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Abstract

Since 2007, most of humanity resides in urban areas, a trend which continues worldwide. Diseases
usually associated with rural contexts are now emerging or newly recognised in cities. In the
neighbourhood of Sdo Bartolomeu in Salvador, Brazil, the prevalence of Schistosoma mansoni
infection in 2011 was >20%. Following enrollment and treatment of a portion of the community,
~25% of the area underwent urban renewal. In 2015, we returned to enrol individuals who had
previously participated and a cohort that had not taken part in 2011. Thus, infected individuals in
one group experienced specific drug treatment plus improved living conditions and the second
group only improved living conditions. Between 2011 and 2015 there were no organised treatment
programs, but adequate sanitation increased from 69% to 92% coverage, household flooding
decreased, and the presence of indoor toilets increased to 99% of households. Ownership of
household appliances also increased significantly. The overall prevalence of schistosome
infections was 6.2%. In 2015, the cohort first seen in 2011 had a higher prevalence (8.7%) than
those first seen in 2015 (4.8%) and showed a few demographic differences. The 2011 cohort was
older, more likely born in Salvador, less likely to have lived outside of Salvador, spent a greater
percentage of their lifetime in Salvador, but more likely to have travelled. The population structure
of the parasites from both cohorts underwent a marked change with similar increased component
and infrapopulation differentiation and >10 fold decrease in effective population size. There was a
4-5 year shift in age-specific prevalence in 2015 for all compared with 2011. While praziquantel
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may have helped reduce prevalence, our evidence suggests that the structural changes and
improvements in living conditions had the biggest impact on schistosomiasis in this community.
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Urbanisation; Population genetics; Elimination; Community-wide treatment; Sanitation;
Differentiation; Effective population size

1. Introduction

The increasing urbanisation of humanity is naturally producing the urbanisation of human
infections. It is predicted that by 2050, 70% of the world will live in cities (United Nations,
2015), and currently 30% of urbanites in low or middle income countries live in informal
settlements or slums. In some scenarios, the number is expected to triple by 2050 (United
Nations, 2013). Schistosomiasis is often considered a disease of rural populations, but there
have always been infections with schistosomes in cities. Now the cities themselves are
changing and, with them, the profile of the disease. Urbanisation of schistosomiasis is
recognised as a growing problem in Africa (Sarda et al., 1985; Ernould et al., 2000; Matthys
et al., 2010; Mwakitalu et al., 2014; Dabo et al., 2015), and it has been well documented in
Brazil (Barreto, 1960; Guimaraes et al., 1993; Barbosa et al., 2011, 1998; Guimaraes and
Tavares-Neto, 2006; Coura-Filho, 2005; Oliveira et al., 2013; Pinto et al., 2013; Blanton et
al., 2015; Calasans et al., 2018;). Studies in Brazil (Brooker et al., 2006) and China (Shen et
al., 1997) indicate there are significant differences between rural and urban schistosomiasis.
Urbanisation and urban landscapes offer obstacles, and opportunities sometimes differ from
rural areas. While population density and violence can be obstacles to control infection in
the urban environment, population density may facilitate access to those infected,
environmental modifications of these artificial sites are more easily and comprehensively
accomplished, urban populations are often better off economically and have access to more
resources (World Bank. Global Monitoring Report, 2013).

We have previously identified the neighbourhood of S&o Bartolomeu as an urban focus of
schistosomiasis in the city of Salvador, Brazil (Guimaraes and Tavares-Neto, 2006; Blanton
et al., 2015). In this neighbourhood, the prevalence in 2011 was 25% with 13% of these
heavy infections defined as >400 eggs per gram (epg) of stool. In 2011, the project enrolled
1500 residents from areas with the highest prevalence based on a previous survey of school
aged children (Guimaraes et al., 1993). Egg-positive individuals were treated with
praziquantel and albendazole, for schistosomiasis and other helminths, respectively, and all
those treated for S. mansoni were egg negative when examined 4-6 weeks later.
Subsequently, the area underwent a period of urban renewal. Approximately 20% of the
homes and inhabitants were removed and replaced with two-storey public housing with
connections to the municipal sewer system. In 2015, the Municipal Health Department in
collaboration with the Oswaldo Cruz Foundation Bahia (Brazil) initiated a program for
control or elimination of schistosomiasis in Sdo Bartolomeu employing methodology similar
to that of our previous program from 2011. We evaluated the relative impacts of
demographic changes, changes in sanitation and a previous mass treatment on the prevalence
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of S. mansoniinfection and its population structure in the urban setting of Sdo Bartolomeu,
Salvador-BA, Brazil.

