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Abstract

Malaria incidence in the Democratic Republic of Sao Tome and Principe (DRSTP)
is decreasing after multiple intervention strategies. In the study, data of malaria
infections were collected and analyzed to clarify whether the DRSTP meets the criteria
of pre-elimination phase. Human samples were examined by nested polymerase chain
reaction (nested PCR), and the results were compared with traditional light microscopy.
Moreover, quantitative real-time PCR (Q-PCR) was developed and applied as an
alternative molecular tool for diagnosis of malaria. To further elucidate the
epidemiology of malaria infection in the DRSTP, the sequences of Merozoite surface
protein-1 (MSP1) and Merozoite surface protein-2 (MSP2) genes of the positive
samples were selected for phylogenetic analysis. From 2010 to 2013, dry blood spot
papers were collected from patients with confirmed malaria infection (n=28),
low-density parasitemia (n=377), fever of unknown origin (FUO, n=605) on the island
of Sao Tome. Additional samples (n=6,855) were obtained during the malaria mass
screening on whole island of Principe in 2013. Results showed that only province of
Lemba and Principe have met the World Health Organization (WHO) criteria of
pre-elimination in the DRSTP. Molecular diagnosis employing PCR detected parasite
DNA in about 3.3% (15/461) of patients with FUO but microscopic negative. Further
application of nested PCR in Principe, the province which satisfied the pre-elimination
qualification, revealed an identical positive rate of malaria infection to light microscopy.
The phylogenetic study of Plasmodium falciparum in the DRSTP suggested that the
isolates may distribute into 3 groups based on both MSP1 and MSP2 sequences.
However, the molecular information of these endemic strains is limited, and their

relationship with neighboring countries are of interest. In conclusion, this study showed



the molecular epidemiology of malaria in the DRSTP when the anti-malaria mission has
moved from control stage to pre-elimination stage. The advance information would be

helpful for treatment strategies and vaccine development.

Key Words: Democratic Republic of Sao Tome and Principe, Malaria, Plasmodium

falciparum, Quantitative real-time PCR, Nested PCR, Phylogeny.
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Fig. A Districts and major localities in the DRSTP. (from Tseng et al. 2008)
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WA Wi Ris A 13D 2R A EH 40§ 2% (Chloroquine; CQ)
% f 2% (Mefloquine) s &_ Sulfadoxine pyrimethamine % &in 5 5 h¥ * ¥4
[14] 5 fZH 2 & 5% AAMEERERAZEPYS §9L8 > SHRLAER
O 2Rt AR Ep oy 2k [15]

FERAFLAI070 2 f Ry g d TR AP LR B2 LR
FORAEREDERS G IR ] ¢ R A gt d 1972 & RGeS
FPVEBRNGonhiR A EY [16] S LR BT EFE I ER DI AAEM o AT
7 2005 2 2010 & > & w44 A 2az e T A TRE %Y BP0 LR A
CREBRIGRLZF Y FHF AL AR B2 3 E AT K [17]
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B3P E T
AEERET R E
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' & A% & %2 (Artemisinin combination therapy; ACT) =r
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AE 2 [22] c FdRE B RO EREREAICHA e BHER £ 7 LR

| (Control) ©hdp e B B 753 %> BB a0 R » 20 Mg o8 i A
2 5 qeg 75 g s (Pre-elimination) ¢ i dlig » i iR PR S F F B
o A X AR L O RIS i i“f pEgp (Elimination) - @ ¥ 23§ A
FAKL 02 ks i B L~ fp prdh (Eradication) B 2 e gk PR
TR BRFERATETR R [23] 0 4o B B A1 [24, 25] o

. WHO
Unstable low transmission
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SPR<5% in fever population at risk cases l
3 years

77 XD 7 x> 7 x>—

Prevention of

Control Pre-elimination Elimination
reintroduction

W BRBERIcEFEZ RS
Fig. B The malaria - control to elimination continuum.
RREFHELSPEIE A AgF LR B LA p2 - 0 8T ~ 1997 &£ - K
gy P B IR i5d B & fF4a;N & & (Polymerase chain reaction; PCR) 1 i#| % P
RARABVOH AT S E NIl Hho v § 495 53% &2 35%[26] - @ s §47 %
o EF S pisEa i~ (0 BT 2003 EAE S E R RREAF LS B
(7 o= ke EkpnpR ot [27, 28] 0 RypE K FEd mR TR A 0 ¢ & 2012 #
B E7 12550 A SPELEAR L BEEFFNE 67T%[22] 0 v p wmivird §
LRI B C RIS G ‘;—,ZL“,% w0 Hp B oo

5.RFHis R

Pic AT ORE R BT S op A ed BRI A O~ o B AR S B
¥R eopie R L1 ) seeg B (Indoor residual spraying; IRS) fei * x5
Hfy A enixtk (Long-lasting insecticidal 5 LINS 2 4 % Insecticide-treated mosquito

4



nets; ITNs) FL¥ri®dg > & dxf 7 R % 4p % (Entomological inoculation rate; EIR)
MG BB FERp D 0 At L F TR A E R 4y ik [20] 0 AHEiAR
TEARGOE 0 2 R FR AR A RS 2B f 0 BB IR EREE
BG4 R A E TR a0 R RIASE G A 00Kk 4 (Presumptive
Treatment) ® Z %% (Intermittent preventive treatment; IPT) i {7 75 7 23 & o
fo~2003E @4t s % b s THFEEI P ACERLEERAY
o [0 PR AN F 5 B R G R RG RAR SRR DY T B AR E b
ZAc R E S [28] 0 A e AW 0 BT 1 g1 E (Bacillus thuringiensis
israelensis; Bti) i& 174 = [#i5e o Ao blen& L B ILNA > ¢ 7 3 B B E R

