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Introduction LIBRARY

Malaria has probably had a greater impact on world history than any-other infectious
disease. It has been responsible for the outcome of wars, population movements, and the
growth and development of various nations throughout the world. More than 300 million
individuals throughout the world are infected with malaria, and more than 1 million

people a year, most of whom are children, are being killed by the disease. It is still a very

" common disease in many parts of the world, particularly in tropical and subtropical areas.

Of the four most common species that infect humans, P. vivax and P. falciparum account
for 95% of infections. P. vivax has the widest distribution, extending throughout the
tropics, subtropics and temperate zones. P. falciparum is generally confined to the
tropics. There has been a definite increase in the number of cases of P. falciparum
malaria, reported, whic may be related to increased resistance to chloroquine. Malaria
prevention is difficult, and no drug is universally effective. Vaccine development studies

are ongoing, but malarial vaccines are not yet in general use (Garcia et al, 1997).

Worldwide, the numbe: of cases of malaria caused by Plasmodium falciparum, the most
dangerous species of the parasite, is on the rise. Drug resistant strains of Plasmodium
Jfalciparum are spreading rapidly. Further more, mosquitoes are becoming increasingly
resistant to insecticides, and in many cases, have behavioral adaptation to avoid

insecticide-treated surfuces altogether.

Malaria cases among tourists, travelersi, military personals and migrant workers in
malarious areas have been increasing steadily during the last several years, posing new
concerns that the disezse would be introduced to currently non-malarious areas of the
world. Recent epidemics have claimed tens of thousands of deaths in Africa, and there is
an ' increasing realization that malaria, as it was in the past may pose as a major

impediment to socioeconomic development in many countries.

In many developing countries, resources for malaria diagnosis are sparse or unavailable.
Small numbers of trained microscopists and microscopes often limits local clinics

examining blood smears from a large number of patients suspected of. Having malaria.



Consequently, malaria diagnosis is often made only on the basis of clinical symptoms
although this is, at best, 50% accurate (WHO, 1994).

Specific diagnosis of malaria is, usually made by microscopic examination. However,
microscopic examination even by expert microscopists is time consuming, labor-
intensive, and it is difficult to diagnose mixed P. falciparum and P. vivax infections, later
being present predominantly in ring stages. Microscopic examination will not bg cost-
effective in malaria control in an area with very low but persistent transmission, because
the cost to diagnose one positive slide will be high. There is therefore a need to develop
alternative diagnostic methods to detect céses especially those with low-grade
pérasitemia to supplemeant & perhaps to replace microscopy in malaria control programs.
(Tharavanij S, 1990) '

A key feature of the new WHO Global Malaria Control Strategy (WHO, 1991) is the
rapid diagnosis of malaria at the village and district level, so that effective treatment can
be administered quickly to reduce morbidity and mortality. The need for rapid diagnosis
of P. falciparum is most acute because of the severe nature of this mfectlon and its non-

specific symptomatology.

Diagnosis is the comerstone for proper management of clinical cases, prevention of
serious complications, institutions of specific antimalarial therapy and institution of
effective control measures for eradication of disease. |

- .
The emerging probleras associated with increased incidence of disease and death,
resistance of malaria parasites and the vectdrs, socio-economic impediments, along with
the lack of new, simple and sensitive diagnostic modalities, have led to a decreased

capacity to optimally use the existing tools to combat the disease.

Microscopy still remains the mainstay in the diagnosis. However this is time consuming

requires high expertise and its sensitivity is low in cases of low parasitemia, cerebral
malaria, transfusion associated malaria and in malaria associated Tropical Splenomegaly
Syndrome. '



PCR detection method has been found to -be more sensitive for P vivax (91%) than P.
Jalciparum (89%). Lev:] of parasite detection has been reported ‘to be as low as 1 to 10
parasites per ul of blood in patient sample. Diagnosis by PCR has also been reported to
be species specific for all four species of human Plasmodium (Kimura M.et al, 1995;
Tirasophon W et al, 1994). However, problems with contamination from parasitic DNA,
not present originally in the sample and difficulties in the specimen processing need to be
resolved, before PCR can be.used routinely as a diagnostic tool along with the high
quahty expertise development of the handling personnel.

