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ABSTRACT
In the State of Amazonas, Brazil, urban expansion together with precarious basic sanitation conditions and human settlement 
on river banks has contributed to the persistence of waterborne and intestinal parasitic diseases. Time series of the recorded 
cases of cholera, typhoid fever, hepatitis A and leptospirosis are described, using data from different levels of the surveillance 
systems. The sources for intestinal parasitosis prevalence data (non-compulsory reporting in Brazil) were Medical Literature 
Analysis and Retrieval System Online (MEDLINE), Literatura Latino-Americana (LILACS) and the annals of major scientifi c 
meetings. Relevant papers and abstracts in all languages were accessed by two independent reviewers. The references cited 
by each relevant paper were scrutinized to locate additional papers. Despite its initial dissemination across the entire State of 
Amazonas, cholera was controlled in 1998. The magnitude of typhoid fever has decreased; however, a pattern characterized by 
eventual outbreaks still remains. Leptospirosis is an increasing cause of concern in association with the annual fl oods. The overall 
prevalence of intestinal parasites is high regardless of the municipality and the characteristics of areas and populations. The 
incidence of hepatitis A has decreased over the past decade. A comparison of older and recent surveys shows that the prevalence 
of intestinal parasitic diseases has remained constant. The load of waterborne and intestinal parasitic diseases ranks high among 
the health problems present in the State of Amazonas. Interventions aiming at basic sanitation and vaccination for hepatitis A 
were formulated and implemented, but assessment of their effectiveness in the targeted populations is still needed. 

Keywords: Cholera. Leptospirosis. Typhoid fever. Hepatitis A. Intestinal parasites. Amazonas.

INTRODUCTION

Bacteria, viruses and parasites can enter drinking water in 
many ways, for example, as a result of pollution of a catchment 
area by animal excreta, by seepage of contaminated water into 
water distribution systems, and from unhygienic handling of 
stored household water. Protecting source water from pollution 
is critical for the prevention of waterborne diseases. Households 
can avoid most disease through ‘safe water’ approaches, by 
drawing on a well-managed supply system, or by treating and 
safely storing water at home. These interventions are most 
effective when coupled with improved sanitation and hygiene 
(including food hygiene) to ensure that multiple pathways of 
disease transmission are prevented(1).

In Brazil, the average indices of services of water supply 
and sewage collection provided to the total population in 
2012 were 82.7% and 48.3%, respectively, as estimated by the 
National Information System on Sanitation [Sistema Nacional 
de Informações sobre Saneamento (SNIS)]. Considering the 
urban population only, high average indices of water supply and 
sewage collection services (93.2% and 56.1%, respectively) were 
observed at the national level. In Brazil, 10 million inhabitants 
(6.2% of the Brazilian urban population) have no access to 
sewage collection services, and 74,800 inhabitants (0.05% of 
the country’s urban population) have no access to water supply 
services(2). The same report by SNIS identifi ed striking regional 
differences, as the worst performer is the northern area, in which 
68.6% of the urban population have access to water supply 
services and only 11.9% have access to sewage collection. 

Analysis of the impact of inadequate sewage systems on 
health indicators in 81 Brazilian municipalities found clear 
associations between precarious basic sanitation, poverty, and 
hospital admissions for diarrhea. Poor areas and suburbs of 
large cities are the most critical areas with respect to the need 
for sewage collection services and the rates and cost of hospital 
admissions for diarrhea; this situation is particularly serious 
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in northern and northeastern Brazil. In the City of Manaus, 
for instance, 74.8% of hospital admissions for diarrhea were 
children up to and including the age of fi ve, and a high rate 
of child mortality due to diarrhea occurs(3). As a result of the 
advancement of the Manaus Free-Trade Zone economic model, 
this area has undergone dramatic demographic growth since the 
1970s, but the growth has not been accompanied by systematic 
urban planning. Instead, precarious and improvised dwellings 
were built on the margins of bodies of water. Inadequate use of 
available urban land and lack of infrastructure for basic sanitation 
have resulted in the degradation of bodies of water and their 
surrounding areas, with consequent risk to the local population(4).

The aim of the present study was to describe the historical 
progression of the load of waterborne and intestinal parasitic 
diseases in the State of Amazonas.

METHODS

Geographic characterization 

The State of Amazonas is located in the western part of 
the North Region of Brazil (latitude 2°01′, longitude 73°48′) 
and comprises an area of 1,559,159.148km2 that contains 62 
municipalities. The estimated population of the state in 2010 
was 3,483,985 inhabitants, 74.2% of whom live in urban zones 
and 25.8% of whom live in rural areas. Its vegetation cover is 
mainly a dense evergreen rain forest. Its climate is classifi ed as 
equatorial super-humid, with rainfall over 2,000mm per annum 
and average annual temperatures between 26°C and 28°C. There 
is no clear distinction between dry and rainy seasons, and the 
temperature shows little variation throughout the state(5).

The primary urban agglomerations in 60 of the 62 
municipalities in the State of Amazonas are located at the 
margins of rivers. The only two exceptions are the municipalities 
of Presidente Figueiredo and Apuí, which were developed at the 
sides of federal highways. The water of the Solimões/Amazonas 
River and its right-margin tributaries is mostly muddy, exhibits 
high concentrations of suspended sediment, and gives rise to 
fl oodplains; its pH varies from 6 to 7.2. The water of the left-
margin tributaries is dark and more acid (pH approximately 5), 
exhibits lower sediment concentration, and gives rise to beaches 
in the summer. The water is underused, being mainly destined for 
household consumption and non-consumptive use (navigation, 
recreation, fi sh farming and hydropower). There is a need for an 
increased availability of water and the optimization of water use in 
Amazonas because there are defi cits in the public water supply to 
households, while the basic sanitation system is merely incipient, 
thus leading to the pollution of bodies of water(6).

