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CHAPTER 7. COMPARISON OF DIAGNOSTIC TESTS FOR THE DIAGNOSIS
OF PLACENTAL MALARIA AT DELIVERY

7.1 Abstract

Background

Diagnosis of placental malaria by microscopy is complicated by the absence
of malaria parasites in peripheral blood, caused by sequestration of parasites
in the placenta. Rapid diagnostic tests (RDTs) are considered an alternative
but assessment of their potential to detect placental malaria is limited. In
order to evaluate the best method for diagnosis, PCR, microscopy and com-
mercial RDTs were tested at delivery for their diagnostic accuracy under field
conditions. Additionally, newly developed antibodies were evaluated for their
ability to diagnose placental malaria.

Methods

Peripheral- and placental blood were collected from pregnant women at de-
livery at the district hospital of Nanoro and antenatal clinic in Nazounga,
Burkina Faso. These specimens were screened for malaria using two com-
mercially available RDTs based on the detection of histidine rich protein
2 (HRP2) and Plasmodium lactate dehydrogenase (pLDH) and with ELISAs
based on new antibodies against against dihydrofolate reductase - thymidy-
late synthase (DHFR-TS) and heme detoxification protein (HDP) at the district
hospital of Nanoro, Burkina Faso. Blood smears and placental impression
smears were prepared for microscopy and blood was spotted on filter paper
for Real-Time PCR (RT-PCR). Diagnostic accuracy (sensitivity and specificity)
was determined of all tests compared to impression smear of placental tissue
and microscopy of peripheral blood as reference tests.

Results and conclusions

From January to September 2011, 164 women were recruited. RT-PCR and
the HRP2-RDT with peripheral blood had the highest sensitivity (85.7% [95%
CI: 64-97%]) compared to the placental impression smear as a reference test.
The test with the highest specificity compared to the impression smear was
placental blood microscopy (100.0% [95% CI: 97-100%]), followed by the
pLDH-RDT and microscopy of peripheral blood (97.8% [95% CI: 94-100%]).
In conclusion, although none of the evaluated tests with peripheral blood
had a sensitivity of at least 90%, both RDTs and the RT-PCR are more ac-
curate alternatives for the diagnosis of placental malaria at delivery than mi-
croscopy. However, because the HRP2-RDT has problems with antigen per-
sistence, care should be taken when using this RDT on women with previous
malaria episodes.
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7.2. BACKGROUND

7.2 Background

Infection of the placenta with Plasmodium falciparum is related to poor birth
outcome and it adversely affects maternal health [4,11,12]. In low-transmission
areas, malaria infection in pregnancy usually presents as a symptomatic, se-
vere disease that can result in death of mother and foetus [12]. In high-
transmission areas, however, malaria infection rarely results in symptomatic
disease in multiparous women due to acquired immunity and the main im-
pact in these areas is malaria-related maternal anaemia, low birth weight,
and stillbirth [12].

Diagnosis of malaria during pregnancy by microscopy is often complicated
by the absence of parasites in peripheral blood, due to sequestration of par-
asites in the placenta [5, 33,57,92]. Accurate detection of parasite infection
in the placenta requires examination of histological sections of fixed placental
tissue, but can only be performed after delivery [5,39,59]. It is therefore nec-
essary to detect the placental infection in the peripheral blood to initiate timely
treatment. There is a need for alternatives to microscopy, such as detection
of antigens by rapid diagnostic tests (RDTs) that can detect antigen in the cir-
culation, even when the parasites are sequestered [5]. Commercially available
RDTs for malaria all detect either histidine rich protein 2 (HRP2), Plasmod-
ium lactate dehydrogenase (pLDH) or aldolase or a combination of these anti-
gens [62,63]. Other options are DNA or RNA detection methods, such as the
polymerase chain reaction (PCR). RDTs are being widely deployed, because of
their ease of use and relatively low cost, but their accuracy for the diagno-
sis of placental malaria has not been extensively evaluated against suitable
reference tests [5]. Therefore, the aim of the present study was to evaluate
the accuracy of an HRP2-based and a pLDH-based RDT for the diagnosis of
placental malaria in peripheral- and placental blood and compare them to
PCR and microscopy. In addition, two antibodies that were recently gener-
ated against dihydrofolate reductase - thymidylate synthase (DHFR-TS) and
heme detoxification protein (HDP) respectively [180], which are present in all
four malaria species, were evaluated in a direct ELISA to assess their capacity
to detect placental malaria.

