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Abstract. Since its reintroduction in 2015, rabies has been established as an enzootic disease among the dog population of
Arequipa, Peru. Given the unknown rate of dog bites, the risk of human rabies transmission is concerning. Our objective was to
estimate the rate of dog bites in the city and to identify factors associatedwith seeking health care in amedical facility for wound
care and rabiesprevention follow-up. To this end,weconductedadoor-to-door surveywith4,370adults in 21urbanand21peri-
urbancommunities.We thenanalyzedassociationsbetweenseekinghealth care followingdogbitesandvarioussocioeconomic
factors, stratifyingbyurbanandperi-urban localities.We foundahighannual rateofdogbites inperi-urbancommunities (12.4%),
whichwas2.6 times higher than that in urban areas (4.8%). Among thosewhowere bitten, the percentageof peoplewho sought
medical treatment was almost twice as high in urban areas (39.1%) as in peri-urban areas (21.4%).

INTRODUCTION

Arequipa, an Andean city of approximately one million
people, has grown continuously over the past six decades.1,2

The population growth of the city has been sustained by mi-
gration, mostly from the countryside.3 The expansion of the
city has occurred outwardly from the city center to the periph-
eral areas, as is the case in many South American cities.1,4,5

Therefore, a centrifugal urbanization gradient that differenti-
ates urban and peri-urban areas can easily be observed in the
urban landscape in Arequipa.5 There is also a geographical
stratification of resources, including access to social services,
health care, and educational opportunities, a phenomenon
known as “spatial inequality.”6

Rabieswas reintroduced to the dogpopulationofArequipa in
2015.7,8 Continuous transmission of the rabies virus, with one
newcaseperweek in 2019and thebeginningof 2020, indicates
that the area is endemic once again. The risk of acquiring rabies
is influenced by exposure to dog bites from dogs with the dis-
ease and access to treatment following exposure. Ninety-nine
percent of human rabies deaths worldwide can be attributed to
dog-mediated infections.9Human rabieshasnotbeendetected
in Arequipa since 1990.10 However, human dog bites are on-
going in Arequipa; therefore, the risk for human rabies cases is
presumably significant. Also, because clinical rabies diagnos-
tics inhumans is a difficult and complex task, somecases could
die undetected by the system.11,12 Following the reintroduction
of rabiddogs in 2015, the annual number of dogbites increased
from2,599 in2014 to6,621 in2015and10,332 in2016.13,14This
increase is likely due to an increase in awareness and reporting
following citywide efforts to disseminate information about ra-
bies prevention. Nonetheless, the number of bites not reported
to the health system is unknown and is a threat to the rabies
control program in Peru. Hundreds of rabid dogs have been
detected since thebeginningof theoutbreak, andvirtually every
district of the city has had at least one case.15–18

Rabies is invariably a lethal disease, but it is also
preventable.19,20 Themost effective strategy for human rabies

prevention is to act on the animal reservoir, using mass dog
vaccinations to stop transmission.21–24 However, when peo-
ple are bitten by dogs in areas with active transmission of
rabies virus, rabies prophylaxis is necessary.25 In Arequipa
andother dog rabies–endemic areas around theworld, people
must receive medical treatment when attacked by rabid res-
ervoirs or potentially rabid animals.
Medical treatment for rabies includes wound management

and rabies postexposure prophylaxis (PEP), consisting in the
administration of rabies immunoglobulin and a series of rabies
vaccines providedwhen a person is attacked by rabid reservoirs
or potentially rabid animals.20,26 Postexposure prophylaxis is
effective at protecting those exposed to rabies virus,27 but timely
woundmanagement iscrucial.9Woundmanagementconsistsof
cleaning thewoundwith soapandwater, identifying thedog, and
seeking attention at the nearest health facility; in some cases,
equine rabies immunoglobulin is required.27,28 Nearly 1 million
people potentially exposed to rabies received PEP treatment
annually just in the Americas.29 However, dog bite victims typi-
cally neglect treating their wounds appropriately, if at all, and
many fail to seek medical treatment.30–34 In addition to the
number of infected dogs, lack of access to appropriate medical
treatment for rabies can also increase the risk of human rabies.
There are a greater number of free-roaming dogs in peri-urban

than urban areas of Arequipa. Among these animals, there is a
higher rate of rabid dogs detected in peri-urban areas that are
more likely to bite and expose people to the virus. Given these
two facts,wehypothesized that dogbites in peri-urbanArequipa
are underreported. Therefore, we conducted a community-
based survey in urban and peri-urban areas of the city of
Arequipa. Our objectives were to estimate the dog bite rates in
peri-urban and urban Arequipa and identify spatial and social
factors associated with seeking health care following a dog bite
incident. The results of this study provide information about
spatial inequality in human rabies risk in Arequipa and insights
into implementation of community strategies to improve both
dog rabies surveillance and rabies healthcare access.