FRTFIRLFEHIFFRSERE R PATIREFRE DG 405 -
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B FEREL A MGRELF L D RS ATRBEREF SRR A
ARFL o o RS MR MFE A Bt mopkahd R [30] 0 P oW A RiRARE R D
0 & 7ok R ek e s (Light microscopy > 4 T fildiik) EERBELZE R A
fiergc® @ % Poid ik (Rapid Diagnosis Tool; RDT » i Ai1-&F) 1 iplst i1 %
Yot LEAGRRALR R 0 T ALT A p S sk (A L ) 7L
% iE4cR £ fr4agl £ i (Polymerase chain reaction; PCR) % 9 % 3 5% 1 & 4| 7_

LER A [81]-

R
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k

S
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l

Y

Bk D 5 MARIRE L R A %R 2 ER (Gold standard) - ¥ 4 R I P REER
MY FL ARG YRR R FL N ED M FHA 5 FLFFL0 £ 10
BE BEREIod AT o ERBED R RET o SR EZE G k%D
MEFLAARRLRERARER Fp L [32] 0 @ A 2 feSRBEIRPLS o o 407 1
oAt Gtk U] [33] o MEE - B RIS SRR 0 FERERAT A
FPRLTE > RF OBRER S N BRT R EE IS ERITISFEEN T R
FopA o ERETFEH LSRR CEERE 0 A LG R RO Ry BN
) [34] -

#FAREBULRREEEANEL

Table A Grades for blood specimens with positive malaria results

Grade Parasitemia Grade Parasitemia
F1 1-100/l F6 1601-3200/pl
F2 101-200/pl F7 3201-6400/pl
F3 201-400/ul F8 6401-12800/ul
F4 401-800/ul F9 12801-25600/pl
F5 801-1600/ul F10 >25601/ul

B5 £Be A hd & 1097 &4 2 PCR #hS it § 32 [26] 0 § ¥ v 14tk
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Fr& RRAMGH R

T Efrd BE BRI LA SRR T bE Y F RBHER S
FEBEE TS ER RRERAGFR ) RN B 5% PCRIEZHTT AFEF b AL
Ehbz 23 [35] e NEPSFL L0 BY 22 FHREFEFEIILHT 0 B
BORA LR H QAR FRE TR 0 S 2 SRR S AT SRR
Rl RAER 0 LT G RREM AT G A Pk [36]

fI* ARG E 2 TALAHRIRANTBREY R T BAF2 Y o 5d &
FUE 7 A 47 a0 $HE R BB ST R B - ) TR R Dot o 0 ey R
B BT EOR 3 0 4 AL AR AR AR LR T OB o o E B 8
PR BERGRR AEFRREIE AR A6 PR L D AMRRE L [37] -

w2 AE P PCR PR AHAEME S -9 % - 4] (Merozoite surface
protein 1; MSP1) 2 E m A 4748 4 o 3¢ % = 3] (Merozoite surface protein 2;
MSP2) % P i BERZAY A [ TPT L@ AT AT LR [38] @ iT# KA
FRPOFR A AFIRFEEAR AT 2 5 P WA LR 50 e
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Bl s o Bl A 2 BB AL FET AR GRRL L.

FLERNALARNFO BB O REIE R ERAD cE AR I W B
RS E NG KFLAE R RIS ) 2 R BRI A
‘T'J’Pr %r—laﬁm -~‘¢f1¥i‘§ﬁg,ag\ﬁ ,uf ,g}_}ﬁmg% 'Jg},i\‘—)ib,ur}ﬁ}%’um =
W FEFEELERRERABIIVRITFGB S v i o AT HEA
2RHHEERFRAD NBAB A CREIRERTR L FENEE S R
B2 WA A R AR R R T R RB R R



Fod Hpac
o8 BIEAAMNARES

2.3 HA
$17 Excel BFEm 34t x & 41 13 £ ch 4 s b 2 B R4S 4B H > 1945 WHO 37

2R > gk B RS (Slide positive rate; SPR) P EFEA ¢ P R

10



S8 B 1i03 5%

1i& 1 Xk

BHWRpFSEALE LR E g0 AR 7 10 ~2010F%F 33008
S 1L (Malaria cases) 28 * ; & = 2011 & 3] 2013 & & » G4 2| T 5 K
% 4 B w g (Low-density parasitemia patients) » ~~ T &z 2 ¢ F 24 AREHRE
i Flie F2 Z A 23377 4 8 E <2013 & F1A4 p g & (Unknown febrile
patients) | [ ¢ 4k A s 4 605 4 o pteh hd R 2013 & f Rt § F &
B % 2§ & (Mass screening in Principe) + 6,855 % ¢ » iE Pty AR B PE IS

M re 100 £ AR £ 4 (& B)-

2B ESEFTREZ hEE
Table B Numbers of samples which were collected from the DRSTP in this study

2010 2011 2012 2013 Total

Malaria case
High-density parasitemia* 24 0 0 0 28
Low—density parasitemia** 4 0 0 0
Low—density parasitemia patient** 0 71 250 56 377
Unknown febrile patient 0 0 0 605 605
Mass screening in Principe 0 0 0 6,855 6,855
Total 28 71 250 7,516 7,865

*High-density parasitemia (F3~F10)
** _ow-density parasitemia (F1~F2)

2.5 W E R F

B LT B BRERE  FEFHERE LRI R LRGN S
Ak ¢ (Whatman® #903%) + #1% FIB2 ¢ » A fde e B K R AR
Feanim TR AR D > SRAAMFREFE IS AL ¥ EF S NE D

LA RGN RTAC kBEFL s PDNAE B Ay C BT 5
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3.5 % DNA %3

