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ABSTRACT

Transmission of malaria is common in countries with tropical and subtropical. In several cases, malaria
presents in the sufferer especially in individuals that have never received treatment shortly. As the early
phase of patient identification, screening is important as an effort to eradicate malaria, in addition to the
gold standard which currently used, other diagnostic tools are needed to conduct a malaria incidence survey
to obtain comparative data using 3 diagnostic tools, goal standard checks, which are currently unable to
detect asymptomatic malaria. This study aims to compare three standard diagnostic test (Rapid Diagnostic
Test, Giemsa, and Nested Polymerase Chain Reaction) for the measurement of malaria prevalence within the
Anak Dalam Tribe community in Jambi, Indonesia. This descriptive research with a survey design was
conducted on 99 persons in Anak Dalam Tribe. It was discovered that majority of the respondents were the
adult age category (52.5%),were female (50.5%). The prevalence of this infectious disease as detected by
Rapid Diagnostic Test, microscopy, and Nested Polymeras Chain Reaction examination were 3%, 5% and
35.3% respectively. Non-Plasmodium falciparum was detected by examining samples with Rapid Diagnostic
Test, on microscope, P. vivax and P. falciparum were found, while on Nested Polymerase Chain Reaction,
two bands at 120bp and 205bp showed P. vivax and P. falciparum respectively. Nested Polymeras Chain
Reaction is more sensitive to detected asymptomatic malaria, however, Rapid Diagnostic Test and Giemsa
sensitive with parasitemia threshold.
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ABSTRAK

Penularan malaria sering terjadi di negara-negara tropis dan subtropis. Dalam beberapa kasus, malaria
muncul pada penderitanya tanpa gejala, terutama pada individu yang tidak pernah mendapatkan pengobatan
dalam waktu dekat. Skrining malaria sebagai awal identifikasi pasien penting dilakukan sebagai upaya
pemberantasan malaria, selain baku emas yang saat ini digunakan, diperlukan alat diagnostik lain untuk
melakukan survei kejadian malaria untuk mendapatkan data pembanding menggunakan 3 alat diagnostik,
pemeriksaan dengan baku emas saat ini tidak EBpat mendeteksi malaria asimptomatik. Penelitian ini
bertujuan untuk membandingkan uji diagnostik (Rapid Diagnostic Test, Pewarnaan Giemsa, dan Nested
Polymerase Chain Reaction) untuk pengukuran prevalensi malaria pada suku anak dalam, Jambi, Indonesia.
Penelitian deskriptif dengan desain survei ini dilakukan pada 99 orang di suku anak dalam. Ditemukan bahwa
mayoritas responden adalah kategori usia dewasa (52,5%), dengan jenis kelamin perempuan (50,5%).
Prevalensi penyakit menular ini yang terdeteksi dengan pemeriksaan rapid diagnostic test, mikroskop, dan
nested nested polymerase chain reaction berturut-turut adalah 3%, 5% dan 35,3%. Non-plasmodium
falciparum terdeteksi dengan memeriksa sampel dengan metode rapid diagnistic test, pada mikroskop
ditemukan P. vivax dan P. falciparum, sedangkan pada nested nested polymerase chain reaction, dua pita
pada 120bp dan 205bp masing-masing menunjukkan P. vivax dan P. falciparum. Nested nested polyvmerase
chain reaction lebih sensitif untuk mendeteksi malaria tanpa gejala, namun rapid diagnostic test dan Giemsa
sensitif pada malariﬁdcngan ambang parasitemia.

Kata kunci: suku anak dalam, pewarnaa giemsa, malaria, polymerase chain reaction, dan rapid diagnostic
test.
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Introduction

Malaria is the most predominant human protozoan a]fection in the world, since at the
present, its burden remains high globally.! Furthermore, the transmission of malaria is common in
countries with tropical and subtropical climates. There were 217 and 219 million cases in the world
in 2016 and 2017 respectively. Also, 3-4 billion people in 92 countries were highly susceptible to
this disease, and the number of those that died was 435,000. The highest occurrence recorded was
in Africa, with an estimated death rate of 93%, while 61% of the cases occurred in children under 5
years.’

