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ABSTRACT

Plague is a zoonosis caused by Yersinia pestis, whose cycle is based on a reservoir system composed of
mammals and their fleas. Its transmission cycle presents long enzootic periods with undetected cases,
sometimes misleading that the cycle is extinct. While surveillance activities in Brazil are being carried out
only in some focal areas, the serologic results confirm the persistence of Y. pestis in all monitored areas.
We studied the small mammal assembly and Y. pestis presence in the Borborema Plateau Focus within the
state of Paraiba, which staged the last Brazilian plague outbreak (1986-1987), through an inventory and Y.
pestis detection survey of small mammals in peridomestic and sylvatic areas from two municipalities in
the state of Paraiba. The field sampling captured 45 specimens (27 marsupials, 18 rodents), of 10 species.
Only two species (one marsupial, one rodent) were captured in both peridomestic and sylvatic ecotopes.
The sylvatic ecotope had higher richness and abundance. No evidence of circulation of the pathogen was
detected, however, this result does not discard the necessity of continuous epidemiological surveillance due
to the risk of rekindling the foci after long dormant periods, especially given the current epidemiological
transition occurring on a Global scale.
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INTRODUCTION

Plague is a zoonosis caused by Yersinia pestis,
a gram-negative bacteria from the family
Enterobacteriaceae, transmitted primarily by the
bite of fleas infected by feeding on small mammals
that compose Plague’s reservoir system (Perry and
Fetherston 1997). Humans are incidental hosts,
hence the high mortality rate of the infection, and
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human plague cases usually occur during epizootics
(Perry and Fetherston 1997).

The transmission cycle of plague presents long
enzootic periods, where its activity is undetected
(Haule et al. 2013), sometimes giving the misleading
impression that the cycle is extinct. However, long
dormant foci can reemerge (Stenseth et al. 2008), as
it has been recently reported in African foci (Malek
et al. 2014), a region that concentrates 90% of the

current cases (Raoult et al. 2013), and where several

An Acad Bras Cienc (2018) 90 (3)



3008 CAIO G. ZEPPELINI, ALZIRA M.P. DE ALMEIDA and PEDRO CORDEIRO-ESTRELA

countries and regions that do not present recent
activity might potentially rekindle (Lotfy 2015).

Plague is still a global Public Health concern
(Stenseth et al. 2008, Butler 2013), and current
foci are spread throughout the Americas, Africa
(mainly in Sub-Saharan), Eastern Europe and Asia,
with some foci returning to activity and others
presenting noticeable changes in behavior (Gage
and Kosoy 2005, Holt et al. 2009, Zeppelini et al.
2016). The World Health Organization (WHO)
considers pneumonic plague a PHEIC (Public
Health Emergency of International Concern), and
states in the International Health Regulations that
cases must be immediately reported (WHO 2005).

Plague entered Brazil through the port of
Santos in 1899, with rapid expansion to other port
cities (Politzer and Meyer 1965). The spread in
the countryside happened through the terrestrial
commerce routes and railways; finally establishing
several fociin the native small mammal assemblages
in Brazil. More specifically, in the mid altitude
(>500m) semi-arid regions of the Northeast states,
and northern Minas Gerais (Tavares et al. 2012),
and in the Serra dos Orgdos in the state of Rio de
Janeiro (Ministério da Satde 2008).

As an infectious disease with high mortality
and morbidity, it is imperative to maintain constant
surveillance of the foci since the cycle can
undergo quiescence periods where the infection
lies undetectable (Haule et al. 2013). In Brazil,
the plague surveillance program was firstly based
on rodent trapping and collection of fleas for
bacterial detection, serosurveys on rodent domestic
carnivores (dogs and cats) populations (Almeida et
al. 1981, 1987, 1995). Since 2007, the surveillance
was restricted solely to serosurveys in domestic
carnivores as sentinels of infection (Tavares et
al. 2012). While surveillance activities are being
carried out only in some focal areas, the results
confirm the presence of Y. pestis in the monitored

arcas.
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Only in the latter half of this decade was
fieldwork conducted with a focus on trapping
and examining the circulation of the pathogen
among the small mammal assemblages of the
foci, including marsupials. These studies also
examined the current state of the foci under effects
of anthropogenic impacts and climate change, and
performed a taxonomical update of the reservoir
species (Costa et al. 2017, Bonvicino et al. 2015).
Nonetheless, the studies did not sample the
Borborema Plateau Focus, especially its portion in
the state of Paraiba where the last Brazilian plague
outbreak was reported (1986-1987) (Almeida et al.
1989).