P F DNAPRRBEKE @ - 587 %5% > §1* Genomic DNA Mini Kit
(Geneaid) i& {75 & DNA X~ o ARk A ST F SRinde 7 LipFa ¥ ¥ F
4 K,ért SRR FO R T 1 e B 1.6ml i s g P oo 4e » 500 pl 0 GT buffer
fv 20 pl = Proteinase K » 12§74 1 ‘4% 2. 60°C 3| 70°C 2 A 4c 414 10 &~ 4818 i&
7 a0 2 {84 » 500 pl 51 GBT buffer 2525 1t 60°C 3| 70°C2. ¥ 4c 4 %) 15
A dB fS HEes o B 4o~ 500 pl ¢ R (99%) o ke & A &7 GD Column 22 2 ml 9
Collection Tube> 4% B~ 700 pl ;2 &£ /% % » GD Column rz ¢ :# 11,000 xg &g« 1 4 45
] G Collection Tube # i » €45+t H e PR &idpe=zd - & GD
Column } ;2 ~ 400 pl s W1 Buffer r2 g :# 11,000 xg &g 1 4 4518 2 % Collection
Tube # g% > 2_ 6 & GD Column # 4c » 600 pl =7 Wash Buffer 2 & :# 11,000 xg
ol A daits 3 f‘f = Collection Tube &% » £ 12 11,000 Xg 3o 3 4 4 o B {6 &
GD Column %+t 5z & gt < cn1.5ml il g gro F F > 4o » 80l © & 60°C3g
# e Elution Buffer (64 % 5 2 48 > £ ¢ 11,000 xg &rs 3 4 48 0 #-5 P41 eh
DNA 2z » -20°C 7k457 S Fe- HeafF s 47 -

4.5 R & preagd F B (Nested polymerase chain reaction; Nested PCR)

B 1 e DNA # %8 #4315 iF Nested PCR :& 747 # #& 2% » Nested PCR ¥ g ° i
g LR - LA fFFTRESTOVER 0 &% 513 % (Primers Pairs) rPLUS
fo IPLUG & 17 % — FELF s tF > 2 15 PR b ER R AN > 40 R B4
BRARZTE % - FFEAI* rFALL fo rFAL2 Rz sk sl + 50 $5F p o
B ~Z P RRAEAERAMA S * rVIVL2 ~ IMALL/2 ~ rOVAL/2 = 5]
e o LB ek C At [39] 0 AT e E TR B enf o
EMRRERAKR D LRGP o SR EHZHEEEEE 100 £ IEER £
bt PR B A LR RA -

tm PEEePCR ¥ 0 & % H M ehF i d 16.9 pl 50 DEPC -k ~0.5 pl 5710 mM
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dNTP Mix (dNTP Mix, Qiagen) ~ 2.5 ul 5210 # PCR Buffer ~ 1 ul 50 mM MgCl, ~ 0.1
ul Tag DNA polymerase (5 U/pl) (Platinum® Tag DNA Polymerse, Invitrogen) ~ & 1 pl
H10MM 315 3> 2 2ul rE R e S > BREA S 25ulo FORIER S B A
#H 2 95C FF# 5~ 45> 42 95C & DNA %1£ 304 ~56C #35l+HaLE
304 ~72C #5604 @ DNAE{7u B » Pt =4 5‘?@‘7& 35 B VAT 0 B MaiF
72C % 1024 > B F RAFEN 2> H I+ %F rFALL/2 & DNA %473 12
60C 3+ 36 30 /> @ F x> AP R 4C ke &7 HFF -
Nested PCR # 4~ Ji&s 14 ¥ 3§ 5% T 74 (Agarose Gel Electrophoresis; AGE) gz H 2
% > 7 41205 e TBE Buffer fie & & 2% 5% > 5 pl ek A 422 1l
16 & Loading Dye (EZ-Vision® Three, Amresco) & & 323 ;3 » z@senit ik (Well)
P 100V RO REFTEB G40 248 BREHEERFENR M ETRRZENR

5.2 % TR & pvsa4 F B (Quantitative real time polymerase chain reaction;
Q-PCR/real-time PCR)

 Q-PCR EAI* F RiFfz® SEXF LA MARE LTI RME) 7 A5 5%

S L ¥ P|# 1 ¢ Human B-globin DNA % & ¥ % p 284488 2 (Internal control) 12z

WE P DNARR S 2 (5B A RRAE S« @ %3134 5 hbg Ffrhbg R »
BAR7ER»L CI40] » = ¢ F e tiff+ 20 pl> 0 7 6 pl 7 DEPC -k

=k

° 7

(Diethypyrocarbonate treated water) ~ 10 ul gPCR Master Mix (2X) Bio-red icycler™
(KAPA SYBR® FAST gPCR Kit, KAPABIOSYSTEM) ~ 10 mM 51+ 2 1l 12 2 2
ul % P4 48 - Q-PCR % — {7k 1 95°C #1565 ~ 4 0 % = VT B 414 95°C 15
F51¢ DNA %14+ ~56°C @513 44 & 204) ~72°C #§ 15§/ DNA &7 B »
M EEREEAF A0 R Z ER G 95°C HE 2440 K FIRE T 68°C2 A 4mis o

iy v 484 (Melting
curve) ke isH-F R S {8 A R 4°C kP RTF o995 R B MyiQ2 (Bio-rad)
BB CT EH T AT F *#d RS20 DNA -