In Indonesia, the morbidity caused by malaria has decreased from 0.99 per 1000 population
to 0.68 between 2017 and 2018 with a total number of 180,205 people that tested positive. Jambi is
one of the provinces of Sumatra in this country, which has a morbidity rate of 0.03 per 1000
population with up to 121 positive individuals.> The endemic areas in this region are generally
remote villages with poor environmental conditions, difficult access to communication and
transportation facilities, unavailability of health services, low socio-economic and educational
levels, as well as poor community behavior towards healthy living. Meanwhile, the Batang Hari
Regency has the highest value of 0.042 cases per 1000 people.*

Malaria often presents without symptoms, which is asymptomatic, especially in individuals
that have never received treatment shortly.” Furthermore, the inability to visibly observe this
condition in sufferers is due to the body’s immune system that controls parasites, even though it
does not completely heal, as there could be persistent fever or sometimes no sign at all. Parasitic
density is the reason why the causative organism of this disease cannot be detected by rapid
diagnostic test, and microscopic examination, but can be identified by polymerase chain reaction.®’

There are several types of malaria tests that can be done, which include "Gold standard" of
Plasmodium examination by microscopy using Giemsa staining. In addition, correct identification
of the four species that cause such infection in humans and the level of detection with a
microscope are highly dependent on the examiner's experience, proper staining, proper handling of
the device, and time spent to check each slide.* RDT is one of the diagnostic technologies for the
aforementioned test which combines immunochromatographic capture procedures with conjugated
monoclonal antibodies that provide indicators of infection. It is considered to be quite sensitive
with a parasitic density of 500/pl compared to the gold standard, but the sensitivity diminishes with
decreasing density.'"'""?

Another method of diagnosis is PCR, which is an examination technique that involves the
synthesis of nucleic acids or certain genes enzymatically, in order to obtain double of the genetic

material of certain species. Therefore, making this process to be very accurate and specific to
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Plasmodium sp species contained in erythrocytes.!” Multiplex PCR is often used for confirmation
in laboratory diagnosis of malaria when examination with Giemsa is considered vague and
dubious." Furthermore, this method is also very good when used in comparative studies for

measuring the sensitivity of diagnostic tools between RDT and microscopy.'®

This polymerase
chain reaction has several advantages in detecting plasmodium compared to real-time polymerase
chain reaction.’

Anak Dalam Tribe is situated in the interior of the Jambi forest, with a population of 3,205
people living in the administrative area of the following regencies; Merangin, Sarolangun, Batang
Hari, Tanjung Jabung Barat, Tebo and Bungo in 2010. Due to their location, ADT are very
vulnerable to malaria.'*'® The lack of information is due to the nomadic culture of this tribe,
thereby making it difficult to obtain accurate data on overall health status. ADT dweels in
biodiverse forests such as long-tailed macaques allow cross-infection, with poor environmental
conditions, difficult access to communication and transportation facilities, unavailable health
services, low socio-economic and educational levels, as well as poor community behavior towards
healthy living. The impact of the lifestyle of these people, where they sleep outdoors, can
potentially cause malaria. Meanwhile, the examination has been carried out using the RDT and
microscopic methods. In addition to the current gold standard, other diagnostic tools are needed to
conduct a survey of malaria incidence on ADT to obtain comparative data using three diagnostic
tools, namely RDT, Giemsa, and Nested PCR. Furthermore, there is a need for other examination
methods that are more sensitive and specific to detect malaria, including asymptomatic malaria.
This study aims to identify the prevalence of malaria within the ADT community in Jambi by using
the three examination techniques Rapid Diagnostik Test, Giemsa stain, and Nested Polymerase

Chain Reaction.

Methob

Descriptive research with a pattern of survey was conducted in the Terap River region
Jelutih Village, Batanghari Regency, Jambi Province from October 1* to November 30", 2019.
Microscopic and molecular examinations were conducted at the Laboratory of Health Research and
Development Center Baturaja, Indonesia.