METHODOLOGY

Ethics statement. Ethical approval was obtained from
Universidad Peruana Cayetano Heredia (approval number:
65369), Tulane University (approval number: 14–606720),
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and the University of Pennsylvania (approval number:
823736).
Study setting. This study was conducted in the Alto Selva

Alegre (ASA) district of Arequipa (human population in 2016:
83,310), one of the city’s 14 districts.13 Arequipa, Peru’s
second largest city, is home to 969,000 people. The city of
Arequipa comprises communities spanning different stages
of urbanization and different migration histories, from neigh-
borhoods established at the beginning of the twentieth
century to recent developments.5 Within this gradient of de-
velopment, most of the recently settled neighborhoods are
located on the periphery of the city (peri-urban area) and the
older localities are nearer to the center (urban area).5 Com-
pared with urban areas of the city, peri-urban areas generally
have distinct geographic features, with rugged and uneven
terrain (Figure 1). They are also marked by unique social
characteristics, which include lower socioeconomic status,
fewer community resources, and higher crime rates than ur-
ban areas (Figure 1). As newer neighborhoods mature into
established neighborhoods with wealthier residents, homes
are improved with better quality construction material and
permanent utility connections, and connectivity with the rest
of the city increases with better sidewalks, roads, and trans-
portation access. The ASA district transects the city, running
from the center to the periphery andwas, therefore, chosen as
our study site because it encompasses both urban and peri-
urban areas.Within the ASA district, the study sites include 21
urban neighborhoods founded multiple decades ago and 21
peri-urban neighborhoods that originated around the year
2000 or later (Figure 1).
Data collection. In September 2016, our teamvisited all the

houses in selected neighborhoods of ASA—6,420 houses—
during the surveyperiod. In total, 1,889houseswere located in
peri-urban areas and 4,531 in urban areas. In all, 4,370 com-
munity members (each for a unique household) consented to
participate in the study and were surveyed. Participation was
29.8% and 84.0% in peri-urban areas and urban areas, re-
spectively. Surveys were performed door-to-door and lasted
approximately 25minutes. Theycontainedquestions regarding
family composition of the household, dogs in the house, the
interviewee’s sociodemographic information, dog bite inci-
dents, and people’s actions following dog bite incidents. Each
interview was of one adult, usually the person who answered
thedoor.All houseswerepreviouslygeoreferencedbyour team
for other studies.
We also georeferenced all health posts and centers in Are-

quipa city. This includes 88 health facilities in total (30 health
centers and 58 health posts), six of them are located in ASA
(three health centers and three health posts). No new health
facilities have been built in ASA in the last decade,31 and there
are no hospitals in the ASA district. We then calculated the
shortest route from the households to the nearest health fa-
cility by foot. This approach assumed that community mem-
bers would choose to go to the nearest public health facility
and was not necessarily the actual route followed by those
whosought careor the routes that thosewhodid not seekcare
would have taken. Participants were asked if they sought care
but not about the location of the health facility they visited and
if it was public or private, or the level of the health facility (post,
health center, clinic, hospital, etc.).
The sociodemographic information we obtained from the

dog bite survey included gender, age, and educational

attainment. We also gathered household data including the
total number of people in the household, number of people
younger than 18 years (the age of majority in Peru), number
of children younger than 5 years, time living in the area, and
number of dogs living in the house. The number of years that
the interviewee had lived in their house was used as a proxy
for time living in the area. We also registered the ownership
status (own or unknown dog) and vaccination status of the
dog that bit the participant. If the person did not know the
vaccination status of the dog that bit them, we considered
the dog to not be vaccinated, as is standard in local and
international procedures to apply PEP in those cases.28,32