Népal is more or less a rectangular area in between china (North) and India (South) with
following east-west ranges and regions startmg from north to south i. e. high Himalaya
(23%), Mountains (20%) Midhills (30%), Siwalik range area (13%) and plain terai areas
(14%) Malaria situaticn in the country upto 1977 was maintained at the level between
10000 and 14000 cdscs annually. However from 1978 there was a real deterioration of
situation in the country when malaria cases reached to 14212 from 11615 in 1977. With
steady increase every year the number of cases reached to 16719 in 1983. There was a
steep rise to 29188 cases in 1984, which again ;scalated to 42321 in 1985 with major
outbreaks in Far western region, and minor ones in many parts of the country. The
epidemiological outbreaks were combated with massive indoor residual spraying
operation and by 1986 the cases started declining. During 1987 and 1990 fhe number of
malaria cases fluctuated between twenty-two to twenty-six thousand cases. In 1991, there
were 29135 cases‘with exacerbation of mé.lar_ia in Eastern, Western and Central regions.
The number of cases decreased to 9609 by 1995 (excluding malaria cases recorded in

refugee camps).

Out of the 75 districts in the country, 64 districts have been identified as malarious.
Further, out of those 64 malarious districts, 26 districts (Ilam, Jhapa, Morang, Sunsari,

-Saptari, Siraha, Panchthar, Taplejung, Dhanusha, mahottary, Sarlahi, Bara, parsa,

Rautahat, Chitwan, Kapilvastu, Rupandehi, Nawalparasi, Dang, Bankey, Bardiya, Kailali,
Baitadi, Dadeldhura, Kancharpur, Darchula) have borders with 4 states of India i.e. Bihar,
U.P., West Bengal and Sikkim. '




The country has not been able to completefy adopt the Global Malaria Control Strategy
especially to carry out early diagnosis and prompt treatment of clinical malaria cases, to
use personal protecticn and feasible bloenvuonmental methods, and to implement
strategy for prevention and control of epidemic outbreaks. There is no long term planning
and preparedness for insecticidal requirement. Lack of laboratory facility espec1ally in
hard core, P. falciparum resistant and epidemic prone health post / sub health post and
lack of regular monitoring of drug sensitivity status of P. falciparum are the major

problems and constraints in Malaria Control in Nepal.

Hence there is a need to employ a non-microscopic diagnostic technique, which should

be sensitive and specific.
. t

In a study done by Tirasophon W et al, (1994), PCR detection method has been found to
be more sensitive for 2 vivax (91%) than P. falciparﬁm (89%). Level of parasite detection
has been reported to ‘be as low as 1 to 10 parasites per microlitre of blood in patient
sample. Diagnosis by PCR has also been reported to be species specific for all four
species of human Plasmodium (Kimura M et al, 1995; Tirasophon W et al, 1994).
However, problems with contamination from parasitic DNA, not present originally in the
sample and difficulties in the specunen processing need to be resolved, before PCR can
be used routinely as a diagnostic tool along with the high quality expertise development
of the handling personnel.

There are few studics, which has emp;lbyed and evaluated various primers for the
diagnosis of various species of malarial parasites in their own countries context. The
sensitivity and specificity of same primer were found different in different countries and
context may be because of allelic diversity of the strain of same species of malarial
parasite found in different countries. Feeling the acute need for the evaluation of different
PCR primers for the rapid and accurate diagnosis of malaria in Nepal, we intend to
evaluate the efficiency of the few primers used in the other countries for the diagnosis of
malaria and .access its use for the diagnosis of malaria from the blood of the infected

patients, and compare it with the presently existing technique like Giemsa staining
method.
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Rationale / Justification

Diagnosis is the cornerstone for proper management of clinical cases; prevention of
serious complications, institutions of specific antimalarial therapy and institution of

effective control measures for eradication of disease.

