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SUMMARY

Soil-transmitted helminth (STH) infections are widely distributed in tropical and subtropical areas, including Brazil. We
performed a nationwide population-based study including all deaths in Brazil from 2000 to 2011, in which STHs (ascar-
iasis, trichuriasis and/or hookworm infection) were mentioned on death certificates, either as underlying or as associated
causes of death. Epidemiological characteristics, time trends and spatial analysis of STH-related mortality were analysed.
STHs was identified on 853/12 491 280 death certificates: 827 (97·0%) deaths related to ascariasis, 25 (2·9%) to hookworm
infections, and 1 (0·1%) to trichuriasis. The average annual age-adjusted mortality rate was 0·34/1 000 000 inhabitants (95%
confidence interval: 0·27–0·44). Females, children <10 years of age, indigenous ethnic groups and residents in the
Northeast region had highest STH-related mortality rates. Nationwide mortality decreased significantly over time
(annual percent change: −5·7%; 95% CI: −6·9 to −4·4), with regional differences. We identified spatial high-risk clusters
for STH-related mortality mainly in the North, Northeast and South regions. Diseases of the digestive system and infec-
tious/parasitic diseases were the most commonly associated causes of death mentioned in the STH-related deaths. Despite
decreasing mortality in Brazil, a considerable number of deaths is caused by STHs, with ascariasis responsible for the vast
majority. There were marked regional differences, affecting mainly children and vulnerable populations.

Key words: soil-transmitted helminthiasis, neglected tropical diseases, mortality, spatial analysis, time trend analysis,
Brazil.

INTRODUCTION

Soil-transmitted helminth (STH) infections – ascar-
iasis, trichuriasis and hookworm infections – are
among the most common chronic infectious
diseases worldwide, mainly affecting socio-econom-
ically deprived populations (WHO, 2012, 2016a).
STHs are main causes of disease burden in school-
aged children in low- and middle-income countries,
in severe cases resulting in anaemia, reduced school
performance, stunting, malnutrition and death
(Bethony et al. 2006; Hotez et al. 2008; WHO,
2012, 2016a).
About 1·5 billion individuals worldwide are esti-

mated to be infected with at least one STH species
(WHO, 2016a), causing about 5 million DALYs
(disability-adjusted life years) losts (Hotez et al.
2014; Pullan et al. 2014). About 300 million people
suffer from severe morbidity attributed to STHs,
resulting in an estimation of 12 000–135 000 deaths
annually (Bethony et al. 2006; WHO, 2016b).

STHs have considerable public health importance
in Brazil, occurring throughout the national terri-
tory. They are concentrated mainly in poor and
vulnerable groups living in areas with inadequate
water supply and sanitation, combined with lack of
access to healthcare services and low levels of educa-
tion (Fonseca et al. 2010; Brazilian Ministry of
Health, 2012; Scholte et al. 2013). As there is no
specific national STH control programme, cases
are usually detected in a passive manner by health
facilities. STH carriers are also detected by the
Schistosomiasis Surveillance Programme within
the routine stool examinations, and treated
(Brazilian Ministry of Health, 2012). The lack of a
mandatory reporting system and an active surveil-
lance programme throughout the national territory
makes the true burden and the impact of disease
unknown and probably underestimated in Brazil
(Brazilian Ministry of Health, 2012; Couto et al.
2014). There are few large-scale surveys and system-
atic studies on prevalence in the general population
in the country (Scholte et al. 2013; Chammartin
et al. 2014). It is estimated that 26·1–29·7 million
Brazilian people are infected with Ascaris lumbri-
coides, 14·4–19·2 million with Trichuris trichiura
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and 4·7–11·3 million with hookworms (Scholte et al.
2013; Vos et al. 2016). In 2014, an estimated 11·5
million Brazilian children (about 3 million pre-
school-age children and 8·5 million school-age chil-
dren) were in need of treatment and preventive
interventions from STH infections (WHO, 2016b).
As STHs are considered diseases rarely leading to

death, studies that evaluate the burden of STH-
related mortality in endemic countries are limited
(Silva et al. 1997; Pullan et al. 2014). Here we
present the epidemiological patterns of STH-
related mortality in Brazil from 2000 to 2011.