The present study summarized the results of
the first recent inventory and Y. pestis detection
survey performed in the historical plague area in
the Paraiba state. This area was chosen based on the
lack of surveillance efforts for the last 20+ years,
contrasting with both the WHO recommendations
and the surveillance efforts maintained continuously
in other foci. Also, this region had one of the last
outbreaks recorded in Latin America (Schneider et
al. 2014), but was not sampled in the most recent
studies (Costa et al. 2017). The sampling design
was chosen in order to address the historical bias
of surveillance efforts, which have not previously
covered sylvatic areas, and only concentrated on
rapid risk assessment for epidemiological reasons
(Tavares et al. 2012); allowing for observation of
the faunal composition differences between the two
environments and their possible implications on
the transmission cycle and infection profiles.

MATERIALS AND METHODS

STUDY AREA

The Borborema Plateau is a geographic formation
that extends in NE-SW orientation, with altitudes up
to 1200 m (500 m of avg. altitude) (Morais Neto et
al. 2009). The Plateau is divided into three sections:
East Slope, West Slope and Central Plateau, and is
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surrounded by the Depressao Sertaneja in the West,
the Coastal Plain in the East, and the Sertanejo
Plateau in the Southeast (Ministério das Minas e
Energia 1981). The K&ppen climatic classification
of the Plateau is divided grossly in Cwa, Cwb
(tropical/subtropical humid) and BSh (semi-arid)
(Alvares et al. 2013).

To define the spatial limits of the Borborema
Plateau focus, the shapefile for Brazilian
topographic formations, available for download
at the Ministry of Environment website (http://
mapas.mma.gov.br/i3geo/datadownload.htm),
was used. Topographic information was used for
delimitation due to the lack of a resource that sets
the geographical borders of the plague foci, and the
literature does not provide a clear delimitation on
its maps (Vieira et al. 1994).

SITE SELECTION

To select the sites to be surveyed, historical
information of municipalities and locations where
the surveillance teams conducted investigation on
rodents, their fleas, sentinel animals and notified
human cases during the 1986/87 outbreak was
recovered (Almeida et al. 1989). Fieldwork files
(n=324) available at the National Reference
Service on Plague (Fiocruz PE), registering the
animal surveys, and the registry of 412 human
patients from 208 localities distributed in 45
municipalities were consulted. Out of the 45, the
municipalities Areia and Alagoa Grande were
selected due to accessibility, support infrastructure,
and permission to perform peridomestic sampling
from the property owners.

STUDY DESIGN

Two different ecotopes, peridomestic and sylvatic
areas, were explored. Peridomestic areas were
defined as the areas that encompass direct human
activities, including housing, functional buildings
(barns, garages, storage areas), pasture and crop

areas. Sylvatic areas were considered remnants of
original vegetation from the Caatinga dry forest-
scrubland biome that were large enough for the
installation of the trapping trails.

Each municipality was surveyed for 13
days, divided into two phases. The first included
6 days of trapping, with 160 traps total (80 for
peridomestic, 80 for sylvatic), and the second
had 7 days of trapping, employing 120 traps (60
for peridomestic, 60 for sylvatic). The traps were
installed in trails with 20 traps with 10 meter
intervals between traps, and each trail 500 meters
apart of each other, to guarantee independence
between trails. Peridomestic and sylvatic areas
surveyed were also at least 500 meters from each
other. Equal numbers of Sherman® (7.64 x 9.53
x 30.48 cm), Tomahawk® (40.64 x 12.7 x 12.7
cm) and PCP model live traps were employed. The
sampling design and other research procedures
were approved by the Ethics Committee on Animal
Use for Research of UFPB (license #121/2016),
and under SISBIO license #8164-1.