£ EF 05°C chig A+ 23 90°C MplH ¥ k@ gapld

d @ ¥ 313+ PL1473F18 & & % 513 PL1679R18 & Bl %Y > ¥ fa 47 18 4 7 &

ARRL I FRIERNE Co F%? F RZFMWHAEL 20Ul > 0 3 6 ul H DEPC
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-k ~ 10 ul gPCR Master Mix (2X) Bio-red icycler™ (KAPA SYBR® FAST gPCR Kit,
KAPABIOSYSTEM) ~10 mM = % 513 ~ & B 51 F 2 1 ul w2 2 pul FRedE -
Je % - JETk 4 95°C FE# 10 A4 B - JETRE 420 95°C 10 45 i@ DNA %14 - 50°C
313 $HAEL 54 72°C #4204 DNAEFLER » 0 k% £47 40 % » &
ZHEG BC HFF 204 ¥ FRE L 68C 2441 0 L WEF 0.2°C g
B b3 90°C fiplH g kEdap g AR B HRF R PA S 5 4C
Adae % ok d MyiQ2 (Bio-rad) & BA T 2 CT wdairlie i L3 & 4% RA
b B R Rz Tm Peak chi> B St RERT * XS HME R R AR

[41] -
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#CE REpagr RATEYEREFFMYEF B33 R
Table C Primers for nested PCR and Q-PCR

Size

Primer Sequence(5°—3) Ref
(bp)
Nested PCR
rPLU5S CCTGTTGTTGCCTTAAACTTC
1,200
rPLU6 TTAAAATTGTTGCAGTTAAAACG
rFAL1L TTAAACTGGTTTGGGAAAACCAAATATATT
205
rFAL2 ACACAATGCACTCAATCATGACTACCCGTC
rvivi CGCTTCTAGCTTAATCCACATAACTGATAC
120 [39]
rviva2 ACTTCCAAGCCGAAGCAAAGAAAGTCCTTA
rMAL1 ATAACATAGTTGTACGTTAAGAATAACCGC
144
rMAL2 AAAATTCCCATGCATAAAAAATTATACAAA
rOVAl ATCTCTTTTGCTATTTTTTAGTATTGGAGA
800
rOVA2 GGAAAAGGACACATTAATTGTATCCTAGTG
Q-PCR
Hbg F ACACAACTGTGTTCACTAGC
110 [40]
Hbg R CAACTTCATCCACGTTCACC
PL1473F18 TAACGAACGAGATCTTAA
206 [41]

PL1679R18 GTTCCTCTAAGAAGCTTT

15



F2E RRARGM AR

1468 %k
KARBREAADREEY s FRA4 L LN EB M2 B2 81
A58 3120005 RS EALEABEKRMIALHY 104 5BF L Adn 4
AAMEIHEGERA P 201 EAe W R 3 EMFL [ ER AR 45 LS
2013 E#rfe LHFMERH LAY CPEBIBF LA R R Bk E
AR ERIIERLZEMEIOL > R FkF 2 E G SRR
24 HHMEEALAD - L RFELE TSR G] s Bl B A RS AP

3

LT E N R RE BT

2D FSERGMALA AR HHEKE
Table D Numbers of samples which were collected from the DRSTP for

phylogenetic analysis

2010 2011 2012 2013 Total

Malaria case
High—density parasitemia* 10 0 0 0 "
Low—density parasitemia** 4 0 0 0
Unknown febrile patients
High—density parasitemia* 0 0 0 10 20
Microscopy negative sample 0 0 0 10
Low-density parasitemia patient<* 0 10 25 10 45
Mass screening in Principe 0 0 0 2 2
Total 14 10 25 32 81

*High-density parasitemia (F3~F10)
** _ow—density parasitemia (F1~F2)

2. R épeingi F & (Polymerase chain reaction; PCR)
Wi 750-20Crk facitet DNA > 1% PCR = 546 RIE L o . MSPL &

16



MSP2 A F] » #7i¢ * sl 3 44 B 5l4ck E #77 [35] & ¥ F igd 16.9 pl e
DEPC -k ~0.5 pl 710 mM dNTP Mix (dNTP Mix, Qiagen)~2.5 ul <5210 &% PCR Buffer -
1 yl 50 mM MgCl; ~ 0.1 pl Tag DNA polymerase (5U/ul) (Platinum® Tag DNA
Polymerse, Invitrogen) ~ & 1 ul c0 10 mM 313 %t > 2 2 2 Ul enEFRIEAE =0 > 58
BAE 5 25 pl o B4k B 95°C FE# S A 4iE (75 0 9 95C i DNA #
304y ~52°C 313 4L & 304 ~72C 54 6077 DNA Fut B » 1 it =
ﬁ?ﬁ;ﬁ_‘_z‘rﬁ 35 B JA Tk 0 B fs MMIF 72C % 1044 R F RAP N 2> @ F
ERF AR A4C kY EFFF - AP UEFART ARZE LS
B5pulehk A 42 1l 76 % Loading Dye (EZ-Vision® Three, Amresco) & &
¥25371 ~d 05 & e TBE Buffer fie B e 2% &% 34k # > 12 100V 7 B2 (7 85

W40 L BREEE R M ET BB S R Iser

AERRANABMAG 3¢9 $- ~ - WRF AL RAGE? REFFMMYF B2 513
B 7|

Table E Primers for PCR of phylogenetic relationship in malaria parasites strain

Size

Primer Sequence(5°—3’ Ref
q ( ) (bp)
MSP15 GAAGATGCAGTATTGACAGG
200-300
MSP1 3" GAGTTCTTTAATAGTGAACAAG
[35]
MSP25" GAGTATAAGGAGAAGTATGG
400-500

