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The Program for Schistosomiasis Control within the Unified Health System (PCE-SUS) was implemented by
1999 in the Rainforest Zone or “ Zona da Mata” of Pernambuco (ZMP) aiming to carry out biennial stool surveys of
whole populations at the locality level through municipal health organs followed by treatment of the positives
through the local health units of the Family Health Program (PSF). Yearly reports from the Health Department of
the state of Pernambuco (SES'PE) from 2002 to 2004 on the PCE-SUS surveys wer e assessed to eval uate whether the
current estimates of prevalence in the municipalities of the ZMP are based on reliable samples so as to allow
considerations on the real situation of schistosomiasis in that important endemic area. The results show that
surveys carried out in that period did not follow the major principles underlying sampling design, thus posing
problems in both precision and validity of the estimates. Only 12 out of 43 municipalities had minimally reliable
estimates: 5 with moderate prevalence (10-50%) and 7 with low prevalence (< 10%). Surveys with appropriate
sampling procedures aimed either at representative target groups (school-aged children) or communities are
recommended for the ZMP and other endemic areas not only to provide information on the current situation of
schistosomiasis but also to plan adeguate control strategies.
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The Rainforest Zone (“ZonadaMata”) of the state of
Pernambuco (ZMP), aso known as sugar-cane zone, en-
compasses 43 municipalities occupying 8.6% of its area.
By 2000 population of the ZM P was estimated at 1.2 mil-
lion, 31% of whichliving in rural areas. Of the estimated
280 thousand households 46% had no piped-water sup-
ply and 75% were not connected to the general sewage
network. Theaveragefamily earningswere 1.6 timesthe
minimum nationa wage (www.ibge.gov.br). Themain eco-
nomic activity inthe ZMPisthe production of sugar cane
and its by-products (Condepe 2000).

The ecological features of the ZMP arerelatively ho-
mogeneous. Theclimateistropical, warm, and humid with
two well-defined (rainy and dry) seasons. The vegeta-
tion prevailing inthefirst centuries of colonization (tropi-
cal rainforest) has been extensively degraded dueto sugar-
cane planting. The land is mainly undulated with hills
varying from 10 to 350 m of height. Itsgeological consti-
tutionis predominantly crystalline originated from the pre-
Cambrian period. The main water-bodies are perennial
riversrunning eastwardsinto the Atlantic Ocean. Ingen-
eral they are heavily polluted as a result of disorderly
urban growth and sugar-cane production (Condepe 2000).
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Schistosomiasis remains one of the most prevalent
endemic diseases in the ZM P regardless successive con-
trol campaignscarried out by the Ministry of Health (MoH)
since 1977 (Favreet a. 2001). Thelast evaluation made
by the MoH through the national Health Foundation
(Funasa 1998) between 1996 and 1999 revealed that 35
municipalities still had prevalence indices above 10%
(Favreetd. 2006).

By 1999, the MoH decentralized the activities of sur-
veillance and control by creating the Integrated Cove-
nanted Program for Epidemiology and Disease Control
(PPI/ECD). Asaresult, the municipalities became respon-
sible for the management and implementation of those
activities through the Program for Schistosomiasis Con-
trol within the Unified Health System (PCE-SUS).

In endemic areas such as the ZMP, the PCE-SUS ac-
tivitiesinvolve two main steps: (i) biennial stool surveys
of whole populations at thelocality level through munici-
pa health organs and (ii) treatment of the positives
through the local health units of the Family Health Pro-
gram (PSF) (Barbosaet al. 2006a). Each PSF unit attends
up to one thousand families or households. It should be
noted that for the purpose of surveillance and control of
endemic diseases|ocality may be defined as an area hav-
ing itsown denomination and well marked (either natural
or artificial) boundaries (Sucam 1983).