Materials and methods

2.1. Study site and population

The neighbourhood of Sdo Bartolomeu (12° 54.141’ S, 38° 28.514° W) borders a city park
(S&o Bartolomeu Park) located in the northwestern part of Brazil’s fourth largest city,
Salvador. In addition to an important historical site, the park forms a natural buffer between
the densely populated portions of the city and a reservoir that until recently supplied
drinking water for the city. In the 1970s the region was occupied by people coming from
rural areas of the state, looking for work and better living conditions. In 2011, there were
~3600 residents within the 0.23 km? geographic area of Sdo Bartolomeu. One-third of this
area is occupied by mangrove swamp where the Cobre River flows through the community
on its way to the sea. In 2004 and again in 2011, an urban focus of schistosomiasis was
identified in this neighbourhood (Guimaraes and Tavares-Neto, 2006; Blanton et al., 2015).
In 2012, the state of Bahia implemented a project to improve housing and revitalise the park.
People who built their residences inside the park and residents of some neighbourhood
houses were relocated to other areas in the city of Salvador. Some returned later to newly
constructed houses with satisfactory sanitation infrastructure. Of those who participated in
the 2011 study, 549 were again identified and participated in 2015 (Fig. 1). In addition, 1105
residents were examined who did not participate in 2011.

2.2. Study design, data and stool collection

In order to understand the effect of environmental and demographic changes on parasite
populations, the study design included both a cohort and a cross-sectional study design. A
focused study of the community was conducted in 2011 in which 1224 residents within a
defined section of the neighbourhood answered a questionnaire and had stool examined on
three different days for parasitic infections. This group has been previously described
(Blanton et al., 2015). The total group c renewal in 2011 will be designated 2011T, and the
total group examined post-urban renewal in 2015 will be 2015T. Further, the cohort
examined in 2015 and previously seen in 2011 will be designated 2011C, and those
examined only in 2015 will be 2015C (Fig. 1). In 2015, all households were approached by
trained interviewers from the Department of Social Service of the Regional University of
Bahia, Salvador. Study data was entered in a Research Electronic Data Capture (REDCap)
database (Harris et al., 2009) hosted at the Oswaldo Cruz Foundation. Each household was
also georeferenced for spatial analysis.

The Committee on Ethics in Research of the Oswaldo Cruz Foundation of Salvador, Bahia,
the Brazilian National Committee on Ethics in Research and the Institutional Review Board
for Human Investigation of University Hospitals Case Medical Center, Cleveland, Ohio,
USA, approved the study design. All subjects provided written informed consent or in the
case of minors, consent was obtained from their guardians. All aspects of the study have
been conducted according to the principles expressed in the Declaration of Helsinki.

Int J Parasitol. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Silva et al. Page 4

2.3. Infection detection and egg isolation

After collecting demographic data, each individual was asked to provide stool samples on
three different days. All samples were examined for S. mansoni or geohelminth ova by
qualified laboratory technicians using the Kato-Katz technique. Eggs were concentrated
from a whole stool as described previously (Blanton et al., 2011). Briefly, stool was
liquefied in 2% saline and eggs concentrated by selective sieving followed by a saline
sedimentation. Concentrated sediment was kept at —20 °C until further analysis.

2.4. DNA extraction and genotyping

DNA was extracted from the sediment by a standard phenol: chloroform protocol and treated
with hexadecyltrimethylammonium bromide bromide (CTAB) to remove PCR inhibitors
(Ausubel, 1987). For genotyping, 2 pl of a 200 pl final volume of DNA were used for PCR
with each set of nine primer pairs to amplify their corresponding microsatellite locus.
Amplicons from this reaction were then multiplexed with 2-3 other amplified loci for
capillary electrophoresis and genotyping on an Applied Biosystems 3730xI DNA Analyzer
(Applied Biosystems, Carlshad, CA, USA). Peaks were analysed with PeakScanner software
version 2.0 (Applied Biosystems, Carlsbad, CA, USA). Non-matching duplicates, peaks not
conforming to the step-wise mutation model and peaks <100 pixels in height were
eliminated. Jost’s D (Jost, 2008) between replicates was calculated, and where this was
>0.01, they were re-examined or eliminated. Allele frequencies were calculated based on the
ratio between individual peak heights and the sum of peak heights for each marker (Blanton
etal., 2011).