The emerging problems associated with increased incidence of disease and death,
resistance of malaria parasites and the vectors, socio-economic impediments, along with
the lack of new, simple and sensitive diagnostic modalities, have led to a decreased

capacity to optimally use the existing tools to combat the disease.

Microscopy is time corisuming, requires high expertise and its sensitivity is low in cases
of low parasitemia, cerebral malaria,'transfusion associated malaria and in malaria
associated Torpical Spienomegaly Syndrome. PCR detection method has been found to
be more sensitive for P vivax (91%) than P. falciparum (89%). Level of parasite detection
has been reported to be as low as 1 to 10 parasites per micro litre of blood in patient
sample. Diagnosis by PCR has also been reported to be species specific for all four
species of human Plasmodium. Hence there is*a need to evaluate a non-microscopic
diagnostic technique (PCR), which should be sensitive, specific and may be available in
central facilities of the country for evaluation of drug efficacy, drug resistance, 10 study

genetic diversity of the parasite found in Nepal.

Few protocols and primers for the diagnosis of malaria has been designed and evaluated
by some of the workers in developed countries. The sensitivity and specificity of those,
were found different in different countries and context because of strain diversity. So, any
diagnostic tests before introducing/accepting for diagnostic use, it has to be evaluated in
own country’s context in comparison with the existing diagnostic technique. The PéR

primers designed and used in some malaria endemic countries may be more useful than

_the primers used in other continents because of the allelic diversity found by various

researchers. PCR test may be as good as in other countries or may be more/ less sensitive -

in Nepalese strain.
Research Question:

Whether PCR test for the diagnosis of falciparum malaria is useful in Nepalese context?

a)



. ‘ ’ FENS Liloa,
OBJECTIVES aeresion 100 S5
- Cail No -
- General : :\:\‘\.i;ﬁ,ﬂi':’fj,/;

L

Standardization of PCR for malaria diagnosis in Nepq;i SR

Specific
e Conventional microscopic examination of peripheral blood smears to
- diagnose patients with suspeéted malaria cases. |
. @ Standardization of PCR primers useful for the diagnosis of falciparum
& vivax malaria in Nepal.
. Compaative evaluatidn of PCR with conventional microscopy for

the diagnoéis of malaria.



MATERIALS & METHODS

1. Samples: 283 -Blood samples collected in glass slide/ filter paper strips/ EDTA vial.

2. Study Site: Dhanusha and Kanchanpur districts, Nepal

During the study period (January-September 2003), blood samples from 289 suspected
malaria patients from Dhanusha and Kanchanpur districts located in central and far
western Nepal were collected and further analyzed as per study design.

Blood samples from patients with comi:lain_ of signs and symptoms of malaria were
collected aseptically by finger prick in clean and grease free glass slides / EDTA vials
and filter paper strips prepared as per requirement.

Information including patients’ age, sex and antimalarial treatment taken in the previous
four weeks were collected from patient’s brief interview. Formal oral consent to
participate in the study was obtained from adult patients & guardians of young children.
Patients less than a year of age were excluded due to the difficulty in obtaining an

adequate blood sample.

Each study specimen was given a code number to minimize bios in the microscopic
examination. A thin blood film was aIso‘ prepared for parasite species identification and
parasite count. EDTA blood was collected from few confirmed malaria cases for further,
analysis with PCR.

3. Transport of the sample

All the collected blood samples in EDTA vials/ slides/ filter paper strips were transferred
to Central Department of Microbiology, Tribhuvan University, Kathmandu, with full
precautions for transport of specimens. Ice box was used to transfer the samples for DNA
extraction, where as slides with dried blood smears were transferred to CDM, TU as such

3

within a week of collection.
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Preparation of Thick & Thin blood films:

Thick blood film preparation & staining

1.