MSP23* CCTGTACCTTTATTCTCTGG

3IAFIZA
#4422 7 (MISSION BIOTECH) i {7 A 5] % A -

4.5 7| A 1
A F %A 4718 2 B 74 * $c88 Lasergene (DNASTAR®) £ BioEdit®#rm 14 4

"éft 51+ %+ » % 1% NCBI (National Center for Biotechnology Information) # BLAST
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(Basic Local Alignment Search Tool) # i [42] :&i7 4 fav > se < PCR A % &7
fETEH PR T Genebank P FOFEZ A Y A BB G TP fE S T R
Ll BRGEA I EY R

Hesty B T HB IR BioEdit ¢ Clustalw # & i& = Alignment 7 71 %
Ao fF ¢ * MEGAG6.0 #x48 (Molecular Evolutionary Genetics Analysis Version 6.0) >
2 Neighbor-joining st3* = ;% Bootstrap :& & 1,000 =t » 2= > #.% M %4t (Phylogenetic
tree) ~ 178 5 2§+ EMRE R A TR A SR | i i

ﬁ&#?ae
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¥R 8%

Fo8 FIAAMNETRESN

PR AT 5 F R A DA B e Bh AT 0 B S E B 4
AEE R A FEY B R Bctd & 2000 ¥) 2010 £ a5 RE T R dABE 0 YD
ARt 2010 E2 (5 AR L ABE S RARY R A BRI L AL - Bl- B
FIErWMAI3ERF EHE AN R ARSI 4 A Bl SPR B B % B4R B
BT EmT G MRS F 3 td ~ 2007 ~ 2008 ¢ 2010 #ig= # 3 & 7|
£ At s (WHO) 372 i A 2 ufé*ﬁﬂﬁ I > % SPR & ]+ 5% ;i;up;z N

S
=
F_L
i
AN
w
F»
*m
‘-::1
D
bu)
S
oy
1

Worm o PR E S 2 2R R ERE S RA G R DD

WP ERFIE2 458 - pio% BRFE-RARZ LY SPRES
—;ﬂ SR S £ > ARSI o & & 2000 & F| 2004 & kA R 0L
Ao fe B 2004 & 153 % e SPROEE B4R 0 A 384 4 G & 2007 # 22 2008

# P SPR f_‘é_;fség #-3 5% > eiT# ki¥F Lemba 4 {r Principe p io % 3§ %
## o Lemba 4 >+ @ ~ 2007 & p¥ SPR {2 5 4.3% > 82 7R3 '& X Hc i 2010 # 5 3 v fic

M

4o erag g > (e 3 2013 &£ 08 SPR E v a2 T '8 ¢ o Principe p s % R Ao
2006 & p¥ SPR (& T p-ig % 1 3.9% > B2 /X 2009 £ § A2k > e F 4@ 7 SPR E

S EEFFTE L2013 #H Ee )t 1% A - RSP HEFTR S E YR

-—\-

3 Lemba 4 § Principe p is % B % < éil%fi/%“f?ﬁﬂ e i o
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Ro8% B31EL03 K5k
L 5 B 42 4

B 2010 E £ HEF D2 G E RIS RABILSN28 Bop L& FL R R
BB i FAAGRE FERF2IFI0 A LR EY L FTFFI0 2
FimBFLAE5 WETRBEET 44 B0 E4 A g (F2) - 41* Nested
PCR fe Q-PCR & 74 4 kil » 2 te® ~ MF L A v Bp ¢ 0 75 RHHER
15 o 357 Nested PCR v Q-PCR ¥ & A4t tk % ML enie 2 @ 1 B 7

R fu i e

2. KF D Ak A

AFE R A 2011 £3]2013 EALH AT S ER HNEL AL EH AL P E
377 % > B okl ¥ (n=29) 4L 1Eu s Ed B EF TR (0=2) Ak
TFA L (n=3) FHME > AT ERA AL 3434 o FHRFLATRE 2
Sk A & B (n=185) v 4 »t F1 e g8 (n=158) -

MEI AL ERA SBREF BRI RH  Brd kR R 29
7 %) 24% (83/343) S PCR i iplte EmMIEMF & (R Z) MEREFRA » &d ~
201132013 42> 2 42 ¥k E B EF 4 A JER At bt TR MR AR
H g~ w5 83.6% (56/67) ~ 73.6% (167/227) 4w 75.5% (37/49) » F 372 » 4 e %
¥ A HRRIEE Pl & T 50 {8 &4 5 (23R @ (Positive predictive value; PPV)
% 75.8% (260/343) -

FUFALAABRRILEERA it ? F2 45 MAFL R85 L chied
A Rl R LBt b S 68.3% (108/158) 0 Apdkz T A E 4 AL F2 £ o
Jit PCRERMBH A B 5 > 372 A 3 %S5 5 % IRE - F2 3 By 4
B LI B IR B R 5 87.6% (162/185) H ¢ o FL % o 4 @ A 2011 # 7] 2013
T T R PCR 5 (et b4 u] & 73.1% (19/26)~60.4% (67/111)~57.1% (12/21) ;
F2 % s Bl 5+ 90.2% (37/41) ~ 86.2% (100/116) fr 89.3% (25/28) > &7 7 fs i
PELAGRL F2 Baigep Y o BRSNS F AP Bk iSRRG -
R o
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3PPV g Y

AR T 22008 E 10 299320 060 REIMPS wFeank i R4
AR etk 10 20 P F P RN EE BRBEEETRL 85 Lp A e
27 R PRMAREET T Lh AR SRR AT A dicS B13 4
R4z GEEAAPMBRL  HIRG LA S KRB 2L % L EBE . A
461 A PIBRERF R TRERAR L A FHRTES AL RBFR 513 LY
Pou e A ¢ 0 55 fp A WRITIE Rk s 0 B 458 A RIE RIS

e

WRPCR fe R 2 2 g % 0 Gl ~ i Y RORAISIE46] s 4 Y
"3 154 (34%) ¥ WRIFIERAAF G SIS HF R AL FRERABAR
AR PR FE AN AR AR TS T T G B FIR A