The participants were all of ADTs who were in Bukit 12 forest, Sungai Terap Jelutih
village, Batanghari district who could be met at the time of sampling based on inclusion criteria
which were willing to take a blood sample and the exclusion criteria is the people who had taken
malaria medicine before blood sampling, then the sample size was using a total sampling with the
size of 99 which met the inclusion criteria. Afterward, all the respondents carried out 3 types of

examinations, namely RDT, Microscopic and Nested PCR to assess the existence of malaria.
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This study began with an explanation of the research at the chieftain’s domain, and
respondents were selected according to the inclusion criteria. After obtaining approval, they were
asked about any complaints of shivering fever, while sampling was carried out by Balitbangkes
Baturaja Jambi laboratory experts. Specimens were obtained from peripheral blood at the
fingertips, which was preceded by an RDT, then making thin and thick sample preparations,
followed by blood dropping on a filter tissue for Nested PCR. Microscopic test was also performed
by WHO certified lab professionals who were specialized in malaria examination. However,
screening for nesting with the polymerase chain reaction was carried out by PCR specialists.
Ethical approval was obtained from the Faculty of Medicine, Universitas Sriwijaya Ethics
Committee (No. S05/KEPKRSMHFKUNSRI/2019).

Standard form of RDT was used for malaria diagnosis in ADT by the Indonesian Ministry
of Health. The middle finger was electrified using an alcoholic cotton swab, and then autoclaved,
while a lancet was used to pierce the finger. The blood that leaked out of the punctured skin at first
was wiped off, but the next was obtained with a capillary pipette until it reached the limit mark of
the tube. Then drops were made on the test kit and its buffer was added, while time and respondent
code were recorded for up to 20 minutes. Whenever the control and line 1 are formed, presence of
P. falciparum is indicated. But when there is formation of control, line 1 and 2, then the positive
mixture of Plasmodium is signified."

Thin preparations were made by placing one short side of a second glass object with a
slope of 45 degrees right on top of the blood dropped on the first. Then waited a moment until the
sample spread evenly on the side of the oblique glass, after which it was moved with a slight
pressure to a stable angle of 45 degrees until there was a thin and even spread of the droplets.
However, thick preparations were made by one drop of blood on a glass object which spreads out
to form a circle with a diameter of 1-2 cm by using the angle of another glass. After it was dried,
the thin preparations were fixed with methanol, but the counterpart was not. After fixation, both
were immersed in 2.5% or 7.5% Giemsa for 45 minutes or 15 minutes, and then flushed with
distilled water. After drying, they were observed under a microscope with an objective
magnification of 100 times using immersion oil.

The procedures for this examination include (a) Cut the paper (<25 mg) into small pieces and
place it on a 1.5 ml microcentrifuge tube. Add an ATL buffer of 180 ul and Proteinase K of 20 pl,
vortex, and incubation at 56 © C (1-3h) until there is complete lysis. For occasioné vortex during
incubation; (b) Add 200 pl AL buffer. Ensure complete vortex for 15 seconds; (c) Incubate at 70 ©
C for 10 minutes. Immediately centrifuge the tube to remove droplets on the lid; (d) Add 200 ul of
cthanol (96-100%), then vortex for 15 seconds. Instantly centrifuge the tube to remove droplets on
the lid; (e) Insert the mixture using a pipette into the QIlAamp Mini spin column (in a 2 ml

collection tube). Centrifuge again at a speed of 6000 x g (8000 rpm) for 1 minute. Remove the
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flow-through and the collection tubes; (f) Position the QlAamp in a new 2 ml collection tube and

add a 500 pl AW1 Elffer, and centrifuge at same rate as the previous for 1 minute. Remove the two
tubes; (g) Position the QIAamp Mini spin column in a new 2 ml collection tube and add a 500 pl
AW?2 buffer. Centrifuge at full speed (20,000 x g 14,000 rpm) for,d minutes. Remove the flow-
through and collection tubes; (h) Position the QIAamp in another new 2 ml collection tube (not
provided) and centrifuge at full speed for 1 minutea’['his is to avoid the possibility of the AW2
buffer getting carried away; (i) Position the QIAamp in a new 1.5 ml collection tube (not provided),
add 200 AL pure Aades or Aquades buffer and incubate at room temperature for 1 minute.
Centrifuge at 6000 x g (8000 rpm) for 1 minute to elute DNA.