Data source

The present article describes time series of recorded cases of 
cholera, typhoid fever, hepatitis A, and leptospirosis occurring 
in the State of Amazonas. These diseases are included in the 
Brazilian List of Diseases Subject to Compulsory Notifi cation(7). 
Data from different levels of the information systems were used 
to construct the time series.

Doctor Heitor Vieira Dourado Tropical Medicine Foundation 
[Fundação de Medicina Tropical Doutor Heitor Vieira Dourado 

(FMT-HVD)] is a regional reference center for the diagnosis 
and treatment of tropical and infectious diseases as well as 
for the training of workers and the development of human 
resources. The Department of Epidemiology and Public Health 
[Departamento de Epidemiologia e Saúde Pública (DESP)] 
of FMT-HVD acts as a sentinel unit for diseases subject to 
compulsory notifi cation or of regional interest and maintains 
epidemiological records on such conditions. 

In the case of cholera, the data for the entire country as well as 
for the Northern region and the State of Amazonas were used. These 
data are derived from the records of notifi cations provided by the 
National Epidemiology Center [Centro Nacional de Epidemiologia 
(CENEPI)], Health Ministry, from 1991 to 1999. The map that 
depicts the geographic distribution of cholera per municipality 
in Amazonas was elaborated using ArcGIS 10.1 software based 
on records available at DESP/FMT-HVD, which acts as an 
epidemiological surveillance sentinel unit for the State Health 
Secretariat of Amazonas. Hydrological information was obtained 
from the National Water Agency of the Ministry of Environment. 

The data on typhoid fever (1985-2012), leptospirosis 
(1985-2011), and hepatitis A (1991-2010) were collected 
from the records of DESP/FMT-HVD and the Notifiable 
Diseases Information System [Sistema Nacional de Agravos 
de Notifi cação (SINAN)].

A systematic review was conducted to find relevant 
information regarding surveys of intestinal parasite infections 
in the State of Amazonas. The sources for published data were 
MEDLINE (1947 to May 2014) and LILACS (1982 to May 
2014). The following search strategy was used for both databases: 
(intestinal parasites).mp and (Amazonas OR Manaus).mp. 
Cross-sectional studies were included. The abstracts of 
publications were analyzed in detail by two independent 
reviewers, and publications were selected if they mentioned 
intestinal parasitosis prevalence. Disagreement between the 
two reviewers was solved through consensus. For the included 
studies, data were extracted on the date of publication, study 
site, number of patients, and prevalence by species. Potentially 
relevant papers in all languages were accessed to permit review 
of the full text. The references and reviews cited by each relevant 
paper were scrutinized to identify additional relevant papers. 
Unpublished studies were searched manually in the annals of 
the major Brazilian congresses. Inclusion and exclusion criteria 
similar to those used in the MEDLINE and LILACS searches 
were used in this search. If the abstract referred to a dissertation 
or thesis, more detailed information was presented here.

The data on amoebic liver abscess were gathered from 
the records of the FMT-HVD Board of Parasitology and 
Epidemiology for the 1992-2010 period. 

RESULTS AND DISCUSSION

Cholera

The fi rst occurrence of cholera in the State of Amazonas was 
recorded in May 1855. At that time, individuals originating from 
Belém in the State of Pará, where there was an ongoing cholera 
epidemic, spread the disease to other Amazonian areas when 
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TABLE 1 - Cases of and deaths from cholera in Brazil. Brazilian Amazon and State of Amazonas, 1991-1998.

Years                             Brazil                                         Brazilian Amazon                                State of Amazonas

 cases  deaths  fatality rate (%) cases  deaths  fatality rate (%) cases  deaths  fatality rate (%)

1991 2,103 33 1.6 1,936 30 1.5 1,359 24 1.8

1992 37,572 462 1.2 6,918 111 1.6 1,108 31 2.8

1993 60,340 670 1.1 1,399 78 5.6 992 46 4.6

1994 51,324 542 1.1 3,448 105 3.0 780 25 3.2

1995 4,954 96 1.9 2,979 77 2.6 1,452 32 2.2

1996 1,017 26 2.7 82 5 6.1 54 3 5.6

1997 3,044 54 1.8 48 4 8.3 48 4 8.3

1998 2,745 39 1.4 17 2 11.8 17 2 11.8

Total  163,099 1,922 1.2 16,827 412 2.4 5,810 167 2.9

travelling by boat. In addition to records relating to Manaus, 
there are historical records on the occurrence of disease in some 
villages, such as Serpa (present-day Itacoatiara), Silves, and 
Vila Bela (present-day Parintins)(8). 

After almost 140 years with no recorded cases of cholera, cases 
of the disease were reported in Amazonas in 1991; this occurrence 
was a result of the spread of the seventh American epidemic(9). Brazil 
was free of cholera until 1991, when the disease was re-introduced 
through the Amazonian forest at the Alto Solimões region and spread 
across the Brazilian Northern region along the Solimões/Amazonas 
River and its tributaries to reach the northeastern and southeastern 
areas via the main highways(10). In Amazonas, the first cases 
were recorded in April 1991 at Benjamin Constant and Tabatinga 
municipalities, which are at international borders with Colombia and 
Peru. These cases were a result of the intense transmission pressure 
from Leticia, Colombia and Iquitos, Peru(11).