The traps were baited with a mix of bananas,
oatmeal, pacoca (grounded peanuts sweets) and
canned sardines in oil. The trails were visited
daily in the early morning to replace traps that had
captured animals. Baits were replaced daily.

SAMPLE COLLECTION AND PROCESSING

Captured small mammals were brought to a field
processing site, where they were handled after
physical and chemical contention with a mixture
of nine parts of Ketamine (10% solution) and one
part Acepromazine (2% solution) for rodents; and a
mixture of one part Ketamine (10% solution), one
part Xylazine (1% solution) for marsupials, using
a dosage of 0.1 ml for each 50 g of body weight.
Sedation was confirmed by absence of ocular and
limb reflexes. Blood samples were collected by
cardiac puncture using a 20 x 0.55 mm needle on
a 3 ml syringe, followed by centrifugation at 5000
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RPM for five minutes, with separation of serum
and cells in different Eppendorf® containers sealed
with Parafilm® and frozen at -10 °C.

After death, the peritoneal cavity was accessed
via abdominal incision, from which the spleen
was extracted and stored in Cary-Blair transport
medium (Zhejiang Gongdong Medical Technology
CO. LTD, Taizho, 318020, China). Liver and skin
samples were obtained for deposit in a genetic
repository, along with the taxidermied individuals,
at Collection of Mammals of Universidade Federal
da Paraiba, Campus I.

LABORATORY ANALYSIS

Hemagglutination assays (HA) with
hemagglutination Inhibition control (HI) was
performed to detect specific antibodies for the Y.
pestis capsular protein Fraction 1 or F1 (Chu 2000).

Spleen samples in Cary-Blair medium were
triturated and plated directly on a Blood Agar
Base medium (HiMedia Laboratories Pvt Ltd 23,
Vadhani Industrial Estate, LBS Marg, Ghatkopar
West, Mumbai, Maharashtra 400086, India)
for identification and isolation of Y. pestis. The
plates were incubated at 28 °C for 48 to 72 hours
and checked daily to observe the colony growth
and the lysis of the colonies by the anti-plague
bacteriophage (Karimi 1978).

For molecular analysis, fractions of the spleen
triturates were partially purified to eliminate
inhibitors of the PCR reaction, the product
suspended in Tris-EDTA and analyzed by multiplex-
PCR (M-PCR), targeting the amplification of
plasmidial (pla, lcrV, cafl) and chromosomic
(irp2) genes, the prominent virulence markers for
Y. pestis (Leal and Almeida 1999). Purified DNA of
Y. pestis CYP 0803 (isolated from a patient at Sitio
Carnauba, in Sdo Benedito — Ceara, 1978 from
the CYP Fiocruz collection) was used as positive
control, and a tube with all reagents (but no DNA
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samples) as negative control. The molecular weight
marker was the 100 bp DNA ladder (Invitrogen).

RESULTS

FIELDWORK

In Alagoa Grande, field work was conducted at
Fazenda Riachdo do Progresso (FRP) (07°06°01”
S; 35°35°57” W), a rural estate with cattle raising
(bovines and goats) as the main economic activity,
and with maize crops planted in smaller lots inside
the FRP’s limits. The peridomestic trails were set
alongside the main infrastructure, where the main
house is located and where vehicles, equipment and
other materials are stored; along pasture areas and
across corn fields. The sylvatic trails were installed
in fragments of shrub-arboreal Caatinga, which
comprises a dry forest with low canopy (about 3m),
vestigial or absent litter and abundance of rock
fragments in soil; following pre-existent trails and
opening new paths. The fragments surveyed were
on low hills, and one of the fragments was partially
surrounding a communitarian artificial lake that is
utilized for fishing, water supply and recreation.