7.3 Methods

Study area and population

The study was conducted at the district hospital of Nanoro and antenatal
clinic in Nazounga, Boulkiemdé Province, Burkina Faso from January to
September 2011. The study area has been previously described [190, 194].
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The study population comprised pregnant women enrolled in a study on the
safety and efficacy of artemisinin-based combination treatments (ACTs) for
the treatment of malaria in pregnant women, who presented at the facil-
ity for childbirth in the study period. The ACT study (Safe and efficacious
Artemisinin-based combination treatments for African pregnant women with
malaria [PREGACT]; Institute of Tropical Medicine, Belgium) is registered at
clinicaltrials.gov; (NCT00852423) and the results will be presented elsewhere
when the study is completed. Ethical approval to conduct this study in con-
junction with the PREGACT-trial was obtained from the University Hospital
in Antwerp (registration number ITG 10 30 2 732), and from the Institutional
Ethics committee of Centre Muraz, Burkina Faso (registration number 019-
2010/CE-CM).

Study design and sample collection

Pregnant women who were enrolled in the PREGACT trial and presented for
delivery were included in this study. In the PREGACT trial, pregnant women
were screened for malaria during antenatal care (ANC) with an RDT. If malaria
infection was confirmed by microscopy and informed consent was provided,
the women were allocated to one of three specific ACT treatments (Artesunate-
Amodiaquine, Arthemeter-Lumefantrine or Artesunate-Mefloquine). After treat-
ment, the women were followed actively for 63 days at regular intervals and
subsequently encouraged to attend ANC monthly and to deliver at the health
facility. At each visit blood was examined microscopically for malaria para-
sites and if positive, treatment with quinine was prescribed. Peripheral blood
was collected at delivery or within a few hours after delivery for the PRE-
GACT trial, and an aliquot (250-500 µL) was separated in an EDTA tube
(microvette, Sarstedt or capĳect, Terumo) for this study. Clinical and ob-
stetric data were collected. Placental blood (250-500 µL) was pooled at an
incision site on the maternal side of the placenta and transferred to an EDTA
tube (microvette, Sarstedt or capĳect, Terumo) and a piece of placental tissue
from the incision site was used to prepare an impression smear, as previously
described [60, 195]. The women received treatment for malaria if positive in
peripheral blood by microscopy, according to the guidelines from the PRE-
GACT trial. HIV voluntary counselling and testing and subsequent HIV care
was provided by existing HIV care services according to the national policy.
HIV infected pregnant women not requiring cotrimoxazole prophylaxis or an-
tiretroviral treatment could be included in the study and were managed ac-
cording to the national policy. HIV-status was not collected for the purpose
of this study, but prevalence of HIV infection in pregnant women in the area
was estimated to be between 1-5% [196]. The peripheral and placental blood
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samples were transferred to the lab where thick and thin blood smears were
prepared and blood was spotted on filter paper for PCR. Two RDTs, SD Bioline
Malaria Antigen P.f. (HRP2) (Standard Diagnostics Inc.) and Advantage Mal-
card, Pf and PAN (pLDH) (J. Mitra & Co), were performed on both placental
and peripheral blood. After performing the RDTs, microscopy and PCR spots,
the blood samples were stored at 4◦C, because of prior unavailability of the
ELISAs detecting the antigens DHFR-TS and HDP. For part of the women, the
Advantage Malcard was performed on stored blood as well, due to temporary
unavailability of the test. After a maximum of nine months storage, the blood
was tested with the ELISAs.

Laboratory procedures

Peripheral and placental blood was applied to the two RDTs according to the
procedures described by the manufacturers. The test operators were blinded
from each other’s test result, although the RDTs for placental and periph-
eral blood were performed and analyzed at the same time for most patients.
Microscopic examination of peripheral and placental blood and impression
smear was performed according to international guidelines by local expert
microscopists [189,190,194].

Peripheral and placental blood was spotted on Whatman 903 protein saver
cards, air dried and stored at room temperature in sealed satchels with des-
iccant until transport and further processing in the Netherlands. DNA was
isolated from the protein saver cards according to the Boom method [186,190].
A P. falciparum specific 18s rDNA RT-PCR was performed on a CFX96TM real-
time PCR detection system (BioRad) with a FAM-labelled Taqman probe as
previously described [83,187,190]. In case of discordant results in the dupli-
cates (i.e. one positive result and one negative result), the RT-PCR reaction
of that sample was repeated. Samples were not considered positive until they
gave a signal in at least two of the duplicates.

For the ELISA, 37.5 µL of peripheral or placental blood was lysed with 75
µL of distilled water, then mixed with an equal volume of 50 mM sodium
carbonate pH 9.6 and coated on ELISA plates (medium binding, Greiner)
overnight at 4◦C. The next day wells were washed three times with PBS, 0.1%
Tween-20 (PBST). Subsequently, the ELISAs were performed with α-HDP H16
(5µg/mL) or α-DHFR-TS D20 (5 µg/mL) as described before [190]. Each sam-
ple was tested with each antibody in duplicate.