A total of 5,810 cases of cholera were confi rmed in the 
State of Amazonas during the period 1991 to 1998. These cases 
represented 3.6% of the 163,099 cases in Brazil as a whole and 
34.5% of the 16,827 cases in the Northern region. The largest 
number of cases per year were reported in 1991 (1,359 cases) and 
1995 (1,452 cases). After 1995, the number of cases decreased 
gradually until 1998, when the last 17 cases of cholera were 
recorded in the state (Table 1). Although individuals of all ages 
were affected, the largest proportion of affected individuals 
(59.3%) was 20 to 59 years of age. No cases of cholera were 
recorded in Amazonas after 1998. From 1991 to 1998, a total of 
167 deaths by cholera were recorded in the State of Amazonas, 
corresponding to a fatality rate of 2.9%. During this period, 
the average fatality rate from cholera was 1.2% nationally and 
2.4% for the Amazon region. The highest annual fatality rate of 
11.8% occurred in 1998, and the lowest annual fatality rate of 
1.8% occurred in 1991. The fact that the fatality rate increased 
during the same period (1996-1998) in which the number 
of cases decreased might be accounted for by a reduction in 
diagnostic suspicion, which may have permitted cases without 
accurate etiological diagnosis to end in death. Cases of cholera 

were recorded in 48 of the 62 municipalities in Amazonas 
and were distributed across the channels of the Solimões, 
Negro, Madeira, Purus, and Amazonas rivers. In Amazonas, 
autochthonous cases were recorded at the channels of the main 
rivers; in fact, the fi rst cases occurred at Solimões River, from 
where cholera spread mainly through river transportation of 
individuals carrying Vibrio cholerae. Curiously, the number of 
autochthonous cases in Manaus and other municipalities of the 
Negro River channel was small, indicating that these areas were 
less vulnerable to the endemic disease. It has been suggested 
that the lower vulnerability of these areas was due to the low pH 
of the black waters, which might have to some extent limited 
bacterial dissemination. The important role FMT-HVD played 
as a reference unit for the treatment of patients was decisive in 
restricting the mortality of the cases referred to Manaus. 

The rise of the Solimões River begins in November, and the 
river reaches its peak in June. It is worth noting that the highest 
incidence of cholera is associated with periods of ebb fl ows. The 
ebb begins in August, and the lowest tide occurs in October and 
lasts until January. During the dry period, the area and volume 
of the lakes become quite reduced, and the concentration of 
living beings and sediment increases. This period (October, 
November and December) is precisely the period in which the 
largest numbers of cases of cholera were recorded. 

No cases of cholera have been reported in Brazil since 2005. 
The control of disease notwithstanding, precarious sanitation 
conditions make large areas vulnerable to cholera, particularly 
in the northern and northeastern regions. For that reason, the 
development of a system for surveillance of diarrheal diseases is 
important, as is the performance of studies on reintroduction of 
cholera through the immigration of carriers of Vibrio cholerae 
originating in countries in which transmission still occurs. In 
late 2010, Haitian immigrants began to arrive at remote river 
border crossings in the western Brazilian Amazon. Attracted 
by the prospect of work in Brazil’s burgeoning economy, 
they entered Brazil through the border towns of Tabatinga 
(State of Amazonas) and Brasileia (State of Acre). Most of these 
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immigrants have made their way to Manaus. Because Haiti 
itself is facing a devastating cholera epidemic, it is necessary 
to assess the risk of reintroduction of cholera in susceptible 
areas in Brazil(12). 

A recent advance in the surveillance of this disease is 
the routine water surveillance performed in waters from the 
Tabatinga near the Peruvian/Colombian western border and in 
other regional rivers.

Typhoid fever

A total of 905 cases of typhoid fever were recorded in the 
State of Amazonas between 1985 and 2012. The largest number 
of cases, 77, was reported in 1987, followed by a decrease 
until 1990, when 16 cases were reported; the decreasing trend 
continued until 2003. During the period 2004 to 2012, the 
number of reported cases fl uctuated, as shown in Figure 1A. 
Taking the full period into consideration, 145 cases occurred 
in individuals 15 to 19 years old, 373 in individuals age 35 to 
49 years old, and 121 in individuals 50 to 64 years old. The 
pattern shown by the curve is compatible with those of diseases 
that appear in outbreaks. Two deaths were recorded during the 
studied period, one in 2000 and the other in 2003. 

In Brazil, typhoid fever is endemic, with overlapping epidemic 
outbreaks, especially in the country’s northern and northeastern 
areas, that depend on the living conditions of the local population(13). 
More than half of the cases of typhoid fever in the country occur in 
the Brazilian Amazon due to its defi cient sanitation conditions(14). 
In the State of Amazonas, typhoid fever is endemic(15) (16) (17). During 
the period 2004 to 2009, autochthonous cases were recorded in 
23 neighborhoods in four districts in Manaus, with the greatest 
number of occurrences in the state’s western and southern areas(16) (17). 
Another 174 cases were reported in Manaus in 2010-2011(18); 
thus, the state capital exhibits the highest incidence of typhoid 
fever. The fi rst case of Salmonella typhi in vitro and the fi rst case 
of in vivo resistance to chloramphenicol in the Brazilian Amazon 
were reported in 2002, both occurring in a patient from Coari(19). 
This suggests that one reason for the persistence of typhoid fever 
in the area might be the circulation of bacterial strains that are 
phenotypically resistant to antimicrobial agents. 