IntheZMP, PCE-SUS activitieswereinitiated in 2001.
According to the Computerized System of the Schistoso-
miasis Control Program (SISPCE) (http://dtr2001.
saude.gov.br/svs/epi/esquis/esquis00.htm), until 2004
100,932 persons had been examined, 13,828 (13.7%) of
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which being positive for Schistosoma mansoni. Among
these 2129 (20.8%) harboured morethan 100 eggs per gram
of feces (epg). As regards soil-transmitted helminthes
(STH), 14,869 (14.7%) exams were positive for Asca-
ris lumbricoides, 5668 (5.6%) for Trichuristrichiura, and
2651 (2.6%) for hookworms.

The datamade available at SISPCE are aninformative
summing up of the PCE-SUS activitiesat the municipality
level or higher, and cannot be mistakenly used for esti-
mating prevalence. Even considering that there is some
degree of standardization in the data collection, some
major principles underlying sampling design are not be-
ing followed: asample size to achieve acertain degree of
precision was not estimated, a random method is not be-
ing used for sampling and some sections of the popula-
tion are being left out (Moser 1985). These facts pose
several problems in the estimation of disease frequency
related either to random error — a problem of precision —
andto systematic error —aproblem of validity (Kleinbaum
1982).

A population may be considered as composed of a
hierarchy of sample units of different sizes and types
(Moser 1985). In our case the population of this areais
made up of the population of the municipalities, whichis
composed of the population of anumber of locdlities, each
of which is formed by a number of individuals. Several
techniques of sample design may be used to select indi-
viduals but in this caseit is often desirable to include, in
afirst stage, the selection of municipalities or localities,
and then to take all individuals or just a sub-sample of
individuals in each locality previously selected. Choos-
ing one sampling scheme implies several technical con-
siderations, like the way which variability between and
within localities may affect the precision of the estimate.
Asfieldworkers may not be familiar with the fundaments
of sample design some practical schemes have been pro-
posed to facilitate the conduction of surveys. For instance,
the World Health Organization (Montresor et al 1998,
2002, WHO 2002) propose aminimum number of sampled
localitiesand aminimum number of exams per locality, so
that the preval ence estimates about the municipality can
be regarded asreliable. Asthe PCE-SUS has no readily
available data on individuals, families or age groups we
will limit our comments mainly to some aspectsrelated to
the sample size and selection bias.

The present work aims to evaluate whether the cur-
rent estimates of prevalence in the municipalities of the
ZMP are based on minimally reliable samples so as to
allow considerations on the real situation of schistoso-
miasisin that important endemic area.

MATERIALS AND METHODS

Information about the PCE-SUS activitiesinthe ZMP
was obtained from the annual reports by the Health De-
partment of the state of Pernambuco (SES/PE) for the pe-
riod of 2002-2004. The data on number of examined per-
sons, number of positives for S, mansoni and soil-trans-
mitted helminthes (STH), namely A. lumbricoides and
hookworms, weretabulated by micro-region (North, Cen-
tre, and South), municipality, year, and locality. Preva-
lence of infection by S. mansoni and each STH, as de-

fined by Montresor et al. (2002), was cal culated through
the Systat 11 statistical software.

Reliability of the municipality datawas evaluated ac-
cording to the criteriaproposed by Lwangaand Lemeshow
(1991), Montresor et d. (2002), and WHO (2002) for preva-
lence surveys. Thus, only prevalenceindices from those
municipalitieswhereaminimum of 55 personswere exam-
inedin at least fivelocalities (275 exams) were considered
asminimally reliable. Thisisthe minimum sample size
required for detecting 10% prevalence at a confidence
level of 0.95 (95%), error of 0.05 (+ 5%) and design effect
of two (Lwanga & Lemeshow 1991). The municipalities
withminimally reliable datawere categorized according to
the classes of prevalence recommended by WHO (2002).
For S. mansoni: < 10% (low), 10-50% (moderate), and
>50% (high).