Data collection and statistical analysis

Sample size was calculated to determine a sensitivity and specificity of at
least 90% ± 10% with a drop out of 10% of samples, resulting in at least
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40 patients positive by the HRP2-RDT to be recruited [192]. For the ELISA
all HRP2-RDT positive women (in any blood type) and a random set of the
same number of women with negative HRP2-RDT result were tested, due to
limited availability of reagents and little encouraging prior test results [194].
The negative samples were numbered chronologically and a list of random
numbers was generated in EpiCalc2000 (v1.02) and the samples were chosen
accordingly. Demographic, clinical and obstetric data, including Hb-value
measured by haemocue and axillary temperature, which were collected for the
PREGACT-trial, as well as test outcome were collected on case record forms
and entered in an Access database (Microsoft 2003). Calculations, includ-
ing those for sensitivity, specificity and prevalence, were performed in STATA
(Special edition 11.2, StataCorp LP). Kappa-values were calculated to mea-
sure the level of agreement between the diagnostic tests. A two-group mean
comparison t-test was performed to analyse the differences of the means of
the investigated factors (parasite density, gravidity, age, axillary temperature,
Hb-value) for positive and negative test results. Shapiro-Wilk test was used
to test for normality (W > 0.9). Not-normal distributed variables (parasite
densities) were log-transformed resulting in normally distributed values for
the analyses. Pearson’s chi-squared test was used to determine the difference
between the proportions of test outcome for different administered treatments
and for treatment ≤28 days or >28 days of delivery. p-values below 0.05 were
considered statistically significant.

Tabel 7.1 Characteristics of study participants
SD: standard deviation

Primi- & Secundigravidae Multigravidae
(N = 80) (N = 83)

Mean (SD) age [yr] 20.2 (2.6) 27.9 (4.2)
Mean (SD) temperature [◦C] 36.9 (0.6)† 36.9 (0.4)†

Mean (SD) hemoglobin [g/dL] 11.6 (1.4) 11.6 (1.4)
Mean (SD) gestational age [weeks] 38.8 (1.7)§ 39.3 (1.4)§

Mean (SD) gravidity [# of pregnancies] 1.4 (0.5) 4.4 (1.3)
Geometric mean parasite density (range)
by impression smear [parasites per µl]

20429 (750-346875)‡ 24249 (2393-152500)‡

Geometric mean parasite density (range)
by peripheral microscopy [parasites per µl]

4762 (654-35240)£ 2294 (24-22341)£

† primi-/secundigravidae N = 58 & multigravidae N = 57
§ primi-/secundigravidae N = 73 & multigravidae N = 75
‡ primi-/secundigravidae 15/77 positive & multigravidae 6/81 positive by impression smear
£ primi-/secundigravidae 11/80 positive & multigravidae 7/83 positive by peripheral microscopy
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Peripheral blood N=3  

Impression smear N=6 

Placental 
blood     
N=5 

N=10 

Figure 7.1 Overview of patients positive by microscopy per sample source: peripheral

blood, placental blood and impression smear of placental tissue

In total 24/164 women were positive in at least one of these three tests; 18/164 in peripheral
blood; 5/164 in placental blood and 21/159 by impression smear.

7.4 Results

Characteristics of study subjects

Blood samples of 164 pregnant women at delivery were collected from January
to September 2011. The included women were evenly distributed along the
treatment arms: 34.8% (57/164) had been treated with mefloquine-artesunate,
30.5% (50/164) with artemether-lumefantrine and 34.8% (57/164) with amo-
diaquine-artesunate. After the initial ACT treatment, 23.8% (39/164) received
malaria treatment (quinine) for a new malaria episode during follow up. The
number of days between any antimalarial treatment and delivery could be
analyzed for 145 women, and 13.8% (20/145) received treatment within 28
days before delivery, which might result in persisting HRP2 antigen after a
cleared infection [190]. The characteristics of the included women are listed
in Table 7.1, but were missing for one woman, because the listed identifica-
tion number did not match her delivery date and the correct number could
not be retrieved. Eleven of the 148 (7.4%) women of whom gestational age was
documented had a preterm delivery and all women (163) except one had a live
birth. Of the women, 28.2% (46/163) were primigravidae, 20.9% (34/163)
secundigravidae and the remaining women (83/163) were multigravidae, with
gravidity ranging from 2 to 8. A smaller proportion of multigravidae were
infected with malaria parasites than primi- and secundigravidae (Table 7.1).
Haemoglobin levels ranged from 7.9 to 15.0 g/dL, and only one woman had
severe anaemia (Hb value <8.0 g/dL). An axillary temperature above 37.5◦C
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was encountered in 7 of the 115 women whose temperature was recorded,
5 of which were primi- (3/7) or secundigravidae (2/7). Both peripheral and
placental blood of all women was tested with microscopy, RT-PCR, and the
two RDTs.