One relevant factor that accounts for the persistence of 
the endemic pattern of disease in the area is the existence 
of asymptomatic S. typhi carriers, such as cooks on ships 
undergoing long journeys along the rivers in Amazonas. Such 
journeys are sometimes longer than 10 days, and they often 
lack appropriate treatment of the water consumed on board. 
Diagnosis of disease also poses a problem, especially in the 
interior of the state, due to the lack of qualifi ed bacteriological 
laboratories. For that reason, the specifi c diagnosis of disease is 
reduced, and as a consequence, many suspected cases are treated 
empirically with antibiotic therapy without due notifi cation. The 
results of the Widal test are not reliable for this population and 
thus must be interpreted cautiously.

Leptospirosis

There have been several reports of positive results of 
serologic tests for Leptospira in the Amazonian human 
population since the 1970s(20) (21) (22). One study conducted at that 

time in the State of Amazonas found that the risk of infection 
was greatest among sailors, miners, and workers in contact with 
sewage(22). In the interior of the State of Pará, the estimated 
serologic prevalence of leptospirosis in humans was 32.8% 
according to a microscopic agglutination test that is diagnostic 
for leptospirosis. The serovar bratislava was the most common 
(9%), followed by the hardjo (6%) and grippotyphosa (4.5%) 
serovars(23). In addition to the limited data on leptospirosis in 
the human population, there are records of infection of wild 
animals, rodents and marsupials in particular(21) (24), as well as 
of domestic animals and cattle, with seroprevalence being as 
high as 97% among cattle in Uruará, State of Pará(23).

Very little is known about the load and historical progression 
of the cases of leptospirosis recorded in the population of the 
State of Amazonas. A total of 835 cases and 71 deaths were 
recorded from 1985 to 2011 (31 cases per year on average), 
which corresponds to an average fatality rate of 2.6%. The 
number of notifi cations increased during that period, peaking 
in 2011 (76 records). Figure 1B depicts the number of cases 
and deaths and the fatality rate during the aforementioned 
period. In the State of Amazonas, leptospirosis mostly affected 
male individuals 10 to 49 years of age. A total of 137 cases 
and 22 deaths (fatality rate: 12.7%) were reported in Manaus 
between 2003 and 2007. During this period, the incidence of 
leptospirosis increased from 1.4/100,000 inhabitants in 2003 to 
2.7/100,00 inhabitants in 2006(25). The increase in the number of 
cases of leptospirosis in the State of Amazonas was attributed 
to the Negro River fl oods, which resulted in the fl ooding of 
residential and commercial areas and exposure of the population 
to contamination by rodent excreta(26).

The ecological structure of the Amazon is favorable to the 
dissemination of leptospirosis; the area displays an endemic 
pattern of disease that is likely a function of its tropical 
temperature and humidity and the poor hygienic habits of the 
population. Additionally, the abundant wild and synanthropic 
fauna, particularly rodents and marsupials, are potential 
reservoir hosts for Leptospira and might be a relevant factor 
contributing to the spread of leptospirosis in this area(21) (24).

Because most cases of leptospirosis are either asymptomatic 
or manifest as acute undifferentiated febrile syndrome or 
acute neurological febrile syndrome (Leptospira-induced 
meningoencephalitis), often only the most severe cases of Weil 
syndrome are offi cially reported.

Hepatitis A

A total of 21,571 cases of hepatitis A were reported in the 
State of Amazonas between 1990 and 2012. The largest number 
of cases was reported in 2004; in that year, 2,249 cases were 
reported in Manaus and 2,578 in the remainder of the state. The 
number of cases began to decrease in 2005, only to eventually 
return to levels corresponding to those at the end of the ‘90s 
(Figure 1C). The main prophylactic resource against hepatitis 
A is vaccination(27). The impact of the recent introduction of 
the hepatitis A vaccine in the basic immunization schedule for 
children in 2010(28) has not yet been established in terms of 
effi ciency of control of the disease. 

Martins M et al. - Waterborne diseases in Amazonas



46 www.scielo.br/rsbmt I www.rsbmt.org.br

FIGURE 1 - A: Typhoid fever in the Amazon 1985 to 2012. B: Leptospirosis in humans in the Amazon from 1985 to 2011. C: Hepatitis A 
in the Amazon and Manaus from 1991 to 2010.
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Because the proportion of asymptomatic cases of hepatitis A 
is high, implementation of epidemiological surveillance actions is 
diffi cult and is usually limited to passive notifi cation of cases. As 
a result, it is diffi cult to estimate the magnitude of the disease and 
to make appropriate and timely decisions regarding the required 
interventions(29). The pattern of prevalence of anti- hepatitis A virus 
(HAV) total antibodies varies among Brazilian regions. Antibody 
prevalence is higher in the northern and midwestern regions, 
where it shows a pattern similar to that seen in underdeveloped 
regions, and lower in the southern and southeastern regions(30). 
Although hepatitis A morbidity has declined progressively 
in Brazil as a whole, it remains high in the Amazon region. 
In Labrea, the prevalence of anti-HAV was 74.6%, showing 
associations with age, the presence of outside toilets, history 
of hepatitis, family history of hepatitis, and the number of 
people in the family(31). Other studies conducted in the Brazilian 
Amazon showed anti-HAV prevalences greater than 90%(32) (33).

Most water samples from the Amazon Basin tested positive 
(92%) for HAV, with viral loads varying from 60 to 5,500 
copies/L, depending on sanitary conditions and the degree of 
fl ooding. This observation emphasizes the serious public health 
problem posed by the presence of HAV in water samples in this 
area(34). Genotype 1A predominates in the Brazilian Amazon, 
similar to the situation in most South American countries(35).