RESULTS

Data on the number of persons examined by the PCE-
SUSin the municipalities of the ZMP from 2002 to 2004
aregiven by Favreet al. (2006).

Fig. 1 showsthe approximate location of thoselocali-
tiesinthe ZMP where at |east 55 persons were examined
inthe 2002-2004 period. Only 12 out of 43 municipalities
carried out surveys in at least five localities over that
period. The municipalities were: Alianga, Tracunhaém,
and Lagoa do Carro in the North micro-region, Chéa de
Alegria, Gloria de Goita, and Cha Grande in the Centre
micro-region and Belém de Maria, Catende, Escada,
Gameleira, Ribeirdo, and S&o Benedito do Sul inthe South
micro-region. All of them covered localitiesalong most of
their territorial area. In eight of those municipalities the
total of persons examined exceeded 10% of the popula-
tion: Alianga (15.9%), Tracunhém (39.8%), Lagoado Carro
(36%), ChédeAlegria(62.8%), Cha Grande (11.8%), Gldria
de Goita (18.4), Belém de Maria (99.1%), and Catende
(24.9%).

The Table presents prevalence data from the annual
reports of the SES/PE in the period of 2002-2004 for the
municipalities attended by the PCE-SUS in the ZMP, as
well as the corrected data according to the criteria for
minimum reliability. For 2002, only three of the 43 munici-
palitieshad minimally reliable estimates. For 2003 and 2004
seven municipalities achieved that criterion. In munici-
palities where the estimates were minimally reliable the
differences in prevalence between the SES/PE data and
the corrected data were around 1 percentage point (pp).
The only exception was Gameleira, where the corrected
prevalence for 2003 was 7.9 pp above the SES/PE esti-
mate.

DISCUSSION

The annual reports made by the SES/PE are meant to
provide technical information about the activities of diag-
nosis and treatment carried out by the PCE-SUS in the
endemic area of schistosomiasisin Pernambuco. There-
fore, such reports can only be regarded as a trustworthy
source of prevalence estimatesif their data are based on
surveysthat comply with the basic principles of sampling.

The problems found with the surveys carried out by
the PCE-SUS in the ZM P hamper thereliability of the cur-
rent estimates of schistosomiasis prevalence in the fol-



lowing aspects: first, six municipalities have not been sur-
veyed at all, leaving them without any prevalence esti-
mate since the 1996-1999 survey; second, the surveys
carried out in 25 municipalities did not comply with the
criteriafor minimum reliability, and therefore cannot be
used as a trustworthy source of information; third, the
selection of municipalities, localitiesand individualswas
not based on a random method. These aspects together
lead not only to aloss of precision but alsoto alimitation
in the population coverage which may biasthe estimation
of the prevalence.
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Thesituation of four municipalities, namely Paudalho,
Vitoriade Santo Antéo, Quipapa, and Escada, may illus-
trate the issues involved.

Paudalho was surveyed in 2004, and only 11 of the 88
existing localitieswere covered. Six of those had 100% of
prevalence, based on less than five examsin each. The
high prevalence found in such small sampleswas clearly
due to passive case detection by the local health service
and not an active search by the PCE-SUS. As a result,
prevalence was probably overestimated both at thelocal -
ity and themunicipality level.
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Fig. 1: localities (circles) with coverage by the Program for Schistosomiasis Control within the Inified Healt System (PCE-SUS) of at least
55 exams from 2003 to 2004 in the municipalities of the Rainforest Zone (“Zona da Mata"’) of Pernambuco state, Northeastern Brazil.
The values in parentheses indicate the number of existing localities.
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TABLE

Prevalence (%) of schistosomiasis from 2002 to 2004 in the municipalities of the Rainforest Zone (“Zonada Mata’) of the state
of Pernambuco, Northeastern Brazil, by micro-region (North, Centre, and South). The values under the SES/PE heading are from
all localitiesincluded in the annual reports of the Health Department of Pernambuco State. The corrected valuesinclude only data
from the surveysin which at least 55 persons were examined in five localities or more.