Tabel 7.2 Level of agreement between the diagnostic tests in placental blood expressed as
percentage agreement (Kappa-value ± standard error)
A kappa value <0.20 is considered a poor agreement; 0.21-0.40 fair; 0.41-0.60 moderate;
0.61-0.80 good; 0.81-1.00 very good. p<0.05 for all comparisons, except for comparisons with
ELISA.

Test Impression
smear

Microscopy HRP2-
RDT

pLDH-
RDT

RT-PCR DHFR-TS
ELISA

Microscopy 89.9%
(0.35±0.06)

x x x x x

HRP2-
RDT

94.3%
(0.75±0.08)

90.2%
(0.35±0.06)

x x x x

pLDH-
RDT

94.3%
(0.74±0.08)

91.5%
(0.39±0.06)

96.3%
(0.83±0.08)

x x x

RT-PCR 88.1%
(0.56±0.08)

83.5%
(0.23±0.05)

92.1%
(0.71±0.08)

89.6%
(0.61±0.07)

x x

DHFR-TS
ELISA

69.2%
(0.23±0.13)

71.7%
(0.19±0.10)

71.7%
(0.27±0.13)

73.6%
(0.31±0.13)

77.4%
(0.45±0.14)

x

HDP
ELISA

76.9%
(0.31±0.14)

79.3%
(0.18±0.12)

79.3%
(0.35±0.14)

81.1%
(0.39±0.14)

81.1%
(0.46±0.14)

73.6%
(0.33±0.13)

Tabel 7.3 Level of agreement between the diagnostic tests in peripheral blood expressed
as percentage agreement (Kappa-value ± standard error)
A kappa value <0.20 is considered a poor agreement; 0.21-0.40 fair; 0.41-0.60 moderate;
0.61-0.80 good; 0.81-1.00 very good. p<0.05 for all comparisons, except for comparisons with
ELISA.

Test Microscopy HRP2-RDT pLDH-RDT RT-PCR DHFR-TS
ELISA

HRP2-
RDT

86.0%
(0.54±0.07)

x x x x

pLDH-
RDT

96.3%
( 0.83±0.08)

88.4%
(0.63±0.07)

x x x

RT-PCR 86.6%
(0.55±0.07)

86.0%
(0.62±0.08)

86.6%
(0.57±0.07)

x x

DHFR-TS
ELISA

54.7%
(0.07±0.12)

49.1%
(-0.02±0.14)

49.1%
(-0.05±0.12)

43.4%
(-0.15±0.14)

x

HDP
ELISA

52.8%
(0.009±0.12)

50.9%
(0.02±0.14)

50.9%
(-0.03±0.13)

56.6%
(0.11±0.14)

71.7%
(0.43±0.14)

Test outcome and comparison between peripheral and placental
blood

Parasites were seen by microscopy in 14.6% (24/164) of women, of which
five cases were positive in placental-, peripheral blood and impression smear
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(Figure 7.1). In specimens of the other 140 women no parasites were de-
tected by microscopy. With the SD Bioline RDT (HRP2), 12.8% (21/164) of
the women had a positive test result in placental and peripheral blood, and an
additional 20 women were positive only in peripheral blood. With the Advan-
tage Malcard RDT (pLDH), 9.1% (15/164) were positive in both placental and
peripheral blood. There were, however, four women positive only in placental
blood and seven positive only in peripheral blood, and these seven peripheral
samples were positive in the HRP2-RDT as well. The RT-PCR reactions were
positive among 40/164 cases (24.4%) in peripheral blood and from those, 24
cases were positive in placental blood as well. Additionally, eight cases were
RT-PCR positive in placental blood, but not in peripheral blood. In the DHFR-
TS ELISA 25/53 cases (47.2%) were positive in peripheral blood and nine of
those were positive in placental blood as well and an additional eight were
positive in placental blood only. In the HDP ELISA 24/53 cases (45.3%) were
positive in peripheral blood and nine of those were positive in placental blood
as well and an additional two were positive in placental blood only.

Test agreement

The test agreement and kappa-values were determined comparing all tests in
placental blood (Table 7.2) and peripheral blood (Table 7.3). Both RDTs were in
good agreement with the impression smear and agreement of the RDTs with
each other was good (Table 7.2 Table 7.3). The RT-PCR, however, showed
moderate agreement with the impression smear and microscopy (Table 7.2).
The pLDH RDT had very good agreement with microscopy in peripheral blood
(Table 7.3). The ELISAs proved to be in moderate agreement with RT-PCR in
placental blood, but agreed poorly with other tests, especially in peripheral
blood (Table 7.2 and Table 7.3).