In Belém, 2 cases of leptospirosis and hepatitis A co-
infection were reported in patients admitted to a local public 
hospital. This study highlights the importance of timely 
diagnosis of co-infection with leptospirosis and hepatitis A, 
which act synergistically to cause liver damage. It is necessary 
that health professionals be alert to this type of co-infection, 
especially in endemic areas that are homes to socioeconomically 
disadvantaged communities(36). Likewise, the reporting of acute 
cases defi nitely underestimates the real burden of the disease 
because most cases of leptospirosis are asymptomatic or 
oligosymptomatic and because serological markers are typically 
requested only after a signifi cant period of time.

Intestinal parasitic diseases

The MEDLINE search generated 17 papers related to 
intestinal parasitic diseases, and LILACS identifi ed 17 papers. 
Eight papers were excluded because the prevalence of intestinal 
parasitic diseases was not the main focus of the study. Five 
articles were excluded because they reported data unrelated 
to the State of Amazonas. Four articles were repeated in the 
databases. After assessing the inclusion criteria, 17 original 
papers that included representative community surveys on 
intestinal parasites in the State of Amazonas were retrieved. An 
additional 22 reports were included based on the references of 
the articles searched from these sources. Nine abstracts were 
retrieved from the Annals of the Congress of the Brazilian 
Tropical Medicine Society. These 48 publications reported data 
for 17 municipalities from 1947 to 2014, with surveys performed 
in urban (n=31), rural (n=8), and riverine communities (n=4) 
and Amerindian villages (n=5) (Table 2 and Table 3)(37-84). 

The overall prevalence of intestinal parasites was very high 
regardless of the municipality or the characteristics of the areas 

and populations studied. Twenty-two parasite species were 
recorded; 11 of these were helminths, and 11 were protozoa. 
Of the 37 studies that reported the prevalence of at least one 
intestinal parasite, the prevalence rates were above 80% in 19 
studies, 60% to 80% in 13 studies, and 40% to 60% in four 
studies. Comparison of older and more recent surveys did 
not show a reduction in the prevalence of intestinal parasitic 
diseases over time. 

Ascaris lumbricoides exhibited the highest prevalence and 
was the predominant parasite found in 41 of the 48 studies. 
The prevalence rates for this parasite ranged from 2.8% in 
children aged 0 to 12 months in Manaus to 89.7% in Lábrea(69). 
Trichiuris trichiura was the predominant parasite found in 
5 studies; it was not found to affect children aged 0 to 12 
months in Manaus(44) or Waimiri-Atroari Indians in Presidente 
Figueiredo(57), but its prevalence in Codajás was 88.2%(40). The 
family Ancylostomatidae predominated in two surveys, with 
a prevalence of 95.9% among the Nadeb-Maku Indians of 
Santa Isabel do Rio Negro(48). Other relatively frequent helminths 
were Strongyloides stercoralis, Enterobius vermicularis, and 
Hymenolepis nana. Fasciola hepatica was found in a single 
study conducted at Canutama, where its prevalence was 2%(71). 
Schistosoma mansoni was found among immigrants from the 
northeastern area in two studies conducted in the urban area 
of Manaus, with 0.1% prevalence(38) (41). Taenia sp. was found 
in a single study conducted in the urban area of Manaus, with 
0.1% prevalence(41). The prevalence of Calodium hepaticum, a 
helminth parasite of dubious pathogenicity, in a study conducted 
at the Rio Pardo community in Presidente Figueiredo was 7%(84).

Of the pathogenic protozoa, Entamoeba histolytica/dispar 
exhibited the highest frequency, with a prevalence of greater 
than 50% in the Waimiri-Atroari Indian community at Presidente 
Figueiredo(57) as well as in urban areas in the interior of the state, 
such as Novo Airão(59), Iranduba(60), Codajás(61), and Envira(64) 
municipalities, and in rural areas in Manaus municipality(62) (63) (70). 
Extraintestinal amoebiasis is a serious complication of infection 
by E. histolytica/dispar, liver abscesses being its most common 
manifestation. There are no Brazilian nationwide statistics for 
the incidence of hepatic amoebiasis; however, the disease is 
known to be most frequent in the country’s northern area(85) (86) (87).
A total of 442 cases of amoebic liver abscess were recorded 
among patients treated at FMT-HVD between 1992 and 2010, 
affecting mostly individuals 21 to 50 years of age (76.4%) and 
male (81.2%). Some deaths occurred due to spontaneous rupture 
of the abscesses into the abdominal cavity and secondary sepsis, 
the prognosis of which is indeed very poor. The number of cases 
of liver abscess with well-established cause began to decrease in 
2004. It is worth noting that because the prevalence of intestinal 
amoebiasis did not decrease in that same period, as shown by 
the parasitological surveys cited in this study, it is believed that 
amoebic liver abscesses are underreported. 

The prevalence of Giardia lamblia was approximately 30% 
in the urban areas of Manaus(4) (51) (82), Novo Airão(59) and Nova 
Olinda do Norte(46). The prevalence of Blastocystis spp. was 
less than 5% in Manaus(41) (62) (63) (70) (73) (82), Novo Airão(59) and 
Iranduba(60), municipalities, but it was 13.4% among the Indians 
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TABLE 2 - Systematic review of the prevalence of intestinal protozoa in the State of Amazonas, Brazil. 