Statistical analysis. We collected data from bitten adults
only, as they are capable of making a decision about whether
or not to seek medical care. We also calculated the shortest
distance from the house to the nearest health facility using
Leaflet, an open-source JavaScript library for interactivemaps
that can calculate routes by car, bike, public transportation,
andwalking.33We set each bitten person’s house as a starting
point and each health facility in Arequipa as an endpoint, via
Leaflet RoutingMachine services andMapboxDirections API,
and then we calculated the shortest walking distance.
We explored the spatial distribution of the bite cases and

health facilities in urban and peri-urban areas. To evaluate the
characteristics of interviewees, we first compared those who
were bittenwith thosewhowere not (Table 1). Second, among
those who were bitten, we compared the baseline character-
istics of those who sought health care with those who did not,
stratifying by type of locality (urban and peri-urban) (Table 2).
For both analyses, we used a chi-square test to compare
categorical variables with 10 or more observations per group,
Fisher’s exact test for categorical variables with fewer than 10
observations in any subgroup, and the Mann–Whitney U test
for age of the dog owner or interviewee, which did not follow a
normal distribution and was truncated at 18 years. We also
evaluated correlations between our continuous variables by
type of locality. For distance to a healthcare facility, we used
the shortest walking distance from the house to the closest
healthcare facility, either health center or health post.
Our main objective was to identify spatial and social factors

associated to seeking health care following a dog bite incident.
To describe responses to dog bite incidents, we used cate-
gorical values: sought health care and did not seek health care.
We ran univariable andmultivariable logistic regressionmodels
and forced some test variables in the models previously found
tobe associatedwith seekinghealth care.34–43We included the
distance to the health facilities as a continuous and as a cate-
gorical variable in the models. We used 800 m, 1,000 m, and
1,300mascutoff points to definehouses thatwere close toand
far from health facilities. Based on our univariable analysis, the
following covariates were used to build themodel: time living in
the area, whether the bite was from the participant’s own dog,
distance to the closest healthcare facility, gender of the par-
ticipant, and educational attainment. However, we also ex-
plored models via stepwise forward and backward selection
including all the variables evaluated. We also applied principal
component analysis to several variables including the distance
to the closest healthcare facility, time living in the area, and age
of the interviewee to reduce the dimensionality of the datawhile
accounting for the collinearity. All data management and anal-
ysis were performed in R version 3.3.1 (R Development Core
Team, 2016).
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RESULTS

We visited 6,420 houses during the survey period. In all,
4,370 community members (each for a unique household)
consented to participate in the study and were surveyed.

Overall 254 interviewees (5.8%, 95% CI: 5.2–6.5) reported
suffering a dog bite in the last 12 months: 184 in urban areas
and 70 in peri-urban areas (Figure 1). The annual dog bite rate
was 4.8% in urban areas and 12.4% in peri-urban areas
(Table 1). The probability of being victim of a dog bite was

FIGURE 1. Bite cases and health facilities in urban and peri-urban localities of Arequipa City, Peru. Coordinates of cases have been jittered to
protect confidentiality. This figure appears in color at www.ajtmh.org.
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higher in women. Age of the participants (all adults), educa-
tional attainment, and the number of dogs at home were not
associated with dog bite attacks. Other evaluated variables
are given in Table 1.
Among those who suffered dog bites in urban areas, 39.1%

sought medical care at a healthcare facility after the bite in-
cident, compared with 21.4% in peri-urban areas (overall
medical seeking behavior = 34.3%, 95% CI: = 28.7–40.3).
Variables associated with receiving medical attention after a
dog bite were age of bitten adults, shortest route distances to
the closest health post or center, time living in the area, and
ownership of the dog that bit them (Figure 2). The probability
of receiving medical attention decreased with greater dis-
tances between the house and the nearest health facility. A
lower rate of seeking medical care was also associated with
being bitten by one’s own dogs rather than unknown dogs. A
higher probability of seeking medical attention was associ-
ated with a greater amount of time living in the area in the
house and older age. Contrary to our expectations, we did not
find an association between the vaccination status of the
biting dog and seeking medical care. Association with the
number of dogs in the house is unclear. Further information is
given in in Table 2.
All six health facilities in ASA were located in the urban

areas; there were no health facilities in the peri-urban area
(Figure 1). Walking distance to the nearest health center or
health post ranged froma fewmeters to 3.2 km.Asingle health
facility (C.S. Independencia) was the closest health facility for
nearly half of the bitten adults (47.2%, 120/254). For two
participants, the closest health facility was in a different dis-
trict. We found several notable differences between the
characteristics of the households in urban and peri-urban