2002 2003 2004
Municipalities SES/PE Corrected SESPE Corrected SES/PE Corrected
North  Alianca 8.1 ubD 21.6 ubD 26.2 ubD
BuenosAires — — — — 20.0 ubD
Camutanga — — 25 ub 20 ub
Condado — — 13.2 ubD 175 ubD
Goiana — — — — 12.1 ubD
Itambé — — 14.2 ubD 10.9 ubD
L. Itaenga — — — — 58 ub
L.Carro 34 ubD 9.6 9.9 10.4 ubD
Macaparana — — 5.6 ub 54 ub
Paudalho — — — — 28.9 ubD
Tracunhaém — — 17.3 16.4 4.3 ubD
Vicéncia — — — — 254 ubD
Centre  ChaAlegria 9.7 9.0 10.3 9.9 59 ub
ChaGrande 3.9 ubD 3.0 uD 0.36 0.4
GlériaGoita — — 9.0 9,0 — —
V. S. Antédo — — — — 13.6 ubD
South  AguaPreta — — — — 13.4 uD
Amaai 100.0 ubD — — 12.4 ubD
Barreiros — — 34.6 ub 5.3 ubD
BelémMaria 14.4 uD 11.9 12.0 11.2 11.4
Catende 13.0 13.0 8.5 ubD 4.6 4.6
Cortés — — — — 12.8 ubD
Escada 36.9 34.6 432 429 21.7 22.3
Gameleira — — 50.5 58.4 14.1 14.1
Jaqueira — — — — 13.3 ub
J. Nabuco — — — — 12.1 ubD
Maraial — — 15.9 ubD 15.9 ubD
Palmares — — — — 6.6 ubD
Primavera — — — — 7.0 ubD
Quipapa 6.3 ubD — — 4.2 ubD
Ribeirdo — — 14.7 uD 8.3 8.3
Rio Formoso — — — 49.8 ubD
S.B.doSul — — — — 9.9 105
S.J.C. Grande — — — — 0 ubD
Sirinhdem — — — — 1.3 ubD
Tamandaré — — — — 10.0 ubD
Xexéu — — — — 5.3 ubD
Total 9 3 17 7 36 7

UD: unreliable data; —: municipalities not attended by the PCE-SUS; SES/PE: Healt Department of State of Pernambuco.

Vitériade Santo Antao was likewise surveyed in 2004,
but only two of the 176 localitieswere covered: the capital
town, with 6540 inhabitants and Natuba, a rural village
with 665 residents. Intheformer, prevalence wasreported
as 100% based on the exam of only one person obviously
attended by the routine health service. In the latter, 43
(13.4%) out of 322 examsdone by active search were posi-
tive. This result is not necessarily representative of the
Natuba population as it is not clear which criteria were
used to select those individuals. For the municipality as
awhole, the data from the two localities were added to-
gether totaling 323 exams and 44 (13.6%) positives. Un-
der no circumstance this result should be regarded as

representative of the municipality.

Quipapa has 130 localities totaling 20 thousand resi-
dents, more than half of them living in rural areas. The
PCE-SUS examined 2332 personsin 2002 and 1480in 2004,
reporting respectively 6.3 and 4.2% of prevalence. At
first sight thisindicatesafall of 2.1 pp inthe municipality
prevalence over that period. Considering that the last
survey carried out by the MoH in 1996-1999 registered
23.5% of prevalence (Favreet a. 2006), those results may
be mistakenly regarded as indication that schistosomia-
sishas recently ceased to be arelevant health problemin
that municipality. However, acloser look at the SES/PE
reports shows that both surveys were carried out in the



capital town, whichismainly urban. Althoughthesample
sizes were considerable, the area chosen for the sur-
veys prevented the highly vulnerable rural population
from being sampled. Therefore, the SES/PE data cannot
be used to assess the present situation of schistoso-
miasisinthat municipality.

