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Objective. To understand how congenital toxoplasmosis (CT) diagnosis has evolved over the years, we performed a systematic
review and meta-analysis to summarize the kind of analysis that has been employed for CT diagnosis. Methods. PubMed and Lilacs
databases were used in order to access the kind of analysis that has been employed for CT diagnosis in several samples. Our search
combined the following combining terms: “congenital toxoplasmosis” or “gestational toxoplasmosis” and “diagnosis” and
“blood,” “serum,” “amniotic fluid,” “placenta,” or “colostrum.” We extracted data on true positive, true negative, false positive, and
false negative to generate pooled sensitivity, specificity, and diagnostic odds ratio (DOR). Random-effects models using MetaDTA
were used for analysis. Results. Sixty-five articles were included in the study aiming for comparisons (75.4%), diagnosis per-
formance (52.3%), diagnosis improvement (32.3%), or to distinguish acute/chronic infection phases (36.9%). Amniotic fluid (AF)
and placenta were used in 36.9% and 10.8% of articles, respectively, targeting parasites and/or T. gondii DNA. Blood was used in
86% of articles for enzymatic assays. Colostrum was used in one article to search for antibodies. In meta-analysis, PCR in AF
showed the best performance for CT diagnosis based on the highest summary sensitivity (85.1%) and specificity (99.7%) added to
lower magnitude heterogeneity. Conclusion. Most of the assays being researched to diagnose CT are basically the same traditional
approaches available for clinical purposes. The range in diagnostic performance and the challenges imposed by CT diagnosis
indicate the need to better explore pregnancy samples in search of new possibilities for diagnostic tools. Exploring immunological
markers and using bioinformatics tools and T. gondii recombinant antigens should address the research needed for a new
generation of diagnostic tools to face these challenges.

1. Introduction

Congenital toxoplasmosis (CT) is a severe form of the
disease caused by Toxoplasma gondii and occurs through the
transplacental passage of tachyzoites from pregnant women
to the fetus [1]. The risk of transmission depends on ges-
tational age and clinical management for effective

therapeutic intervention [2]. Infected fetuses and newborns
can suffer serious consequences of infection, such as reti-
nochoroiditis, encephalitis, intracranial calcification, hy-
drocephalus, and death [3].

Effective control and treatment of CT depend on ac-
curate detection of T. gondii infection. The utilization of
highly sensitive and specific diagnostic methods followed by
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treatment can prevent placental transmission, fetal infection,
and sequelae to the fetus [4]. The laboratory diagnosis ap-
proaches commonly employed in CT are based on molec-
ular, parasitological, and immunological assays such as PCR,
bioassays, and immunoenzymatic assays, respectively. These
methods allow detecting the parasite or antibodies using
different samples such as amniotic fluid (AF) [5-23], um-
bilical cord blood, maternal and newborn blood [14-69],
placental fragments [62-68], and colostrum [69]. There are
still numerous gaps in CT diagnosis. The variability in di-
agnostic performance, adding to the difficulty in interpreting
results to differentiate the infection stage in pregnant
women, causes delays in diagnosis and treatment. Di-
agnostic failures are also associated with unnecessary am-
niocentesis or poorly designed treatment. All these
conditions compromise gestational safety.

Procedures adopted to diagnose the infection, including
test type/platform and antenatal period, vary according to
the guidelines of each country/society. For example, in Brazil
[70], CT is confirmed when a suspected case presents one of
the following situations: presence of T. gondii DNA in AF,
fetal tissue, or child body fluids; IgM or IgA and anti-T.
gondii IgG reagent up to six months of life; serum levels of
anti-T. gondii on the rise in at least two serial samples with
a minimum interval of 3 weeks during the first 12 months of
life; anti-T. gondii IgG persistently reactive after 12 months
of age; retinochoroiditis, hydrocephalus, or cerebral
calcification (or associations between the signs) with
reactive IgG.

Several countries have CT surveillance programs, but
robust information on the frequency of CT transmission is
limited to a few countries [71], so CT is substantially
underestimated worldwide [72]. Despite this, published data
show that T. gondii is responsible for almost two-thirds of
the estimated 1.9 million disability-adjusted life years
(DALYs) [73], with an estimated 190,000 cases annually
[74]. The incidence estimation of CT can be obtained from
case report series, inferences from gestational toxoplasmosis,
and testing babies at birth [71]. The disease is associated with
fetal loss and neonatal death in approximately 3% of cases,
[75] as well as craniocerebral/ocular sequelae [76]. Sub-
clinical disease at birth is present in 75% of cases, with
symptoms that may start many years or even decades
later [74].

To provide an understanding of the evolution of CT
diagnosis over the years, we present here a review of
methods that are currently employed for prenatal and
postnatal CT diagnosis in several samples. It emphasizes the
sample type, targets, and methods applied to diagnosis at
different gestational ages using biological samples from
pregnant women, fetuses, and newborns. Moreover, it brings
insights into possible future challenges of CT diagnosis.

2. Methods

2.1. Search Strategy, Study Selection, and Data Extraction.
Our study followed the preferred reporting items for sys-
tematic reviews (PRISMA) guidelines [46]. PubMed and
Lilacs citation databases were searched from 2001 to 2020,
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combining the terms “congenital toxoplasmosis” or “ges-
tational toxoplasmosis” and “diagnosis” and “blood” or
“serum” or “amniotic fluid” or “placenta” or “colostrum.”
Only papers using human samples and written in English
were included.

The articles were selected by the Rayyan program, and
seven authors conducted the preliminary selection based on
abstracts and paper titles. After the first selection, conflicting
decisions by at least three authors were considered for
a second blind analysis. Afterward, articles considered eli-
gible by at least four authors were included in the pre-
liminary screening for full reading. Studies with at least one
of the following criteria were excluded: studies evaluating
exclusively infant samples, reviews or descriptive studies,
articles with no eligible data, case reports, and studies
approaching multiple infections.

The following data were recorded from the selected
studies: major goals, sample type, gestational age at sample
collection, laboratory methods, and major results. For meta-
analysis, data on molecular (PCR) and bioassay diagnosis
performance were collected from articles that included these
analyses and provided data about the number of samples,
sensitivity, and specificity. Only studies that reported the
true positive, false negative, true negative, and false positive
values or that these values could be calculated were included.
Investigators collected data independently. When literature
data interpretation was controversial, investigators dis-
cussed it and reached a consensus. Some studies considered
essential to the review that were not included in any of the
research bases were added to the introduction and
discussion.

2.2. Statistical Analysis. Venn diagram was performed using
Bioinformatics and Evolutionary Genomics, available at
https://bioinformatics.psb.ugent.be/webtools/Venn/. It was
constructed to identify common and exclusive biological
samples used in the selected studies. Meta-analysis of mo-
lecular diagnosis or bioassay in AF or placenta samples was
performed using MetaDTA (version 2.0) [77, 78], available
at https://crsu.shinyapps.io/dta_ma/. The diagnostic odds
ratio (DOR), positive likelihood (LR+), and negative like-
lihood ratio (LR-) were used to determine the overall di-
agnostic accuracy. Sensitivity and specificity points were
shown along with forest plots and SROC curves. The forest
plots were edited using GraphPad Prism software. Het-
erogeneity and threshold effects were evaluated using the
visual summary of SROC plots and random effects corre-
lation, as described by Druce et al. [79]. All summary pa-
rameters were calculated along with the associated 95%
confidence interval (CI).

3. Results

3.1. Analysis of the Included Literature. Through this sys-
tematic review, 1137 articles were found following the initial
database search. In total, 517 articles were excluded from
duplicate records, and 620 articles were screened based on
title and abstract. From that, 523 articles were excluded, as it
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did not fit our filters. The remaining 97 articles were eval-
uated by full reading, and 32 were excluded according to the
criteria outlined in the Methods. Finally, 65 articles were
included in the systematic review, and of these, 10 articles
aiming for diagnostic performance on molecular assays
(PCR) and/or bioassay were selected for meta-analysis.
Details of the search and study selection procedures were
described in a PRISMA flow diagram (Figure 1(a)).

To identify common and exclusive samples used in the
selected studies, a Venn diagram was constructed (Fig-
ure 1(b)). The analysis of samples used in the articles
demonstrated that 9 studies were conducted employing
exclusively AF, whereas 38 studies were performed exclu-
sively with blood samples. Analyzing the articles with more
than one sample, it was demonstrated that 10 articles used
AF and blood, 2 articles used placenta and blood, 1 article
used colostrum and blood, and 5 articles used AF, blood, and
placenta simultaneously (Figure 1(b)).

3.2. Major Goals of the Selected Articles. The major goals
explored in the 65 selected articles were analyzed (Table 1), and
34 of them aimed to analyze diagnosis performance. Fifteen
articles presented diagnosis performance on molecular diagnosis
and/or bioassay and 23 articles analyzed serological performance
diagnosis. Twenty-two articles in this review aimed at diagnosis
improvement, 9 of them using a combination of diagnosis assays
to improve performance [7, 14, 15, 21, 30, 62-64, 69] and 12
employing some modification of available methodologies
[6, 27, 32, 34, 39, 42-44, 46, 47, 56, 60].

Most of the articles in this review, 49 articles, aimed
comparisons: performance comparisons based on time of
sample collection [5, 13, 18, 22, 46], comparisons between
assays  [6-69],  comparisons  between  samples
[18, 20, 21, 65, 68, 69], and other comparisons [5, 22, 53].

Twenty-four articles aimed to distinguish acute/chronic
phases of infection, and all of them employed blood samples
[21,24-27,29, 31, 33, 36, 38-41, 44, 47, 51, 52, 54-57, 59-61].
Twenty-four articles presented other objectives, such as
evaluating the treatment effect on CT diagnosis
[5, 13,27, 64], correlating parasite load to CT severity [6, 22],
characterizing T. gondii strains on CT [12, 16], and others
[17, 19, 23, 28, 38, 39, 42, 48-50, 58, 59, 62, 63, 67, 69].

3.3. Diagnostic Methods That Employed Amniotic Fluid
Samples. From the careful selection, 24 articles from the
total used AF as a sample (Table 2). Regarding gestational
age on sample collection, 5 articles collected AF between the
14th and 26th gestational weeks (GW), 9 articles collected
AF between the 14th and 41st GW, and 5 articles collected
additional samples at birth. Ten articles did not provide
details on the date of sample collection.

All selected articles used parasites and/or T. gondii DNA
as targets of study. Concerning the assays performed in those
studies, all selected articles performed PCR and 8 of them
also performed bioassay by mouse inoculation. The B1 gene
was the most commonly used gene in PCR (19/24 articles).
Twelve articles (12/24 articles) used other genes such as 529-
bp, RE-sequence, P30, and others. Two articles (2/24 articles)

did not provide details about PCR. Most studies using
bioassay did not provide information about the method-
ology employed.

3.4. Diagnostic Methods That Employed Blood Sample. Of the
total, 56 articles used blood samples for CT diagnosis (Ta-
ble 3). Peripheral blood samples were collected from
pregnant women (M-PB) (51 articles/78.4%), cord blood by
cordocentesis (P-CB) (2 articles), cord blood at the time of
delivery (N-CB) (11 articles), or/and neonatal peripheral
blood (N-PB) (18 articles).