These were compiled and analyzed using the Statistical Package for Social Sciences version
21 software. All the data were presented descriptively, including malaria prevalence variables and

Plasmodium species.

Results

Characteristic of respondents
Based on table 1 below, it was recorded that the majority of respondents was the adult age category

(52.5%), with female sex (50.5%)

Table 1. Respondent Characteristics (n =99)

Characteristics n{%)
Age (vear)
Children (2 - 10) 38 (38.4%)
Adolescent (11— 19) 8 (8.1%)
Adult (20 - 60) 52 (52.5%)
Elderly (60 =) 1 (1%)
Sex
Male 49 (49.5%)
Female 50 (50.5%)

Result of examination

The table 2 below shows the respondents who performed the examination, whereby 3%, 5%,
and 35.3% were positive based on the RDT, microscopic examination of giemsa stain, and PCR
test respectively.

Table 2. Result of RDT, Giemsa, Nested PCR tests (n = 99)

Positive Negative
Test n (%) n (%)
Rapid diagnostic test 3(3%) 96 (97%)
Giemsa stain 5(5%) 90 (95%)
Nested polymerase chain reaction 35(35.3%) 64 (64.7%)
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Prevalence of malaria based on RDT examination

From the test on the samples, the results showed that there were 3 positive indications of
Plasmodium non-falciparum (3%) as shown in figure 1 below. C is control, while 2 is Anti-malarial
antibody, and 1 is Anti-falciparum antibody, if a line appears on C only then it can be said to be
negative, if a line appears on C and 2 then it can be said nun falciparum infection, whereas if a line

appears on the three alphabet and numbers, namely C, 2, and 1, it can be said to be a falciparum

infection.?*

Figure 1. Sample RDT examination
(C: control; I: Non falciparum)
Prevalence of malaria based on microscopic examination
From the results obtained, 5 (5%) of the samples, were positive for Plasmodium as shown
in figure 2 below. In the blood smear, the trophozoid stage of the Plasmodium vivax parasite was

found, a ring with irregularly shaped cytoplasm and Schuffner's point in red shadow was found.

A B
Figure 2. Microscopic examination

The prevalence of malaria based on Nested PCR examination
It was discovered that out of the samples tested, 35 (35.3%) were positive, which include

Plasmodium vivax (33.66%), while only 1 showed a mixture of P. falciparum and P. vivax (0.99%)

as shown in the figure 3 below.
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MC-C+ 010203 0405 06 07 0BO9 10 11 12

Figure 3. Nested PCR Visualization (M: marker; C-: negative control; C+: positive control of
Plasmodium falciparum; 01-25: samples)

Discussion

The results generally indicated that the prevalence of malaria in the ADT Jambi Province,
Indonesia were 2.97%, 4.95%, and 34.65% by RDT microscopy and nested PCR examination
respectively. From the ecological studies carried out on the breeding sites of this disease's vector, it
was discovered that the topography and temperature of Batanghari Regency (a lowland and
swampy area) is ideal for the proliferation of the organism, namely Anopheles SP mosquitoes
which can enhance the risk of prevalence in ADT'™'®!  The discovery of people having
parasitemia proves the existence of this vector which can complete the sexual life cycle of
Plasmodium in itself and the asexual in human body. Therefore, this indicates high risk of infection
amidst the tribe.?’