Escada was surveyed for three consecutive years
and more than five localities were covered by year. At
least 55 persons were examined in each of those locali-
ties. The corrected prevalence indices were 34.6% for
2002, 42.9% for 2003, and 22.3% for 2004 (Table). Even
considering those estimates as minimally reliable, they
cannot provide information on the recent evolution of
the prevalence because the yearly data originate from
different localities according to the SES/PE reports.

Inview of currently available information from the
SES/PE, minimally reliable estimatesfor the 2002-2004
period can be better achieved if the data are considered
together instead of year-by-year. As precaution, only
those municipalitiesthat surveyed at | east 55 personsin
each of five of more localities over that period may be
included. However, for the reasons already mentioned
these results are not without concern; they may be re-
garded not as adequate but as the best estimate avail-
able.

Only 12 municipalities have reached the above crite-
ria, three in the North micro-region, three in the Centre
micro-region and six in the South micro-region. Five of
them fell into the moderate prevalence class and the re-
maining seven, inthelow prevalence one (Fig. 2).

Even considering that the surveys carried out by the
MoH inthe ZMP from 1996 to 1999 (Favre et a. 2006)
had a broader scope than those by the PCE-SUS from
2002 to 2004, adecreasein prevalence between the two
periods can be envisaged for 11 of those 12 municipali-
ties. Only in Escada an apparent increase was noticed,
from 22.8t0 34.4%. However, surveysemploying proper
sampling techniques are required to confirm this hypoth-
esis.
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Asthe SES/PE also reportsinformation on infection by
A. lumbricoides and hookworms, prevalence data from
those 12 municipalities are given in Fig. 3. These results
arein agreement with therelatively moderatelevelsof STH
previously found in the sugar-cane zone of Pernambuco
(Zani et al. 2004) and fully justify the strategy of combining
schistosomiasis and STH control in the ZMP as recom-
mended by WHO (2002).

Themainlimitationsfaced by the PCE-SUSinthe ZMP
are due to dearth of local recourses both material and hu-
man. Such problems must be overcome in the short term
not only to attend the increasing demand for diagnosis
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Fig. 3: prevalence of soil-transmitted helminth (STH) infection in
the Rainforest Zone (“Zona da Mata’) of the state of Pernambuco
state, Northeastern Brazil. Only the municipalities attended by the
PCE-SUS (2002-2004) in five or more localities with at least 55
exams in each were considered.
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Fig. 2: prevalence of Schistosoma mansoni infection in the Rainforest Zone (“Zona da Mata’) of the state of Pernambuco, Northeastern

Brazil. Only the municipalities attended by the PCE-SUS (2002-2004) in five or more localities with at least 55 exams in each were
considered. The dashed line indicates the lower threshold (10%) for moderate prevalence of schistosomiasis.
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and treatment, but also to provide trustworthy informa-
tion on the current status of schistosomiasis in that en-
demic area. Thelack of reliable estimates about schisto-
somiasis has also been a matter of concern in other en-
demic areas of this Country, indicating the need of apreva-
lence survey at the national level (Katz & Peixoto 2000).

Reliable estimates of schistosomiasis prevalence
classes can be cost-effectively obtained by means of ap-
propriate sampling proceduresaimed either at school-aged
children (WHO 2002) or communities (Bennet et al. 1991,
Brooker et al. 2005). Such techniques minimizethe prob-
lems of precision and validity, and can be easily executed
by the PCE-SUS. A recent study involving school sur-
veysamong 9-12 yrsold childrenin all 43 municipalities
of theZMP (Barbosaet al. 2006b) identified 25 (58%) of
them in the moderate prevalence class and the remaining,
in thelow prevalence one. Surveys based on representa-
tive samples enable not only to know thereal situation of
schistosomiasis but al so to suggest adequate control strat-
egies.
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