2.5. Data analysis

Descriptive, univariate analysis and multivariate logistic regression statistics were performed
in Epi Info 7.2.2.6 (https://www.cdc.gov/epiinfo/index.html). Continuous variables were
evaluated with the Kruskal-Wallis test. Categorical comparisons were performed by a chi-
square test using Yates’ correction or a Fisher-Exact test when appropriate. A two-sided P
value <0.05 was considered significant for all analyses. Effect sizes were expressed as odds
ratios (ORs) and Hedges’ g for chi-square and Student’s T-test, respectively. Socioeconomic
variables were used to determine economic classification based on the Criteria for Economic
Classification Brazil of the Brazilian Association of Research Companies, Sdo Paulo
(Criteria for Economic Classification Brazil] 2013. http://www.abep.org/Servicos/
Download.aspx?id=03).

For genetic analyses, Jost’s D was calculated with the software Spade (Chao and Shen,
2010. https://chao.shinyapps.io/SpadeR/) and effective population size (Ne) with MLNe
(Arntzen and Wallis, 2006). Sensitivity analysis was performed for all population genetic
indices by iteratively removing one marker and recalculating these values to determine if
one marker skewed the result.
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3. Results

3.1. Total and cohort population characteristics

3.2.

The population in 2011 and 2015 showed few demographic differences (Table 1). The 2011
population was slightly younger on average, had lived a greater percentage of their life in
Salvador and travelled less outside of the city. The effect sizes of these differences were
small, however. Households without refrigerators went from 6% to 3% (< 0.05, OR, 2.1),
and those with computers rose from 25% to 35% (P< 0.01, OR, 1.7), which suggests an
improvement in disposable income. The major differences between the populations in 2011
and 2015 were for living conditions and S. mansoni infection. In 2011, fewer residents had
piped water or adequate sewage disposal, and more homes were flooded.

The 2011C cohort consisted of 549 of the 1239 (44%) individuals that participated in 2011,
while there were 1105 in the 2015C group. In 2015, the 2011C cohort differed from the
2015C cohort by being on average slightly older and living a greater percentage of their
lifetime in Salvador (Table 2). A smaller percentage had lived outside Salvador, but a larger
percentage had travelled outside of the city in the preceding year. None of these variables
had an OR >2 or <0.5 or Cohen’s d >0.2. The differences with the largest effect size
between the 2011C and 2015C cohorts were the prevalence and intensity of infection.

Infection and risk factors

Of the 302 S. mansoni infections identified, 29 were not treated either because they moved
or had a contraindication. Of the 273 treated, 187 were negative on follow-up, four were
persistently positive and 82 failed to have repeat examinations. The community-wide
prevalence decreased four-fold (24% to 6%) between 2011 and 2015. The decrease in
prevalence was most marked in the youngest children, 0-10 years old. In addition, while the
peak prevalence in 2011 was in 11-15 year olds, in 2015 the peak prevalence shifted 5 years
to 16—20 year olds (Fig. 2). The intensity was lower for most age groups in 2015, although
the average was not different.

The incidence or reinfection rate over this 4 year period was 1.7% per year. When examined
in 2015, the prevalence and intensity of the 2011C group were higher than the 2015C cohort.
We found 116 individuals who were not present in the neighbourhood in 2011, but only 20
had immigrated in the last 5 years, and the rest had been born since 2011. The prevalence of
S. mansoni infection was no different in these recent immigrants than that of long-term
residents.

While male sex, younger age, birth in Salvador, never living or travelling outside Salvador
and poor sanitation were associated with infection in 2011, only male sex and living and
travelling outside of Salvador were risk factors in 2015 (Supplementary Table S1). Infected
individuals in 2011 were less likely to have lived outside Salvador, less likely to have
travelled outside the city or to have adequate sanitation compared with those infected in
2015 (Table 3). Except for sanitation, the effect sizes for these variables were relatively
small. Travel outside Salvador and the percentage of lifetime lived in Salvador were not
associated. Those infected in the two cohorts differed in that the 2011C cohort was younger,
more likely born in Salvador, spent a longer percentage of their lifetime in Salvador, were
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less likely to have ever lived outside of Salvador and more likely to have travelled outside of
the city. The effect sizes were modest, except for the age difference (Table 4). Infection risk
factors in 2015 by cohort are provided in Supplementary Table S1.