A cross-sectional epidemiological study was performed to determine malaria endemicity in
the Raub Orang Asli population, Pahang Malaysia, in which 520 research subjects were examined,
and measurement was based on the widespread of parasitemia as well as splenomegaly. The
prevalence rate was 24.2%, while Plasmodium falciparum was 67.5% being the dominant species.
Children below 12 years have 3.7 times more risk compared to those who were older, but
individuals aged 2 to less than 10 years were about 38.1%. The enlargement of the spleen among
children of this category was 22.3%.”' The results showed that 3 positive non-falciparum were
detected by RDT examination. Therefore, the prevalence of the infection in this region was 2.97%
with a positive average age of 3.6 years on RDT examination. Children aged 1-5 vears and
pregnant women were vulnerable to malaria, thus, screening should be carried out by the health

workers subsequently.>*

Actually, in this study there was a similarity which showed that children
aged below 5 years were very susceptible to the infection.” RDT has the advantage of being able to

quickly determine the state of parasitemia with a fairly high density, but is less able to detect at a

10 July 2021




Suryaman et al. / Jurnal Hmu Kesehatan Masyarakat, July 2021, 12 (2):104 - 116

low number of parasites, unlike the standard gold. Out of 54 samples with a parasitic density of
50,000/ul, RDT detection in blood can be 100%, while at 50/ul, the detected value could be 75%. It
should be noted that, reduced detection ability is directly proportional to the decrease in parasitic
density for each pl of blood."!

RDT is very easy for determining the state of parasitemia due to Plasmodium infection,
with 95% detection capabilities, but this process is less sensitive in detecting non-P. falciparum. In
evaluating the HRP-2 prototype test in Thailand and Peru, the P. falciparum detected was 100% for
parasitic densities of 500/ul and 83% for less than 500/ul. Roughly, the sensitivity will decrease
with densities lesser than 500/ul of blood for P. falciparum and 5,000/l of blood for P. vivax**.
The prevalence study conducted in Equatorial Guinea with total specimens of 1,724 using
microscope, RDT, and SnM-PCR showed that 128 RDT samples (13.3%) were false negative when
compared with PC. Hence, the reason some patients did not obtain anti-malaria treatment must
have been due to whenever it is based on rapid diagnostic test alone."

This study analyzed other types of examinations namely; microscopy and PCR. The first
process was carried out on all samples, and 5 of the results obtained, showed the presence of the
Plasmodium parasite, while 3 positive RDT specimens gave same indication with this technique.
Therefore, the prevalence of the infection in this locality was 4.95% with an average age of positive
respondents being 3.8 years. The level of detection with a microscope depends on several factors,
which include the experience of the examiner, the right coloring of the slides, the proper care of the
microscope, and the time spent in examining each slide. Microscopic examination can identify 10-
30 Plasmodium /ul blood, at lower levels of parasitemia, which cannot be detected ordinarily. The
level of this detection is not achievable in endemic conditions where many samples need to be
examined in a short time.*® Thin preparations are used to detect the species of malaria parasites,
but the thick is used to determine their presence.

Giemsa staining in mixed infection cases is considered difficult to correctly identify
Plasmodium species, especially when the number of parasites that infect erythrocytes is small.*'’
This is because P. falciparum does not cause the enlargement of infected red cells, but only the ring
forms and gametocytes can be seen in peripheral blood preparations, resulting to a high parasitemia
because the total schizont produced is more than the other species.”’ Besides, some types of
Plasmodium have similar structures compared to other species such as P. knowlesi which are very
similar to P. malariae and P. falciparum.'®” Research carried out on blood supply archives in
Sarawak, Malaysia, where several samples were tested positive for P. malariac based on
microscopic examination, later turned out to be P. knowlesi on Polymerase Chain Reaction.’®?’
Nested PCR examination was performed on all the specimens, including those that showed positive
on RDT and microscopic evaluation. The results indicated that there were 5 positive on

microscopic detection which also gave similar indication on the PCR, and there were 35 samples of

July 2021 111




Survaman et al. / Jumal Hmu Kesehatan Masyarakat, July 2021, 12 (2):104 - 116

which only | showed mixed infections. Therefore, the prevalence of this disease in the ADT as
detected by overall polymerase chain reaction was 34.65% with an average age of 21.3 years of
positive respondents who did not report any feverish complaints (asymptomatic). When sampling
was performed, there were 5 research subjects who complained of fever and headache, but on PCR,
a positive exposure to the Plasmodium parasite was indicated. This literature further explains that
in the samples of those without complaints, it is possible there was no cytokine activity that usually
appears during the rupture schizont phase. Furthermore, this triggers a lot of antigens to be
responded to by the immunological system by releasing TNF and IL-6, in order that it can be
interpreted as competent system immunology in suppressing the proliferation of Plasmodium in the
asexual cycle of the intermediate host body.?