Accuracy with placental blood microscopy as reference test

Only five cases were positive with microscopy in placental blood, and these
five cases were also detected by most of the other tests in peripheral and pla-
cental blood, except with the ELISAs. Malaria parasites were found in 13.2%
(21/159) of placentas upon examination of the impression smears of placental
tissue. If this test was used as a reference test, sensitivities of the HRP2-RDT
and RT-PCR with peripheral blood were highest with 85.7% [95% CI: 64-97%]
(Table 7.4). Specificity was highest for microscopy of placental blood (100.0%
[95% CI: 97-100%], closely followed by the pLDH-RDT on placental blood and
microscopy of peripheral blood (97.8% [95% CI: 94-100%]) (Table 7.4). The
sensitivity of the ELISAs on both blood types was low, as well as the specificity,
which was higher with placental blood (Table 7.4).
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Tabel 7.4 Sensitivity and specificity with 95% confidence interval (CI) of different index
tests with peripheral and placental blood, compared to impression smear of placental
tissue as reference test

Index test with peripheral blood N Sensitivity 95% CI Specificity 95% CI
Microscopy 159 71.4% 48 - 89% 97.8% 94 - 100%
SD Bioline RDT (HRP2) 159 85.7% 64 - 97% 84.8% 78 - 90%
Advantage Malcard RDT (pLDH) 159 76.2% 53 - 92% 96.4% 92 - 99%
RT-PCR 159 85.7% 64 - 97% 84.8% 78 - 90%
DHFR-TS ELISA 52 45.5% 17 - 77% 51.2% 35 - 67%
HDP ELISA 52 54.5% 23 - 83% 56.1% 40 - 72%
Index test with placental blood N Sensitivity 95% CI Specificity 95% CI
Microscopy 159 23.8% 8 - 47% 100.0% 97 - 100%
SD Bioline RDT (HRP2) 159 76.2% 53 - 92% 97.1% 93 - 99%
Advantage Malcard RDT (pLDH) 159 71.4% 48 - 89% 97.8% 94 - 100%
RT-PCR 159 76.2% 53 - 92% 89.9% 84 - 94%
DHFR-TS ELISA 52 54.5% 23 - 83% 73.2% 57 - 86%
HDP ELISA 52 45.5% 17 - 77% 85.4% 71 - 94%

Accuracy with peripheral blood microscopy as reference test

The accuracy with peripheral blood microscopy as reference test was deter-
mined in order to allow comparison to previously published results. RT-PCR
and the HRP2-RDT both detected all peripheral cases detected by microscopy
(100.0% [95% CI: 81-100%]); although they also detected some additional
cases, resulting in lower specificities (Table 7.5). The ELISAs and placental
blood microscopy performed poorly compared to peripheral blood microscopy
as reference test and the pLDH-RDT performed well (Table 7.5).

Tabel 7.5 Sensitivity and specificity with 95% confidence interval (CI) of different index
tests with peripheral blood or placental blood, compared to microscopy of peripheral blood
as reference test

Index test with peripheral blood N Sensitivity 95% CI Specificity 95% CI
SD Bioline RDT (HRP2) 164 100.0% 82 - 100% 84.2% 77 - 90%
Advantage Malcard RDT (pLDH) 164 94.4% 73 - 100% 96.6% 92 - 99%
RT-PCR 164 100.0% 82 - 100% 84.9% 78 - 90%
DHFR-TS ELISA 53 53.8% 25 - 81% 55.0% 39 - 71%
HDP ELISA 53 46.2% 19 - 75% 55.0% 39 - 71%
Index test with placental blood N Sensitivity 95% CI Specificity 95% CI
Microscopy 164 27.8% 9.7 - 54% 100.0% 98 - 100%

Accuracy with impression smear and peripheral microscopy
combined as reference test

In this study, three cases of peripheral infection were found without any evi-
dence of placental infection. Therefore, if the outcomes of both microscopy of
peripheral blood and the impression smear are combined, we can determine
which of the alternative methods with peripheral blood was most accurate
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at detecting any malaria infection in pregnant women. In this case, both
the HRP2-RDT and RT-PCR had the highest sensitivity (87.5% [95% CI: 68-
97%]) and the pLDH-RDT had significantly higher specificity (97.1% [95% CI:
93-99%]) (Table 7.6).

Tabel 7.6 Sensitivity and specificity with 95% confidence interval (CI) of different index
tests with peripheral blood, compared to microscopy of peripheral blood combined with
impression smear as reference test

Index test with peripheral blood N Sensitivity 95% CI Specificity 95% CI
SD Bioline RDT (HRP2) 164 87.5% 68 - 97% 85.7% 79 - 91%
Advantage Malcard RDT (pLDH) 164 75.0% 53 - 90% 97.1% 93 - 99%
RT-PCR 164 87.5% 68 - 97% 86.4% 80 - 92%

Tabel 7.7 Difference in mean parasite density for positive and negative test results
Mean parasite density (PD) determined with RT-PCR expressed as parasites/µl with 95% confi-
dence interval (CI) of different index tests with peripheral and placental blood of PCR-positive
samples (N = 40 for placental blood and N = 32 for peripheral blood). Parasite densities were
log-transformed for the analysis. A two-group mean comparison t-test was used to calculate
p-values (bold p-values are statistically significant).

