscopic
method was found to be more specific. These
results were statistically significant (P < 0.001).
Previous studies in Brazil and Angola revealed
similar results (18,19). A recent meta-analysis
reported that similar studies in many countries
have demonstrated that the sensitivity of the
microscopic method varies from 34-54% and
its specificity varies from 86 to 95%. When using
microscopy as a gold standard, a false negative
result from microscopic method would consider
a positive result from nPCR to be a false positive.
Thus, the comparator would be bigger and make
the nPCR specificity lower than that of microscopy
(20). The higher sensitivity of the nPCR method
showed that it has better ability to detect malaria
parasites, although nPCR requires more time
and is costly (6,20).

In this study, we also found a predominance
of P. vivax infection in CM cases. Little is known
about the effects of P. vivax during pregnancy or
on infant outcomes. P. vivax caused markedly
fewer cases of severe or fatal malaria than
P. falciparum, which may explain the lack of
severe illness or death among cohort studies,
even on delay in identification and treatment.
P. vivax generally predominates in areas where
overall Plasmodium transmission is less intense,
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and thus, protective immunity to P. vivax is not
as commonly acquired as in areas with intense
transmission (21).

Conclusion

In remote areas, microscopy remains the
most appropriate diagnostic tools for CM, but
nPCR should be considered as a complementary
test because of its superiority, feasibility, and cost
effectiveness.
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