Bom A oA gk EN Y 14 (32%) X PCR Hiplis TIILHE - & Poti b

MY 3 55 102 (47.6%) = PCRIB|E - His 11 L etgpla iz dRIFH 5
B f 7 5] o

e ’ﬁr‘jfbﬁ%éﬁé\iﬁﬁﬁ%% AR FRTL I RFSF S RFRE
AR R AR A FiEM R T e gt B (Sensitivity) 5 66.6% (30/45) 0 @
B RS 99.7% (446/447); &4k 15 1 3R B B~ 12 13 Bl & (Negative predictive value;
NPV) |4 %] % 96.8% (30/31) £ 96.7% (446/461) -

4 FHra v picg 2§ B8
FHRF VP isHP T ~ 2013 & 38 6 pAciET 13 2 chy bR R - TE

B EH £ 6855 AL RRAY B P 65 A FlirEpmd o ¥ A B FL P
Boo B HRa v B R R A AL CE TR LA o F B T L LBt 4
v ¢ 171% 5 5 e Tazd (N=1116) foif 2 4% (N=56) Btk A £ 2o
EHE o R A I F R o H ka0 2§ A ARE F R AR (IRS) frfe} 2

7RG AR (ITN) - b4 % 5 96.6%% 73.2% > @ 5 76 + (1.1%) f# - &
BEARA -

BB GHREH? 3 T AGEEGHFHTIRAEE > B° 2B EEBEFR
RAEMRERA 27 427 »ifFd I5 XN F3%¢7d Aibd - EFRARR L
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t ,—E%/\‘FE? 1 EF\ﬁ?’i"ﬁiﬁfﬁﬁﬁf}?ﬂ‘f‘}é » H @ Empl A4 rg‘f SIISE &

AP

93 4k
E/}F"

R’

ARG A ABKRBEED2 Y SRIEMLEREDAF] 2T 45
LR F WA EREEF o Bl= 5 58 Nested PCR 3 15 {6 & 4~ ia
% Fpql* NestedPCR#&RIE s = &% LR RF - FPoRE ~ = poggerd

BT A Y R R LM e Lo AR S EBD 100 £ Bt B T

LS o P R 58 Nested PCR R[22 F R RAR %02, » B 2G4

o

R e BAERAR A RFSEELIEME -
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FIE RRAARGM B R

FrEPeT 22010 2 2013 # P S A BRI RREKRSEET A
rAFA AL (H)SF2 Ak mpt (O S8R 2:RAKkE N) =
ﬁﬁ&wd$9mw$mmg%%ﬁﬁaé%&%ﬁﬁﬁﬁﬁ’ & # {8 5] 43 1%
MSP1 & 34 ix MSP2 = #jarink 5 - 2 ¢ & MSPL 2 7] 7 2010 §] 2013 # ¥ &~
BEIE A 1231414 WE B 0 @ MSP2 AP iz 4 ERF R F 1122129 i%
B3] o #PCR &4 g% 15 B30 % «h sk ™ ¥ B 1| MSP1 2 MSP2 & B ¥4 4 4
%]t 300-400bp 14 % 500-600bp z- fF » I 2L 2 < | o Rlw & W I A W &R F P&
WEB I B4 2 PCR A%~ | > SEURE % TF 507 Bl i
ey AR e

d NCBI % 7 Blast {3222 PCR A & ApiT 5 7> 1 % ¥ § 3 AT R E M
BB A MSPL ~ MSP2 B 7 & 10 i » 4 » 5ok Mega &2 25 #7185 % — A 6l
%wﬁﬁouMﬁ&%ﬂ@ﬂﬁ%@%ﬁﬁ%ﬁﬁ%ﬁ’@—ﬁﬁwW%@ﬁﬁ
SV A RA L Z A AREY NS A3 (Group 3) F TS 2RI 44.2%
(19/43) » T L A S B s B L LA SRS~ FRRER AR FPITA ]
¥ %% (Group2) ® BB w2 & 2L TR 326% H P ¢ 7tk
BRI R A R 2 R Arfes & R f R RS MSPL L F A SIS 31T

@ 10 E R 2B # (Group 1) &5 ~ & R AN GRE R AR FI4P

) e

ML TR A AT g B IR A R e B D R 2 2 S A HE R
BTl Bt M EPEERISATEG LR o RS I % S K
NS Bretd R A G 2010 ) 2013 ERKRAMEEEAS 0 B BRSET B
Plrife fE4Er o % - 29 A Zrp 2012 3 2013 & > b & (> Fi 2 WA X
LEApi s $HPIEFMT e £9 JciF2 M i d 2010 # M AR 7R
AT L A Sl E s fRE A A IR e 2011 ~ 2012 & K F 4 Bk g
AFRERARIRLEIT R A H VLA AS | - FHE 2012 ~ 2013 E B
B eMFLAT R ORI V- FRle 72304 2010 27 Bk B F 2
Felzgi X i 0
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MSP2 5 5] 5 45 % L3S W)= » HAB% 2 MSPL 2 % 4p ¥ < A 5 = X 3o %
- % (Groupl) p 7 L1 iR 7&K % YL £ A 3 gt R MSP2 4 1 A
FIART o B3t % 2 # (Group2) A7 ¢ T e 412% (14/34) 294 ¢ 712 %
A BB > BRI R IR B T RSP L E BT o f
%8 LM BT ¥ = (Group 3) # AR 2B FIORI TS B B R Aok & o