Index test mean PD for
positive test
result

95% CI mean PD for
negative test
result

95% CI p-value

Peripheral blood
Microscopy 749.4 301 - 1866 5.9 2 - 16 <0.0000
SD Bioline RDT (HRP2) 166.1 55 - 504 2.5 1 - 5 <0.0000
Advantage Malcard
RDT (pLDH)

792.3 374 - 1678 3.4 2 - 7 <0.0000

Placental blood
Microscopy 4757.5 29 - 772927 18.2 6 - 54 0.0006
Impression smear 395.4 63 - 2468 4.1 1 - 12 0.0001
SD Bioline RDT (HRP2) 192.8 36 - 1023 3.6 1 - 11 0.0012
Advantage Malcard
RDT (pLDH)

431.7 83 - 2250 3.2 1 - 8 <0.0000

Factors related to positive test results

The factors parasite density by PCR, gravidity, axillary temperature and age
were significantly different between positive and negative test results in pe-
ripheral and placental blood, albeit not for all the diagnostic tests that were
examined. Mean parasite densities determined by RT-PCR were significantly
higher with a positive test result in all tests with placental- and peripheral
blood (Table 7.7). The proportion of women with a positive test outcome was
significantly larger for primi- and secundigravidae than multigravidae with the
impression smear and both RDTs with placental blood (Table 7.8). Mean age
was significantly lower with a positive HRP2-RDT result (in peripheral- and
placental blood), positive microscopy result (in peripheral blood) and positive
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pLDH-RDT result (in placental blood) (Table 7.9). Mean axillary tempera-
ture was significantly higher with a positive test result with microscopy in
peripheral- and placental blood, with the impression smear of placental tis-
sue and with the pLDH-RDT and RT-PCR in peripheral blood (Table 7.10).
There was no significant difference in proportion of women with a positive
test outcome for the different types of ACT treatment (mefloquine-artesunate,
artemether-lumefantrine, amodiaquine-artesunate). However, there was a
significantly larger proportion with a positive test outcome with the pLDH-
RDT with peripheral blood (p = 0.042) and RT-PCR with placental blood (p =
0.004) amongst women that received quinine during follow up to treat a sec-
ond malaria episode. HRP2, the antigen detected by the RDT, can persist in
the circulation for up to 28 days after the parasites have been cleared [190].
The proportion of women with a positive test outcome was significantly larger
for the HRP2-RDT with peripheral blood and RT-PCR with placental blood in
the cases where antimalarial treatment was administered within 28-days of
delivery (Table 7.11).

Tabel 7.8 Proportion of positive test outcome with 95% confidence interval (CI) between
primi- and secundigravidae and multigravidae of different index tests with peripheral and
placental blood (N = 163).
A Pearson’s chi-squared test was used to calculate p-values (bold p-values are statistically sig-
nificant).

Index test proportion
positive primi-
& secundi-
gravidae

95% CI proportion
positive
multigravi-
dae

95% CI p-value

Peripheral blood
Microscopy 13.8% 6.1 - 21.4 8.4% 2.4 - 14.5 0.279
RT-PCR 27.5% 17.6 - 37.4 21.7% 12.7 - 30.7 0.389
SD Bioline RDT
(HRP2)

30.0% 19.8 - 40.2 20.5% 11.7 - 29.3 0.161

Advantage Malcard
RDT (pLDH)

17.5% 9.1 - 25.9 9.6% 3.2 - 16.1 0.142

Placental blood
Microscopy 3.8% -0.5 - 8.0 2.4% -0.9 - 5.8 0.620
Impression smear 19.5% 10.5 - 28.5 7.4% 1.6 - 13.2 0.025
RT-PCR 25.0% 15.4 - 34.6 14.5% 77.9 - 93.2 0.090
SD Bioline RDT
(HRP2)

20.0% 11.1 - 28.9 6.0% 0.8 - 11.2 0.008

Advantage Malcard
RDT (pLDH)

17.5% 9.1 - 25.9 6.0% 0.8 - 11.2 0.022
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Tabel 7.9 Difference in mean age with 95% confidence interval (CI) for positive and
negative test results of different index tests with peripheral and placental blood (N = 163)
A two-group mean comparison t-test was used to calculate p-values (bold p-values are statisti-
cally significant).