areas (Figure 3). The distance from surveyed households to
the nearest health post or center was significantly longer in
peri-urban than urban areas. The number of people living in a
household and time living in the area were higher in urban
areas. Residents in peri-urban areasweremore likely to have a
dog at home and owned a higher number of dogs on average
than residents in urban areas. Other variables associated with
peri-urban versus urban households in ASA are detailed in
Table 3.
There was a significant negative correlation between the

distance from the house to the nearest health center and time
living in the area (P < 0.001, cor. −0.44). As expected, there
was a low tomoderate positive correlation between the age of
the surveyed person and time living in the area (0.34) and
moderate positive correlation between the total number of
people and thenumberof children younger than18years living
in the house (0.41) and children younger than 5 years living in
the house (0.5). In addition, weak negative correlation was
found between the distance to the nearest health center and
the total number of people in the house (−0.21). This finding
and our field observations suggest that overcrowding is not
prevalent in peri-urban (and poor) areas of Arequipa, which
goes counter to what is reported for marginal communities in
other countries.
The best fitting model via forward and backward stepwise

selection for all communities included the variables of inter-
viewee’s age, time living in the area, and the number of chil-
dren younger than 5 years in the house and ownership and
vaccination status of the dog that bit (Table 4). However, the
set of statistically significant variables was different when the
model was stratified by urban and peri-urban areas. For urban
communities, only time living in the area and ownership of the

TABLE 1
Association between demographic variables and being bitten or not being bitten by a dog in the Alto Selva Alegre district, Arequipa (2016)

Variable Bitten by a dog (n = 254) Not bitten by a dog (n = 4016) P-value

Age of bitten people (years)
Median (IQR) 38 (26–53) 40 (28–53) 0.242*
Mean (SD) 40.49 (16.17) 41.61 (15.93) 0.282†

Females (%) 61.8 66.8 0.026‡
Educational attainment (%) 0.725§
Primary school 13.4 12.3
Secondary school 40.6 42.4
Technical school 20.1 21.3
University 25.2 23.5
Illiterate 0.8 0.5

Total number of people in the house
Median (IQR) 4 (3–6) 4 (3–6) 0.407*
Mean (SD) 4.49 (2.11) 4.63 (2.26) 0.293†

Number of people < 18 years in the house
Median (IQR) 0 (0–1) 0 (0–1) 0.712*
Mean (SD) 0.78 (0.97) 0.78 (1.05) 0.962†

Number of children < 5 years in the house
Median (IQR) 0 (0–1) 0 (0–1) 0.947*
Mean (SD) 0.48 (0.77) 0.47 (0.76) 0.965†

Length of residence (years)
Median (IQR) 15 (5–25) 16 (6–26) 0.356*
Mean (SD) 18.16 (14.17) 17.39 (14.25) 0.420†

Has dogs (%) 66.6 69.3 0.417‡
Number of dogs
Median (IQR) 1 (0–2) 1 (0–2) 0.213*
Mean (SD) 1.35 (1.38) 1.24 (1.25) 0.195†
IQR = interquartile range.
*Mann–Whitney U-test.
†T-test.
‡Chi-square test.
§ Fisher’s test.
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dog that bit remained significant. By contrast, in peri-urban
communities, time living in the area, thedistance to theclosest
healthcare facility, and vaccination status of the dog that bit
were not significant. Detailed results of the best fitting model
are given in Table 4. These models also included gender and
educational attainment of the bitten adult because they have
shown to be important demographic characteristics for
healthcare-seeking behavior.

DISCUSSION

Annual dog bite rates, the percentage of people bitten by
dogs every year, vary geographically. In Latin America, Chile,
Uruguay, Brazil, and Guyana have the lowest annual dog bite
rates (0.05–0.3%),22,44 although Bolivia, Mexico and Haiti
have reported the highest (0.3–3.2%).22,45,46 Official rates in
Peru for rabies-affected areas are 0.2% in Puno and 0.6% in
Arequipa. We report a dog bite rate in peri-urban areas of
Arequipa of 12.4%, which is far higher than previously re-
ported in any Latin American city.47–50 Rates in Arequipa are
higher than those reported in Todos Santos, Guatemala;
Guayaquil, Ecuador; Santa Cruz, Bolivia; Yucatán, Mexico

(1.7%, 1.1%, 2.7%, 4.5%), all dog rabies–endemic areas
when those numbers were reported.51–54