When the target was examined, 53 of 56 articles analyzed
antibodies against T. gondii by immunoassays. The per-
formed serological methods were enzyme assays (ELISA,
VIDAS, Enzygnost, Platelia, AxSYM, Cobas, EIA, WB,
MEIA, and ELIFA) in 49 of 53 articles; agglutination
(ISAGA, DA, HSDA, ICT, AC/HS) in 25 articles; fluores-
cence (IFAT, IMX, IF, FAT, ELFA, and FEIA) in 23 articles;
and chemiluminescence (Architect, ECLIA, Liaison, CML,
Vidia, and Advia Centaur) in 6 articles. The Sabin-Feldman
dye test (SFDT) was used in 9 articles, and latex aggluti-
nation test, laser immunonephelometry, or lateral flow
immunoassay (LFIA) were used in 1 article.

Analysis of parasite and/or T. gondii DNA in blood
samples was applied in 12 of 56 articles. For parasite/ DNA
detection, 11 articles used PCR and 2 articles used bioassay.
The B1 gene was the most commonly used in PCR.

Regarding the type of blood samples and assay employed
for diagnosis, all articles with M-PB (n = 51) used serological
methods. IgM and IgG were the most assessed molecules
(IgM: 47 articles, IgG: 51, IgA: 9, and IgE: 2). IgG avidity was
analyzed in 32 articles and IgG subclasses in 1 article. En-
zyme assays were performed in 47 articles, agglutination
assays in 19 articles, fluorescence assays in 21 articles, and
chemiluminescence assays in 8 articles. Eight articles used
M-PB to assess T. gondii DNA by PCR.

All articles with P-CB (n =2) used serological methods to
analyze antibodies (IgM: 2 articles, IgA: 2, IgG: 1). No article
analyzed IgG subclasses or IgE. Agglutination assays were
performed in all articles, and enzyme or fluorescence assays
were performed in 1 article. One article used P-CB samples
for bioassay, but PCR was not performed.

Nine of 11 articles used serological methods to analyze
N-CB. IgM and IgG antibodies were the most assessed
molecules (IgM: 9 articles, IgG: 5, IgA: 2). No article ana-
lyzed IgG avidity, IgG subclasses, or IgE. The enzyme and
agglutination assays were performed in 4 articles and the
fluorescence assays in 2. Four of 11 articles used N-CB to
assess T. gondii DNA by PCR and 2 for bioassay.

Seventeen of 18 articles used serological methods to
analyze N-PB. IgM and IgG were the most assessed mole-
cules (IgM: 16 articles, IgG: 15, IgA: 5). No article has an-
alyzed IgE. IgG avidity was analyzed in 5 articles and IgG
subclasses in 1 article. Enzyme assays were performed in 14
articles, agglutination assays in 13, fluorescence assays in 8,
and chemiluminescence assays in 2 articles. One article used
N-PB to assess T. gondii DNA by PCR. No article employed
N-PB to perform bioassay.
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FIGURE I: Details of search and study selection procedure. (a) The PRISMA flow diagram describing the study design process. (b) Venn
diagram constructed to identify common and exclusive samples used in the included studies.

3.5. Diagnostic Methods That Employed Placenta and Co-
lostrum Samples. Analyzing articles that employed samples
for postnatal diagnosis, it was detected that 7 articles used
placenta and 1 used colostrum for CT diagnosis (Table 4).
Placentas were used to search for parasites and/or T. gondii
DNA by PCR or bioassay. PCR and bioassay were performed
in 4 studies, whereas 2 articles used exclusively PCR and 1
article used exclusively bioassay. B1 was the most commonly
used gene for PCR in placentas. REP529 and RE-sequence
were applied in the PCR in 2 and 1 articles, respectively.
Concerning the bioassay, 2 articles employed Swiss females
and 2 other articles did not report details about this
methodology. Colostrum was collected up to 3 days after
birth. Samples were analyzed to detect anti-T. gondii
antibodies using ELISA and western blot immunoassays.

3.6. Measures of Diagnostic Performance. From the 10 ar-
ticles included in the meta-analysis, 8 used AF for PCR
[5, 7, 11, 14, 19, 20, 66, 67] and 4 used AF for bioassay
[7, 14, 66, 67]. Four articles used placenta for both PCR and
bioassay techniques [62, 63, 66, 67]. The estimated sensitivity
and specificity of PCR in AF were 851% (95% CI
69.5-94.4%) and 99.7% (95% CI 97.2—-1.00%), respectively.
The sensitivity and specificity of the bioassay in AF were
75.4% (95% CI 41.6-71.8%) and 99.3% (95% CI 93.6-99.9%),
respectively. PCR in placenta had an estimated sensitivity of
58.9% (95% CI 58.5-59.3%) and a specificity of 96.3% (95%
CI 96.3-96.4%). Bioassay in placenta had an estimated
sensitivity of 58.6% (95% CI 47.2-69.2%) and a specificity of
99.5% (95% CI 97.9-99.9%). Paired forest plots are shown in
Figure 2 and Table 5. The RE correlation for the bioassay

presented values of +1 for AF and -1 for PL. For the PCR
scenarios, the RE correlation values were —0.572 for PCR in
AF and -0.365 in PL (Table 5).

The odds ratios determined by PCR or bioassay of AF
and placenta were combined for quantitative comparison.
DOR was 2018.385 (95% CI 228.652-17816.960) for PCR in
AF, 189.94 (95% CI 13.45-2681.75) for bioassay in AF, 37.70
(95% CI 36.8-38.58) for PCR in placenta, and 258.86 (95%
CI 69.77-960.40) for bioassay in placenta (Table 4).

PCR in AF showed higher LR+ (302.048 with 95% CI
30.916-2950.945) and lower LR- (0.150 with 95% CI:
0.069-0.325) compared to the other techniques (Table 5).

4. Discussion

To the best of our knowledge, the first conclusive reported
case of toxoplasmosis in newborns was diagnosed based on
encephalomyelitis and chorioretinitis findings in infant
postmortem tissues. Mice and rabbit tissue inoculations
evidenced an infection with protozoa morphologically
compatible with T. gondii. [80] Afterward, a dye test was
developed to evaluate the presence of the specific antibody
[81]. Following, a description of T. gondii isolation from the
placenta gave a new puzzle connection about congenital
infection [82]. Later, a 15-year prospective study brought
important information about CT diagnosis [83].

The present study aimed to investigate commonly used
diagnostic methods for CT and understand the accuracy of
these methodologies. From these data, we seek out new
diagnostic proposals that can be investigated, bringing in-
sights into new diagnostic approaches. Our data suggested
that, in the last 20 years, the samples and assays used for CT



Journal of Tropical Medicine

[z1]

(11]

(<]

€10¢

€10C

10T

600C

900¢

200¢

100T

100¢

10810)
se ouaf Adoonmnu 1g Sursn
uauroads [estur ay) woy —
surens ypuod ] Sunoajur
3y} 9ZLI}ORIRYD O,

UOT)OJUT [BUIDJEW JO
awr) ay} je a3e [euoneysad
a1 0} peoj ayisered
9)B[2110D O, 'SAWI[eULIOUqE
syderSouosenn
0} peof aysered 9)e[o1105 Of,

stsouderp 1) uo afe
[euonjeisof pue juowryeas) —
JO awn) 2JeN[eAd Of,

JOd-d9d pue
UDd-19 “YDd-0€d sisougerp
uomnoJuI IpU0S °J, 10§
pasn sfesse YDJ ¢ aredwod of,

JWI) [B31 PUE ‘[EUOTIUIAUOD
xordnnur pajsau :Jy ur
sisouderp 1D 10§ spoyiowt YD d
¥ Jo souewrojrad aredwod of,
(duwm
[B31 PUE [BUONUIAUOD $YDJ
padofaasp-£101eI0qR] 0OM]
pue YDd PISoU [BIDISUWIIOD)
JV Ul U0RI33ap 11puosd '
103 skesse YD ¢ aredwod of,
(LTS9¥1aV pue ‘YNQ1

‘19 10§ sxourtid) spoyjowr —
Dd Iua1apip aredwod of,
(sqoi1d uonezipriqAy
107suen) AS10U9 20UISIION]J
M I0 UIHYFAS
YPIm YDOdb swn-[ear YDJ —
JU2S3I0N]J “YDJ [EUOTIUIAUOD)
gV Ul spoyiaw YDd ¥ Jo |
uor2939p upuod ‘J, aredwod of,
stisougerp [eyeuysod
pue [ejeuaid aredurod of,
"UOTJe[NOOUT ISNOW pue YDd
udamiaq dg/og aredwod of,

Ay1AnIsuas
aaoxdwr 03 uonemoour
0TW PIM YDJ dUIqUIOd O],

£)1anIsuds Aesse auruLI}op
01 pue peoy aysered Ajuenb
03 19ysuer) A310Ud 2dURUOSIT
90udsaION] U0 paseq YDd

\Dd 194Ao3ySy oy
pue yDJ 2unnox aredwod oF,

sw)-[ea1 xa[dnp e dojoasp of,

S)[nsax
Dd 2anedau pue aanisod
UM USIP[IYD Ul s1djourered
resr3ojorwapids aredwos of, —
"UOTIOJUT PUE. SISIIUIDOTUIR
udamIaq s[eaIdul 0) SurpIodOE
dV U1 YDd Jo oS aredwod qf,