Index test mean age
positive
test result

95% CI mean age
negative
test result

95% CI p-value

Peripheral blood
Microscopy 21.7 19.7 - 23.7 24.4 23.5 - 25.3 0.0402
RT-PCR 23.2 21.6 - 24.7 24.4 23.5 - 25.4 0.1835
SD Bioline RDT (HRP2) 22.4 20.9 - 23.9 24.7 23.7 - 25.6 0.0148
Advantage Malcard
RDT (pLDH)

22.1 19.8 - 24.4 24.4 23.6 - 25.3 0.0520

Placental blood
Microscopy 23.2 19.6 - 26.8 24.1 23.3 - 25.0 0.6948
Impression smear 22.3 20.3 - 24.4 24.4 23.5 - 25.2 0.0929
RT-PCR 23.4 21.5 - 25.4 24.3 23.4 - 25.2 0.4201
SD Bioline RDT (HRP2) 21.6 19.3 - 23.8 24.5 23.6 - 25.3 0.0170
Advantage Malcard
RDT (pLDH)

21.3 19.4 - 23.1 24.5 23.6 - 25.4 0.0114

Tabel 7.10 Difference in mean axillary temperature with 95% confidence interval (CI) for
positive and negative test results of different index tests with peripheral and placental
blood (N = 115)
A two-group mean comparison t-test was used to calculate p-values (bold p-values are statisti-
cally significant).

Index test mean
temperature
positive test
result

95% CI mean
temperature
negative
test result

95% CI p-value

Peripheral blood
Microscopy 37.3 36.8 - 37.7 36.9 36.8 - 37.0 0.0087
RT-PCR 37.1 36.8 - 37.3 36.9 36.8 - 37.0 0.0491
SD Bioline RDT (HRP2) 37.0 36.7 - 37.2 36.9 36.8 - 37.0 0.4788
Advantage Malcard
RDT (pLDH)

37.2 36.8 - 37.6 36.9 36.8 - 37.0 0.0155

Placental blood
Microscopy 37.4 36.2 - 38.5 36.9 36.8 - 37.0 0.0467
Impression smear 37.2 36.8 - 37.6 36.9 36.8 - 37.0 0.0454
RT-PCR 37.0 36.8 - 37.3 36.9 36.8 - 37.0 0.2201
SD Bioline RDT (HRP2) 37.1 36.7 - 37.5 36.9 36.8 - 37.0 0.2087
Advantage Malcard
RDT (pLDH)

37.1 36.7 - 37.5 36.9 36.8 - 37.0 0.1255

7.5 Discussion

Research on the diagnostic accuracy of RDTs and PCR for the diagnosis of pla-
cental malaria was limited, therefore in the present study, diagnostic tests,
including two RDTs, were evaluated in pregnant women presenting for de-
livery in a high malaria-transmission area. Very few malaria infections were
encountered with microscopy in placental blood to the RDTs, PCR, and the
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Tabel 7.11 Proportion of positive test outcome with 95% confidence interval (CI) between
an interval between treatment and delivery of ≤28 days or >28days of different index tests
with peripheral and placental blood (N = 150).
A Pearson’s chi-squared test was used to calculate p-values (bold p-values are statistically
significant).

Index test proportion
positive ≤28
days
interval

95% CI proportion
positive >28
days
interval

95% CI p-value

Peripheral blood
Microscopy 15.0% -1.2 - 31.2 9.2% 4.2 - 14.3 0.423
SD Bioline RDT (HRP2) 55.0% 32.5 - 77.5 20.0% 13.0 - 27.0 0.001
Advantage Malcard
RDT (pLDH)

20.0% 1.9 - 38.1 11.5% 6.0 - 17.1 0.290

RT-PCR 30.0% 9.2 - 50.8 23.1% 15.8 - 30.4 0.500
Placental blood
Microscopy 0.0% - 3.8% 0.5 - 7.2 0.372
Impression smear 15.0% -1.2 - 31.2 11.2% 5.6 - 16,8 0.624
SD Bioline RDT (HRP2) 25.0% 5.4 - 44.6 10.0% 4.8 - 15.2 0.055
Advantage Malcard
RDT (pLDH)