MATERIALS AND METHODS

Study area and population

Brazil, the largest South American country, has a
total territory of 8·5 million km2, and a population
of about 205 million in 2015. The country is
divided into five geographic regions (South,
Southeast, Central-West, North and Northeast), 27
Federal Units (26 states and one Federal District),
and 5570 municipalities (Instituto Brasileiro de
Geografia e Estatística – IBGE; http://www.ibge.
gov.br).
We analysed nationwide secondary mortality data

from 2000 to 2011. We included all death certifi-
cates, in which any STH was mentioned as under-
lying or associated causes of death (the so-called
multiple causes of death). We used the following
ICD-10 codes: B77 (ascariasis), B76 (hookworm dis-
eases) and B77 (trichuriasis) (WHO, 2014).

Data sources

Mortality data were obtained from the Mortality
Information System (Sistema de Informações sobre
Mortalidade – SIM) of the Brazilian Ministry of
Health. SIM data are based on death certificates
(a standardized form to be filled out by physicians).
These data are public domain and freely available on
the website of the IT Department of the Ministry of
Health’s Unified Health System (Departamento
de Informática do Sistema Único de Saúde –
DATASUS, http://www2.datasus.gov.br). We pro-
cessed a total of 324 mortality datasets, with about
12·5 million entries. The detailed methods of down-
loading and consolidation of databases has been
described previously (Martins-Melo et al. 2012a, b,
2016a, b).
Population data were obtained from the Brazilian

Institute of Geography and Statistics (Instituto
Brasileiro de Geografia e Estatística – IBGE), based
on two demographic censuses (2000 and 2010)
and population estimates for inter-census years
(2001–2009 and 2011), and extracted from the
DATASUS website (http://tabnet.datasus.gov.br/
cgi/deftohtm.exe?ibge/cnv/popuf.def).

Statistical analysis

We present means and standard deviations (S.D.) for
continuous variables (age), and absolute numbers
and proportions with their respective 95% confi-
dence intervals (95% CI) for categorical variables
(sex, race/ethnicity, marital status, place of resi-
dence, year of occurrence, underlying and associated
causes of death).
We calculated crude mortality rates by 1 000 000,

stratified by sex, age group, race/ethnicity and
place of residence (regions and states), using the
number of STH-related deaths of each calendar
year as numerator and the respective population at
risk as denominator. Age-standardized rates were
calculated by the direct standardization method,
using the 2010 census population. Age categories
used for standardization and calculation of age-
specific mortality rates were: 0–9, 10–19, 20–29,
30–39, 40–49, 50–59, 60–69 and ⩾70 years. Based
on the crude mortality rates, we estimated rate
ratios (RR) and 95% CIs. To determine the differ-
ences among study groups we applied Pearson’s
chi-squared (χ2) or Fisher’s exact test, as applicable.
We used the Student’s t and Mann–Whitney tests to
compare the mean and median age at death (in years)
between groups, respectively.
Time trend analysis was performed by joinpoint

regression models (Kim et al. 2000). Joinpoints
were identified via a log-linear method, where the
direction or the magnitude of the trends changed
significantly (Kim et al. 2000). Statistical signifi-
cance of up to three joinpoints was tested using the
Monte Carlo permutation test, which chooses the
best segment for each model (Kim et al. 2000).
The annual percent change (APC) and 95% CI
were calculated for each segment to quantify the
trend and to assess the statistical significance.
We analysed the spatial patterns of STH-related