Added approximately 5 pl of blood to a clean slide with an applicator stick / directly
from the patients pr{cked thumb. .

With the end of the applicator stick, quickly distributed the blood to make an even
thick film about 1 square cm. Avoided excessive stirring of blood to make it possible
to read fine print through a thick film. ‘

3. The slide was labeled and allowed the thick film to air dry in a horizontal position.

© ® N

Thus prepared thick: blood film was dehaemoglobinised by dipping in buffered water
pH 7.2 for 5-10 minutes. '

Thus dehaemoglobinised slide was fixed with methanol & preceded for staining.
3 9% Giemsa Stain solution in PBS pH 7.2 was prepared as per standard protocol.
The slide was floodsd with diluted Giemsa stain for 20 minutes.

Removed the slides & washed in tap water in tap-water or buffered water pH 7.2.

’

Air dried the slide in a vertical position. ‘.

Th'm blood film preparation & Staining with Giemsa stain:

1.

o v & WD

A drop of blood was placed on one third of the way from the labeled end of the clean,
grease and moisture free microscope slide and used a second slide held at 45° as a
spreader to distribute the blood smoothly and rapidly to make a smooth thin film.

Air dried the blood film thoroughly.

Fixed the blood film in methanol for 1-2 minutes.

3 9% Giemsa Stain solution in PBS pH 7.2 was prepared as per standard protocol.

The slide was flooded with diluted Giemsa stain for 20 minutes.

Rinsed the slide in tap water and air dried the slide in a vertical position.

Examination and Reporting of slides:

All the Glemsa stained slides were examined by using Nikon binocular microscope w1th

built-in illumination at a magnification of 1000X (100X oil immersion-x 10X x eye

piece). All the three researchers, PG student, Research Assistant and the Investigator

n




himself éxamined the stained slides to avoid under/over reporting, without knowing the
result of each other. The discrepant slides were reexamined and confirmed following
standard photographic charts provided by WHO. Slides were reported negative only after
examination of 200-300 fields systematically. Positive blood films were recorded as
Parasites (Rings+ Throphoziates+Schizouts) per 100 white blood cells. The parasite
count per pl of blood was obtained as summing up the WBC count of 8000/ul.

PCR for malaria diagnosis

All thé collected blood in filter paper strips/ EDTA vials were stored at -20°C till use.
Semi-nested multiplex PCR based on amplification of 18s small subunit ribosomal RNA
(18sSSTRNA) gene was used to standardize the assay.

1. Sample Collection & Preparation
Whole blood samples collected from vein puncture and blood collected from ﬁnger prick/
vein puncture were kept in EDTA vial and also in filter paper strips for PCR assay. Each
filter paper strips were kept in plastic bags and shipped to CDM, TU, Kathmandu. Whole
blood were kept in cold box and shipped.
a. Filter paper strips
! b. Whole blood

2. Preparation of DNA template’
The isolation of DNA from whole blood and filter paper strips were standardized with the
below mentioned all three methods.

a. Saponin lysis

b. Triton X-100

c. Boiling

3. Primer designing
Five PCR primers were designed by comparison of the published ssTRNA gene sequences
obtained from‘Geneb:mk. A reverse primer (UNR) was designed that would hybridize

universally with all Plasmodium species and a wide range of vertebrates.
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There were two forward primers, one designed to hybridize with mammals (HUF) and
- the other to all Plasmodium species (PLF). There were two other reverse primers, of

which FAR hybridizes only with P falciparum, VIR only hybridizes with P vivax.