3.3. Parasite population structure

Parasite population structure can be partitioned as those parasites within an individual host
(infrapopulation) or those within the whole community of hosts (component population).
Component populations can represent geographic or temporal groupings. There was a high
degree of genetic differentiation between the component populations in 2011 and 2015
(Table 5). A similar high degree of component population differentiation (Dc) exists
between the cohorts 2011C and 2015C, and the total component population 2011T. The two
cohorts had similarly low differentiation from the total 2015 component population.
Between the two cohorts examined in 2015, however, there was a small degree of
differentiation above that expected (Dc = 0.023), suggesting they were not completely drawn
from the same genetic pool. (Fig. 3). Mean pairwise comparisons between all 2011
infrapopulations (Di) was 0.071 + 0.063 (Table 6). In 2015, the mean Di increased to 0.183
+ 0.178. The mean Dis within each cohort in 2015 were 0.164 +0.161 for 2011Cand0.197
+0.194 for2015C. Ne decreased more than 10 fold (Table 7). Sensitivity analysis resulted in
less than 1% difference between values averaged after removing one microsatellite versus
using all 10 markers. Microsatellite marker characteristics and Di by marker and cohort are
provided in Supplementary Tables S2 and S3. Infrapopulation allele numbers for 2011 and
2015 are included in Supplementary Data S1 and S2, respectively.

3.4. Geographic distribution

Households with at least one infected occupant were dispersed throughout the sampled area
among houses with no one infected (Fig. 4). In 2011, there was a slightly higher prevalence
in the areas inside the park. Houses were removed from within the park after 2011, and
between 2011 and 2015, new standardised housing replaced informal structures north of the
mangrove. For the 2015 survey, a new area was included south of the mangrove swamp that
occupies the center of the community. In 2015, households with infected occupants were
again dispersed throughout the community with no clear focal hotspots.

4. Discussion

By definition, population density is higher in urban than rural areas, and in Brazil this also
implies physical and social differences. In urban areas, the population density, education
level and base income are higher, as is violence. There is less contact with surface waters for
most urbanites (Ernould et al., 2000). Urban areas have greater health resources, and
environmental interventions that directly affect a large number of people are more easily
accomplished. For schistosomiasis, some clinical features of urban disease set it apart from
rural disease. In urban areas, infections have lower intensity and an older age distribution. In
common with infections in rural areas, there is significant spatial clustering, although the
focal nature of the disease is even more evident over short distances in the urban
environment (Brooker et al., 2006).
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Urbanisation has been a key global process in the last century and promises to change the
human relationship with the physical environment and our exposure to pathogens well into
this one. Parasitic infections are also influenced by the new context in which hosts and
vectors encounter pathogens. An urban renewal program in Brazil has provided a unique
opportunity to compare the effect of antiparasitic treatment versus structural changes in the
landscape of an urban community. Following treatment for S. mansoni infection in one
section of the neighbourhood of S&o Bartolomeu, there was an increase in adequate sewer
coverage from 68% to 92%, a decrease in flooded households from 49% to 31% and an
apparent increase in disposable income across the neighbourhood. Within the same
neighbourhood, a cohort of residents and parasites experienced the effects of both
interventions (2011C), while another was only exposed to improvements in living conditions
(2015C). While both groups had a higher prevalence of S. mansoni infection than the state
average (4.1%, Brazilian Ministry of Health, 2018. http://www.saude.gov.br/boletins-
epidemiologicos) the 4 years without community-wide treatment has not seen a return to
2011 levels. The treated and untreated cohorts do not appear very different demographically,
socioeconomically (Table 2) or geographically (Fig. 4). The overall shift in age-specific
prevalence by 4-5 years for the whole community further supports the importance of the
improvements in living conditions. Thus, changes in the overall parasite population likely
owe more to the changes in living conditions than a single round of praziquantel treatment
for a section of the community.

During a 7 year period from 2004 to 2011 we reported little differentiation (Jost’s &= 0.007)
between parasite populations in S&o Bartolomeu (Blanton et al., 2015). The marked
differentiation (Jost’s d= 0.301) between 2011 and 2015 begs explanation. This large
differentiation is not likely the result of immigration. While this has been a big factor in the
rapid urbanisation of Salvador, immigration rates appear to be reaching a plateau as rural
populations decline (Perz, 2000). Brazil in general is more urbanised than the US. In our
study, we were able to identify only 23 immigrants arriving in the last 5 years, and only one
of these was infected. This was also reflected in the overall risk being lower in those with a
smaller percentage of their lifetime spent in the city.

It is possible that within the small area of a neighbourhood there are multiple well
differentiated subpopulations of schistosomes, and that one or a few key sources were
eliminated between 2011 and 2015, leaving the other well-differentiated subpopulations.
This might explain the differentiation between 2011C and 2015C parasites, but such a
scenario seems unlikely and is not consistent with our experience in other communities. A
more likely source of this differentiation is genetic drift due to a bottleneck. One
interpretation of Ne is as a measure of the susceptibility of the population to genetic drift.
The Sédo Bartolomeu population of S. mansoni experienced a steep decline in Ne over the
four years between sampling. This reduced the likelihood of individuals acquiring the same
parasite genotypes and resulted in increased differentiation between infrapopulations. The
population was, therefore, more susceptible to drift, and this most likely accounts for the
change in overall genetic population structure.