15.0% -1.2 - 31.2 10.0% 4.8 - 15.2 0.500

RT-PCR 50.0% 27.3 - 72.7 14.6% 8.5 - 20.8 <0.000

impression smear of placental tissue. With all tests, more infections were
detected in peripheral blood than in placental blood. In the majority of cases
a positive test result in placental blood was related to a positive test result in
peripheral blood with the same test. Compared to the impression smear of
placental tissue as a reference test, RT-PCR and the SD Bioline RDT (HRP2)
with peripheral blood had the highest sensitivity, although specificity was
lower than that of the Advantage Malcard RDT (pLDH) and microscopy of pe-
ripheral blood. Sub-microscopic infections detected by RT-PCR, resulting in
a lower specificity, were related with a significantly lower parasite density.
The lower specificity of the HRP2-RDT in peripheral blood (84.8% [95% CI
78-90]) might be explained by persistence of parasite antigen, as has been
demonstrated before [190], and is suggested by the high proportion of pos-
itive HRP2-test results when treatment was administered within 28 days of
delivery compared to the other tests. Placental biopsies were collected from
the maternal side of the placenta, but could unfortunately not be examined
histologically before submission of this thesis. Histological examination of the
placenta might shed more light on whether or not the low specificity of the
HRP2-RDT is caused by detecting persisting antigen or if these are actual low
density infections not detected by microscopy. Examination of histological
sections of fixed placental tissue is the gold standard for diagnosing placen-
tal malaria, and would be a better reference test than placental impression
smear [5]. In the current study, both ELISAs did not have sufficient accu-
racy for the diagnosis of placental malaria compared to impression smear and
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peripheral microscopy. This is in concordance with the study amongst preg-
nant women attending antenatal care that was performed in parallel, and was
published earlier [194].

Microscopical examination of placental blood that was pooled from an in-
cision in the placenta detected far less placental infections (5/164) than mi-
croscopical examination of blood from placental tissue from the same incision
site (21/159). The slides of both sources were stained and analysed in a
similar fashion. In a study by Rogerson et al., different blood-collection tech-
niques were compared, and although they did not use an impression smear
but scraped the walls of the incision, no difference in accuracy was found in
that report [60]. In another study similar detection rates between impression
smear and placental blood microscopy were reported as well [116]. However,
many other studies use a combination of the two techniques to avoid miss-
ing infections, indicating that a difference in detection has been encountered
there as well [79,142,146].

The currently observed accuracy of peripheral microscopy, RDTs and PCR
compared to the impression smear as reference test was similar to the sum-
mary values reported in a meta-analysis of diagnostic accuracy of different
tests for malaria in pregnancy [5]. The specificity of the HRP2 RDT in periph-
eral blood was lower than the summary value of this type of test in the meta-
analysis, but this was not statistically significant [5]. The Advantage Malcard
RDT (pLDH) compared to peripheral blood microscopy as reference test per-
formed much better than the pLDH-based RDTs described in that review [5].
In the WHO-evaluation of RDTs, the Advantage Malcard RDT performed better
than other pLDH-based tests, which might be a possible explanation for this
observation [62,63]. In comparison to the parallel study of pregnant women
who presented regularly at antenatal care, the sensitivities and specificities
of the same RDTs and RT-PCR compared to peripheral blood microscopy as
reference test were higher in the present study, but this difference was not
statistically significant [194].

In high transmission areas, women are more susceptible to the effects of
malaria infection during the first and second pregnancy than in later pregnan-
cies and may develop symptomatic and even severe disease [12]. In later preg-
nancies, immunity to the pregnancy related antigen (VAR2CSA) prevents de-
velopment of severe disease unless the woman is co-infected with HIV [12,29].
In this study, little difference was found between multigravid women and
primi- and secundigravid women, although a significantly larger proportion of
primi- and secundigravidae had placental malaria as determined by impres-
sion smear and both RDTs. Low age was a risk factor for a positive test result,
which can be explained by the fact that primi- and secundigravidae are gen-
erally younger and have less acquired immunity (to both pregnancy related
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antigens and non-pregnancy related antigens) [33]. Higher axillary tempera-
ture was related with a positive test result, but fever was rare and, as expected,
mostly seen in primi- and secundigravidae. Both RDTs, including the pLDH-
RDT used in this study, which is in contrast to earlier findings [5,194], and
the RT-PCR were more accurate alternatives for the diagnosis of placental
malaria at delivery in pregnant women compared to microscopy. Where it is
important not to miss any patients with malaria (high sensitivity required)
and where the risk of antigen persistence is low (no prior treatment in last
month), HRPs-RDTs may best be used. With these tests some women will be
treated that have a false positive test result, because of low specificity, but
artemisinin-based combination treatments (ACTs) have an acceptable safety
profile in the 2nd and 3rd trimester. Secondly, the long-acting component
of the ACT can have the benefit of acting as a post-treatment prophylactic
effect. In this case, however, it is important to rule out other diseases as well.
When high specificity is required to rule out malaria infection, or when anti-
gen persistence is an issue, pLDH-based RDTs might be a better alternative.
However, none of the evaluated tests on peripheral blood had a sensitivity
of at least 90% for the diagnosis of placental malaria. Therefore, the need
for new easy-to-use diagnostic tests with better accuracy for the diagnosis of
malaria in pregnancy remains.
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