The high rate of dog bites in Arequipa is driven in large part
by a disproportionate burden of dog bites in peri-urban areas
of the city. We find a clear spatial disparity in dog bite burden:
the risk of being bitten bydogs is 2.6 times higher in peri-urban
areas than that in urban areas in the city of Arequipa, which is
especially concerning for human rabies risk because dogs are
less likely to be vaccinated against rabies in peri-urban than
urban areas.55,56 One reason for the disproportionate rate of
dog bites in peri-urban neighborhoods is a greater density of
street dogs in peri-urban than urban areas of the city.41 There
are several geographic and social correlates of street dog
density in peri-urban areas. Geographically, there is more
space for free-roaming dogs in peri-urban areas than densely
populated urban areas. Another geographic feature is the
presence of open waterways through the city, described as
“highways” for street dogs to traverse the city.47 These natural
or man-made structures are usually more accessible to dogs
in the peri-urban areas. Houses in peri-urban areas are also
built with cheaper materials than urban dwellings. Charac-
teristic stone or brick fences and corrugated metal roofs are

TABLE 2
Association between demographic variables and adults seeking or not seeking healthcare after a dog bite incident in urban and peri-urban areas of
Alto Selva Alegre district, Arequipa (2016)

Urban communities Peri-urban communities

Did not seek health
care (n = 112)

Sought health care
(n = 72) P-value

Did not seek health
care (n = 55)

Sought health care
(n = 15) P-value

Shortest distance to health
facility (meters)

Median (IQR) 392.8 (252.8–611.8) 406.2 (252.8–640.0) 0.874* 2476.2 (2283.8–2792.2) 2358.1 (1961.4–2504.6) 0.047*
Mean (SD) 448.8 (239.1) 447.9 (224.6) 0.978† 2480.8 (416.8) 2230.4 (464.1) 0.073†

Age of bitten people (years)
Median (IQR) 37.5 (25–51) 47.5 (32–60.25) 0.004* 34 (25.5–43) 34 (30–43) 0.642*
Mean (SD) 39.21 (16.07) 46.42 (16.72) 0.004† 35.82 (13.46) 38.67 (16.59) 0.547†

Females (%) 63.4 59.7 0.730‡ 58.2 86.7 0.082‡
Educational attainment (%)
Primary school 7.1 12.5 0.681§ 16.4 53.3 0.046§
Secondary school 40.2 34.7 50.9 33.3
Technical school 22.3 20.8 16.4 13.3
University 29.5 31.9 14.5 0.0
Illiterate 0.9 0.0 1.8 0.0

Total number of people in
the house

Median (IQR) 4 (3–6) 4 (3–6) 0.752* 4 (3–5) 3 (3–4.5) 0.337*
Mean (SD) 4.68 (2.27) 4.85 (2.29) 0.631† 3.91 (1.44) 3.53 (1.36) 0.358†

Number of people < 18 years
in the house

Median (IQR) 0 (0–1) 0 (0–1) 0.761* 1 (0–1.5) 0 (0–1.5) 0.522*
Mean (SD) 0.77 (1.01) 0.67 (0.82) 0.459† 0.96 (1.07) 0.73 (0.88) 0.401†

Number of children < 5 years
in the house

Median (IQR) 0 (0–1) 0 (0–1) 0.533* 0 (0–1) 0 (0–1) 0.278*
Mean (SD) 0.44 (0.74) 0.56 (0.92) 0.362† 0.40 (0.56) 0.67 (0.82) 0.250†

Length of residence (years)
Median (IQR) 18 (9–25) 23 (10–39.5) 0.022* 5 (3–10) 8 (6–11.5) 0.084*
Mean (SD) 19.01 (13.51) 24.69 (15.72) 0.015† 6.42 (4.67) 8.53 (4.16) 0.106†

Has dogs (%) 67.9 59.7 0.333‡ 81.8 80.0 1§
Number of dogs
Median (IQR) 1 (0–2) 1 (0–2) 0.114* 1 (1–3) 2 (1–2) 1*
Mean (SD) 1.33 (1.33) 1 (1.09) 0.068† 1.76 (1.70) 1.67 (1.29) 0.812†

Bitten by own dog (%) 16.1 2.8 0.010‡ 20.0 0.0 0.105§
Bitten by vaccinated
dog (%)