   
Age

                                                           Protozoa (%) 

Locality group N Ehi Eco Bco Bho Ena Ibu Cme Pho Eha Ibe Gla Rf

Itacoatiara (U) All 800 4.2 0.1 - - - - - 2.5 - - 3.7 37

Manaus (U) All  1,285 6.1 17.7 0.1 - 15.5 5.7 2.2 1.5 - - 11.9 38

Manaus and Itacoatiara (U) All  122 NP NP NP NP NP NP NP NP NP NP NP 39

Codajás (U) All  824 20.2 33.1 0.8 - 8.2 10.3 7.8 - - - 8.1 40

Manaus (U) 7-14 812 14.6 22.0 0.7 2.4 0.9 10.0 3.8 1.2 - - 14.6 41

Manaus (U) All 1,035 3.4 11.2 - - 0.8 2.1 - - - - 14.2 42

Manaus (U) 2-17 49 6.1 38.8 - - - 8.2 - - - - 34.7 43

Manaus (U) 0-12 months 72 - - - - - - - - - - 8.3 44

Nova Olinda do Norte (U) All 1,500 12.2 10.1 - - 2.7 - 0.4 - - - 9.0 45

Nova Olinda do Norte (U) Children and  240 27.3 31.8 - - 11.4 - 1.1 - - - 28.4 46
 adolescents             
Novo Airão, Moura, 

Carvoeiro e Barcelos (U) All  213 14.5 12.7 - - 4.7 1.4 - - - - 8.9 47

Nadeb-Maku Village All  49 36.7 32.6 - - 16.3 - 4.0 2.0 - - 8.1 48

Riverine communities, between

Novo Airão and Barcelos 0-6 78 28.8 15.1 - - - - - - - - 19.7 49

Manaus (U) 4-7 319 2.1 4.7 0.3 - 1.5 - - - - 0.6 17.0 50

Manaus (U) 3-7 471 3.8 0.4 - - - 0.2 - - - - 29.3 51

Coari (U) All  457 8.8 25.9 - - 19.6 0.8 - - - - 4.8 52

Coari (R) All  406 12.6 18.5 - - 10.3 8.9 - - - - 6.9 53

Palmeira do Javari  2-14 82 NP NP NP NP NP NP NP NP NP NP NP 54

Barcelos (U) >6 months 441 19.7 NP - - NP NP - - - - 5.7 55

Presidente Figueiredo, Waimiri-Atroari
Amerindian Village All  479 48.5 18.5 - - - - - - - - - 56

Presidente Figueiredo, Waimiri-Atroari
Amerindian Village All  340 68.3 54.0 - - - 11.9 - - - - 1.5 57

Novo Airão (U) All  277 29.1 - - - - - - - - - 17.4 58

Novo Airão (U) All  1,953 55.4 21.9 - 0.4 4.9 7.1 - - - - 25.1 59

Iranduba (U) All  41 65.8 48.8 - 4.9 17.3 2.4 - - - - 9.7 60

Codajás (U) All 273 58.2 20.3 - - 2.7 1.0 - - - - 9.3 61

Manaus (R) All 74 52.7 29.7 - 0.9 9.5 4.1 - - - - 20.3 62

Manaus (R) All  210 56.7 37.6 0.5 1.4 13.3 6.2 4.3 - - - 14.8 63

Envira (U) All  858 58.9 22.6 - - 2.1 3.5 - - - - 4.4 64

Eirunepé (U) All 413 13.3 24.9 - - - - - - - - 1.0 65

Manaus (U) All  1,585 21.5 15.9 - - 22.1 1.0 - - - - 10.6 66

Nova Olinda do Norte (U) Elderly  81 4.6 18.2 - - - - - - - - 6.8 67
 people             

Santa Isabel do Rio negro (U) All 308 34.1 37.7 - - - 18.8 - - - - 8.8 68

Lábrea (U) 5-19 311 0.6 4.8 - - 0.9 0.6 - - - - 2.5 69

Manaus (R) All  593 56.8 32.4 - 3.0 13.7 3.5 - - - - 13.0 70

Continue...
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TABLE 2 - Continuation. 

   
Age

                                                           Protozoa (%) 

Locality group N Ehi Eco Bco Bho Ena Ibu Cme Pho Eha Ibe Gla Rf

Canutama (U) All  558 16.1 13.3 - - 15.8 1.6 0.4 - - - 4.7 71

Iauaretê (Indigenous village) All 620 10.6 32.6 - 13.4 14.8 2.6 0.8 - 0.3 - 8.5 72

Manaus (U) 0-10 347 11.5 10.4 - - 19.6 3.7 - - - - 23.3 73

Iauaretê (Indigenous village) All 333 31.2 NP - - NP NP - - - - 10.2 74

Coari (R) 0-10 211 14.0 11.0 - - 1.0 - - - - - 4.4 75

Santa Isabel do Rio negro (U) All  450 31.0 37.0 - - - 4.2 2.1 - - - 8.3 76

Manaus (U) 0-11 451 13.7 10.2 - 1.1 17.9 3.1 - - - - 21.5 77

Coari (R) 0-15 123 17.6 11.0 - - 3.3 1.1 - - - - 9.9 78

Careiro (R) 5-14 54 NP NP NP NP NP NP - - - - NP 79

Coari (Riverine communities) 6 months-12  200 6.7 35.0 - - 2.4 3.6 - - - - 6.0 80
 years             