dV Ul ¥Dd Jo (44 pue I'IN
UTd ‘AdN ‘Add ‘dS <S)
ouEmEHOm.HOQ ouﬁ:m\wu O,H

IV uo Aesseolq pue
\Dd jo dg/es ajenyeas of,

¥Dd Suisn gy [eyeuaxd e
jo dg/as a3enyeas of,

dv

dv

dv

dv

dv

dv

dv

o8

Tedx

UOTOJUI JO
aseyd oruoaydo pue
amoe ysm3unsip of,

SIOYIO

suostredwon) yuawaaoxdurr sisouerq

sdueuriojrad Jo sisAeuy

,Jeo3 Jofew
ot ur sojdureg

"S9[o1IIR PaIII[as JO s[eod IO[eJy i1 ATAV],



Journal of Tropical Medicine

stsowrse[doxo} ajnoe
asougerp 03 YDJ pue ‘Xopul

1D Apes 10y sojdures Jy pue
' ur (0€d pue 1 $2ua8) ¥Dd

stsouderp aoueurroyrod

— aaoxdur 0y 1opio ur H3 —
[1e] z10€ Aypiae ‘sioyn 1puod “[-njue  ym Aypiae H3[ pue ySITH Gre e MUm@wE H.:wUHoH 1d AV
D3[ Jo ejep AeDOosse o, [euonjuaauod areduroo of, iprae p 4
Ayqe sisouSerp
Apres Surpredar Iy yIIq Je pue
£S3o1o10s eyemsod areduroo HHIq 3° patIqo
[oz] s10¢ — - o1, ‘sisouSerp 11 aanisod - gV ut sisouderp 1 uo 1d 4v
pue sanedou ym syuoned A0 Jo ds/3s yenreas oL
woJj JV ur ag aredwods of,
dV ur yNQ #puos ‘], dV Ul S}Nsal Uons93ap vuos - cwﬁwu%%wwwmo:wm_
[61] st0z 11paid o) Aypiae H3[ jo - #puog 11, 10§ YOJ ynm — om xmﬁ% fypuae o3 2% 14 4v
aNJeA JO-IND B SUTULIAP O], xapur Aypiae 531 aredwod of, Jo koemdoe ogp Ajpon o,
sodwres juaroyIp (ad
- . pue sardojopoylowr YDJ . pue ‘gD ‘Jvy) so[dures pue
[81] €10z juaragip aredwoo of, ‘sojdures spoyjow SISOUSeIp ISIFAIP a4V
ya1q pue [ejeuard aredwod of, Jo dg/ag auriralep of,
AV ur yDd pue £3o[o1as uo
Ppaseq (S[eAd] ST JudIsuen)
UYIM J0 uomnoa3ep ST . . . .
[21] €t02 JNOYILM) UOISIIAUOI0IIS T4 dv
11puod ‘I Jo sased
[eord4ye azrraoereyd of,
Surdfjouad
[91] z10T 4qdd-W pue v urjussaid — — — — 14 dV
1puod *J, az11a)oereyd of,
stsougerp
[s1] TT10C — — — 1D aaoxdur 03 Aypiae — T4 IV
D3] YIM YDd SUIqUOd 0],
spoyjowr sisouger sisougerp aaoadwir 03 spoylow dD-d put dv
[#1] 00T — — poY ’ P : i : POt SPOYJaW SISOUSeIp JUIIIYIP 19 IV
juazapip jo dg/ag aredwros o],  sisouSerp omj auIquIod Of, 10 dg/a8 21en[eas of
sasajuadorute £q
pasouserp 1D M syuejur SIS9)UIDOTULUR 19)SIUILL) uondJuI 11puos °J,
Ul SWOINO 943 yen[eas oL — 1T} 10 PUOdas Je pauLiojiad — 319p 0 ur o
[€1] <t0C 2 YD UI S2SUIDOTULIE pify} 10 p e p )} uﬂ 1°p ,« ma.\ IOd Jo AdN v
30 Surwm pue JuswEon \Dd Jo 3 aredwod of, Add ‘ds ‘oS arenyess of,
JO 0UINJUI 2)eN]eAd O],
oo JO eo3 10(ew
‘oY Tedx SO aseyd otuoryd pue suostredwon) juswasoxduwr sisouer(g souewrroyrad jo siseuy n :

amoe ysm3unsip of,

ot ur sojdureg

ponunuo) 1 AIdV],



Journal of Tropical Medicine

[og]

l62]

[82]

[£2]

[97]

[s]

[¥2]

(2]

[z2]

£00¢

900¢

¥00¢

¥00¢

€00¢

<00¢

100T

810C

L10T

uornOyul
11pu0g ] JUIDAI 109)9p
01 A3mn YD drenyead of,

Xapur Ajpiae
3} SIOUINUT JUIWIIEII) JO
ad£y pue awn J1 ajenyeAs o,

OO UL 11pUos * ], [eUId)eur
9Jep o, "V Ul U0oT}d3}ap
VNQ #puos "], 2qudsap of,
1D
Jo £3119A9s pue sudis a3 03
YMIq Je S pue ‘uonoddyur
[euzdrew jo ofe [euonyeisad
‘peo[ 1puod ] 91e[o1I0d Of,

+N81/+031 uswom jueufard
ur 11puos “J, Jo UOISSIWSULI}
PIIYo-03-Iajow Jo
s1x a1 3o1paid 03 Ay1pae-n3y
Jo Aypiqe oy 9jeneas of,

uonddJul 3ep 0}
I9pIO0 UT XopUT AJIPIAR oY) IIM
UOTD9JUT JO W) 9JB[3.1I0D Qf,

Kesse Lyprae
JI0J suadnue JUBUIqUIODT
Sursn Aq uoroayur
11puod ‘], jo soseyd juaje[ pue
2)nde UIMJ2q SJUTWLIISIP O,

(a81 pue ‘W3[ V81 ‘D3I)
ds1. pue (ny SYAIA) Apiae
03[ upuod "], Suisn uondyuUT

juelstp woiy parmboe

Apuadax syeryuaiagIp of,

UOTJOJUT JJNde IPN[OXI
0y Ayipiae H31 105 Sunss)y
JO ssau[nyasn 3y} )en[eAd of,

spdures poojq
ur pawrrojrad symsar YDJ yum
VSITd D31/NS[ 21edwod oF,

Aypiae D31 sururdep
0} uadnue ewsejdoxo}
[[99-9[0yMm pue QInixrux
snoauaowoy si1 ‘suadnue
JUBUIQUIODDI [eNPIAIPUL
usomiaq uostredwo)
(481 pue ‘WSI “v31 ‘D31
symsax dg T, pue 3591 £31p1ae D3|
SVAIA U9am1dq uostredwo))
“Kypiae H] SYAIA Pue VSITH
NS usamiaq uostredwo)
$3$9) SH/OV
pue VSITH WS 23 Ul paureiqo
asot} yIIm 1s3) AJIpiae HIT oy}
ur paurejqo sjnsax areduwros of,
UIqQ e U218
dn-morjoy ayy 03 7y ur 11puos -,
10§ symsa1 YD 2redwod of,

sdnoi8 onewoidw4se
pue cnewojdwds usamiaq
ST 2anisod pue ‘peoy ajsered
93e Teuone)sad jo uostredwro))

stisougerp 1D aaoxdwr 03

s359) JAS] pue yS[ surquod of,

UOTO3JUT DTUOID
Sursougerp 10j xopur Lyrpiae
Jo ouewnrojrad aaoxduur
0} P[OYSaIY) MU & dUYIP O,

Ayrpae H3g
pue y3[ 10939p 03 paudisap
stsowrse[dox0} aynoe 10§ SI|
[eroIoWOd 0M) JO AN
‘Add ‘dS oS arenyeas of,

SPIOYSaIy) TV JUSIoHIp
103 dg/ag 9jenyeas of,

1d

1d

1d

1d

1d

1d

1d

1d dV

1d 4V

78

Iea)

SIOYI0

uonodJUI JO
aseyd otuoryd pue
amoe ysm3unsip of,

suostredwon)

yuawaaoxdunr sisouerq

souewrroyrad jo siseuy

|03 Jofew
ot ur sojdureg

ponunuo) 1 AIdV],



Journal of Tropical Medicine

INST-Aesse
uoneunn[3se JuaqrosounuITI

pue 153} 24p ueWp[aJ-UIqes woasds WS pue HI]

sisk[eue HOY Sursn oo san[eA N3] SAsooq 10§ sisk[eue

[s€] o10¢ 153q 2 SUIWLIP O, DOY Sulsn uonduI FIUOIYD m Aesseounuru - nw%uﬂw ?NEQES Jo AdN 1d
pUe 9)nde 2JRUTWILIISIP O], WBI pue 581 1puos | sksoora Add ‘ds ‘eg aurmiaiep of,
Yooy mau ayy aredwod of,
stsouderp 10 10§ (VI
3 NSI) VSITd Pu® LVl
(€] 600 VAT ‘VIHW JO AN 1
‘Add ‘ds oS arenyeas of,
VOVSI SUOI}OdJUT JTUOIYD
uonoajur 8, 9ynoe pue orwosyd AT 03 NS 1, sonia areduros pUE 9)NOE JO UOTIBUTWILIOSIP
[9¢] 600T — Ajryuapt 0} poyiow [ed130[013s  OF, ‘1$9) 2Ap UeWP[RI-UIqes — [enuajod 10§ sonpea 14q
Suruaaios e ajenyead of, a1 03 shesse N3] Kesse JAIS] sonIa Jo sisf[eue
pue 5 sonia ay} aredwod of, 2AIND DOY Y} d3en[ead of,
(SYAIA PUB INASXY) ‘
[sc] . - sonbruyda) [erIoUI0d . .\AM@M’MOWMH pue W51
sel 600z T pue [DALIHOUV 4q synsax R el E
S 1o/pue 53T aredwod of, 3O €85/38 2241 L
1aded 19y ®
ur pappaquia gJ- ur Lypiae
U%H MM«LHBE o9 QEEBW% poojq pappaquue-1aded
[¥€] 600T — — — . I9)[Y Ul UOTIIIIP 14
0], "Uon23)ap NS 10§ pasn 31 10 d</oQ SENTEAS ©
3q ued poo[q pappaquia-roded WET JO €5/3§ sven] L
1Y 3t AJr1oa o,
jsed
juelstp oy} ur paxmboe asoy) unwurroInd VSIT pue SYAIA 9VYD1
[e€] 800z — 03 suonodjur paxmboe Apuader  YSITH YIM 9VYD VSITH - [iMm $389) VSITH NS pue 1d
9JerIUAIdYIp 0) Tenjuajod udam)eq suostreduroo ayfy, 03 jo dg/ag ayenyeas of,
9V YD1 pajednsaaut of,
@%E pue Amwmw O3]
‘1931) sassepqns Apoqnue
[e€] 800z o B B EEW wwzw Eswowb :ow:mmﬁou B 14
£q sisouderp 1D 2aoxdur of,
aDd usuom
Ppaisau pue 153} LIpiae-HJ| jueudaxd jo dnoid payoapes
€] 200z . oymads 11puod 1 SYAIA Sursn 3y} Ul UOTORJUI 11puos °J. . . 14
£q MD 9T 381y o1} SuLmp Juada1 10 Juroduo WIyuod
jueuSaxd ur uonoayul 1puos 1], 03 s} NI Lesse YD J-PaIisau pue
Ju2531 J0 uroSuo ue 10939p 0], 1593 AJIpIAae SY A dredwod of,
oo JO eo3 10(ew
‘oY Tedx SO aseyd otuoryd pue suostredwon) juswasoxduwr sisouer(g souewrroyrad jo siseuy n :