Parasites from both cohorts demonstrate the same degree of marked differentiation from the
2011 population and are similarly close to the 2015 component population. Parasite
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populations, however, do demonstrate moderate differentiation between the cohorts in 2015
despite overlapping areas of residence within a few city blocks. For multiple historical
reasons, the two cohorts are not entirely comparable. Those first seen in 2011 (2011C) were
originally selected for residing in a part of the community that appeared to have a higher
prevalence of disease, and while reducing their prevalence by more than two-fold, they
continued to have a higher prevalence even post-treatment and changes in living conditions.
By all other measures, however, the cohorts were equivalent (Table 2), until only those
infected were compared (Table 4). Those who were part of the original cohort and became
reinfected were younger, were more likely born in Salvador, less likely to have lived outside
Salvador, but more likely to have travelled in the last year. The age and nature of exposure to
Salvador itself were the major differences between the cohorts for those who were or
became infected, and might be responsible for a differential acquisition of parasite
genotypes. In addition, the 2011C cohort acquired their 2015 parasites over a period of 4
years, while the 2015C cohort may have acquired theirs over decades. While drift may
explain the differentiation seen over time, there also appear to be differences in the
behaviour of those infected that resulted in differentiation in these subpopulations.

In terms of other limitations, we further note that differences in the magnitude of statistical
effect size might not directly translate to differences in functional effect. They indicated the
strength of the association, but are not necessarily causative. Some samples could not be
genotyped for some markers, however, the sensitivity analysis indicated that no single
marker was skewing the results. In an unpublished study (unpublished data), we found that
10-15 markers produced indices similar to the use of 25 markers, so the absence of a few
markers should not bias the results.

In a previous study (Blanton et al., 2015), we found no component population differentiation
over a 7 year period in Sdo Bartolomeu when there was no intervention. In rural Bahia,
where all infected residents in the community were treated, little differentiation was
observed 3 years after the first round of treatment, while Ne fell by more than 10 fold
(Blanton et al., 2011). The marked differentiation observed, coupled with the 5 year shift in
age-specific prevalence, strongly suggest that this was a community-wide effect, most
consistent with the improvements made in living conditions. Urban living clearly has certain
advantages that today increasingly pull rural populations into cities. While the ability to
effect environmental changes for the health of a large number of individuals is probably not
a major consideration for most immigrants to the cities, it is one of the potential benefits that
public health agencies can take advantage of when working in conjunction with city planners
and government.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study Flow Chart. The shaded area represents samples collected in 2011; the unshaded area
2015. 2011T - all of the individuals enrolled, examined and if positive for Schistosoma
mansoniin at least one of three stool tests, treated in 2011. 2015T - All of the individuals
enrolled, examined and if positive for S. mansoniin at least one of three stool tests, treated
in 2015. The 2015T group was composed of two cohorts. 2011C - the cohort that had been
enrolled previously in 2011 and 2015C - the cohort first enrolled in 2015.
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intensity. The prevalence and intensity (arithmetic average -eggs per gram of feces (epg)) of
S. mansoni infection among participants found to be infected in respective years.
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Differentiation (Dc) between component populations and sub-populations surveyed in 2015.
The shaded area represents samples collected in 2011; the unshaded area 2015. 2011T -
parasites from all Schistosoma mansoni-infected individuals examined in 2011. 2015T -

parasites from all S. mansoni-infected individuals examined in 2015.2011C - parasites

collected in 2015 from individuals enrolled in 2011. 2015C - parasites collected in 2015

from individuals not previously enrolled.
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Fig. 4.
Distribution of households in Sdo Bartolomeu, Salvador, Brazil, with and without a

Schistosoma mansoni-infected member. Houses were georeferenced using a handheld geo
positioning device or Google Earth. Maps were produced using qGIS v. 2.18.15 QGIS
Development Team, 2015. QGIS Geographic Information System (https://qgis.org/en/site/).
Black circles mark households with at least one infected member. White circles mark
households with no infected members.

Int J Parasitol. Author manuscript; available in PMC 2021 January 01.


https://qgis.org/en/site/

Page 15

Silva et al.