Manaus (U) All 400 20.8 19.8 - - 19.8 4.3 - - - - 10.3 81

Manaus (U) All 362 27.4 42.2 0.7 0.7 39.3 8.1 - - - - 27.4 82

Coari (Riverine community) 1-12 65 - 9.2 - - - - - - - - 5.5 83

Presidente Figueiredo (R) All 143 4.2 NP - 43.4 NP NP - - - - 10.5 84

U: Urbane zone; R: Rural zone; Ehi: Entamoeba histolytica/dispar; Eco: Entamoeba coli; Bco: Balantidium coli; Bho: Blastocystis hominis; 
Ena: Endolimax nana; Ibu: Iodamoeba butschlii; Cme: Chilomastix mesnili; Pho: Pentatrichomonas hominis; Eha: Entamoeba hartmanni; 
Ibe: Isospora belli; Gla: Giardia lamblia. Rf: Reference; NP: data not presented.

of São Gabriel da Cachoeira municipality(72) and 43.4% in the rural 
area of Presidente Figueiredo(84). The prevalence of Balantidium 
coli ranged from 0.1% to 0.8% in six studies conducted at the 
Manaus(38) (41) (50) (63) (82) and Codajás(40) municipalities. Isospora 
belli was found in a single study conducted at the urban area of 
Manaus, with a prevalence rate of 0.6%(50).

Entamoeba coli was the most frequently found commensal 
protozoan, followed by Endolimax nana and Iodamoeba 
butschlii. The prevalence of E. coli was above 40% in the 
Waimiri-Atroari village in Presidente Figueiredo(57) and in 
Iranduba(60) and Manaus(82) municipalities. Other commensal 
species included Chilomastix mesnili, Pentatrichomonas 
hominis and Entamoeba hartmanni. Although the high 
prevalences of these protozoan species do not represent a true 
risk to the population’s health, they refl ect the precariousness 
of the hygienic and sanitary conditions in the studied areas.

It is worth noting that the diagnostic methods used exhibited 
wide variation between studies and that many studies used 
the direct method only. Among the techniques for parasite 
concentration, spontaneous sedimentation was the most 
frequently used. This technique exhibits the highest sensitivity 
for dense parasite forms such as the eggs of the helminths 
Ascaris lumbricoides and Trichuris trichiura. For these reasons, 
it is believed that the prevalence of some parasites, particularly 
those belonging to the family Ancylostomatidae and protozoa 
as a whole, might be underestimated. 

In general, over the last 30 years, the epidemiological 
transition seen at the reference center in Manaus, the FMT-HVD, 
indicates an increase in the amount of opportunistic pathogens 
such as Cryptosporidium spp., Isospora belli and microsporidia. 
This development may also be due to the emergence of the 
acquired immunodefi ciency syndrome (AIDS) epidemic in 
this state. 

CONCLUDING REMARKS

A number of strategies aiming at the control of waterborne 
and intestinal parasitic diseases were planned at the national 
and state levels. In 2011, the Ministry of Health established a 
list of endemic diseases that require strategic actions for their 
elimination as public health concerns or to achieve a dramatic 
reduction of their load. For one of the diseases on this list, 
geohelminthiasis(88), the Ministry of Health suggested the 
implementation of mass treatment of children fi ve to 14 years 
of age in the municipalities with the highest prevalence rates. 

In 2006, the government of the State of Amazonas 
launched the Social and Environmental Program for Manaus 
Igarapés [Programa Social e Ambiental dos Igarapés de 
Manaus (PROSAMIM)], the goal of which is to improve 
local environmental and health conditions through the 
establishment and rehabilitation of drainage and water supply 
systems, environmental recovery of fl oodplains and springs, 
and improvement of the dwelling conditions of the local 
population. It is worth noting that one of the subcomponents 
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TABLE 3 - Systematic review of the prevalence of intestinal helminthes  parasitic diseases in the State of Amazonas, Brazil. 

  
Age

                                                           Helminthes (%) 

Locality group N Alu Ttr Hwo Sst Eve Hna Fhe Hdi Sma Tsp Che Rf

Itacoatiara (U) All 800 82.1 69.6 49.4 4.1 0.1 0.1 - - - - - 37

Manaus (U) All  1,285 31.0 17.2 24.2 2.1 0.1 - - - 0.1 - - 38

Manaus and Itacoatiara (U) All  122 54.8 14.6 25.0 NP NP NP NP NP NP NP NP 39

Codajás (U) All  824 87.5 88.2 77.9 19.7 0.1 0.1 - - - - - 40

Manaus (U) 7-14 812 77.2 78.4 49.8 11.5 0.2 0.2 - - 0.1 0.1 - 41

Manaus (U) All 1,035 55.8 72.1 51.1 9.3 0.9 0.2 - - - - - 42

Manaus (U) 2-17 49 73.5 89.8 71.4 12.2 8.2 - - - - - - 43

Manaus (U) 0-12 months 72 2.8 - 1.4 - - - - - - - - 44

Nova Olinda do Norte (U) All 1,500 65.8 50.0 31.9 2.7 1.8 - - - - - - 45

Nova Olinda do Norte (U) Children and  240 70.4 47.0 30.4 1.7 2.4 - - - - - - 46
 adolescents             

Novo Airão, Moura, Carvoeiro e  All  213 54.5 52.1 40.4 2.3 - - - - - - - 47

Barcelos (U)              