mortality using all 5565 Brazilian municipalities of
residence as units of analysis (territorial division of
2010). We excluded deaths with unknown munici-
pality. Overall crude STH-related mortality rates
by municipality-level over the study period were cal-
culated dividing the average number of STH-related
deaths by the population size in the middle of the
study period, expressed per 100 000 inhabitants.
We also calculated smoothed mortality rates (per
100 000 inhabitants) using a local empirical
Bayesian method to minimize random variations
and provide greater stability of mortality rates in
municipalities with small populations and rare
events (Assunção et al. 1998; Martins-Melo et al.
2015).
We used Global Moran’s I statistic (values

ranging from −1 to + 1) to assess the extension of
global spatial autocorrelation. Values close to zero
indicate spatial randomness; positive values indicate
positive spatial autocorrelation; and negative values
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indicate negative spatial autocorrelation (Cliff and
Ord, 1981). Then, we evaluated the existence of
local autocorrelation [local indicators of spatial asso-
ciation (LISA)], using Local Moran’s I statistic
(Anselin, 1995). LISA was used to identify signifi-
cant hotspots (High–High: high values spatial clus-
ters), coldspots (Low–Low: low values spatial
clusters) and spatial outliers (High–Low: high
values surrounded with low values or Low–High:
low values surrounded with high values) of mortality
rates (Anselin, 1995). For spatial representation of
the Local Moran’s index, Moran Maps were used
including municipalities with statistically significant
differences (P< 0·05).
We present other diseases and disorders men-

tioned on the death certificates that were associated
with STH-related deaths. All causes reported on
the death certificates were analysed, even ill-
defined (classified in Chapter XVIII – R00-R99 of
the ICD-10), and those characterized by the WHO
as modes of death, such as cardiorespiratory arrest
and multiple organ failure (Santo, 2007; Martins-
Melo et al. 2012c, 2016c).
Statistical analysis was performed using Stata

software version 11·2 (StataCorp LP, College
Station, TX, USA). Joinpoint regression analyses
were performed using Joinpoint Regression
Program version 4.0·4 (United States National
Cancer Institute, Bethesda, MD, USA). ArcGIS
software version 9.3 (Esri, Redlands, CA, USA)
and TerraView software version 4.2 (Instituto
Nacional de Pesquisas Espaciais – INPE, São José
dos Campos, SP, Brazil) were used for data entry,
processing, spatial analysis, calculation of autocor-
relation indicators and construction of thematic
maps.

Ethics

The study was approved by the Ethical Review
Board of the Federal University of Ceará
(Fortaleza, Brazil). Analysis was based on publicly
available secondary anonymized data, with no possi-
bility of identification of individuals.

RESULTS

STH-related deaths

During the study period, a total of 12 491 280 deaths
were recorded in Brazil. STHs were identified in 853
deaths (0·01%): 60·7% (518/853) as an underlying
cause and 39·3% (335/853) as an associated cause of
death. Ascariasis was responsible for 827 deaths
(97·0%) [61·8% (511) as underlying cause and
38·2% (316) as associated cause], hookworm infec-
tions for 25 deaths (2·8%) [28·0% (7) as underlying
cause and 72·0% (18) as associated cause], and tri-
churiasis for one death (0·1%, associated cause).

The average number of deaths per year was 71·1
(95% CI: 61·1–81·0), ranging from 51 in 2011 to 94
in 2001.

Demographic characteristics

Predominant demographic characteristics of STH-
related deaths were: female sex [51·8% (442/853)],
age 0–9 years [72·8 (617/848)], brown population
group [48·1% (362/752)], and residency in the
Northeast region [40·1% (342/853)] (Table 1). The
state of São Paulo had the largest proportion of
deaths [14·9% (127/853)] (Supplementary Table 1).
Mean and median age at death for all STH-related

deaths was 15·8 years (S.D.: ± 25·1) and 3·0 years
(range: 0–104·9), respectively. The mean and
median age at death was significantly lower in ascar-
iasis-infected than in hookworm-infected indivi-
duals: mean 14·8 years (S.D.: ± 24·2 years) vs 48·5
(S.D. ± 31·9 years), P < 0·001; and median 2·9
(range: 0–104·9 years) vs 46·4 (range: 0·7–94·7
years), P< 0·001.