amoe ysm3unsip of,

ot ur sojdureg

ponunuo) 1 AIdV],



Journal of Tropical Medicine

dINTE TO paseq SIN] VSITH [erIWwod

JdIINI UO paseq dan

(%] <10T — VSITH SuIsn uondur S1UoIYd - uo paseq VSITH INSI/D3] 1d
WO} 2JNde JJeNIUIIPIP O, 0} VSITd-ddNA 2xedwiod oL, VSITd WSI/DF] dopadp oL Jo doueurrojrad ayenyeas of,
i 1D 103 Surusaios eyeuaid
. . e %wa.:obmm AMHUm M/M e Sursoxdwr uo 43070195 gO-N .
[ov] €102 pue gd-W) [eyewsod p 10/pUR [PUIAEW [eUORIPpE 14
[ereuard usamiaq uostreduro))
Jo joedur 9y} SUTULIAAP O],
skesse
_ _ (symsax WSI pue H3T) VSITT . -
[s¥] z10z pue suad 1g 2y) Sunodre; d
Dd ueamIaq suostredurod ayy,
UOT)OJUL 11puos ], eArfes pue wnids jueudard ur uowom Jueudaid woy
2Nk JO JUIIAT 102)3p 0) >IOUILION qe npuod ‘[-nue jo Juruoarns  sapdures eAlfes pue wWNIos
[v¥] zi0C — 13p10 Ul YIIT-2dOY + 7OVS owwzm N&ES o prder 103 VLIT-2¢dO¥ +7OVS Ul Apoquue i1puos [ -jue 14
4q Lypiae w31 pue VI L pue ‘VII1-2dOY Jo Buruaa10s prder 10§ VT
‘031 WS upuos ', urusaiog VIIT-7OVS Jo 1uawdopad  jo souewroyrad sjenfead of,
sAesse sorwroajordounurur
o o o Suid[dde pue eios o
[ev] z10C jueudaid Sursn susdounuruwr '
upuos -], Tenuajod Ayuapr of,
UOTIOJUT PIIYO susgnue
pUe JOYIOW JeIJUIYIP 11puod ' ssew-Ie[nodpouwr-ysiy
[z¥] 10T 01 o[qe suadnue 11puod °J, — — 10818 JR1 Apoquyue — 19
JO spueq jo[qounuururl prryo pue sayjowr Jurredwod
153q 2y} AJTIIuapI o, £q stsouderp 1,0 2aoxdur of,
. AoueuSaid Apres ur sisouderp . . .
[tv] T10C DL 103 Ay1p1ae 3T a3en[eas of, d
sisf[eue
sadeys jojqounwwir yIm Lesse
o 1SOI[ID S)T JB UOISIOAUOI0IIS  IOUIISIION[JOUNUIWT JOIIIPUL o o
[ov] TT0Z asougerp o3 sanIIqe PUB “QOUDSIUTWIN[IWIYD 14
sAesseounurwur 3y ssasse O, NBWAZUS0UNWIWIT
aredwod of,
uawom jueudaid ur suonoayur 210399 SUOR2RJUL 11puos ]
xordwos Apoqnue-usadnue . o * STIUOW  UBY[) SSI] PAIINII0 jue)sIp pue paxmboe
11puod ' JueISIp pue uadnue
JO UOTJRIDOSSIP JO [OAJ] Jey) uonodyur vussvjdoxoy, A[ua0a1 23N USIIPIP 0}
[6€] 0102 paxmboe Ajjuasar sjenyuarayIp OVYD JUBUIQUIODI UO Paseq 14q
oy} Sunpooye siojowered : ’ : JU23I B JO UOISNIXd JOJ : uadnue gy o) JUBRUIqUIOIT
03 Ly[iqe Aesse 9yyYOHI Uo 1591 Lytprae H3y ue dofeasp of,
1$3Q 9y} AUTULIAIIP O], VSITd £11prae H3[ unwwions uo paseq 1593 Aypiae D3|
paseq Aypiae H[ ajenyeas of,
oy} 03 ySI1d 2redwoo of, Jo doueurrojrad ayenyeas of,
uonodJUI JO
. : : [eoS 1ofewr
JoY Tedax SO aseyd otuoryd pue suostredwon) juswasoxduwr sisouer(g souewrroyrad jo siseuy +

amoe ysm3unsip of,

ot ur sojdureg

ponunuo) 1 AIdV],



Journal of Tropical Medicine

10

[¥s]

[€s]

[zs]

[15]

[8¥]

910C

S10¢

¥10C

¥10C

¥10C

€10¢

€10T

1Vd pPue yIq ul sjnsai
[edoAmba 10 JueRpIOISIP 10]

anbruyos) A10rewayuod B
se pasn aq ued jey}
dM opewawioy e Ul spueq
S[qenyeA 2I0W Y} 10938 OF,

SWId)SAS UOSTel] pue SYATA
U29M]2q OSTe pUE J9)IYdIe
pue SVAIA UoaMmlaq
syuawaInseaw Ajpiae H3|
11puod [ -1jue 9Je[21100 Of,

sonbruyo9) 1y pue
D31-VIg usamiaq symnsax
JUBPIOISIP JAJOS 0] 353}
A1032ULIGUOD © SB gM )
JO SSaUNJIsN Y} SSISSE O,

UonOAJUL
JO a1ep 9y jewnsd Qf,

s)Msa1 YDdJ
0} 3urpioooe sisowse[doxo}

Ju2531 10 3sed Jo U0NOIP 10§
symsa1 YDJ pue Arprae-Hd|
pue W3] VSITH 93e8usaaut of,
Kesse Lyiprae
031 Sursn ojdwres wnios
93urs B UI UOTIOJUI JTUOIYD
pue 9)nde JJRUTWLIISIP O],

3)ep uoTOAJUI

Sunewrsa 10§ poyIawW 3539 Y}

SUTWLIANRP 0} AJIPIAR JOIYPDIE
pue SYQIA 2redwod of,

ALesse 7dOYI-VSITA
Sursn sdnoid jueuSaxd

JUIOPIP WOIJ PaureIqo
S[oAd] 1puod *I-nue D3|
usamlaq suostredwo)) ‘upuod
"L-nue D3] Jo uondep I0¥
141 pue TIND 03 2dOYI-VSITd
Jo souewrrojrad oy sredwod of,

yewdey VNQ #puos I dq6zs

uo paseq YD 03 (Lyprae HI[

pue ‘O3] ‘WSI VSITH) spoyiow
[eo18ofounurwur aredurod of,

ordures wnias a(Surs e ur 3593

VSITd OSI pue WS 2| pim
synsax Aypiae H31 axedwod of,

II OI9T [BRISUWIWO0D 3Y] PIIM
dM opewdwoy areduwod of,

SWIISAS
UosTel[ pue 9oaYdIe ‘SYAIA
:SwaYsAs pajewrojne Iy}

UJIM PaUTe}qo SJUSUIINSLIW

Aypae D3] pue I
‘031 upuos 1 -nue sredwod of,

359} H3[ aunnor ur
$J[NSI JUEBPIOISIP IO [BI0AINDD
azA[eue 03 1opI0 uI senbruyoey
1v4d pue H31-v1q 2redwod of,

npuod
" -nue H3T Jo U0119939p 3}
10} TI pu® ¢dO¥1-VSITd

1o311pUI “TIND JO
soueurIojrad suTuLINAP O,

s)[nsax

D4 uo paseq ds/>S VST
531 pue W3] arenyeas of,

Kesse £yp1ae Jo AN
‘Add ‘ds ‘oS suridiep of,

o1 pue
WSI upuod 1 Sursouerp
10j SWId)sAs uosIel| pue
PAYPIR ‘SYATA JO AN
‘Add ‘ds ‘9§ auruwaiap of,

1d

1d

1d

1d

1d

1d

1d

78

Iea)

SIOYI0

uonodJUI JO
aseyd otuoryd pue
amoe ysm3unsip of,

suostredwon)

yuawaaoxdunr sisouerq

souewrroyrad jo siseuy

|03 Jofew
ot ur sojdureg

ponunuo) 1 AIdV],



11

Journal of Tropical Medicine

[19]

[09]

[6S]

[8<]

(L8]

[9s]

[ss]

610C

L10¢

L10C

£10T

L10T

L10T

910T

suonnyip
wnids Juareyip Sursn

Ayaptsod ySITd pue d11
Jo £ouanbaiy oy ajenyeas of,

sAesse pajewojne
9 pue gm £q uonoalep
D3] #puos ', nue 10
paxmbar swm pajenyeas of,

USWoM
jueudaxd ur sisowsejdoxoy
anoe jo sisouderp ur [

JO ssaupnyasn 2y djenyead of,

od1
uo paseq yI Juisn uswom

yueugaxd ur sisowsejdoxoy
9noe jno Jurmnr of,

159} AyIprae
031 Sursn wonosyur SruOIYDO
pue 9)ndE 2JRUTWILIDSIP O],

(+W81/+98))
uawom jueudoxd ur sarpoqrue
1puod - -1yue Suno)op
ur 353} Ay1prae H3[ a3 Jo
souewrroy1ad Y3 SUTWLINAP O,

VSITd
Ayrpiae pue joaxrput uisn
sagde)s UOTIOYUT OIUOIYD pue
anoe 11puos ] JeNUIIPIP
01 suanue 7zd pue sed
y30q jo L[Iqe ayy ssasse Of,

LVdI
N8I Sursn uoroayul 11puos .
STUOIYD 10 dJnde asouderp oF,

usuIom
yueudaxd ur symsax Lyrpiae
03[ pue SH/DV 03 pareduroo
soyex Ayantsod £poquue
WS pue y3] ozd[eue of,
suonisodwod
JUSISPIP JO opell Od']

Jo souewrroyrad o) aredurod
o, areuaSowoy npuos °J,
pue 8yzzd ym padnod D41
Jo sonstajoeIeyd areduwrod of,
srdures wnies
o[3urs e Jursn sisowse;doxoy
anoe Jursouderp 10y Ayipiae
D3] pue 1] ‘VSI'TH d1edwod of,
UOISIOAUO0D0IdS 11puos “J A[red
10939p 03 L1[Iqe Jururouod
(sAsdarg pue “erpyerd
‘TTUOSTe] ‘T[SEPIA FO)YDIE V],
§D1.) sfesse pajewone pue
(I1 O19a7) M 2reduod of,

AoueuZaxd
I193sowLy) 351y oy} Surmp
uowom jueudaxd ur £yipiae H3|
pue ySI1q WS 2redwod of,

SUOT}OJUT JTUOIYD
Apuaoar pue 9ynoe A[qewnsaxd

STuoIyD-[ed1d4) pajodjur Jou  gzd pue s¢d ul suordax Lyisusp

9JBUTWILIOSIP 0} ddueurroyiod
e77dI pue esgd1 areduwrod of,

[01U0d pajddJuILOU
pue (9inde pue dIUOIYD)
Pa199Jul UOLRUIWLIDSIP JO
Ayiqe syt ayenyeas oy (3yzed)
urayoxd upuos I Yim DJT
uo paseq Aesse y] dofaasp of,

surajoid a[qnjos Sururejqo
I10J way) passaidxs pue

sadojida 3soySry oy 3orpaad
0} s[00) sonjeurrojurolrq Sursn

UdWOM
yueugaid ur sisowsejdoxoy
amoe jo sisouderp
ur 81 Jo AN ‘Add ‘dS ‘oS
AoeInooe aY) 2)en[eAd of,

sapnred xaye[
uo paseq £esse VI Jo AN
‘Add ‘ds ‘og surur)ep of,

$1s3) Ay1prae D3] pue yYSITA
111 Jo dS @S aurwIalep of,

SUOTJOJUT OTUOIYD A[JUDII
pue <noe L[qewnsaid
SruoIyd-resrd£y
“pa31oajur Jou
woiy sojdures ajeuTLIISIP
0} BZTdI pue eGedl
Jo dg ‘og ‘DNV 9z[eue of,
MD
a1y} 03 Surp10do€ UOTIOUT
juadax Junorpaid ur vl
ST Jo £Loenooe ‘AIN
‘Add “ds ‘og ajenyead of,

Td

1d

1d

1d

d

1d

1d

78

Iea)