Nadeb-Maku Village All  49 61.2 67.3 95.9 12.2 - - - - - - - 48

Riverine communities, between  0-6 78 72.7 66.7 62.1 16.7 - - - - - - - 49

Novo Airão and Barcelos              

Manaus (U) 4-7 319 22.3 17.3 0.9 0.3 0.6 0.9 - - - - - 50

Manaus (U) 3-7 471 47.8 66.6 8.0 1.0 1.4 - - - - - - 51

Coari (U) All  457 54.9 26.8 31.9 23.4 0.8 - - - - - - 52

Coari (R) All  406 47.3 16.0 32.3 10.8 - - - - - - - 53

Palmeira do Javari  2-14 82 48.8 29.2 NP NP NP NP NP NP - - NP 54

Barcelos (U) >6 months 441 51.0 2.9 2.7 6.5 0.2 0.2 - - - - - 55

Presidente Figueiredo, Waimiri- All  47 42.2 - - - 8.2 - - - - - - 56
Atroari Amerindian Village              

Presidente Figueiredo, Waimiri- All  340 56.7 3.5 14.0 - 6.5 0.1 - - - - - 57
Atroari Amerindian Village              

Novo Airão (U) All  277 35.1 4.7 4.7 2.5 0.1 - - - - - - 58

Novo Airão (U) All  1,953 69.4 15.1 17.4 1.9 3.6 1.1 - 0.1 - - - 59

Iranduba (U) All  41 75.6 34.1 46.3 2.4 4.9 0.9 - 0.3 - - - 60

Codajás (U) All 273 69.4 13.5 24.0 10.3 1.7 0.3 - 0.3 - - - 61

Manaus (R) All 74 54.1 9.5 8.1 2.3 1.4 0.2 - 0.2 - - - 62

Manaus (R) All  210 59.0 21.0 22.4 2.9 0.5 8.1 - 3.3 - - - 63

Envira (U) All  858 57.1 21.2 12.4 4.7 0.5 0.2 - 0.2 - - - 64

Eirunepé (U) All 413 35.6 18.6 9.9 1.0 0.5 - - - - - - 65

Manaus (U) All  1,585 11.9 4.9 2.1 1.3 - - - - - - - 66

Nova Olinda do Norte (U) Elderly people 81 35.2 15.9 9.1 9.1 1.1 - - - - - - 67

Santa Isabel do Rio negro (U) All 308 47.7 25.6 21.4 - - - - - - - - 68

Lábrea (U) 5-19 311 89.7 64.3 51.7 10.6 - - - - - - - 69

Manaus (R) All  593 37.4 5.7 17.9 2.9 0.8 2.2 - - - - - 70
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TABLE 3 - Continuation. 

  
Age

                                                           Helminthes (%) 

Locality group N Alu Ttr Hwo Sst Eve Hna Fhe Hdi Sma Tsp Che Rf

Canutama (U) All  558 37.6 10.0 14.7 4.5 - 1.1 2.0 - - - - 71

Iauaretê (Indigenous village) All 620 64.8 4.7 5.0 1.3 1.0 5.3 - - - - - 72

Manaus (U) 0-10 347 14.1 4.6 1.4 - 2.3 - - - - - - 73

Iauaretê (Indigenous village) All 333 16.8 19.2 19.5 - - - - - - - - 74

Coari (R) 0-10 211 37.0 21.6 5.0 0.8 2.4 2.0 - 0.4 - - - 75

Santa Isabel do Rio negro (U) All  450 35.0 2.1 - - - - - - - - - 76

Manaus (U) 0-11 451 13.5 4.9 1.1 0.6 2.6 - - - - - - 77

Coari (R) 0-15 123 68.1 41.8 17.6 8.8 - - - - - - - 78

Careiro (R) 5-14 54 33.3 16.7 20.4 NP NP NP NP NP - - - 79

Coari (Riverine communities) 6 months- 200 66.3 16.3 5.4 3.0 - - - - - - - 80
 12 years

Manaus (U) All 400 12.0 4.5 9.5 3.8 11.0 2.0 - - - - - 81

Manaus (U) All 362 70.0 17.5 7.5 - 2.5 22.5 - - - - - 82

Coari (Riverine community) 1-12 65 53.7 16.6 15.0 - - - - - - - - 83

Presidente Figueiredo (R) All 143 14.0 9.8 25.9 - - - - - - - 7.0 84

U: Urbane zone; R: Rural zone; Alu: Ascaris lumbricoides; Ttr: Trichuris trichiura; Hwo: Hookworms; Sst: Strongyloides stercoralis; 
Eve: Enterobius vermicularis; Hna: Hymenolepis nana; Fhe: Fasciola hepatica; Hdi: Hymenolepis diminuta; Sma: Schistosoma mansoni; 
Tsp: Taenia sp.; Che: Capilaria hepatica. Rf: Reference; NP: data not presented

of this program is devoted to investment in drinking water and 
sewage services for the resettled and remaining populations 
in the area of infl uence of the drainage basin. However, the 
present study found that such strategies did not result in 
signifi cant improvement from a wider perspective. Nevertheless, 
assessment of the effectiveness of the interventions in the area 
targeted by the program has not yet been performed. 

Unsafe water and inadequate sanitation and hygiene are 
signifi cant contributors to the spread of diarrheal and other 
diseases in the State of Amazonas that eventually result in 
death. Perpetuation of the transmission cycle of waterborne 
and intestinal parasitic diseases is strongly facilitated by the 
environmental conditions of the Amazon region. The quality 
of water, whether used for drinking, domestic purposes, food 
production, or recreational purposes, has an important impact 
on health. Initiatives to manage the safety of water not only 
support public health but also often promote socioeconomic 
development and well-being(89). In this context, there is an urgent 
need to focus attention on achieving sanitation in this state.
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