DG GRER ZH R ARRECfrEBREER GG R By
ok Gd RRZG PR o 5 - HT A LA ] H4%h o - # 5 2010 ~ 2012 e
2013 & i< & 4 A RE > #kt MSPL & Flen® — 3> ¥ - 3] F7 2010 £ 15 2
BEAHEE MSPL % - ¥ o % - H#EFHEHRED MSPL A Flahyx -3 > 18 5
20122013 # M F 4 AR T ¢ L HRo VR A 2 &4 2010 £ F 5
i*%%f%‘%”ﬂ* B E5LENEF L AL R & MSPL B4 A 44

P ZEAHE e Lk A 475 % @ 2 MSPL 4o MSP2 A Fl &4 ¥ ¢ A8 4p e o
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Sed 3

Fd Frp R LR LSRRI ER s OB o AR R W S E R

L g E RB g IEAIOT R 0 SRR R RA PP REA N 0 BBE
Fas = SRR IR T R A R RR AT IR 28 R

By Fis SV Rtk o SF - B RREAETS P EE T RE iuf
wH 2 PF o G ii&w%ﬁ%%mﬂﬁT@ﬁ’ﬁ%ﬁﬁiﬁé%iﬁ$m§ﬁ
WHEni r 335 o i BEAFY - RAINTRE L e A

B e Z ARRAPRERAMBE R FRADLIEEF - BAEEIB > B

i AR P 2 @R R DR s B [43] 5 5 ORT Bl FUBARRAL

AT R

A %@%??ﬁvﬁ@_@‘)\,ﬁﬁ_,ﬁ‘—ﬁf W FI P T 2IRA IR T RE L g
oo mITREFIIEE AARERDILER -

%7%%1‘%@4‘1@]?\ ﬁf‘ 9 I% B 1%;—:}%}3—/” f”}%%‘fm%‘?’mm ‘f =
Mpasd L840 TR md SRFe a6 RAp ISR kS R b N puE

7 Lo $% Agua Grande 7 3 %3 B 4 SR A FEY 4
Bt AR AL LR FO IR A NAFAE R LAY 0 Agua
Grande #’s’é:’ﬁ PRE- REWSE o RN LREBRBR M B IR o &éft&:i&u}_
RAg$ 5 k¥ 5 £i7& ki A& SPR<5% % # > v v 5 Lemba 4 {- Principe
pipwedff- 2 rELpiE Lemba R F S E AL T @i BN d L
&%ﬁg&gAr@jﬂ~ﬁ@ﬁ$ﬁuﬁ&ﬂ%3%@ﬁ%%%@%06mee
Bic Ttk fR N H ARG 0 AT A de R 5 B b b Ak g R
@a#¢ﬁﬁAﬁ,ﬂwgiﬁéi%%ﬁﬁ%gé%%ﬁ%%ﬁwﬁ%%
[46] -

G S iEREADER > TS E AL T 2 PCR RLRA F R
%ﬁﬁ%ﬁﬁpi’%?%ﬂgﬁﬁﬁ&ﬁw’sfﬁﬁﬁmﬁ*tﬁ T
RERRAR Fp 4 [10]- 1R TS 0 B 5 £ AF & 1990 £ Rk A B
F vk 50~60% 2 FFH AT ¥ RREEREIe A LERAST & [47] 0 A5
% PI91" Q-PCR {r Nested PCR 1% i & 2 45245 » 459 Q-PCR il il 5 AR &
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DL L TaER o é_.érﬁ%%éi‘% SRR R g AR L R Q-PCR Ay P T
A gy DR R R R s B [48,49] "t = THETZREARLBE A
E :Fﬁ 315 Q-PCR =7 Melting curve ¥ f i 2| 2 g 4 o f8R & Fi ook 4502013 # Reller
FEAFELY LV RERRD DI AT L L AR RA [50] - 2t > Q-PCR 7
RIPI0LEF A Achste 2 PEE* e EF 2 Aok [51] -

P Fd g PP g gp A AR FLLRRMIERA
BEFMAAFEFRERE NA L RERS S, RBEER > MF L Al gper
NI At EE RIS RAATIONT) > AR AF L AKERSLFT N
FARFHDEFANIR o a L I»,T*Pgm’;\’%@ EuP o GRAaR R R
B A u] 5 66.6% 7 99.7% 5 [~ FEMIERIE W £ 96% 0 & Lee ¥ A Ap e KT
PR R ERERAP  BERARE R T2% FR R L 98% 5 B~ A IR R ER A
WG 98%% 78% [52] o b FALSE T M E TSI EMa Kot T A R
FleBn T o BT AEZ IS ERITIREARARL  DFERHE UL L TR
E ¥R IH A EFRRR] A RRI 2013 £ F ka1t pin R AR el & Ac
st AR RAOREER RRE DEIRT o s RBROPGFTERY TR ER
:ﬁ;ﬁ—%aﬁﬁﬁ%ﬁﬁv% Too REFRIA T W L e REBRAH B EEEKR - R
ERFEIEEH TR TRl A A d R h ERY O REL L R%

FEHEFLR VARG RPIAE QR AR RA Y T A G
BB SEMMN Y AR 2GSy TP PAETAT R g AR
Fr

PERR \'ﬁ%m’/\'uﬁ‘fji;f}% o

BB A A RS E L R EEY LR AP FERIRERER A 7R
RRADEE S FFFELFIHM - 1% PCRURBERAL LG F9 A7 ¥4
Al REERRIT S EAE - REBRERAF T SR EE 42014 & 4
HERRRANAMAG 30 5 - 2 AR FULFEH LTS 47 8 % 8T [53]
ed WAFFPRTHERFRE 2 FIEFE 4 M REF040 9 &
PR P R c BB RAFE R AN EIEFNELERA A RT
AR ZAFEORRANARAP IR A RV A AR LIE AL ERF] @ P
# 4-4F MSP1 4= MSP2 A 147§ % £ ¢ 227 I Allelic type :4% » % MSP1 & % 2