STH-related mortality rates

The average annual crude mortality rate for the
period was 0·38 deaths/1 000 000 inhabitants (0·30–
0·48 deaths/1 000 000 inhabitants), and the age-
adjusted mortality rate 0·34 deaths/1 000 000 inhabi-
tants (0·27–0·44 deaths/1 000 000 inhabitants)
(Table 1). Mortality rates were slightly higher in
females than males, with no significant difference
(Table 1). Children aged <10 years had the highest
age-specific mortality rates, with a significant differ-
ence when compared with young adults (aged 20–29
years), followed by advanced age (⩾70 years)
(Table 1). Indigenous ethnic groups had a 6-fold
higher rate than caucasians (Table 1).
The Northeast region showed highest mortality

rates, but there were no statistically significant
differences among regional rates, as compared with
the South region (Table 1). The highest average
annual mortality rates by state of residence were
observed in the states of Paraná (0·84 deaths/
1 000 000 inhabitants), Amazonas (0·74 deaths/1
000 000 inhabitants), Bahia (0·68 deaths/1 000 000
inhabitants), Maranhão (0·68 deaths/1 000 000 in-
habitants) and Rio Grande do Norte (0·66 deaths/
1 000 000 inhabitants) (Fig. 1; Supplementary
Table 1).

Trends over time

Age-adjusted STH-related mortality rates decreased
significantly at the national level over the entire
period (APC: −5·7%; 95% CI: −6·9 to −4·4), with
differences between regions. Similar to the nation-
wide pattern, there was a significant decrease in the
Southeast (APC: −7·9%; 95% CI: −12·3 to −3·3)
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and South (APC: −14·3%; 95% CI: −19·4 to −8·8)
regions (Fig. 2; Table 2). The North, Northeast
and Central-West regions presented stability
during the study period (Fig. 2; Table 2).
Both males and females presented significantly

decreasing mortality trends over the period
(Table 2). The age group 40–49 years presented an
increase of mortality rates, whereas in all other age
groups mortality decreased. This trend was statistic-
ally significant only in the <10-year-old group
(Table 2).

Spatial patterns

In total, 8·9% (495/5565) of municipalities in 26 of
the 27 Brazilian states recorded at least one STH-
related death. The spatial distribution of the
average annual crude and smoothed mortality rates
by municipality of residence are presented in
Figs 3 and 4, respectively. Crude STH-related mor-
tality rates ranged from 0 to 5·54 deaths/100 000
inhabitants among Brazilian municipalities, and
smoothed mortality rates from 0 to 1·24 deaths/

100 000 inhabitants. We found municipalities with
high STH mortality rates in all Brazilians regions,
located mainly in the North, Northeast and South
regions (Figs 3 and 4).
Global Moran’s I index showed a highly signifi-

cant and slightly positive spatial autocorrelation
(Moran’s I: 0·116; z-score: 137·62; P < 0·001).
Figure 5 presents the clusters of municipalities iden-
tified according to LISA analysis. During the study
period, we identified high-risk clusters (High/High)
covering areas in all Brazilian regions. There were
concentric high-risk clusters in the states of
Amazonas and Pará (North region), Maranhão and
Bahia (Northeast region) and Paraná (South
region) (Fig. 5). Clusters of municipalities with
low mortality rates (Low/Low) covered large areas
in states of Central-West, Southeast and Northeast
regions (Fig. 5).