In Areia, fieldwork was conducted at Engenho
Bujari, a sugarcane mill that produces sugar and
rapadura. The property’s legal native vegetation
reserve, composed by a large fragment of Brejo
de Altitude, enclaves of montane semi-deciduous
seasonal forest, occurs windward on the Notheast
plateaus within the Caatinga and has an altitude
of 100 to 600 meters (Rodal et al. 2005). The
occurrence of orographic precipitation, fed by
the humid winds that blow east-west coming
from the Atlantic Ocean, are responsible for high
precipitation (>1200 mm/y) and the Atlantic
Forest-like characteristics of the Brejos (Porto et
al. 2004). The legal reserve, located at the highest
point of the property, at the level of the State road,
was surveyed as the sylvatic ecotope, following
pre-existent lumbering trails that present signs
of deactivation for several years (i.e. vegetation
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growing in the trails). The peridomestic trails were
installed in the sugarcane fields, with the exception
of one set of 20 traps that were not arranged on
a trail but rather installed in the buildings where
sugarcane and rapadura are stored and processed.

SAMPLING RESULTS

The sampling performed in field summed up to
3640 traps/night, capturing 45 specimens of ten
species.

Eighteen rodent specimens distributed in ten
species were trapped during the study (Table I). The
only invasive species (Rattus rattus) was the most
abundant, and was captured only in peridomestic
areas. The peridomestic ecotope had the biggest
number of captured animals, mainly due to Rattus
rattus numbers. Twenty-seven marsupials from
four species were trapped (Table I). Didelphis
albiventris was the most abundant marsupial
species, although ten individuals were juveniles
and released on site.

The sylvatic ecotope had more species and
individuals captured than the peridomestic.
Only one rodent species (Galea spixii), and one
marsupial (Monodelphis domestica), were captured
in both ecotopes.

LABORATORY ANALYSIS

Twenty-seven spleen samples collected from
marsupials (12) and rodents (15) were analyzed by
culture and M-PCR vyielding negative results for Y.
pestis. Seven serological samples from marsupials
(3) and rodents (4) were also negative for anti-
plague antibodies.

DISCUSSION

This study is one of very few that assess the role of
two potential participants of the transmission cycle
that are often underestimated: non-rodent small
mammals and the sylvatic, non synanthropic small
mammal assemblages. In South America, there

TABLE I
Specimens captured during the field survey, discriminated by locality and ecotope.

Alagoa Grande

Areia

Sylvatic Peridomestic Sylvatic Peridomestic

Order Didelphimorphia

Didelphis albiventris

Gracilinanus agilis 4
Marmosa demerarae

Monodelphis domestica 3

Rodentia:Cricetidae

Rhipidomys mastacalis

Necromys lasiurus

Oligoryzomys sp.

Rodentia:Caviidae

Galea spixii 1

Rodentia:Echmyidae

Thrichomys laurentius 2
Rodentia:Muridae

Rattus rattus

Total per area 10

Total per locality

12

18 27
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are records considering the possible participation
of marsupials in the reservoir system dating back
to the first half of the 20" century (Macchiavello
1943), yet has not received much attention. In
Africa, non-rodent small mammals have been tested
for Y. pestis in recent studies (Moore et al. 2015),
with positive detection on individuals of Crocidura
russula, a Soricomorph (Malek et al. 2014). The
small mammals inhabiting the native vegetation
remnants have also received little attention, as
surveillance efforts are concentrated in areas where
there is risk of human exposure (WHO 2005). The
sylvatic small mammal assemblages are likely to
play a role in the transmission cycles (Zeppelini et
al. 2016), as the sylvatic fauna is the main origin
of emergent and reemerging zoonosis (Plowright
et al. 2017). In South America, where the reservoir
systems are formed by a multitude of native and
alien species (Schneider et al. 2014), investigating
the sylvatic environments is fundamental to
minimize possible biases created by a partially
characterized small mammal community in order
to avoid underestimating the array of within-
community interactions that are able to affect the
transmission cycle (Roche et al. 2013, Johnson
et al. 2015). Due to its apparent diffuse spatial
organization, surveying outside of areas within
the rigid category of ‘peridomestic environment’
could explain phenomena such as the maintenance
of bacterial circulation even during quiescence
periods where the infection goes undetected in
peridomestic/periurban surveillance. In reservoir
systems that are less diverse and more spatially
structured — usually dominated by one species —
like in Kazakhstan (Reijniers et al. 2012), and the
United States (Richgels et al. 2016), the zoonotic
cycles are more strongly tied to population
parameters of the dominant host species (e.g. Davis
et al. 2004, 2008, Reijniers et al. 2012) and to their
discrete spatial distribution (Wilschut et al. 2013),
making it easier to assess the limits of the cycle’s
geographic reach.
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The circulation of Y. pestis presents long
enzootic cycles where its activity is discrete (Ben-
Ari et al. 2012), often going undetected for several
years, and misleading that the cycle is extinct.
However, it is known that after long periods of
epidemiological silence, there is the possibility of
reemergence (Stenseth et al. 2008). As recently
reported in foci in Africa (Malek et al. 2014), the
region is currently responsible for over 90% of the
cases registered every year (Raoult et al. 2013), and
where several countries do not register any recent
activity and are strong candidates for reemergence
(Lotfy 2015).

