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BASBR AR EME G - FRERVENEES)
SEM RS E

T T TCHAT L B RGYE O E ~DIR AR O5E{IZBE T 245
BRENZRBITAEA~TIT OBE L L OHEH

SEPEE  TEHEET
BABEE  BHEHT

(ESLRRYLIERTIERT  EEMTEE)
( HRRFEEZE BH#ER )

ENA~OZEANTE~ZV T OEGAFZ IR ONIT 572010 B RFIN TS 1984 4
235 1998 FE D~ FV 7 IBE B EEEARDFER], KR X 3T 51T o7, £OREFR, LIATHE S
NTCHNe2EHOF) T BERERORF0EDS— L TWLZEN ot Flod AL
hr— A28, ZanX s T pfort K7T6T BROBHEITo7- R, R &R
THEAERR G IS T 20% L HIBEA R CHUISIR A R RETHAZ LR o7,

AR B

|IE, SHIEHIM M~ T 7RO R
PRPRATIS OV, WFFEE 1L B » FrEE OB 5
FROELILTVD, TNETHEHRDELD
FEEIZLD, Zrak R0 A7 o UM
CILBETIBEGFETOERIA, 25D
WS R IR0 DN TRl S T&
7o TAVIZIERITHMERRE D2 O LB IZ 1T D
(R DTRITER D E1272508, THE) DT
17, DEVEME W THEF 72 Rt i
BROWATE R~ DRI IS TR E DV,
B, ESLRYYERFZEATICIE, (BB R4
R BRI AT - QOB YR TR EIC L
AwSVTITEREICL W27 B
DEBIEARAMEESN TN, REFFRIZZ
NHDOTEBIEADNS DNA ZEIRL , LA
B E s 7 O HRORITESVETFR
BHEIRIZ, ER~OFAFIMHE~Z) 7 REO
ABDOEREEZHELNZTAZEE BRET 5,
FDT=DIA T IAE RO UL AR5
B ATHE IR, WEEIZEIT o Fin
HIFEAT DB A E DT,

B.AFSE 5 1A
B-1 JRHBRRESEOFHE
JEFBMBE T CHEEARZBEL. K
BB REYTEH E L, FOBRICHEEE
AOEFE% CCD ##7 (Olympus DP70) T
BEL., T8N EEITT,
B-2 MEEANGD DNA DEINEDHEST
BT T R FCR3 #%, RiE&Y
IRIERCAIRL | B R REEED R DHF A
Tt LT RIS RS ERIL 7=, 7umd
M3 {m F pfert K76T 22 R OMHIZIT KL
¥R RO (BN ERER 24— B
T LDERAL) , DNA DRI IX, A% /—V T
Bt L7 8 A% QlAamp DNA Blood Mini
Kit ( Quiagen %L ) T [E ¥ L , Phusion
polymekase (NEB)Z FVNTHEMEAZTT o772, 1
=] H OHEIRIL98°C5F, 45C20%, 72°C
208D DIEIE A 40V A 7 VAT, 28] B 0%
27w R PCRIZIZ, 1B H O PCR TELNE
P 1ul v, 98°CERP, 45°C 208,
72°C20F0 D 1EIE % 30 A NAT
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o772, PCR O#ER. pfert 190 bp Difigs
BERIKENZ X > THER L, ERLETSA
~—OEFIZ1EE OEEIZIX., pl:
5°-TCA CGT TTA GGT GGA GGT TCT
TGT-3’ 2B NZ p4: 5°-TGT GAG TTT
CGG ATG TTA CAA AAC-3’, 2[E| B D
1813 p2: 5°-TCT TGT CTT GGT AAA TGT
GCT CAT-3"725TNT p3: 5’ -CAA AAC
TAT AGT TAC CAA TTT TG-3" Th5b,
PCR E#DOECF IR ENL p2 27 T4~ —¢1L
THW., (BR) A<ty ARFFEFT I 4
ERRFEL =,