Associated causes of death

The main associated causes of death mentioned on
death certificates with STHs as the underlying

Table 1. Epidemiological characteristics and STH-related mortality rates (per 1 000 000 inhabitants) by sex,
age group, race/colour and region of residence in Brazil, 2000–2011

Variables

Deaths

Crude rate (95% CI)a
Age-adjusted rate
(95% CI)a,b RRc P-valuen %

All STH-related deaths 853 100·0 0·38 (0·30–0·48) 0·34 (0·27–0·44) – –
Sex

Male 411 48·2 0·38 (0·27–0·52) 0·34 (0·24–0·49) 0·96 (0·60–1·53) 0·860
Female 442 51·8 0·39 (0·28–0·54) 0·34 (0·24–0·49) 1·00

Age group (years)d

0–9 617 72·8 1·43 (1·09–1·87) – 23·44 (5·71–96·25) <0·001
10–19 33 3·9 0·07 (0·02–0·22) – 1·17 (0·19–7·25) 0·864
20–29 24 2·8 0·06 (0·02–0·22) – 1·00 –
30–39 28 3·3 0·08 (0·03–0·28) – 1·39 (0·21–9·16) 0·734
40–49 29 3·4 0·11 (0·03–0·38) – 1·89 (0·29–12·30) 0·498
50–59 27 3·2 0·17 (0·05–0·57) – 2·72 (0·41–18·30) 0·282
60–69 27 3·2 0·25 (0·07–0·87) – 4·19 (0·62–28·11) 0·109
>70 63 7·4 0·77 (0·33–1·76) – 12·63 (2·48–64·36) <0·001

Region of residence
North 76 8·9 0·43 (0·20–0·91) 0·32 (0·13–0·76) 0·85 (0·33–2·17) 0·728
Northeast 342 40·1 0·56 (0·39–0·80) 0·47 (0·32–0·70) 1·10 (0·58–2·10 0·766
Southeast 247 29·0 0·26 (0·17–0·40) 0·25 (0·16–0·39) 0·52 (0·26–1·03) 0·054
South 164 19·2 0·50 (0·30–0·85) 0·46 (0·27–0·80) 1·00 –
Central-West 24 2·8 0·15 (0·04–0·55) 0·14 (0·04–0·53 0·30 (0·07–1·33) 0·094

Race/colourd

White 298 39·6 0·27 (0·18–0·40) – 1·00 –
Black 76 10·1 0·51 (0·24–1·09) – 1·86 (0·78–4·46) 0·156
Brown 362 48·1 0·41 (0·29–0·58) – 1·49 (0·88–2·54) 0·137
Indigenous 16 2·1 1·71 (0·37–8·00) – 6·28 (1·10–35·86) 0·018

STH, Soil-transmitted helminths; CI, confidence intervals; RR, rate ratio; -, not calculated.
a Average annual crude- and age-adjusted mortality rates (per 1 000 000 inhabitants), calculated using the average number
of STH-related deaths as a numerator and population size in the middle of the studied period as a denominator. Population
data on race/colour were derived from the Brazilian National Censuses (2000 and 2010). Population size in relation to race/
colour for the middle of the period was derived from an average of the 2000 and 2010 censuses.
b Age-standardized to the 2010 Brazilian population.
c Based on crude mortality rates.
d Data not available in all cases (age group, 5; and race/colour, 101).
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cause included diseases of the digestive system
(45·2%), in particular paralytic ileus and intestinal
obstruction without hernia and diseases of periton-
eum (Supplementary Table 2). The second group

was infectious and parasitic diseases (40·0%), par-
ticularly sepsis, and intestinal infectious diseases.
Other associated causes frequently mentioned
included: malnutrition (19·3%), respiratory arrest

Fig. 1. Spatial distribution of average annual age-adjusted STH-related mortality rates (per 1 000 000 inhabitants) by
state of residence in Brazil, 2000–2011.