The negative results for the detection tests
performed in this study were expected. The
last outbreak in Brazil occurred over 30 years
ago (Almeida et al. 1989), the last human case
was registered over a decade ago (Tavares et al.
2012), and the last large-scale investigation on the
Northeastern foci registered only 0.25% prevalence
(one individual of Monodelphis domestica out of
393 individuals trapped), and antibody low titer
(Costa et al. 2017). Even during activity periods,
the prevalence is historically very low (0.1-4.5%)
(Almeida et al. 1987, 1995). It is possible that
the prevalence registered by the literature (PCP
and research papers) in Brazil could be under-
representing the real dimension of the infection, as
it was focused on synanthropic rodents, and did not
survey the fauna of the native vegetation fragments,
possibly neglecting a fraction of the reservoir
system (Zeppelini et al. 2016). It is also possible
that the sampling of a species of small mammal (M.
demerarae) that has never been tested for Y. pestis
could be seen as a sign of the latter. However, our
current results do not allow us to further discuss the
subject.

The absence of positive results indicate that the
transmission cycle in the region is on quiescence,
where it is undetectable (Haule et al. 2013). A recent
study (Saavedra and Dias 2011) reported similar
results for a survey performed on rodents, humans
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and carnivore sentinels. Historically, samples
obtained from rodents test negative during periods
where no human cases are detected (Almeida et al.
1988).

Currently, there has been substantial interest
in studying ecology aspects of the transmission
cycles, including the effects of climatic change
(Davis et al. 2008, Keesing et al. 2010, Reijniers
et al. 2012, 2014, Roche et al. 2013, Young et al.
2014, Moore et al. 2015, Mills et al. 2010, Rohr et
al. 2011, Ben-Ari et al. 2012, Altizer et al. 2013).
The general conclusions drawn from the literature
available indicates an epidemiological transition
period, where changes in climate, biodiversity
and globalization can promote the emergence and
reemergence of pathogens (Pongsiri et al. 2009).
Although Plague has experienced a decrease in
activity during the last century, it is still a present
threat. Areas such as sub-Saharan Africa have been
detecting activity in foci that were quiescent for
decades (Malek et al. 2014, Lotfy 2015). The new
cases detected in foci considered dormant for over
30 years has caused the WHO to classify Plague
as a re-emerging disease (Richgels et al. 2016)
and Brazilian foci are likely to resume activity
as well (Zeppelini et al. 2016). This possibility
reinforces the necessity of maintaining constant
epidemiological surveillance.

CONCLUSION

The present investigation did not detect any activity
of the Plague transmission cycle within the Paraiba
Borborema Plateau focus. The small mammal
reservoir system is clearly distinct between
peridomestic and adjacent sylvatic ecotopes. The
results indicate the occurrence of a quiescent
period in the transmission cycle. However, this
result does not discard the need for epidemiological
surveillance due to the risk of rekindling foci after
long dormant periods, especially given the current

epidemiological transition occurring on a Global
scale.
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