ORISN
C-1 BB ESNAIER TOEA~
FUTDFEED

1984 N5 1998 £ ETOEEE
BARIZONWTBEFRNFETHLDIZD
W, BN T 240 ~T) 7T OFER &
BEE T CRBMEEITo12, DR,
BUAERBLNTHY, T~ TU 7 R ENB
HCEBDIL 589 7L ThoT- (1),
< ZVT OFER|TIIBVEE~FUT S 231 4
(39%), Z A B~TU7 346 5 (58%) , I
<707 7 B (1%). WBE~ZIT 5 f
(0.8%) Th o7z, HUIEBIDI A T, Bl
B~ TUTIIT 7Y CORYEA 151 7L
WE~TZUT O 65%% 8, FNITHEET
CT D586 (25%) Thotz, —F ., = BE

~TUTERE T 7 BREGEDE—LTHY,

146 BI(ZBEA~ZUT D 42%) DERERLE
Brbotz, FEAULIAVREDOETYT
TV 129 #1(37%) DRRGE B SN
TV,

%Iz, C-2 TRT LI, BEIER
%35 DNA B 7V E B L, 45 7R A0AR
WraATo 7 DIZ IR RGN 0.1% Lk (18
) DY NV ERATRT, T
1275 M THY, £V ND 46%% Eb D,
G IS R DFEEE 31T T, BV~ T Y

T CIET 7V TOREGEDS 105 Yo7 0 (B
HETVT D 70%) L100% 5, 2 B2
WET T D31Y 7N (20%) Thotz,
FZHBACTIT C—FBYE NE Do
DX ET T D51V (Z R BT
U7 D 41%) 2B ENERETUT D 42 Y
TV (34%) ThoTz,
C-2 ERBEARNHD DNA DEIAS N
[RGB D I E
EEEARD~TFY TV 7 vinb DNA %
[EUR L. 53 FEFRIRITEITO 7201, ED
2B R MBS TH RS T B, R
RORRLERBIEAZIERL DNA OEIE
1To7z, [EURFIE. LART, £ (2001)
WL TSN TV REIC R EL A
7= (FRFEBR) , BIBEOXI S L LI EER
FiX, EEI X U MEE AT ORKE SR
HFIINTWD pfert BB FO K76T RO
HICHE L= fEIR Th 5, R REGESE 3, 0.5,
0.1, 0.05, 0.01% DEBEEAN D DNA #[H
U, RATFYF PCRHEDTE 70 VA7V
PCR A7 NV EAToT-FER, 3, 0.5%DV 27
JMBITH SR EEE, 190bp A HEEIC AT LI,
0.1% DY T NZONTIE, FE#IZ PCR
FEEM BT DI 0T, o T, BIBICLE
FRSL R A 0.1% L EE R ELTZ,
C-3 XAV Ibyr—7 2 A IZLD pfert
K76T ZROIRH
~IVTIRATH CIIE B DO~ Z U 7 RICE
L ERBEDERHIN WS, 2T, pfert
K76T ZEMNEDRRERSEEL L
KAV IR — I R L TEDIE R
NERE CEDNDORBRE R Rolz, B
BT TE AR FCR3 & K76T 2R M Kl
DT/ LEBEREILTREL, TNEEERELL
TE 70 B AINVDEXAT YR PCR 2470,
PCR EMOEFNEREL, TORE, &
B THERR DNA 2% 20%FETHIE &
BIMAL DY — 27 (A227C) R H T A2 L7
TE (K1), F-E R DNA CEFAR
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DNA OHERAFET TIL AUEsoY

— PR TTE L, Lo TLA227C DY —7

DEINZEST, BBLZORAEGEENR
RCEAIENR -T2,

D.Z%%

ERBEREBIIE LR OB RE
WZEBDEE/B0-80f &N TETud, K
ERBERIYEOREZROY S B
3= TNBEEZ LIS, Ba—v A
T AR B FH N B3R U7 TN B 7 - &7
EHFEICXT A4 —T7 7 R T O R
B 2050 ) O R SR AFIITE
FB~=ZU T OFERR G UNT R #i 2 4E )
IER—Tohol, o, MBERNLDF
&R EMRIT AT 1201, FAERTH 0.1%L4
LDORBEEPMETHHEHEINDTZD,
5y FIE FREATIC NS T R e
TNOFKIHE (46%) ETp oz, Lo Tha—
v AT ARB M O ERICED, 2EH
D=ZVT BEREZEDRK 25%I12o01T
FFEFBITEREEICEFETLTE
Thb,