Fig. 2. Trends of age-adjusted STH-related mortality rates (per 1 000 000 inhabitants) in Brazil and regions, 2000–2011.
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Table 2. Joinpoint regression analysis with corresponding APC of STH-related mortality rates (per 1 000 000
inhabitants) in Brazil, 2000–2011

Variable

Mortality rate/period

APC 95% CI P-valueInitial – 2000 Final – 2011

Sex
Male 0·45 0·22 −5·0* −7·6 to −2·4 <0·001
Female 0·52 0·31 −6·3* −9·2 to −3·2 <0·001

Age group (years)
0–9 2·31 1·03 −6·6* −8·6 to −4·5 <0·001
10–19 0·09 0·06 −3·2 −12·5 to 7·1 0·473
20–29 0·07 0·03 −5·0 −16·7 to 8·4 0·384
30–39 0·12 0·10 −6·2 −13·2 to 1·3 0·065
40–49 0·10 0·16 2·8 −6·1 to 12·4 0·501
50–59 0·16 0·05 −7·6 −18·1 to 4·3 0·146
60–69 0·12 0·26 −3·9 −13·2 to 6·4 0·386
>70 0·63 0·75 −1·9 −6·5 to 2·8 0·352

Region of residence
Brazil 0·48 0·27 −5·7* −6·9 to −4·4 <0·001
North 0·40 0·12 −0·2 −6·3 to 6·4 0·950
Northeast 0·42 0·45 −0·8 −3·8 to 2·4 0·582
Southeast 0·44 0·21 −7·9* −12·3 to −3·3 <0·001
South 0·94 0·18 −14·3* −19,4 to −8,8 <0·001
Central-West 0·17 0·07 −5·3 −11,2 to 1,0 0·060

APC, annual percent change; CI, confidence intervals.
* Significantly different from 0 (P < 0·05).

Fig. 3. Spatial distribution of average annual crude STH-related mortality rates (per 100 000 inhabitants) by municipality
of residence in Brazil, 2000–2011.
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(13·7%), respiratory failure (12·2%) and pneumonia
(11·4%) (Supplementary Table 2).
When STHs were mentioned as an associated

cause, the most common underlying causes included
the infectious and parasitic diseases (25·7%), diseases
of the digestive system (22·7%) and diseases of
the respiratory system (19·1%) (Supplementary
Table 3). The intestinal infectious diseases (12·8%)
were the principal specific underlying cause, fol-
lowed by pneumonia (10·4%), malnutrition (9·9%)
and paralytic ileus and intestinal obstruction
without hernia (7·8%) (Supplementary Table 3).

DISCUSSION

To the best of our knowledge, this is the first nation-
wide study on STH-related mortality in Brazil. We
covered a 12-year study period, highlighted epi-
demiological patterns and provided a comprehensive
overview of deaths by these helminth infections.
Ascariasis caused by far the highest death burden
among STHs. Mortality was higher among
females, children and indigenous populations. We
identified a decreasing mortality trend at national
level, and spatial high-risk clusters. Infectious/para-
sitic and digestive diseases/disorders were the most
commonly associated causes of death recorded in

the STH-related deaths as underlying or associated
causes of death.
The higher STH-relatedmortality among children

reflects the prevalence and morbidity pattern
observed in Brazil and elsewhere, with highest
STH prevalence and related complications in this
age group (Fonseca et al. 2010; Andrade et al. 2011;
Visser et al. 2011). Children have been identified as
particularly susceptible to STH infections, probably
because their immature immunological system, and
inadequate hygiene and sanitation practices, greater
contact with the soil, with other children and domes-
tic animals (Ferreira et al. 2000; Andrade et al. 2011).
Nutritional impairment caused by STHs, may have a
significant impact on growth, and cognitive and
physical development in children (Silva et al. 1997).
Higher mortality among the older people as com-
pared to adults, may reflect severe impairment of
nutritional status by STHs, in addition to comorbid-
ities with other common chronic conditions in this
age group (Hurtado-Guerrero et al. 2005). Despite
a lower number of absolute deaths, the highest pro-
portion of hookworm-related deaths was observed
in middle-aged adults and the elderly, with signifi-
cant difference in mean age at death.
There was no difference in STH-related mortality