28.8 34.7 0.498‡ 16.4 33.3 0.161§

IQR = interquartile range.
*Mann–Whitney U-test.
†T-test.
‡Chi-square test.
§ Fisher’s test.
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not always effective at keeping pets inside or stray dogs out,
especially if a female pet is in heat.41,48 But geographic
characteristics of peri-urban Arequipa are only partially re-
sponsible for a higher dog density in peri-urban areas.
There are also unique social influences on dog density,

which stem from the poverty of peri-urban areas. The cost of
neutering or spaying a dog is significant, particularly in peri-
urban areas where residents have a lower average household
income.48 When pet dogs have puppies, those puppies may
be left in the streets if they are not sold or adopted. Based on
our qualitative studies, dog owners in Arequipa keep dogs for
protection.48 This is especially true in peri-urban areas of the
city, where there is more poverty and higher crime rates.41

Residents reported killing or abandoning dogs that were
regarded as bad guard dogs, those that do not bark or bite.
Clearly, there is a continuous artificial selection for more ag-
gressive dogs in this area. Both geographic and social factors
influence a higher density of street dogs, generally more ag-
gressive dogs, a higher rate of unvaccinated dog bites and,
therefore, a spatial disparity in human rabies risk across
the city.
A “One Health” approach to rabies prevention in peri-urban

Arequipa, which addresses rabies prevention in pets and hu-
mans, may inform more effective interventions to decrease
spatial inequality in rabies risk. A “One Health” approach also

helps explain more broadly the extremely high dog bite rate
found in Arequipa city. In a separate study,49 we estimated the
human-to-dog ratio in Arequipa and found it was 3.4–1, only
counting owned dogs. This ratio suggests a very numerous
dog population comparedwith other areas in Latin America. In
the same study, we also found that 61% of dogs had free
access to the street at least some hours a day, which, coupled
with the human-to-dog ratio, indicates a high number of un-
restricted dogs in the streets. A multidimensional intervention
might be necessary to change the social drivers that lead to
these dog ownership practices and prevent dog bites.
The trend of inequality in rabies risk in Arequipa continues

after a person is bitten: people in peri-urban areas had a 45%
lower probability of seekingmedical care than people in urban
areas. Initial and follow-up treatment for dog bites are es-
sential in decreasing human rabies risk because the health-
care professionals can clean thewound, decreasing viral load,
and can provide PEP, which is almost 100% effective in pre-
venting the transmission of rabies when administered
according to the schedule.9,50 More people in urban areas
than peri-urban areas visit a health facility after a dog bite, and
likely, some people who seek dog bite–related health care did
not get treatment even after visiting a health center; thus, the
percentages of people who receive rabies treatment may be
even lower than the numbers of peoplewho sought treatment.

FIGURE 2. Care-seeking behavior of dog-bite victims by (A) distance from their house to the nearest health facility; (B) age of the dog-bite victim;
(C) the number of dogs owned by the dog-bite victim; and (D) time living in the area.
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The distance to the nearest health facility is a particularly
important barrier to medical treatment in the peri-urban areas
of the ASA district, where the average distance to the nearest
health center or health post to people bitten by a dog is 2,427
meters as compared with 449 meters in urban areas of the
district. Furthermore, newly developed communities in peri-
urban areas are often served by health posts rather than larger
health centers. In a previous study of another peri-urban
area of Arequipa, focus group participants expressed that a
shortage of materials such as PEP vaccines discourages
community members from seeking rabies-related health care
there.48

Our findings align with those of previous studies, which
have reported an association between the distance to health
facilities and decreased frequency of treatment and pre-
vention for a variety of infectious and noninfectious
diseases.37,41–43,55–58 The distance to healthcare facilities is
also related toworsehealth outcomes, especially in rural areas
because sick people receive delayed or no medical attention
at all.40,59–66 Specifically, in the case of rabies, increased
distance to a health facility has been associatedwith a delay in
PEPuptake inDelhi andnorthwesternTanzania.67,68 In a study
of districts throughout Tanzania, there was also a greater
number of deaths from rabies the farther away people lived
from their closest health facility.68