1940 ERDBFEASNH7 a2 13 1960
ERICFOTHERPRESNTHS, HEE
TUTRT 7V AR LOHREMIZEIEL
Tro FRAETH 1990 £738 1995 FE DRI 3K
FITH AR OB L > T — BRI N —
BEIFTND, DFEY, 1990 FE|(ZIXEEF D
8ENT 1988 AT ARBINT= Y AT 7 RF
SEVAPIVBRN (T 7 v B — V) B A

LTWBD

IR, 1995 FITITERNRARIED AT
FUBEMEEE B HOBEICRELTND,
INFETI/ROR UM EEG L TR
< FUT R B O pferf BRF725ONE pfndrl
BmFN, A7 UMEERETFELT
pfmdrl BRTDHLMADOERNEETH
LIEMBEEINTWDS, KBFZEIZE-T
1984 EMD 1998 A F T SR A 22 ZEA T
PEERTDILHY, b HARA~O# A
BIOEEPHALIZTHIEIZED, EFRBE
B COHE—EFRIROFTMIZH D0 bd
BILTEDHEEZ TS,

‘FAFERE
1. 3R
BHEHET O | BREELY T OR
A
Vb EBE p51-59.2005 KAREE
7. FERFRE. EFER. J
BHEHETIEAMREI AN 2005—
2006 |
7 ERRE HRIFRONIE R p928—
930,2005

2. FRER L

‘G AT A EORSRIL 2L
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#1 ENBIYENERFEBVRMICREFEENTHIMA~T U TEGFOEE

Pm
Year Msin \n total | total | total
1984 5 3 2 0 5 7 20 2 0 0 44
1985 6 4 1 0 1 9 9 0 1 1 32
1986 5 10 3 0 2 8 11 0 1 1 41
1987 5 1 3 0 2 2 10 0 0 0 23
1988 10 2 1 0 1 11 10 0 1 0 36
1989 6 5 0 0 2 10 4 2 0 0 29
1990 6 3 2 0 6 18 9 2 0 0 43
1991 10 4 0 2 1 16 9 2 0 0 44
1992 8 4 1 0 2 8 9 3 0 1 36
1993 10 3 1 0 3 9 3 2 0 0 31
1994 12 3 2 0 6 15 5 2 1 0 46
1995 8 3 1 0 2 10 5 0 1 0 30
1996 9 2 1 0 3 2 8 2 1 1 29
1997 23 3 3 0 9 14 12 3 0 0 67
1998 28 8 0 ] 5 10 5 1 1 1 59
total 151 58 21 1 50 146 129 21 7 5 589

BEEIAR OS] - kB8 (1984—1998)
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F2 ENMBEENRERRFEBWRICRESATOSIWA~T Y TES (RHR

L 0.1% 2L L OB RIKIEA DR - #ighI533H (1984—1998)

Pf Pm
Year | Arfica S total | total | total
1984 5 0 0 0 2 0 6 0 0 0 13
1985 3 3 1 0 1 2 2 0 1 1 14
1986 4 3 1 0 1 5 5 0 1 1 21
1987 2 1 1 0 2 0 3 0 0 0 9
1988 8 1 1 0 1 3 2 0 0 0 16
1989 5 3 0 0 1 2 3 0 0 0 14
1990 3 1 1 0 2 4 6 2 0 0 19
1991 6 4 0 1 0 5 4 .0 0 0 20
1992 3 1 1 0 0 0 5 0 0 0 10
1993 7 0 1 0 1 2 1 0 0 0 12
1994 8 2 2 0 2 5 3 1 0 0 23
1995 6 2 1 0 0 2 1 0 0 0 12
1996 8 2 0 0 1 1 2 1 0 0 15
1997 14 2 2 0 5 6 5 3 0 0 37
1998 23 6 0 0 3 5 3 0 0 0 40
total 105 31 12 1 22 42 51 7 2 2 275
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A Briefer of Malaria in the Philippines
A Report for Geographical Information System
for Malaria Control

(Malaria Study Group, Research Institute for Tropical Medicine, Department of Health,
Manila, Philippines)

Introduction and background

Much of the information that is known about malaria in the Philippines have been
derived from field-based research studies conducted by the Malaria Study Group of the
Research Institute for Tropical Medicine, Department of Health. This report attempts to
summarize malaria in the Philippines based on these studies and goes beyond mere
reporting of malaria statistics. The major areas where these studies were carried out were
Morong, Bataan, and Agusan del Sur; other areas were Apayao, and Palawan provinces.
The Study Group believes that evidence based on reliable information is a foundation for
effective malaria control and the platform on which to present the information is one that
allows spatial and geographical analysis of data (see Annex 1).