SIOYI0

uonodJUI JO
aseyd otuoryd pue
amoe ysm3unsip of,

suostredwon)

yuawaaoxdunr sisouerq

souewrroyrad jo siseuy

|03 Jofew
ot ur sojdureg

ponunuo) 1 AIdV],



Journal of Tropical Medicine

12

"J0[q uIAlsam g M o[goid resrdojoras ewiserdoxo) :dgy, «Lidymads :dg Ayanisuss
138 gD dwn-[ear YDJH ¢ urdjoid A[qn[os JuruIqUIOdAI teGe I g7 urdoxd s[qnios jueurquodal :egz i opndad uorsny adoydonnur jueurqurosar (gAML 9 ujoid anueid ISUIP JUBUIGUIOIAI QYYD ON[eA
aanprpaid aansod : A Jd ‘onex pooyrEyIf 2anisod 1y 1d poolq pIod reyeuard :gD)-d @nfea aanorpaid aaneSau A N poo[q [eoraydrrad [eyeuosu :gd-N ‘ones pooyIEyI[ 2aneSau NN {POO[q PIOd [IBUOU :qD-N
spoo[q reorraydurad [eurajewr g - A Aesseounuurut awkzud pnredonru 'y N soxa[duwos uejord-xaye ;DT Aesseounuruir mofj [e1a3e] :y [T Aesse uoreunn(SSe JusqIosOUNWWI 1YY S] 90UIISIIONFOUNIIT
310211pUT [ 959} APOqUIUE JUIISIION[J-JOIIPUL : T V] 153} 2duddsaonpjounwuwit ;] suoneunnidSeounurwr 1y 9593 Apoquue juddsarony : 1,y ‘¢ Andoyr npuos [ yueurquiooar Juisn Aesseountuwul payuI[-awWAZud
:7dOYI-VSITH ‘Aesse 1uadsaIonyy payUI[-dWAZUD YT ‘Aesseounuruir SWAzua :yIq Aesse sunwrwil aWAzud :y1q Aousnys 17 ‘stsowse[doxo) [eruaduod : 10 ©DoUDSIUTWN[IWAYD “TAD PAIND Y} Ipun sease
DV 4($911024Y0e) Paxy-(SH) UI[EULIO] JO JRY} SNSIIA PIXY-(DV) dU0Jae jo) uoneunn(SSe [eNUSISYIP :SH/DV (SIPOqHUE :qy oM [euone)sad :p) D twnisojod »10 ejuade(d 11d poolq 11g ‘P dHouwe 1y,

sojdures

suonoely otuadnyue 11puod J,

jsurede Ayipiae D3 S[OAJ] stsougerp
[69] sT0T mi\m b @Umﬁ no%u&% - V3] pue ‘D3 ‘WS :sejourered 1D 10§ afdures [eardojorq — gio) 1d
VoI pue "Dl WAL Jo Suimorroy a3 ur saydures SATIRUId)[E Uk SE D) 9JEN[BAd O],
UOTJE[2.110D Y} djen[ead of,
dd-IN pue 1D a1edurod of,
¢ dd pue
. d pe €0 ‘9D 1d .Mﬁ wgmaa pue
[89] s10z — — 4V Ur uondaep ypuos 1, 10 — SPOUIOW SISOUSEIP JUAIOPIP 1d 19 4V
spoyiawt YDJ oM} aredwod of, 10 d5/5§ SUTTEP O,
51 g 50U oA wo O pson o o 10 T4 4V
PISEq S LD 91etihiss OL aAno1IpaId sutuIalap of,
oFe Teuoneysad
a3e [euonyeysad 03 Surpioooe 14 pue
[99] 600T — — 03 Surpiodoe Jy ur uonemdOOUr — IV Ul (UorjemdOour asnow 1d 19 AV
asnowr pue YDJ 2redwod of, D) spoyow Jo AN
‘Add ‘ds ‘oS ayenyeas of,
sonssy pue “Ig JV Ul
[s9] 00T — — 1puod - 3urdajep 10§ SO — — 1d 19 4V
ADd oM) uvamIdq uosLreduwo)
sisougerp
[eyeuard jo ag ayenyead
stsouSerp uo spoyowr sisougerp °s mw woadur d oL wA WG] pue y3) 51521
[vo] 1002 109[J2 JUSWILT} J)eN[eAd O], - JUSIIYIP JO oS aredwod of, 10J SISOUSTIP [EIEUISO [eotoofounuutt pue Amu. 1d Td 4V
pue [ejeuard surquoo o],  pue Tq) uoneost upuos L
:sisougerp [ejeuoau Jo AJN
‘Add “ds ‘o5 ayenyeas of,
3G Td PIM pajepar uonemoour
ST UOISIOAUOD0ISS [BUIDJEW Ayanisuss aaordwr 0) yOJ pue  asnowr pue YDJ Suisn
[€9] otoz IO JUSUI)EAI) [BUID)RW - - UOTJR[NOOUT ISNOW JUIqUI0d 0, SIsouerp 1.0 10J Td JO AIN d T8
JO awI) JI SUIULIdNRP O], ‘Add ‘ds g aenpeas of,
anssn Td (4d-N U1 gM + VOVSI+1d
UI PaJe[osT SuTens 11puos ‘J, ur fesseorq +yDd) 4d-N U (M ‘WSI vOVSD)
az[eue o, "I Ul UOLD3IP Io (4d-N Ul gM + VOVSI) pue Td ur (uonemoout
[eo] zooe 11puod ‘] pue jusuneaI) - - 10 (Tq ur Aesseoiq +Y¥Dd) asnowr “YDJ) spoyour d T4
[eUIdIRW USIMIDq sisouerp og Suraoxdur jo dg/ag ajenpeas of,
drysuonepar o) ysiqesss o, JOJ SPOYIdW JUIQUIOD O,
uonodJUI JO
. [eoS 1ofewr
JoY Tedax SO aseyd otuoryd pue suostredwon) juswasoxduwr sisouer(g souewrroyrad jo siseuy +

amoe ysm3unsip of,

ot ur sojdureg

ponunuo) 1 AIdV],



13

Journal of Tropical Medicine

‘suoneoyrdure siourid sgywads-souanbas :gss ‘wstydiowdjod
spnospnu dduts SINS gDd 2aneuenb g b suonoear ureypd aserswdjod :yDH{ ssisowse[doxo) [e3ruaduod ;1) ‘syoom [euoneIsad : WD) Aesse JUGIOSOUNWWI PINUI[-dWAZUD :yS[TH parrodar jou s[rejap :1up

[9] — (4D 191245-1y1] aanenuenb swm-rear xordnp) suad 19 Sax — [1up]
[89] — (4Ddb) sauas 1g pue 67SdTY sax — [1up]
[59] _ suad 1g S9X - [1up]
[¢7] _ (4D swm-ear) sauad qdezs pue 1g sax — [1up]
[12] — (VSITH-4Dd [euonuaauod) auad ggd ‘(4Od-paisau) ausd 1q $ak — — 9T-%1 —
[61] - YSTTE04 oo sus oed (0 P 203 1 EE)N LN 8791 —
[91] — (4Dd [euonuaAu0d) auad FTYOL sax — [1up]
[s1] — (4Dd -pa3sau) saudl SOHVS Pue HIST P> 14 sax $aX 8T-L1 —
[ce] - (40db pue YDd [euonuaAu0d) duad g SaX — — ST91 —
[e1] - (4Dd [euonuaau0d) auad 1g $ax — -8l _
[oz] — (4Dd 2wm-ear) suad dq-67s SaX SaX 81 wox] —
(21l . Surdfyouad yN(Q 11puos sox . up]

107 9uad 1g uryum sINS (IDJb) seual o¢d pue 1g pue souanbas Ty
(4DJ swn-Teax

(11] B pue gDJ-paisau-xa[dnmur YD J-paisou YDJ [BUORUIAU0D) duad g e o o Sl B
— (40d B
(o] QWI}-[e31 pue YDJ [BUOIUIAUOD “YDJ-PaIsoU [enIdwwod) audd zsdoy oK [xup]
(6] - souad [ pue L7S9P1dV EEIN - - Fraaid! -
(5qo1d wonezipriqdy 1ajsuer) 319U 20UIISIION YIIM IO
[s] - u2213 b - ¢ ¢ s o vesl -
AIAS PIm YD b swm-eas pue quassaionfy TeuonuaAuod) auad 1q
(1] (1up) (1up] SN - MD ITRYY -
[29] (1up) auad 1g SaX — [1up]
[99] (1up) (¥Dd swm-Tea1 pue ySITI-YDd [BUOIIUAU0D) douanbas qy pue auad 1g Sax Sax 6€-81 —
(9] TIISGI M. SSIMS [1up] SOX — €€-1CC -
(81] (1up) (YOd swm-[ear) sauad 1q pue dq-675 2K $aK [1up]
(1] (1up) auad 1g 9K — — 781 —
sisheue 2)sou) oudd 9 Iu
(] 354> anssn) pue £3o7010s 2o1Wr JO dn-moO[[O] (4Dd-parsau) 4 A o [xup]
(<] (aup) ouad 1q saX — MD 8T YV -
uonemoour asnoN VNa qpaq [P0} LT 9T OV PL €103 1
SEN| Kesseorg 40d Io/pue djIsereqd w SY99M [EUOI}E]SID)
stisouderp 10j pafojdurs Aessy ya81e], uonos[[od s[dwes jo swif,

sojdures piyj onjoruwe ur Spoyjaw sisoudery

‘sojdures pmyy onjoruwre ur spoylow srsouder(y ig a19V],



Journal of Tropical Medicine

14

(4Ddgb) souad

(3311 Jo xe2A 381 O}

[81] — — — SaX Surmp dn-mofjoy) —
ue dq-
hp e6cs 4d-N ‘dD-N
¥D31 ‘€3] i i
k43 - - - VSITd - 2031 o9 4d-N 4d-N
Aypae
pe] - . - D3I 10J SYAIA PUe 10931dIe . Ayrprae 3| i
‘31 105 erpre(d O3] 10§ SYAIA “v81 ‘D3I ‘W3l
pue 10a31dIe ST 10§ 10YIIY
(gd-N) DI[ 103 (sisowrsejdoxoy
Hmﬁwcwmcwxww o owﬁouow“wmaﬁ\/ (3311 Jo TeRA 351 A}
[2¥] — — — o 115 \»H m<m:\w v- 1 — 031 ‘W31 Suump dn-mor[oy) —
newdzusounwu {(gd4-N) V81 4d-N ‘90-N ‘G-
pue N3] 105 YOVSI (dd-N ‘9D-N
‘dd-W) DSI pue N3] 10§ gM
(6] . . . Aipue 3] pue ‘v ‘DI WS 10§ Ayrpae H3[ —— _
M ‘3] pue ‘D3 ‘WS] 103 VSITH “v81 ‘D3I ‘WSl
A 181 o)
31 pue 031 10 (3311 Jo reaA 381y Ay
[2s] N N N ST MMMM%E @wm memoogw B OFLWBL Funmp dn-mollo) B
dd-N ‘dD-N ‘dd-I
[99] — — — VS8[10J VSI'TH PUe W8I 10J VOVST  — V31 ‘W8I 4d-N ‘4D-N -
(4d-N) V1 10§
(3311 Jo 1824 3811 Y}
_ - . (1up) {(dd-N ‘dd-IN) D3I 10§ LVAI Ayrpae H3g i i
[£9] (dD-N) (qup)  (9D-N) 2ua3 1g PUE VITN VA (ELN ‘Gh) A w81 081 W mm%wsw wﬁ.ﬂzamwa ad-N
NI 103 YOVSI Pue ‘VIHIN LVl
(4d-N) V81 pue ‘W8I DJ|
[e303 103 A13owofoydouounuuur
(dd-N) proonwosoio (g4D0-N pue g0-d) 1ase] {(dd-N ‘dD-N (o311 Jo xedA 35T Ay} a-d
[#9] pue jusuws[duwod ) 20TUI J[eTdf — ‘dD-d) VI 103,101 (dd-N ‘d9D-N) SaX v3I 0%1 W81 Suump dn-moyjog) g ad-IN
105 Anowopydouounwuwr IseT  IISGIM SSIMG D3] 103 VIdd ANV LVAdI {(dd-N dd-N ‘dD-N ‘dd-
‘4D-N ‘4D-d) WS 10y 0x0)
XINI Pue VOVSI {(dd- ) [+up]
(4Ddb) souad
_ _ _ 3 _ ; _
(89] 1g pue dg-67¢ X 40°N
(11 Jo TBA 381y APy
[o7] — — — D3] 103 1S ST 10§ VOVSI — D31 ‘WSI Suump dn-morjoy) ad-W
dd-N ‘dD-N ‘dd-
uonemooul Mw 97 €1
asno 0 0
W 17 171 11
VNa upuos ], -
RN SIYIO Kesseorg Dd Aesseounurwy Io/pue jsurede 5 M M.Mu SY99M [EUONRISID)
aysered  sarpoquuy Y v
;Stsouserp 10 pakordwo Lessy 1o81e], uond[[od  3[dures jo uif,