's$898) Jo welb Jad sBBa juosuew ewosoisiyos uesiN

y

"SWIBB.IS 0 SIBALI 0} SBUSN 13]10) SSIMIBUI0 “19MaS 10 Xue) a1das 0] U01IBUUOD

4
[eAJBIUI 8OUBPHUOD

"J08)J8 |[BWS B PaIaPISU0D AJ[BUONIUSAUOD SI Z'0> 8J8UM S3|GRLIEA SNONUIUOD 10} Sueaw pasipiepuels ‘6 ,sabpayH

D

"So|qeLIeA [eatiofiared oy oel sPPO,

‘pasn

10} sdnoaB oMy 104 1581 SI|[BM-[eXSNIY B ‘Sa|gelIeA SnoNuIu0d 104 “ajelidoidde usym pasn aiam 1sa) 10eX3-1aysi 10 158} alenbs-1yd ‘sajeA ‘sajqerien [ea110621ed 104 Juedlyiubis Jou ‘Su "anjeA s pajiel-om|

q

"|E101 SIY) J3A0 Sa1ewnss aue safeusniad “erep Jo Aujigejieae o1 Buipiodde saliea [elo L,

Rusuaui yuosuew s

- 170 su 698¢ ¥ ¢'659T 1. 980G + €902 c0e Y
L2’0-ST°0 0c0 TO0> %cC9 cL 89TT %L've 40 veet aouafenald juosuew s
¥5'0—-0%°0 9’0 TO0> %1€ 09 08¥T %61 [47A S0ST Buipoo|4
. ) . ) uonelues ajenbapy

10°L-Lv'y 096 TO0> %6  €8ET 96¥T %69 068 16¢T 4
LOV-TLT €8¢ T00> %66  08¥T ¢0ST %96 ¢9CT STET 131103 Joopu]
- - su %66  ¥6¥T 60ST %66 ¢CET 6¢€T Jayem padid
SY'1-L0'T S¢'T  S00> %LE 09S L9VT %EE 96 66T  Jeakise| apisino [anes Auy
8€'1-66°0 LTT su %S¢ 69€ 0L¥vT %cc 9ge 80S9T JOPBAJES BpISINO PaAIT]
bmﬁ 0 S0°0> 9'0C +7'88 6.¥T T'0C + 806 80SGT JopeAjes ul 31| %
60°'T-LL0 260 su %LL  9IVTT Y6vT %8L 6.TT 80ST JopeAfes ul ulog
- hmﬂ 0 §S0°0> €6 F6'TE T9ST VIT+T16C L0ST aby
T0°'T-LL0 880 su %SY 6€L 99T %81 TeL 809T X8S e\

"Q’S F UBSIA 10 9% u el ggruee 1006 u el®ol

510 %56 97IS 108443 Qn_ 5102 1102 sonsLIsloRIRYD

Author Manuscript

"GTOZ pue TTOZ ul siuedionted Apnis ‘[1zeig ‘10peAjeS ‘Nawojoleg 0eS |[e 10 Sonskaloeiey)d

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Int J Parasitol. Author manuscript; available in PMC 2021 January 01.



Page 16

Silva et al.

[eAsB)Ul mocmuccoox

"J08JJ9 |[BS B PBIBPISUOI A][BUONIUSAUOD SI Z'0> S48UM S3]GRLIEA SNONUNU0D 10} (6 ,saBpaH) sues pasipiepuels,

o1el sppo
pp %

"pasn

sem sdnoJf om 10} 1531 SII[BAN/[BYSNIY © ‘S8|qfeLieA Snonunuod Jod “ereridoidde usym pasn aiem 1s8) 10ex3-Iaysid & Jo 18] arenbs-1yd SajeA ‘sa|qelien [ealiofered 104 “Juedlyubls 10U ‘S anjeny pajiel-oml,

(€702 ‘sa1uedwo) YoJeasay 40 UONRIOSSY Uel|iZeig) Sn1els J1Wou0da [190S _wmwu

*|e10] SIY1 J9AO Paje|Naes alam sabejusdiad “erep Jo Aljige|reae o} Buipioooe saLieA [elo)

q

'11ZeIg "eleg ‘IOPeA|es NaWO|OLIEE OBS Ul SLOYOD B GTOZ Ul PaUILLIEXD 11} LY 8U) - DGTOZ ‘STOZ 4O SUOMIPUOD LA TTOZ Ut PUILLIEXS 1S11} LY aU) - DTTOZ,,