between genders. Some studies found a higher STH

Fig. 4. Spatial distribution of average annual average annual Bayesian-smoothed STH-related mortality rates (per 100 000
inhabitants) by municipality of residence in Brazil, 2000–2011.
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prevalence in males (Ferreira et al. 2000; Prado et al.
2001; Hurtado-Guerrero et al. 2005; Fonseca et al.
2010), others in females (Andrade et al. 2011; Silva
et al. 2014). Differences of STH prevalence
between genders can be influenced by specific activ-
ities and behaviours in the studied population
groups, such as those in which there is close
contact with the soil and water (Andrade et al. 2011).
The high death rate in indigenous populations

reflects the vulnerability of these ethnic groups, indi-
cating possible social, economic, health and sanitary
disparities, and limited access to health services in
the determination of complications caused by
STHs (Miranda et al. 1999; Scolari et al. 2000). It
is known that indigenous population suffer from
higher prevalence and morbidity caused by STHs
(Miranda et al. 1998, 1999). In an epidemiological
survey of STH infections conducted in schoolchil-
dren of an urban area and an indigenous reserve in
the municipality of Ortigueira, State of Paraná in
the South of Brazil, indigenous children had
higher overall prevalence and intensity of STH
infections than schoolchildren from the urban area
(Scolari et al. 2000).
The highest mortality burden due to A. lumbri-

coides among STH infections reflects the pattern

found in Brazil and other countries, where the
highest number of STH estimates is usually attribu-
ted to A. lumbricoides infection (Fonseca et al. 2010;
Chammartin et al. 2013, 2014; Scholte et al. 2013;
Pullan et al. 2014). The high frequency ofA. lumbri-
coides can be explained by high viability of eggs with
infectivity in the soil for months and up to years
(Fonseca et al. 2010; Mandarino-Pereira et al.
2010; Andrade et al. 2011). Ascariasis is considered
an infection with low case fatality, but complications
due to aggregation or migration of adult worms,
mainly in children, may occur, leading to intestinal
obstruction, biliary and pancreatic ascariasis, and
appendicitis, possibly leading to death (Silva et al.
1997; Scolari et al. 2000).
The main conditions or causes of death associated

with STH-related deaths as underlying or associated
cause partly reflect the clinical description and
natural history of severe cases, especially complica-
tions arising from A. lumbricoides infection such as
intestinal obstruction, malnutrition and peritonitis
(Silva et al. 1997). The presence of associated
causes of death considered terminal conditions,
such as sepsis, respiratory failure, respiratory
arrest, and pneumonia, may reflect the severity of
the STH-related complications in the affected

Fig. 5. LISA cluster analysis (Moran Map) of STH-related mortality rates by municipality of residence in Brazil,
2000–2011.
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individuals (Bethony et al. 2006). In addition, there
is association with other intestinal infectious dis-
eases; polyparasitism may aggravate the conditions
of patients with STH infections (Naing et al. 2013;
Bisanzio et al. 2014).
STH-related mortality rates varied among

Brazilian regions, with highest rates in the
Northeast. The spatial distribution of STH-related
mortality is coherent with patterns of prevalence
observed by previous studies, indicating that the
geographical distribution of A. lumbricoides infec-
tion, leading cause of death among STHs, andT. tri-
chiura is concentrated in the North region and along
the eastern coast of Brazil, while high-risk areas of
hookworm infection is concentrated in the
Amazonas region (Scholte et al. 2013; Chammartin
et al. 2014). The high prevalence of STHs in some
areas is related to unfavourable socio-economic, edu-
cational and sanitary conditions, agglomeration of
people, access to health services, inappropriate use
and contamination of soil, water and food, and eco-
logical conditions that are favourable for the devel-
opment infective stages (Fonseca et al. 2010;
Andrade et al. 2011; Chammartin et al. 2014;
WHO, 2016a).
Age-adjusted STH-related mortality rates showed