Epidemiology

The number, prevalence and availability of the gametocyte in humans,
opportunities for human-vector contact, and the wvector’s potential for malaria
transmission maintain disease transmission. In the Philippines where malaria prevalence
is low, and the period when vector numbers are large enough for disease transmission is
limited, maintaining transmission is dependent upon the parasite’s survival in the human
host. Malaria incidence by age for either sex decreases with increasing seropositivity
rates. The prevalence of parasitemia and high malaria antibody titers during the
maximum transmission season are higher for males than females. Since its chances for
surviving the minimum transmission season are lesser if it survives in the vector, the
parasite developed mechanisms to secure its survival during this period in the human host.
P. vivax evades human host immune response by being in the hypnozoite stage; P.
falciparum survives in its sexual stage (i.e. gametocyes) (this is further discussed below
in the studies on antigen diversity). FEach species is equally transmissible and
transmission appears to be independent of each other. Studies in Morong have shown
acquired immunity to malaria. Malaria incidence by age for either sex decreases with
increasing seropositivity rates. The prevalence of parasitemia and high antibody titers
during the maximum transmission season are higher for males than females. Children
below the age of 10 years are at greatest risk for infection and disease. Adult males may
be the human reservoir host during the minimum transmission season.
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In communities with reported malaria cases, livelihood activities are a major risk
factor for infection. The months of intense farming activities coincide with the months
when human-biting rate of An. flavirostris is highest. It has been observed that
perceptions of the cause and prevention of malaria, and treatment-seeking patterns put
one at risk for acquiring and transmitting the parasite. The interactions between parasite,
vector and host occur in physical (geographical and meteorological) and social
environments and give rise to two well-defined transmission seasons — minimum and
maximum transmission seasons. Climatic and geographical factors affect vector numbers
and vector longevity and human activities in rural agricultural communities.

Malaria transmission in the Philippines has been described as both stable and
unstable. Malaria is stable in areas where transmission is maintained from one year to the
next. Outbreaks of malaria in some others and decrease in number of cases in others
(where treatment with more effective drugs and improved vector control) reveal that the
‘stability’ is precariously in equilibrium and potentially unstable. The malaria
transmission in most areas in the Philippines is maintained by very low vectorial
capacity; tipping points exist that can move in the direction of interruption of
transmission with improved control measures that either further decrease reservoirs of
infection and human vector contact.

Studies on malaria parasites

The reported species are P. falciparum, P. vivax and infrequently, P. malarice. A
relationship between P. vivax and P. falciparum is one of synchronicity. Molecular
biology studies of malaria parasites were on the following: (a) antigen polymorphism of
PfAMAL, PfMSPI, PvAMAI and PvMSPI; (b) molecular analysis of drug-resistant
malaria (chloroquine and sulfadoxine/pyrimethamine); and (c) point mutation of Pfcrt
gene. From isolates in Morong, Bataan collected over two years, Pasay (1997) suggested
that P. falciparum faces an genetic annual bottleneck during the minimum transmission
season that limited parasite genetic diversity. A high degree of P. vivax diversity was
observed and it is surmised that because of the large P. vivax parasite diversity, a large
number of individuals are infected with hypnozoites. From studies of the sequence of the
Pfert gene at defined loci, Cheng et al (2003) have suggested that the evolution of
chloroquine resistance in the Philippines arose independently from other strains in South
Pacific.

Studies on the vector

The known incriminated anopheline vectors are: An. flavirostris (primary), An.
balabacensis, An. litoralis, An. maculatus, and An. mangyanus. An. flavirsotris, An.
maculatus and An. mangyanus are widely distributed; An. litoralis is mainly found in
Sulu and Tawi-Tawi while 4n. balabacensis in Palawan. There are minimum and
maximum transmission periods for malaria. An. flavirostris breeds in slow-flowing
streams and pools in foothills; floodwaters wash away the breeding sites during the rainy
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season. The man-biting rates of An. flavirostris increase during the summer months;
likewise, the number of malaria cases peaks during the hot, dry season and fall during the
peak of rainy season.