a5 0 su T'€ET ¥ §'62T veL G'9/€ ¥ T'06T ey .\a%v Ausuaul osueus s
G8°0-2€°0 750 500> 8y Ge veL IR I ey a0ua[eAa.d JuOSLIELL BLIOSOISIYIS
¥0'1-99°0 €80 su 0€ 6.2 €76 ve 18T LES Buipool4
60'T-L7'0 zL0 su 76 888 696 76  06¥ s yHORRAIES apenbapy
- - su 66 196 .6 86 TIS €28 19]103 Joopu|
- - su 66 996 086 00T €25 2§ Joyem padid
B 3 v oov o 112 p{Upuowy L yr—yT.$4) 3/d snrels
6TT-2L0 960  su 65 6.5 586 00 18 pgg H\PUCWICOTBIYYS) O/ snieis
(swooui Ajiwey ueaw pajewnsy) S3s
€8'0-€5°0 990 500> v 6vS 0v6 7€ 8se 125 Teak 1se| SpIsINO |anes Auy
88'T-€T'T 9T 100> 87 8%C Ge6 T2 11T Geg J0pBAJES 3PISINO PAAIT
0w 6T 7698 o6 8T ¥ 606 ses JOPEA[ES U 2J1] %
19'T-66°0 16827 su G. 81 956 08 8z 85 lopenfes ul ulog
PR su 00 F 7’1 8107 LITFGEE €S by
12'1-08°0 660 su Sy g6y SOTT o wie 675 X3S 9B
mm m.mmUmI 10 UW_O un_ ‘a's T UeaIN 10 %% u Q_muo._. o.ﬁ_.m F Ues|A 10 94 u Q_.mao._.
h_o %56 EREEITE] 35102 moﬂom sons1IBloRIRYD

Author Manuscript

Author Manuscript

¢ dlqeL

"GTOZ Ul S10Y02 Apnis Jo sanstialorIeyd

Author Manuscript

Author Manuscript

Int J Parasitol. Author manuscript; available in PMC 2021 January 01.



Page 17

Silva et al.

wesb sad sbBBa aysesed Jo uesw paw.oysuell-Ho| mam_\
‘SWeaNIs 10 SISALI 01 Ysny S19]101 3SIMIBLIO0 ‘JaMas 10 yue) andas 03 :o:owc:ooc
UOITRIIHISSE|D SNJEIS D1WOU09d Saluedwo) YIIeasay 4O UOIIBIJ0SSY Ueljizelg - snjeis 5

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Int J Parasitol. Author manuscript; available in PMC 2021 January 01.



Page 18

Silva et al.

*SLIBIIS 10 SIBALI 0] USN|J S19]10] SSIMIBLIO ‘JaMas 10 yue) o1das 01 uonosuuo) %

"JO8Y43 |[eWS © PaIapISU0I A|[BUOIIUBAUOD SI Z'(0> 848UM S3|geIIeA SNONUIUOD 0} SUBSW pasipiepuels ‘B .mmmBIx

‘[eAJBIUI 30UBPYUOD

‘ones muuon

"JUedIIUBIS 10U ‘SU "anfeA 4 Pajiel-oMm] ‘1s8) atenbs-1yo paloallod ,SaleA Jo s.uosead

"|e101 SIY} J3A0 81eWNsa Ue s1 a6eIusaiad eiep Jo Ajige|reae 0} Buipiodde SaLieA [elo hq

'(1LST0Z) swuawiealy Jotid Jo ssajpsebal GTOZ Ul pardajul |je pue (1TT0Z) TTOZ Ul/Losuew S Yl pajdajul SjenpiAlpul __<m_

88680 10°C su 98 G 85 glz 8 86  1081U0D Jalem [euoednooQ
yT-1v'0 €80 su 06z 8T 29 g8y 9rT 20€ Buipoo|4
uolyeliues ajenbs)
0£0-90'0 €T0 T00> G885 19 909 2ST 20€ HONEINLES SIENOPY
96'0-0£'0 €50 500> L9z 91 09 96z 1L 20¢ Teak 1se| [anen Auy
96'0-%20 870 S00> T9T 0T 29 78T 9 20€ JopeA[es apIsino pani
su
4 ¥'0Z ¥ 9°06 29 LYTFIV6 20€ JopeAles ul a4l %
62°€-/80 69T su G278 TS €9 8'€8  €5Z 208 lopeAes ul uiog
suU L o — .
4 9YTFE€0¢ 29 TI9TF99C 20€ sieak ‘sby
62'T-0v'0 2.0 su 9€L €S 2L 6'99 202 20¢€ Xas a[e
ol %056 _ow_o od % u eoL % u n_So._.
So1Is1I81oeIRYD
suosiredwo) m._.mSN m._.Som Apnis

"GTOZ pue TTOZ Ul [1Zelg ‘Blyeg ‘IOpPeAJeS ‘NallojolReg OBS JO SIUSPISa) Paldajul-1uoSURW 2L/0SoisiyIS 10 uostedwo)

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Parasitol. Author manuscript; available in PMC 2021 January 01.



Page 19

Silva et al.