‘sadwres poorq ur spoyjawr stisouger( ¢ 414V,



15

Aypiae H31 10] SYAIA

(3311 Jo 1A OM)

. ‘ Aypiae
V44! — — — SAST 10] YOVSI pPUe VI ‘ss900e — 081 93] NI Suump dn-mojjoy) add-N
D3] 10§ VAL PUE SYAIA $$900Y 4d-N ‘dd-IW
Aytprae H3T 103 (1DVS pue ‘€OIN
LVED ‘€VYD) Aesseounwur rpiae o3
[97] — — — swdzus urjoid jueurqurosar — P — ad-IN
“v8I ‘D31 ‘W8I
<y 31 107 erpered Lrpiae
D3] pue ‘D3] ‘W3] 10} SYAIA
(4d-N) DS] 103 gM pue
ysoudAzud {(gd-N) ST 107 M (o511 Jo
[¢o] _ _ _ pue <o<£,.am-2v fypue 31 Nm%_zw 1eak 151y o Surmp i
10§ SVAIA (dd-W) D3I 10 gM D3] ‘DI WSI dn-mo[[05) gd-N
pue gsousLzud ‘SYAIA (dd-IN)
N8I 10} M VSITH ‘SYAIA
g E:VSM Aypiae
_ _ _ D3] 10§ SYAIA “d81 10§ VOVSI _ ar g _ i
[<z] pue VSITH V3] 10§ VSITd D3] .<mw,wmw ,wzmn 44N
10§ SH/DV ‘LAdS TSI 10 VSITH
(dd-N X
JIpIAR
[v€] - - - ‘dd-N) Anptae H3] pue D3] ~ o9 de o1 4d-N 4d-W
10§ VSITA {(dd-N) WSI 103 VIdd
Apiae . Lyprae
[62] — — — D3] 10§ VATH Pue SVAIA TNSI T 58 o8 W 4d-N ad-W
10§ SYAIA ‘VATA D3I 10§ VIHIN
INSI 10§ YOVS] pue erpyerd
[o¥] — — — ‘(s&s222) VITOH ‘OS] 10§ erppred  — D31 ‘WSl — 9d-W
pue LAl ‘dM (s499]2) VITOH
. . . (gD-N) ST 101 errayerd . ; ) .
l61] {(dd-) Lirpiae 53] 1) 1soulkzug D3I WSI 90N ad-N
. . . Aypiae H3[ 103 . Ayprae . i
(2] erpyed ‘O3] pue NI 10§ VSITA D3] ‘D3I ‘WSI 44N
(4Dd-parsau)
(dd-W) £Lnpiae H3y 10y 1soudkzus Ayprae
[s1] — — sauad gSOVS . sax . 40N ad-IN
. s < (40-N) WS3I 10§ e1aje[d D3] W]
PUE ‘$ISd NP> ‘14
£ (71 — — VAL puv — V81 ‘D3 ‘W3l — 40-d
5 D3] 10§ VSITA ST 10§ VOVSI
Q
M EOEﬁSuOE_ MM 9T 1
i asno 0 o
g W g P O
S VNa npuos ], qq
cT... SENT SIYI0 Kesseorg Od Aesseounurwy Io/pue jsurede o 10 1 SY99M [BUONRISID)
o alisered momu.uﬂﬁcmw ﬁ v
m ;Stsouserp 103 pakojdwo Lessy 1o81e], uond[od  3[dures jo duiy,
2 ‘panunuo)) ¢ A14V],



Journal of Tropical Medicine

16

Aypiae X
} Jprae
[ss] — - - D3] 10§ VSITH ‘D8I 10§ LVAI T 5% o9 W - dd-W
pue ‘voTd ‘WS 10§ LVAI ‘VITd
B B B .%ME\E 031 ] B frpuae B ]
[€s] 103 TIND D3I 10J ZdO¥L-VSITH 581 ‘031 ‘W1 ad-W
pue “TND ‘I31 TWST 10§ TIND
Ayiprae
D3] uosTeI[ PUE 1YL ‘SYATA
_ _ _ 3 . . _ Ayprae . i
(6¥] ‘D3] 10§ 1JS PUe ‘L VAl ‘vosrer| 31 31 TiS 9d-N a4
. . ST 10 D3] ‘D3I ‘WSI
PRAYPIE SYATA ‘INSI 10§ VOVSI
“LVAI “UOSTeI] 909Yd1e ‘SYATA
D3] 10§ (D3] II 0X03-OIIAT)
_ _ _ M pue (@dI Jodsoxoy) _ 31 WS _ :
[87] LVd (@981 oxor-erpreld) vig Rt 4N
‘N3] 105 (INST ox03-ereYeld) VI
Aypae D3] 103 SVAIA V3] 105
(5] _ - o VOVSI ‘D3] 10§ VSITI-dINI pue Ayprae D3] o -
1 “VSITH ‘WSI 10§ VSITd-daNA V3 D3I WSI
pue ‘VOVSI I ‘VSITd
_ _ _ VIAT-2dOY¥ + TOVS pue _ g _ i
[¥] VIIT-2dO¥ ‘VIIT-TOVS ‘VSITH o7 4N
SNd0 1e
[o1] - - . Awwm,%mo 1 SI pue D3] 10} VSITd saX O3] ‘W8I — 4d-W
surajoid sayrozAyoe) jsurede eios
_ _ _ : . : _ (3 _ .
g QM gM ‘D3] 10§ VAT pue VSITH 21 44N
3 d «v8
B B B bﬁ%% W 1oy erjore| . V31 B Ayrprae H31 _ i
[o€] Toj erpaye[d +H3] 105 erpare[d pue g1 w81 ‘D31 ‘W ad-N
NSI 103 YOVSI pue ‘erpied ]
o . . 03] 10J sonia pue o - B )
(o] LAAS ‘NS 10§ SONIA PUE VOVS] 271 N 44N
Ayprae 53 10§ 10931YdIR
[c¢] N - o PUe SYAIA D3] 10§ J0931ydIe pue - Ayprae - qd-I
‘LadS ‘TII ‘VIA ‘VIIN ‘ST 103 931 ‘D3 ‘WSI
1211 pUE ‘YOVSI ‘VIH ‘VIHIN
uonemoour m 9z €1
asno O [0
W g P O
VNa npuos ], -
SENT SIYI0 Kesseorg Od Aesseounurwy Io/pue jsurede o M M.Mu SY99M [BUONRISID)
alisered m@ﬂuOLﬁC«% ﬂ v
;Stsouserp 103 pakojdwo Lessy 1o81e], uond[od  3[dures jo duiy,

‘ponunuo) :¢ dIdV],



17

Journal of Tropical Medicine

(6] . . B fypae 531 10§ VIA DS 103 VSITH Aypiae . ——
pue J7 ‘N8I 10] VSITH pue d1 931 ‘D31 WSI
Lpae
D3] 10§ urord 8yzzd-0d1T Lpue
[09] - - - M VI pue (SVAIA) VSTTH T 53 o WS - dd-W
‘031 10y urejoxd 3ygrd PIm
VSITA pue Lvdl ‘ST 10§ VSITd
Arpae H31
10J surajoxd eggdI 10 BGE T mz\s Apuae
[9¢] - - - VSITI PU® (SVAIA) VSIT O8] — g g qua - 4d-W
.Ho.w mﬁﬁwuo.ﬁ& NNNQ.H JI0 mmmmh ﬂu;\w
VSITd pue Lvdl TSI 10§ vSITd
Ayprae
D3] 10§ ¥SITd ‘OS] 10§ VSITI Kiprae
— — dg- s — -
[ce] r6es ST 10§ (VSITA ID] OX03-X3e]) A 081 o8 WS qdN
159) uonjeunni3de xaye
let] - - — 31 10 N8I 10 — Auprse -N B,
D3I 10§ 1AAS ‘WSI 10§ YOVSI 081 ‘03] W ad ad-N
Ayrpiae
(52l _ _ . 931 10§ V19 g5 10§ VOVSI _ Aypae D3 g3] o i
pue VSITd ‘v3] 10§ ySI'Tq D3] 10§ ‘v3I ‘D31 ‘W31
SH/DV pue,Lads ‘NSI 103 VSITH
93]
10§ suadnue 2)10z£oe] S[qN[Os
PIM M dpeudwoy pue (lo[q
[0s] — — — ur)sam DJJ ] 0X0}-0I4AT) — 3 ‘WSI — ad-N
IM “(edI 30dsoxor)
Lvd (@981 oxo-erpierd) via
‘INST 107 (eNST ox01-erdreld) VI
(VSITE-4Dd)
[12] — — auad 0¢d ‘(IDd 31 bue s @W\,a 31 10 ) G M:wsm wm_m — ad-N
poysou) ousd g Dol PUE VBI DB WBL 103 VSITd V81 O3 ‘WSI
D3] 10§ (D3] 11 0x03-01dAT)
M PUe ‘D3] 0X03 V1 SOL D31
[8s] — — — 0X0) $£S29[2 ‘@I D3] 0X0) UOSTEI] — 031 NI — ad-IN
‘SYAIA ‘erierd 90931ydre S|
10J SYVAIA pue ‘erpie[d 9203myory
EOEﬁSuOE_ MM 9T €1
ASNo [©) (o)
W g P O
VNa npuos ], -
PEN| SIYIO Kesseorg Od Aesseounurwy Io/pue jsurede 5 M .M SY99M [BUONRISID)
vuwwwhm& womuOLﬁCan\ T ﬂ 1 u<
;Stsouserp 103 pakojdwo Lessy 1o81e], uond[od  3[dures jo duiy,