The malaria control program implements insecticide based vector control
strategies as the major control intervention. Insecticide Treated Nets (ITNs) is the
primary control option while indoor residual spraying is reserved for epidemic situations.
Studies on the characterization of the malaria vectors led to more detailed DNA studies to
determine presence of sibling species complexes and efficacy of insecticides used by the
malaria control program have been made. With community wide and intensive use of
insecticide based control strategies, the development in of resistance in malaria vectors is
possible. The last documented resistance in Anopheles flavirostris was to dieldrin in the
early 60°s resulting in a total shift to DDT (MCS, 1997). Susceptibility tests conducted in
the last decade indicated that Anopheles flavirostris and Anopheles litoralis were
susceptible to a wide class of compounds. However, in most instances these test results
were based on very limited data sets and sample sizes, and often from single locations
within respective region/province.

Through a Roll Back Malaria initiative, a network of Department of Health
entomologists was formed to conduct susceptibility and bioassay tests in selected areas.
The formation of the Nationwide Surveillance Network ensued periodic determination of
susceptibilities of Anopheles flavirostris from six sentinel malarious provinces against the
most commonly used insecticides in malaria control namely; alphacypermethrin and
deltamethrin. Another important contribution of the network was the efficacy evaluation
of insecticide treated nets.

Studies on treatment

Until 2002, chloroquine was used singly to treat uncomplicated falciparum
malaria; Fansidar (sulfadoxine/pyrimethamine) was used as a second line drug.
Treatment failure to chloroquine was observed in clinical trials conducted in Palawan
during the early 1990s; in-vitro tests revealed chloroquine resistance as early as the 1970s.
Results of efficacy studies of chloroquine plus sulfadoxine and pyrimethamine for
uncomplicated falciparum malaria in two provinces in Mindanao in 2001 were the basis
for a revision of the treatment guidelines. Currently, CQ+SP is the firstline drug and
Coartem, secondline drug; parenteral quinine plus (quinine plus any of the following —
tetracycline, doxycycline and erythromycin) is recommended for severe falciparum
malaria. Surveillance of the efficacy of the firstline drug combination is currently carried
out in sentinel sites. Falciparum malaria has been the major type of malaria reported; in
2004, however, it was observed that 73% the reported cases were vivax malaria. It is not
known whether these are relapse cases because of poor compliance to radical treatment or
poor response to chloroquine. An ongoing study of the efficacy of chloroquine to this
species of malaria to date has not observed any treatment failure.
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Studies on malaria control

The main challenge that the malaria control program has always faced is early
detection of malaria cases. These are due to absence of skilled manpower in remote,
malarious areas. It was observed that self-treatment for perceived malaria was rampant in
endemic areas. Diagnosis of malaria by following a clinical algorithm was attempted; it
had shown varying results in detecting malaria and its application. Field studies of rapid
diagnostic tests gave various results. RITM is currently is participating in a WHO/RBM
endeavor to establish a quality control system with regard to malaria RDTs.

Important data for monitoring control programs are derived from records at the
rural health unit, district or provincial hospital, and any health facility where diagnosis of
malaria is made. This passive method of case detection from symptomatic individuals
who present themselves for diagnosis and treatment is helpful if health facilities are
accessible and diagnostic capabilities are available and satisfactory.

Much of the operational support of malaria control comes from two major
sources: Global Fund and Roll Back Malaria (with support from AusAID. These are:
nationwide training of malaria microscopists; establishing a quality assurance system for
malaria microscopy; provision of the secondline drug, Coartem; insecticide treated
bednets; rapid diagnostic tests; bioassay of insecticides used in treating bednets;
susceptibility testing of the vectors to these insecticides; and therapeutic efficacy studies
of antimalarials for uncomplicated falciparum malaria.

Research needs to improve malaria control

The research needs to improve malaria control are listed in the Table below.