Although there is no specific definition of asymptomatic malaria, yet it can still be agreed
that parasitemia does not show acute symptoms such as fever especially in individuals who have
not undergone treatment in the near term, this concept applies to all the infected persons regardless
of the level of transmission.>” This detection includes a parasitic increase that has not reached the
pyrogenic threshold, in which the density of erythrocytes contaminated with Plasmodium is not
sufficient to trigger an innate immune response and fever. Chronic malaria infection tends to have a
much lower level of parasitemia compared to the symptomatic which cannot be detected by
microscopic examination using Giemsa and RDT stains, but can only be identified by using PCR.
This condition can last for several years, because with the use of rapid diagnostic test and
microscopy for the detection, potentially 30% to 50% are lost compared to PCR.** This situation
is often considered favorable because individual’s immunity tends to control parasites, while
persistent infections can pose a great risk to children and pregnant women because of ability to
aggravate other diseases. Reduced prevalence of asymptomatic malaria can subdue mortality and
morbidity, on the spectrum. Furthermore, this infection can as well elevate the risk of
unhealthiness, comorbidity, death rate, and subsequent transmission associated with increasing
parasitemia density. Therefore, it is necessary to identify this condition, besides that, in the broader
context it concerns the management strategies that aimed to perform elimination in order that the
infection at any density can be detected and eventually treated.”

The ability of the immune system to control these parasites in the body causes the sufferers
to be asymptomatic. Furthermore, the density caused by the competence of the individual’s system
is one of the reasons their presence cannot be detected by RDT, and microscopic examination, but
can be identified by a more sensitive PCR.***3! This method is not used as a gold standard in
testing, for this infectious disease because it can detect false positives in patients who have received
anti-malaria treatment before, even though the parasite is no longer present.”” On the other hand,

the PCR multiplex technique was considered to be more economical, high in detection capabilities,
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and specific for diagnostic methods that can be tested in malaria-endemic areas with higher sample
sizes.”

RDT, microscopic, and nested PCR examination showed different results. The rapid
diagnostic test results produced the least detection of positive Plasmodium because this technique
experiences decreased ability when the parasitic density is low, that is less than 500/pl of blood for
P. falciparum and 5,000/ul blood for P. vivax.'"*® Microscopic examination is a more detecting
Plasmodium method compared to RDT, as a result, the prevalence rate obtained from this process
is greater. This functions better in detecting malaria parasites especially when carried out by
experienced and trained officers. With sufficient examination time, an examiner can detect 10-30
Plasmodium/ul blood.’

PCR examination detects the most Plasmodium when compared to the other two methods
explained above. Even in subjects who do not experience any feverish symptoms, low parasitic
density can still be detected by doubling the DNA chain in the PCR process.” From the results of
the above research, the prevalence of Plasmodium species is found highest as vivax. In general,
they are often found in Asia as P. falciparum and P. vivax, but the results of the research conducted
at the Thai border in 2008 and 2014 showed an increase in the spread of Plasmodium vivax
parasites, and this must be a serious concemn in the control of this infection. Therefore, research
should be conducted to determine the genetic mutation of P. vivax against anti-malaria drug such as

.. . 32
artemisinin.™

Conclusion

Nested PCR test it is more sensitive to detect malaria than RDT and Giemsa, and can even
detect asymptomatic malaria in ADT. However, the drawback is that the PCR examination requires
a higher cost, so it cannot be carried out at the public health center level. For further research,
further research on the ADT immune response to asymptomatic malaria should be carried out.
Treatment given in remote areas must be comprehensive, including asymptomatic cases to achieve

malaria elimination.
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