3 Mad20 ~ K1 - R033; @ & MSP2 A ¥R 5 FC27 &2 3D7 & & 3 ko1 7 Ip i
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B A RS EA R B R A P [57] P HEF A 2 R
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TR EORRA THRARE RS T RITIEARNB  PIR - EL TG S R
FI* o4 3 N gskT S ERERAEMSHTT [58,50] 0 A 4 E B B - ML
$ ACT st B A= 5 7 *33 2007 4 pr % 3 ¥ Hi9% [60] » o388 A KB 5 % 4
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Fig. 1 Malaria epidemiology in the DRSTP during 2000 to 2013. The figure presents

the number of fever cases, malaria confirmed patients, and slide positive rate

(SPR) in the DRSTP during the period between 2000 and 2013.
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W

The figure presents the number of fever cases, malaria confirmed patients, and
slide positive rate (SPR) in the 7 districts of the DRSTP during the period
between 2000 and 2013.
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Fig. 3 Detection of 18S rRNA gene of P. falciparum by nested PCR in malaria
positive patients in the mass screening in Principe. Samples diagnosed as
positive of malaria infection by RDT (lane 5-9) and light microscopy (lane 10-11)
were analyzed by nested PCR with primers targeting 18S rRNA of P. falciparum.
Lane 1: positive control; lane 2: negative control; lane4: 100bp DNA ladder and
lane 3: blank.
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Fig. 4 Amplification of MSP1 gene of P. falciparum from malaria-confirmed
samples in the DRSTP by PCR. Lanel: 100bp DNA ladder; Lane 2-7: malaria-

confirmed samples in the DRSTP; lane 8: positive control; lane 9: negative

control and lane 10: blank.
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Fig. 5 Amplification of MSP2 gene of P. falciparum from malaria-confirmed
samples in the DRSTP by PCR. Lanel: 100bp DNA ladder; Lane 2-6:

malaria-confirmed samples in the DRSTP; lane 7: positive control and lane 8:

negative control.
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Fig. 6 Phylogenetic tree of MSP1 gene of P. falciparum circulating in the DRSTP.
The phylogenetic tree was constructed using Neighbor-joining method. Sequences are

denoted by P. falciparum /Country/Districts/Sex/ Year of sample collection /Class/Code.
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Fig. 7 Phylogenetic tree of MSP2 gene of P. falciparum circulating in the DRSTP.

The phylogenetic tree was constructed using Neighbor-joining method. Sequences are

denoted by P. falciparum /Country/Districts/Sex/Year of sample collection/Class/Code.
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Table 1 The areas met WHO criteria of pre-elimination stage (SPR <5%) in the DRSTP Since 2000 to 2013

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Agua Grande * * *

Me-Zochi * *

Cantagalo *

Caue *

Lemba * * * * * * *
Lobata * * *

Principe * * * * * * * *
DRSTP * * *

*SPR<0.05
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Table 2 Malaria infection detected by molecular diagnosis and light microscopy in the patients with low-density parasitemia (F1

and F2) in the DRSTP during 2011 to 2013

2011 2012 2013
Total (%)
F1 F2 Total (%) F1 F2 Total (%) F1 F2 Total (%)
PCR (+) 19 37 56 (83.6) 67 100 167(73.6) 12 25 37 (75.5) 260 (75.8)
PCR (-) 7 4 11 (16.4) 44 16 60 (26.4) 9 3 12 (24.5) 83 (24.2)
Total 26 41 67 111 116 227 21 28 49 343
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Table 3 Comparison of the results of malaria infection detected by molecular diagnosis and light microscopy in the febrile patients
in the DRSTP during 2011 to 2013

Microscopy (+) RDT(+) Negative Total

PCR (+) 30 10 15 55
PCR (-) 1 11 446 458
Total 31 21 461 513
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Table 4 Demographic description of mass active screening for malaria infection in
Principe from March 6 to 21 in 2013

Total n=6,855 (%)

National Population Census

Total 7,542 (100.0)

Female 3,650 (48.4)

Male 3,892 (51.6)
Mass active screening

Total 6,855 (100.0)

Female 3,491 (50.9)

Male 3,364 (49.1)
Age (years)

<5 1,116(16.3)

>5 5,674(82.8)

pregnancy 56 (0.8)

Missing 9(0.1)
Indoor residual spraying (IRS)

Yes 6624 (96.6)

No 221 (3.2)

Missing 10 (0.1)
Own an Insecticide treated net (ITN)

Yes 5,020 (73.2)

No 1,825 (26.6)

Missing 10 (0.1)
Travel to Sao Tome

Yes 233 (3.4)

No 6612 (96.5)

Missing 10 (0.1)
Infected by malaria in 2012

Yes 76 (1.1)

No 6769 (98.7)

Missing 10 (0.1)
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Table 5 Demographic information of malaria-positive patients identified in the mass screening in Principe

Travel Malaria Diagnose results
Code Sex Age _ . o INT IRS Treatment®

history history Slide RDT PCR
DT1-078 M 9 No No No Yes Ar+Am - + -
DT1-155 F 13 No No No Yes Ar+Am - + -
DT7-774 F 54 Yes No Yes Yes Ar+Am - + -
DT8-556 F 30 No No Yes Yes Ar+Am - + -
DT8-599 F 58 No No Yes Yes Ar+Am - + -
DT10-695 M 15 No Yes No Yes Ar+Am P. falciparum + P. falciparum
DT12-004 M 21 No No No Yes Ar+Am P. falciparum + P. falciparum

L With travel history in past 15 day

2 With malaria history in past year

3 Ar+Am = Amodiaquine- artesuna
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