Aspects Topics

Vectors 1. Incriminated vectors
a. Vectorial capacity,
b. Competency
c. Insecticide susceptibility and parasite
refractoriness
2. Update vector geographical distribution

Parasite 1. P.vivax
a. Characterization
b. Relapse studies — intrinsic hypnozoite activation in
single and mixed infections (i.e. with P.
falciparum)
2. P. falciparum
a. Genetic diversity and distribution
3. Antigenic variation
a. HRP2
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Therapeutic

Product development

Epidemiology

Control activities

VoW

—

b. LDH
c. DHFR
Therapeutic efficacy
a. Extend sites of TES of P. vivax
b. Other atemisinin combination drugs

. Five-day quinine plus tetracycline in non-severe

falciparum malaria

. Screening of natural products (e.g. medicinal plants) for

antimalarial and insecticide properties

. TES of chloroquine in P. vivax in Northern Luzon;
. TES of primaquine in P. vivax

. Screening of natural products (e.g. medicinal plants) for

antimalarial and insecticide properties

. Drug combination treatment and changing trends of

infection and disease

Environment and meteorological changes and changing
trends of infection and disease (see ANNEX 1)
Co-morbidity (other parasitic disease) in endemic areas
G6PD deficiency prevalence and distribution

. Evaluation and validation of current indicators used in

categorizing endemic areas

Indicators to evaluate effective control and document
interruption of transmission (e.g. in school-aged
treatment)

Critical period for bednet insecticide treatment

Rapid assessment for outbreaks

Efficacy of insecticide residual-spraying in controlling
outbreaks

—385—




Philippines Year 1 Report, February 2006

Bibliography:

Chen, N., Kyle, D.E., Pasay, C.M., Fowler, E.N., Peters, J.M., and Cheng, Q. (2003).
Pfert alellic types with novel amino acid mutations in chloroquine resistant Plasmodium
from the Philippines. Antimicrobial Agents and Chemotherapy 47 (11): 3500-3505.

Espino, F., Manderson, L. (2000). Treatment seeking for malaria in Morong, Bataan,
The Philippines. Social Science and Medicine 50, 1309-1316

Espino, F. (1999). Putting the lid on malaria: interruption of malaria transmission in a
low endemic area in the Philippines. Tropical Health Program, Australian Centre of
International and Tropical Health and Nutrition, University of Queensland, Brisbane,
Queensland.

Espino, F. (1999). The changing epidemiology of malaria. In Malaria in the Philippines,
Philippine Council for Health Research and Development, publication of the Department
of Science and Technology, Philippines, 5-20.

Espino, F., Manderson, L., Acuin, C., Ventura, E., Domingo, F. (1997). Perceptions of
malaria in the Philippines: transmission and prevention of disease. Acta Tropica, 63,
221-240.

Pasay, C.M. (1997) Gernetic diversity of Plasmodium falciparum and Plasmodium vivax
in an area of low malaria endemicity in the Philippines, Ph.D. Thesis, The University of
Queensland, Brisdane, Australia

Llagas L.A. (1999). Malaria Vectors and Vector Control. In State of the Art. Malaria
Research In the Philippines P21-32

Salazar, F.V., Hugo, C.T., Ebol, A.P., Segundo U.P., Macam, O.L., and Varca, L.M.’
(2005). Establishment of nationwide Surveillance Network for the Determination and

Distribution of Insecticide Susceptibility of Malaria Vectors in the Philippines. Final
Report submitted to WHO Project (MVP/PHL/03/02).

Salazar, N.P., 1989. State of the Art Malaria: The Malaria Situation in the Philippines: A
critique. 49p.

Saul, A., Belizario, V. Y., Bustos, M. D. G., Espino, F., Lansang, M. A., Salazar, N. P. S.
(1997). The stability of malaria in a community in Bataan, the Philippines: prospects for
control. Acta Tropica, 63, 267-274.

Torres, E.P., Fischer, K., Foley, D.H., and Kemp, D. 2002. Characterizaton of

microsatelite loci in Anopheles flavirostris, the principal malaria vector in the Philippines.
Molecular Ecology Notes 2: 257-258.

—386—



Philippines Year 1 Report, February 2006

Torres EP, Foley DH, Saul A. 2000. Ribosomal DNA sequence markers differentiate two
species of the Anopheles maculatus (Diptera:Culicidae) complex in the Philippines.
Journal of Medical Entomology. 37: 933-937.

Torres EP, Salazar NP, Belizario VY, and Saul A. 1997. Vector abundance and behavior
in an area of low malaria endemicity in Bataan, the Philippines. Acta Tropica. 63: 209-
220.

Torres EP 2004 Population structure and Gene flow in the Philippine Malaria vector
Anopheles flavirostris (Ludlow): Implications for Malaria Control. PhD Thesis
University of Queensland Tropical Health Program, Australia. 179 p.

—387—