Semi-nested multiplex: PCR
- Detection and identification of malaria specles were simultaneously performed using a
set of two (semi-nest:d) PCRs, and the size of the products were estimated after
electrophoresis on 2 % agarose gels stained with ethidium bromide.
" a. First/ Primary reaction:
i. Reverse primer - Universal'- UNR"
ii. Forward primer- , Plasmodium- PLF
| Mammals - HUF
Product: 783-821 bp.
b. Second reaction:
i. Forward primer- Plasmodium genus specific - PLF
ii. Feverse primer - Plasmodium genus specific -
1. VIR- Product 499 bp
2. FAR - Product 395 l;p
Primer quantity determination ’
For this semi nested multiplex PCR,
First reaction mixture contained 10mM Tns-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCls.
0.001%(w/v) gelatin, 1% glycerol, 200 p.M of each dNTP, the PCR primers, 2.5unit of
Tag polymerase and 41.1 pl of template DNA in the 50pl final volume of reaction
mixture. The concentraiions of the primers used were 25pmoles for UNR and PLF. |
During second round of the reaction, 25 pl of reaction mixture contain 10mM Tris-HCl
(pH 8.3), 50 mM KCl, 2.5mM MgCla, 0.001% (W/v) gelatin, 1% glycerol and 200 pM
-each of dNTP and 1 unit of Tag polymerase. Template DNA was prepared by taking 2l
of the first reaction product in 1 ml of distilled water and for second reaction 2pl of it was '
taken. Primer concentration was determined empirically where PLF 25pmoles, FAR
15pmoles and VIR 2.5pmoles. The amount of template used was 2ul of the PCR product
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of the first reaction diluted to a final volume of 1 ml with distilled water, and - 2yl was
added to the PCR. - |

PCR reaction cycles
A Geneamp- 2400 PCR system was used for both of the reactions. Reaction conditions

“were denaturation at 94°C for 5 minutes followed by first reaction 40 cycles at 94°C for
- 45 sec, S5°C for 45 sec and 72°C for 1 minute or multiplex PCR reaction 35 cycles at
'949C for 20 sec, 62°C for 20 sec and 72°C for 30 sec. The final cycles followed by an

extension time at 72°C for 10 minutes.

¢. Standard — 35 cycles — 94.....65-----72--——----45........ 4c’
d. Specific - 94°C for 5 minutés before other regular cycles
40 cycles—94......55......72....45......... 4°c
4. Visualization of PCR products - 2% Agarose gel
' Visualization of the PCR products was done utilizing UV Gel Documentation Unit-

Alpha Imager (Alpha Innotech) } ., o

a. First reaction " Product 783-821 Bp

- b. Second reaction . VIR - Product 499 bp

FAR - Product 395 bp




RESULTS

A total of 283 blood samples were collected from suspected malaria patients in
Kanchanpur Disctrict, in far western Nepal during May- Nov 2003. Thus collected
samples were analyzed utilizing conventional Giemsa stained malaria microscopy and

PCR based on 18sssrRNA gene.

MICROSCOPY RLSULTS

Out of the total 283 samples, only 66 (23.32%) samples were posmve for malarial
parasite (Plasmodium falciparum-26, Plasmodium vivax-40)

The prevalence of malaria in Kanchanpur district during the outbreak season 2003 was
23.32%.

Plasmodium falciparum malaria cases were 9.18% and Plasmodium vivax malaria cases
were 14.13% of the total collected cases'where as 39.39%, 60.60% of the total positive
cases respectively. This rate is prevalence is much higher than the expected national

prevalence rate. . ,

I

Detail data- Annex .




PCR RESULTS
Results variation with Sample collection storage & processing
c. Filter paper strips ‘
Two- three drops (100-150 pul of whole blood collected from finger prick was
dropped in Whatman No-1 nitrocellulose filter paper. Dried and stored at room
temperature till processing.

d. Whole blood
Whole blood collected in sterile vials with anticoagulant EDTA

Whole blood- samples processed within 2 weeks of collection showed promising
results while filter paper strip blood samples showed promising results even

after few moniks of storage.

Preparation of DNA template
The isolation of DNA from whole blood and filter paper strips were stan;iardized with the
below mentioned all three methods. '
e Saponin lysis
e Triton X-100
e Boiling
The Sap;min lysis method could show promising & reproducible results and hence was

utilized in the subsequent analysis.