‘ponunuo) :¢ dIdV],



Journal of Tropical Medicine

18

(4d-W)
Ayprae H3T 103 VSITH “(dd-N

< Aypiae .
[€7] — — — 4d-W) DSI 10§ gM PUE VSITd ~ 5% 9% W 4d-N ‘dd-IW ad-N
(dd-N) N8I 10§ VOVSI “(dd-N
‘dd-) ST 103 M Pue VSITd
(4d-N) D31 pue WSJ 10y [1up] (3
(4d-N) Apiae
k44 RN - — (dd-W) Anprae D3] 10§ SYAIA — o Jo s1eak om) Supmp 94N
ZUd IJAI[ PUB JUNO0D POO 31 ‘O3 3
1P poold “(dd-N) DSI pue WS 10§ J] DO L dnorrop) ga-N
[s9] — — auad 1g — saK — 9d-N
(8] — — E%me@m - D3] pue WSI 10§ VSITd saX D] ‘W8I — 4d-IW
_ _ (40d Aypiae o Aypuae . i
(€] pajsou) suad 1g  DHI] pue ‘DI ‘W3] 10§ SYAIA A o1 o Wil g4
[s¥] — — suad 1g 53 pue WS 10§ VSITH $aX D31 ‘WII — dd-N
03[ 10§
9VIADI YIM VSIT PUe “VSITH
[e€] — — — unwuwioms [ ‘SYAIA ‘W8I 10§ — D3I WSI — ad-N
9VYDI YIM VSITH Pue ‘VSITH
unwwom? ‘YOS Al ‘SVAIA
A 3
_ _ | AH%E of1 . B JE— - .
(19] 10§ SVAIA VI 10J VSTTH *D5] 10 8T 037 WS ad-N
o3 VI ‘D31 ‘WSI
SH/OV Pue 1dAS ‘WSI 103 VSITd
Ayrpae H3y
10§ urd301d YYD YIM VSTTH PUuE
VSITH unwwioms 53] 10§ H3] Lpue
[6€] — — — 10 upjord OVYO YIM VSITH pUe  — 31 r31 NG — 44N
cor e D3I ‘DI ‘WSI
VSITd unwwioms 1 ‘SVAIA
REWH .Ho.w VSITd unwwaioana
pue ‘VOVSI I ‘SVAIA
_ _ _ D8] 10J VITOH pue _ 31 wg _ )
(8] LAds ‘WST 10§ VITOH Pue vOVSI DN g4 N
Aprae Aypiae
(18] - - - B[ 1oy eiparerd :pB] 10g (erpreld)  — g Te o - dd-W
VSITd ‘W31 10§ (erarerd) vSITH
EOEﬁSuOE_ MM 9T 1
asno O [0
W g P O
VNa npuos ], -
SENT SIOYIO Kesseorg aDd Aesseounurwy Io/pue jsurede o M M.Mu SY99M [BUONRISID)
alisered womuOLﬁCan\ ﬂ v
;Stsouserp 103 pakojdwo Lessy 1o81e], uond[od  3[dures jo duiy,

‘ponunuo) :¢ dIdV],



19

Journal of Tropical Medicine

‘asepndadsuenifwreins £ :19-£ 9o[q uiaisom g walshs Lesse onsouSerpounurl :SYJIA 959} 2Ap uewpa-uiqes (1S opudad uorsny adoyde-nmu
JUBUIQUIODAI : ALY suonoeal ured aserdowiod aaneinuenb 3y J-b suonoear ureyd sserowkjod D Kesseounwrwr swdzud spnredosor :yTIIA Soxo[dwod urjord-xaje] :DJT AesseoUNUIWI MOJJ [eI1e] Y LIT
saseuaforpAyap ayeoe ;T Aesse uoneunnidSe juaqrosounwwi :yOH VS {((VId]) Aesseounurwur uonezrrejod aouadsazony + V) Wwaishs 1azdfeue Ansrwaypounurwt dojyouaq pajewone XN 30qqy “XINI
59} ApoqIuE JUIISIIONJ-)IIPUL 3 [V ] 99} dduddsazonjjounuru ;] Lrojeroqey oy} ur paredad sayrozAyoe; jo uorsuadsns e Sursn poryjow arnydesounwwr : 1] suoneunndSeounwu :yy suoneunnidSe 1oa1rp
Ayanisuss-ySiy :yqSH @sepndadsuen [{wein(8 ewwes : 1 5o Lesseounurur awAzua draworonyy (] 9593 Apoqrue JuadsaIonyy : V] Kesse JuaqIosounuIw payul[-dwAzua 1y ST Aesse uonesj[younurur
POUI[-SWAZUS [T ‘ABSSe JUIISIION]] PINUI-IWAZUD 1y T ‘ABSSEOUNWIWI JWAZUD Y[ ‘ABSSEOUNWIWII dOUIDSIUMWN[IWIYI0III[R (Y[ TDT ‘Pa11odal 10U S[rejop :Iup pIde JIONUOQLIAX0IP (YN ‘Aesse
uonjeunndSe 1oa11p 1y LoUDSAUTWN[IWAYD TN {(VAITH) Lesse uonenounturwr payul-owizua £q UOTJE[aAdI )M popjaur (d1D) 2[yoid [eordojounwwr aaneredwod 1y 1 T9-d1D {(s230zAyoe) paxy-[SH]
UI[eWLIO} JO JeY} SNSIA PaXy-[)Y] 2u03e0e Jo) uoneunniSse [eRUISPIP :SH/DV, "Poo[q [eduayduad [ejeuoau :gd-N poofq p1od [ejeuaid :gD-d $Poojq pIod [ejeuoau :)-N poolq [eousyduiad feusajew :gd-n,

(4d-N) V3] 10§ 1.D] pue ‘VOVSI
‘VI4 “(dd-N) V31 pue W3] 10§
VAT pue ‘gM 101 ‘VOVSI VI
(dd-IN) Liptae D3] 10§ 102q1YdTR
pue ‘erpre[d ‘SYAIA {(dd-IN)
V3 10y erprerd pue [D] ‘VOVSI

{dd-N) DII 1oy 1.aAS pue fpuae o8 (3
[£1] — — — ‘VI ‘VASH ‘(DS 11 0x0) o1gd1)  — w81 3 W1 *° steak om) gurmp ad-N
M U99138-0X0] ‘I, yJ] ‘Uosrter| dn-moroj) gd4-N
erpayerd “mejuad eiape 9soudizud
‘S8QOD 109)IYDIe ‘N XSXY ‘BIPIA
‘SYAIA (dd-N) WST 10§ LVl
pue LDI ‘VOVSI ‘uoster| ‘eryerd
INBIUD BIAPE 9SOUZAZUd ‘seqod
90AIYIIE NASXV ‘BIPIA ‘SVATA
(1] _ _ _ Ayrpiae H3[ 10J UNUWIWIIOIND . Ayprae _ —
VSITA OS] pue W3] 10§ VSITH D31 ‘D3I ‘WSI
(4d-N)
V3l 10} ﬁim .Awmm.zv D3] 10§ ‘ g (3J11 Jo sxeah om
[L¢] _ _ _ VI “(dd-N) WSI 10§ Lvdl pue MPIE D31 ginp dn-mofog) qd-N
VAT ‘VIAW {(dD-N) DSI pue “v31 ‘D3I ‘W3l 4d-N “9O-N
NS 10§ [1up] {(gd-IN) Lprae HI]
10§ VSTTH “(dd-N) ST 10J VSITH
uonemdour N 74 €1
asno O:. [0
W g O ol
VNa ~ #puos -
PEN| SIYIO Aesseorg aDd Aesseounuruy Io/pue jsurede o M M.M_u SY99M [BUONISID)
alisered mQM@OLﬁcx\ @ v
1o8ey, uon30d | d[dures jo auuy,

;Sisouserp 10§ pakojdwo Lessy

‘panunuo) ¢ AI4V],



Journal of Tropical Medicine

20

*Aesse JUIQIOSOUNUIIT PANUI[-2WAZUD 1YS[TH “YDd 2aneinuenb :yHdb wonoear ureyd sserowdjod gD ‘pairodar jou s[rejap :IUp Proe dIRPNUOQLIAX0dP (YN ‘WnIsood 1D ‘eyudsed 11

[69] _ _ (Lyprae D3] pue y8] ‘D3] ‘WSI]) _ Aypiae H3| o
” 10[q usa1sam pue (81 pue “OS[ ‘WSI) VSITH pue “y8[ ‘O8] W8I A ©
90T J[BUIDJ
(vl I9)SQI M SSIMS - - o4 - N
MDd dwn-[eal pue ySITH-YDd
[99] [xup] ?soMEWEo& ow:oswa MM pue owow 14 B s - RS
(£9 “29] (1up] dudd 1 - LN - saX 1d
ot - 3 — $3 — )
(9] 5wy sqor ssimg (4Od awm-[eat) 3uds 67dTY X X
[$9] — suad 1g — SIK. — SaX
(89] — (¥0dPb) saual 1g pue 67Sday — sax — sx
UOIJE[NOOUT ISNOTA VN npuos
wmmmmo_m dod Kesseounurwuy pue aysereq umc_mmw wwﬂv%@u:a\ )Iq I9)Je 10 1Y
ft UOT)I3[[0D ardures
sisougderp 10j pakojduws Aessy 1o8xe], srdures jo suny

‘sojdures [eyewysod ur spoyjow sisouSerq p 414V,



Journal of Tropical Medicine

21

Filisetti et al., 2015 0.79 [0.64, 0.89] _ 1.00 [0.99, 1.00] l—l
Sterkers et al., 2012 0.52 [0.39, 0.65] _— 1.00 [0.98, 1.00] !—I
Antsaklis et al., 2002 0.42 [0.23, 0.64] —_— 1.00 [0.95, 1.00] l—l
Romand etal,, 2001 1 0.67 [0.48,0.81] _— 1.00 [0.98, 1.00] — 3
Vidigal et al., 2002 - 0.71 [0.56, 0.82] _— 0.97 [0.91, 0.99] —_— "‘;
Tanimura et al., 2015 0.52 [0.39, 0.65] —_— 0.96 [0.91, 0.98] _— E
Teixeiraetal,, 2013 4 0.54[0.40, 0.68] —_— 1.00 [0.91, 1.00] —_—
Bessieres et al., 2009 0.86 [0.74, 0.93] 4 _ 0.99 [0.97, 1.00] —_
Sterkers et al., 2012 0.83 [0.55, 0.95] —_— 0.94 [0.89, 0.97] _—
Antsaklis et al., 2002 4 0.64[0.53, 0.74] - R 0.99 [0.93, 1.00] - _—
Vidigal et al., 2002 - 0.62[0.31,0.86] _— 1.00 [0.94, 1.00] —_—
Bessiéres et al., 2009 1.00 [0.44, 1.00] _— 1.00 [0.98, 1.00] —_—
Fricker-Hidalgo et al, 2007 1 0.98 [0.91, 1.00] — 0.95 [0.89, 0.98] - A —
Robert-Gangeux et al., 2010 - 0.91 [0.82, 0.96] —— 0.97 [0.91, 0.99] —_—a—
Sterkers et al., 2012 0.38 [0.21, 0.59] T 0.92[0.88,0.95] T
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FIGURE 2: Forest plot of the sensitivity and specificity estimates and 95% confidence intervals (CI) for PCR and bioassay in amniotic fluid or
placenta samples according to the single study sets. Estimates of sensitivity and specificity from each study are shown as solid yellow squares
for PCR in amniotic fluid, solid yellow circle for bioassay in amniotic fluid, solid purple squares for PCR in placenta, and solid purple circle

for bioassay in placenta.

TABLE 5: Summary estimates of diagnostic accuracy of molecular and bioassay techniques for the diagnosis of T. gondii infection.