a declining trend at national level during the study
period. This observed pattern can be explained in
part by the expansion of primary healthcare services
that have allowed greater access to broad-spectrum
anthelmintic drugs, in addition to improved living
and sanitary conditions in the last decade (Fonseca
et al. 2010). However, there is neither systematic
disease surveillance nor a compulsory notification
of cases, consequently leading to underestimated
numbers of infection rates. There are no systematic
epidemiological studies for prevalence estimation
on national level. The poorest regions of the
country, the North and Northeast, did not present
declining trends of mortality during the study
period, highlighting the need for specific control
programmes, and improved access to health
(Fonseca et al. 2010).
Parasitic infections are usually detected passively

by the health care centres. In endemic regions for
schistosomiasis, STHs are detected during routine
stool examinations for Schistosoma mansoni
(Brazilian Ministry of Health, 2012). The Ministry
of Health of Brazil launched a national integrated
campaign to confront STHs in the period 2012–
2015 together with other NTDs, such as leprosy
and trachoma (Brazilian Ministry of Health, 2012).
This campaign aimed to reduce the parasite load of
schoolchildren (5–14 years) from public elementary
education in priority municipalities (Brazilian
Ministry of Health, 2012, 2016). The campaign is
based on the administration of broad-spectrum
drugs to schoolchildren, with the recommendation
of preventive and collective treatment in priority

endemic municipalities with prevalence >20%.
High-risk communities with a greater number of
people in extreme poverty and difficult access to
health services and basic sanitation were also
included (Brazilian Ministry of Health, 2012,
2016). In 2013, the campaign was conducted in
852 municipalities, with more than 2·8 million treat-
ments for STHs in schoolchildren. In 2014, the
activities were expanded to 1227 municipalities,
and 4·7 million children treated for STHs
(Brazilian Ministry of Health, 2016).
The implementation of appropriate surveillance

mechanisms and a mandatory reporting system for
STH infections throughout the national territory
could provide more accurate epidemiological data
on prevalence and would allow geographical
mapping of high-risk areas to better target disease
surveillance and control.
Despite improved SIM coverage and quality of

information about causes of death during the last
years, secondary mortality data may present incon-
sistencies of information over time and between
regions (Martins-Melo et al. 2012b, 2016a, b).
Coverage and proportion of deaths from ill-defined
causes varies among Brazilian regions, with higher
proportions of underreporting of deaths and ill-
defined causes of death in the North and Northeast
regions (Santo, 2007; Martins-Melo et al. 2012b,
2016a). Interpretation of data should consider
these limitations. The underlying cause of death
may have been coded as a complication or aggrava-
tion associated with STHs. We collected informa-
tion based on multiple causes of death, i.e. the
mention of some STH in any field rather than only
the underlying cause, to reduce this error. In fact,
an additional 39% of cases were identified by using
multiple causes of death. Some demographic vari-
ables such as race/ethnicity included a considerable
proportion of missing data. In spatial analysis,
crude rates suffer from instability in expressing the
risk of a rare event or when the population of the
geographic unit of analysis is small. Thus, we used
smoothed rates by means of local Bayesian estima-
tion method (Martins-Melo et al. 2015). Despite
all mentioned limitations, the data analysed are con-
sistent and representative for a country of continen-
tal dimensions over a period of 12 years.

Concluding remarks

STHs are neglected causes of death, mainly in the
most underprivileged population groups in Brazil.
STH-related deaths may be largely underestimated
in the country. Specific surveillance and control
measures for STHs should be developed in high-
risk areas in a multidisciplinary manner, including
improvements targeting on early diagnosis and treat-
ment, and to improve socioeconomic conditions,
sanitation and health education.
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