*SWIRB.IS JO SIBALI 0} SN[} SI13]10) SSIMIBUIO “4aMas 10 Xue) o1ndas 0} UonoBuUD

[eAssIUl woc%:coox

109143 |[RWS B PaJaPISUOY A|[EUOIIUSAUOD SI Z'0> 8J9UM S3|GRLIEA SNONUIILOD 10} SUBSW Pasipiepuels ‘B .mmmum_._m

onels
! Euo\u

“JUBDIIUBIS 10U ‘SU "NJBA 4 PB[IEI-0M] ‘P3IBIIPUI BIBUM P3SN 319M 10BXa S,JaysiH e 10 1s3) a1enbs-1yd Palosiiod ,SaleA Jo s.uosiead,

"[e101 SIY} JAAO 81RWINSS UE S| 9B'IUIad “BIep JO AlIjIge|ieAR 0} BUIPIOJJE SaLIeA [ej0L

q

"(DST0Z) STOZ Ul paulwexs 11 Loyod ayy ((QTTOZ) GTOZ JO SUONIPUOD YUM TTOZ Ul PaUIWEXS ISI1 L0U0D 8y} 10} /uosuews 'S UM Paldajul asoy) >_cOw

09°9-9T°0 0T su 8 7 98 ¢ GE  19€IU0D Jajem [euopednao0
88 T-ET0 wo s Z61 5 92 T9g €T ot BuIpool4
uoneues aenbs)

£52-0T°0 50 su ov8 @ 9% v16  zg se GHONEHUES SEND3pY

160410 950 500> TEZ 9 92 v6z 0T ve 183k 15e] janes) Auy

Ov'6E-GK'T 9L 500> gog 8 9z 95 2 ot JOPEAES 3PISING PAALT

%0 co0> sz 9% 69796 og Jopenfes 1 aj1| %

160-500 220 500> vor 61 .2 176 g8 ot JopeAfes ul uiog

0o S e

E 100> POTFT9E 92 YT TSz I aby

90'E-2€°0 0T SN £v. 9 e 0eL 1z I X35 B[l
JO%S6  ozswenI  d % U oL w u gL

sonsLIevRIRYD

suosiedwo)) 35102 eI110¢ Apms

¥ alqeL

Author Manuscript Author Manuscript

Author Manuscript

"GTOZ Ul [1Zelg ‘elyeg ‘IOpeAJeS ‘nawojoleg
0BS WO S)UBPISaI Pa1I8JUI-IUOSUBRLW 2LUOSOJSILIS 10 SLI0YO0D Paleal)-uou ‘paulluexa-uou pue spoyod pajesd) [aiuenbizesd usamiaq uostedwo)

Author Manuscript

Int J Parasitol. Author manuscript; available in PMC 2021 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Silva et al.

Table 5

Schistosoma mansoni component population differentiation.

Dc? between year and cohorts

2015T 2011C  2015C
2011T 0.301 0.306  0.303
2015T 0.004  0.008
2011C 0.023

2011T - all subjects examined in 2011 prior to urban renewal.

2015T - all subjects examined in 2015 post urban renewal.

2011C - the cohort first examined in 2011 and reexamined in 2015 post urban renewal.

2015C - the cohort first examined in 2015 post urban renewal.

a . . . R o
The mean Jost D between total allele frequencies for populations composed of all subjects examined in 2011 or 2015 or cohorts within the

population examined in 2015, all from S&o Bartolomeu, Salvador, Bahia, Brazil.
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Table 6

Schistosoma mansoni population structure compared.

DI S.D.
2011T 0.071 0.063
2015T 0.183 0.178
2011C 0.164 0.161
2015C 0.197 0.194

2011T - all subjects examined in 2011 prior to urban renewal.

2015T - all subjects examined in 2015 post urban renewal.

2011C - the cohort first examined in 2011 and reexamined in 2015 post urban renewal.

2015C - the cohort first examined in 2015 post urban renewal.

Page 21

aThe mean pairwise Jost D between infrapopulations for all subjects examined in 2011 or 2015 or cohorts within the population examined in 2015,
all from S&o Bartolomeu, Salvador, Bahia, Brazil.
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Table 7

Schistosoma mansoni population structure compared.

Ne?  (95%c1?)

2011T 19,342 (29,497-3850)
2015T 1437 (1410-1453)
2011C 1079 (1062-1093)
2015C 1185 (1161-1206)

2011T - all subjects examined in 2011 with conditions of 2011.
2015T - all subject examined in 2015 with conditions of 2015.
2011C - the cohort first examined in 2011 with conditions of 2015.

2015C - the cohort first examined in 2015.
aEffective population size.

bConfidence interval.
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