Primer designing
Five PCR primers designed by comparison of the published ssfRNA gene sequences

obtained from Genebank.

Semi-nested multiplex: PCR
Detection and identification of malaria species were simultaneously performed using a

set of two (semi-nested) PCRs, and the sizes of the products were estimated after

electrophoresis on 2 % Agarose gels stained with Ethidium bromide.

13




- ~ | Primer | Sequence (5°-3°) Specificity | Product Size
| ' / (Base pairs
- 1 bp)
! First Reaction
B Reverse
Primer
B UNR GACGGTATCTGATCGTCTTC Universal’ i
| Forward
B | Primer
I‘ PLF ; AGTGTGTATCCAATCGAG’ITTC Plasmodium 783-821
‘ Second Reaction
' Forward ,
B ' Primer
‘, PLF AGTGTGTATCCAATCGAGTTTC
| Reverse Primers . _
, FAR AGTTCCCCTAGAATAGTTACA P falciparum 395
B VIR AGGACTICCAAGCCGAAGC | | Pvivax 299

The primers we utilized in the above mentioned éuamities gave promising results.

PCR reaction cycles

A Geneamp- 2400 PCK system was used for both of the reactions.

Denaturation at 94°C for 5 minutes followed by first reaction 40 cycles at 94°C for 45
sec, 55°C for 45 sec and 72°C for 1 minute followed by an extension time at 72°C for 10

minutes, gave suitably visible results as below.




TR AT RN YT

Agarose gel-electrophoresis of PCR products for visualization of the PCR products

’

5. VBualiMon of PCR products - 2% Agarose gel
Visualization of the PCR products was possible utilizing UV Gel Documentation Unit- as

below

¥
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LANES
MK- 50 bp marker

Plasmodium falciparum plus Plasmodium vivax

Plasmodium falciparum plus Plasmodium vivax
Plasmodium falciparum

Plasmodium vivax

Plasmodium falciparum plus Plasmodium vivax
Plasmodium falciparum plus Plasmodium vivax

MK- 50 bp marker .

o N & W AW N

T

Comparatwe Evaluation of PCR and Giemsa stamed blood smear inicroscopy method
shows that PCR is almost as sensitive as Mlcroscopy PCR could detect 2 cases of
. falcxparum malaria, which could not be detected by Microscopy, may be because of low

parasitemia.

16




]

]
!

R R

Limitations / Problems encountered ' ,

Sample collection - Instability & insurgency ‘in country

b.. Sample transfer - Instability & insurgency in country
, - Postal system .
. - Electricity unavailability in collection centers
- Nepal Bandh |
*¢c. Procurement of reagents ~ No local stockiest
Trahsport doubtful for stability of reagents
'
;
Further improvement

Further improvement could be made following below mentioned measures '

Other primers with high specificity may be useful

Iy

More samples representing whole country should be analyzed for

calculating sensitivity, specificity and predictivé values and generalization

of the research results throughout the country.
Strict sample transfer measures are essential as transfer of whole blood in

room temperature had inhibitory effects on target materials.

1
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RECOMMEDATIONS -

PCR is a useful diagnostic technique for malaria diagnostic research, especially in
dnig resistant and low parasitemic cases. ‘
The sensitivity of the PCR test is considerably high but sample collection,

transport and storage cornditions play a major role in improving the sensitivity &

specificity of the test.

It should be further standardized with other primers as well ﬂong with more

representative samples collected throughout the country, for gex;eralization of the

test. |

PCR is a good and essential method for advanced research in drug resistance and

diagnosis of difficult cases but méy not be very fruitful in routine diagnosis

because of ts highcost. L
NHRC should promote other similar research with other primers detecting other
gencs’ and genes for antimalarial drug resistance in coming days as per the need of

the country’s health care problems.

18
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