PCR-AF Bio-AF PCR-PLA Bio-PLA
Parameter 2.5% 25% 97.5% 2.5%  97.5%
1 0, 0, 1 0, 1 1
Estimate 2.5% CI 97.5% CI Estimate al 97.5% CI Estimate o al Estimate al I

Sensitivity 0851 0695 0934 0574 0416 0718 0589 0585 0593 058 0472  0.692
Specificity 0997 0972  1.000 0993 0936 0999 0963 0963 0964 0995 0979  0.999
Random effects ) .- 1.000 ~0.365 ~1.000

correlation

glgfnosnc odds 518385 228.652 17816960 189.944 13453 2681756 37.706 36.843 38.588 258.867 69.775 960.405
(LL‘l}fi‘)hOOd O 307048 30916 2950945 81.498 7.388 899.084 16.085 15815 16360 107.661 28.853 401.718
(Lf}‘i‘)ho"d TUOT 0150 0069 0325 0429 0295 0623 0427 0422 0431 0416 0318 0544

PCR: polymerase chain reaction; AF: amniotic fluid; Bio: bioassay; PLA: placenta.

diagnosis are basically the same as those of past decades. Few
studies evaluated the effectiveness of alternative samples,
such as colostrum. The majority of the studies in this review
used blood samples mainly for serological screening, and
a few studies used more than one type of sample for di-
agnostic investigation. The increase in amount and time of
sample collection represents a gain for CT diagnosis that has
also evolved in accuracy [30]. A schematic model repre-
senting the types of samples and methods used for T. gondii
detection before and after birth is shown in Figure 3.
Techniques used for CT diagnosis have advanced;
however, many difficulties are still encountered in screening
pregnant women and fetuses. Our review suggested that one
of the major challenges of CT diagnosis is dating the
T. gondii infection [30]. T. gondii-specific immunoglobulin
(IgG and IgM) searches are often used to investigate when

the infection occurred [3, 25, 30]. IgG-avidity helps de-
termine the risk of T. gondii transmission at any time during
pregnancy [29]. Conversely, avidity assay results classified as
borderline or low can be erroneously interpreted as con-
sistent with a recently acquired infection [25].

Many studies in this review aimed to distinguish between
acute/chronic infection phases. However, few of them used
new approaches, such as evaluating more options for
T. gondii antigens for the improvement of enzyme assays
[26, 33, 39, 44, 47] or employing bioinformatics tools, such
as epitope prediction for CT diagnosis [56]. The use of
specific molecular markers is a promising option in T. gondii
serodiagnosis and can be useful for dating the infection.
Recombinant proteins are highly advantageous for im-
proving the diagnostic assay. The combination of several
recombinant antigens with multiple immunodominant
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FIGURE 3: Schematic model represents the types of samples and methods used to T. gondii detection before and after birth. Maternal
peripheral blood (M-PB), prenatal cord blood (P-CB), and amniotic fluid (AF) are the samples collected for gestational and congenital
toxoplasmosis diagnosis before birth. After birth, the samples that can be collected are maternal peripheral blood (M-PB), colostrum (CL),
placenta (PL), amniotic fluid (AF), neonatal cord blood (N-CB), and neonatal peripheral blood (N-PB) to confirm the congenital
toxoplasmosis. The target and methods most used to detect the infection are Toxoplasma DNA by PCR; the parasite by bioassay (culture and/
or mouse inoculation); and antibodies anti-Toxoplasma by immunoassay. PCR: polymerase chain reaction. Figure created using images
from Servier medical art by Servier licensed under creative commons attribution 3.0 France (CC BY 3.0 FR).

epitopes significantly increases the probability of detecting
specific antibodies at different stages of the infection [4, 84].
Besides, avidity assays based on recombinant antigens have
potential clinical usefulness for diagnosing the acute phase of
T. gondii infection [26].

Many articles in this review assessed performance di-
agnosis or combined methods to evaluate performance
improvement. The importance of diagnostic accuracy should
be emphasized in order to conduct the correct treatment to
avoid transplacental transmission and to prevent un-
necessary and potentially toxic treatment or termination of
pregnancy [5]. A combination of methods can also improve
diagnostic accuracy [85]. T. gondii detection by DNA am-
plification or parasite isolation is complementary to sero-
logical tests. These methods are particularly important in AF
to indicate fetal infection [86].

Our meta-analysis of diagnostic performance for DNA/
parasite detection (PCR and bioassay) demonstrated a var-
iation of sensitivity values. Although amniocentesis is
a highly invasive method, amniotic fluid was the sample that
presented the best values of PCR sensitivity. Likewise,
detecting parasite burden in AF helps predict the severity of
clinical symptoms in neonates congenitally infected [72].
The antenatal diagnosis of CT is the greatest advance in the
cases of fetal infection, and the use of PCR analysis of AF is
the most commonly used and accepted laboratory method
for CT diagnosis during gestation [86]. Normally, negative
PCR in AF indicates the absence of fetal infection, although
it cannot be ruled out completely. However, a positive PCR
result almost certainly indicates a congenital infection [14].

Variation in sensitivity can be associated with dissimi-
larity in the PCR methodologies, time of sample collection,

time of maternal seroconversion, influence of treatment
[19], and disparity in performance among laboratories. A
considerable number of PCR results show the absence of
T. gondii DNA amplification concomitant with CT, in-
dicating low sensitivity [13]. In some cases, these results can
be explained by the absence of optimal amniocentesis at the
time of sample collection [23]. It can also be attributed to the
inefficiency of parasite DNA extraction and amplification,
mainly due to the low concentrations of tachyzoites in the
AF collected [87].

Some studies in this review implemented comparisons of
the sensitivities of PCR methodologies, including compar-
isons between target genes. By far, B1 is the most employed
gene in PCR followed by REP529. There is an important
discrepancy in the literature concerning the best target gene
for PCRs. Some studies in this review indicated that REP529
is more sensitive compared to Bl [18, 68]. Another study
showed no discordance between these two targets [88].
These results drive the need for more studies comparing
target genes.

The present study aimed to estimate all possible random
effects for CT diagnosis data and compare them without
applying alternative simplifications [89]. Random effect
correlations of +1 or —1 found for bioassay indicated a hit/
truncation on model parameters. There were no explicit
convergence problems, yet a few studies and/or sparse data
(e.g., indicating no/low heterogeneity in the specificity pa-
rameter) are possibly data problems. In this situation, the
power of the model can be compromised [90] and the di-
agnostic parameters should be interpreted with caution.

Our study to review pertinent publications and assess
diagnostic test accuracy performance for detecting T. gondii
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infection was defined by the limited number of available
studies that meet the selection criteria. Insufficient reporting
regarding population characteristics/recruitment and data
about sample number, sensitivity, and specificity was an
issue in many studies, with information often provided with
little detail.

Our results also indicate the need for searching for new
diagnosis methodologies, improving existing techniques,
and providing proper training for professionals involved in
the routine diagnosis of CT [91]. Moreover, since higher
T. gondii concentrations in AF are correlated with clinical
signs in neonates, quantitative PCR can be important to
evaluate the prognosis of the fetal infection [92]. Another
important methodology that was scarcely used in selected
articles, but is of great relevance, is T. gondii isolation fol-
lowed by genotyping. This technique allows the identifica-
tion of nonclonal strains. Dubey and coworkers [93]
identified 58 different T. gondii genotypes circulating in
Brazil. Studies identified a new T. gondii strain in southern
Brazil that was strongly related to the toxoplasmosis out-
break in 2018 [94]. Such studies allow the surveillance of new
circulating genotypes that are usually related to more severe
forms of toxoplasmosis.

Variation in performance in diagnostics also drives the
need for new diagnostic approaches, and few studies have
focused on this aim. There is a great potential for using
biomolecules present in AF for complementary diagnosis.
Using complementary biomarkers, such as immune re-
sponse mediators, could help endorse and increase the re-
liability of diagnosis in AF. Previous studies suggested the
ability to use cytokines, such as TGF-f in AF, as biomarkers
to predict acute T. gondii infection [95]. Another possibility
is the use of AF cellularity as a potential biomarker of
congenital infection. Studies using AF from the second and
third trimester of pregnancy highlighted the cell dynamics in
this compartment [96]. Inflammation, whether associated or
not with infection, causes an increase in the number of
immune cells.

Some studies in this review collected samples at birth,
including AF, placenta, and blood. Samples collected at the
time of delivery are especially significant in the absence of
prenatal follow-up, making it possible to anticipate diagnosis
and treatment for newborns. T. gondii isolation from pla-
centa is a useful tool to study CT and is an easily available
sample. Placental analysis can be important to diagnose
infection when AF is either not positive or not analyzed.
Besides, placental samples can be useful for isolation and
genotyping of the parasite, especially in outbreaks [97].
However, it is important to highlight that maternal treat-
ment can influence the efficacy of placental analysis since
T. gondii was less frequently isolated in the placenta of
treated women [62, 64, 66].

Postnatal follow-up, based on after-birth samples, re-
mains necessary in the first year of life to fully exclude the
infection when PCR or serological results were negative
[29, 86]. Diagnosis based on cell immunity has been in-
creasingly used as a complementary diagnostic to monitoring
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infants [98, 99]. This potential methodology should also be
explored for maternal samples during prenatal follow-up.
Alternative biological samples, such as colostrum from pu-
erperal women [69] and saliva [44, 100], also provide in-
teresting data on humoral immunity and promising results
for diagnosing toxoplasmosis using noninvasive sample
collection. Searching for IgG and IgG-subclasses produced by
newborns compared with maternal antibody responses [32]
can also be promising for CT diagnosis.

Preventive and diagnostic measures for pregnant women
vary between countries. Although prenatal diagnosis of CT'is
available, there is no international framework for moni-
toring the disease, and it is a neglected disease in most
countries [1]. The absence or incomplete prenatal screening
and treatment have been identified as an important risk
factor for CT [87]. Thus, the screening and prevention
measures against toxoplasmosis should be made mandatory
for pregnant women attending the antenatal clinic [4].

5. Conclusion

In conclusion, this review points out that the assays
employed in the research are basically the same traditional
approaches available for clinical purposes. These assays
showed important variations in diagnostic performance that
can result in undiagnosed CT. These results challenge us to
search for new generations of diagnostic tools and improve
existing techniques, together with efforts towards increasing
the feasibility of laboratory testing.

Data Availability

The data used to support the findings of this systematic
review are available in the References section of the article.

Additional Points

What is Already Known about This Topic? (i) Advances in
immunology, molecular biology, and bioinformatics have
provided a new generation of diagnostic tools. (ii) CT di-
agnosis is essential for the treatment and clinical manage-
ment of disease. (iii) New possibilities for diagnostic tools
have been searched to improve the diagnosis of acquired
toxoplasmosis. (iv) Pregnancy provides many potential
samples to be used in CT diagnosis, presenting a wide array
of new possibilities. What Does This Study Add? (i) Preg-
nancy samples have been poorly explored for searching the
new generation of diagnostic tools. (ii) The assays used in the
research to diagnose CT are basically the same traditional
approaches available for clinical purposes. (iii) PCR and
bioassay showed large variations in diagnostic performance.
(iv) Improvement and searching for new forms of diagnosis
are required for CT. (v) The search for immunological
markers, the use of T. gondii recombinant antigens, and the
identification of the genetic diversity of T. gondii strains are
diagnostic possibilities to be explored using pregnancy
samples.
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