The time required to travel to a medical facility can be an
especially salient barrier for people living in peri-urban areas.
Many of them work informal jobs,41,48 where missing work
may mean missing a day’s wages or even putting their em-
ployment at risk.69 In addition, people who have lived in their
homes for fewer years are significantly less likely to seek
medical health care after a dog bite in all of ASA. The same
trend was observed in the model stratified by area type, but it
was not significant in the peri-urban area most likely because
of the reduced sample size. This finding indicates another way
in which community members living in peri-urban areas are at
a disadvantage in receiving medical care. People who have
lived in their neighborhoods for longer have likely learned the
medical and social services available to them and use them
with more ease. Therefore, a high rate of recent migration in
peri-urban neighborhoods could represent another influence
on low rates of rabies treatment in peri-urban areas of ASA.
In addition to providing PEP and wound care that can mit-

igate human rabies transmission, a medical follow-up for dog
bites at health centers and health posts is important for data

collection.70 Following the detection of rabid dogs in Arequipa
city in 2015, the official number of dog bites in the Arequipa
region increased from 2,599 in 2014 (annual bite rate = 0.2%)
to 6,621 in 2015 (0.5%) and 10,332 in 2016 (0.8%).71 The
difference between the findings from our door-to-door survey
and official public health department metrics implies signifi-
cant underreporting of dog bites, particularly in peri-urban
areas of Arequipa. Underreporting is likely due to a number of
barriers related to lack of access to health care, some of which
are analyzed in our study. However, these barriers to seek
medical care do not fully explain the extreme differences be-
tween the dog bite rates we found and the rates officially re-
ported. It is possible that datamanagement activities, such as
collecting, entering, centralizing, and sharing data, are also
sources of underreporting. Despite the fact that no native
human rabies cases have been detected in Arequipa to date,
low ratesof reportingduringmedical follow-upsentail a risk for
under-detection of human cases. Missing cases have nega-
tive consequences for national programs that control out-
breaks and provide preventive measures.70,72–75 We suggest
that spatial inequality obscures underreporting because sev-
eral factors associated with not receiving a medical follow-up
or reporting bites are concentrated in peri-urban areas.
Findings should be understood within the context of some

limitations. The percentage of people bitten by dogs represents
only adults in peri-urban and urban areas of ASA. Children were
excludedbecauseadults in thehouseholdmakedecisionsabout
medical treatment. Although we did not analyze children’s data,
in the last year, 3.5% (154/4,370) of houses interviewed had
children bitten by a dog that they did not own. We did not ask
about children bitten by dogs that they did own. Because chil-
dren have made up a disproportionate percentage of dog bite
victims76–79 and human rabies cases80,81 in previous studies,
future studiesof rabies risk inArequipa should includechildren to
gain a fuller understanding of rabies risk in peri-urban Arequipa.
Another limitation is that the data are self-reported in door-to-
door surveys. Thus, data may be distorted by participants’
memories or social desirability bias, when participants provide
the answer that they think the interviewer or other community
members view most favorably.
Access to health care is, in many ways, the product of ur-

banization. The construction of health facilities in newly ur-
banizingareasoften lagsbehind thepopulationof theseareas.
These new facilities generally provide basic services and offer
treatment for frequent health problems.28 Initiatives that focus

FIGURE 3. Associations and correlations between explanatory variables related to migratory patterns in urban and peri-urban localities: (A)
distance to the nearest health facility by locality type (urban/periurban); (B) time living in the area by locality type (urban/periurban); and (C) distance
to the nearest health facility and time living in the area. This figure appears in color at www.ajtmh.org.
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on expanding and modernizing peri-urban health facilities
could decrease spatial inequality in rabies risk. There is also
evidence that community healthworker programs that provide
education andcasemanagement havehadpositive outcomes
in the setting of other diseases.82–84 The implementation of a
community health worker program that leverages the social
capital in the neighborhoods to cultivate rabies awareness,
detect bitten people, track dogs that bite, and promote ad-
herence to PEP would be a strategy with a good potential to
reduce risk of dog rabies transmission to humans.
Our study shows that there is substantial underreporting of

dog bites throughout Arequipa, particularly in peri-urban
areas. We also find that in areas that are just blocks apart,
many risk factors for human rabies, such as the presence of

free-roaming dogs, incidence of dog rabies, dog bite rates,
and access to health services, vary greatly. In peri-urban areas
of Arequipa, residents have a higher rate of dog bites likely
because of the high density of free-roaming dogs. Then, they
are less likely to receive a medical follow-up, where wound
care and PEP are provided and reporting often occurs. We
show that people are more likely to receive follow-up care the
closer they are to a medical center or post and discuss how
medical infrastructure in peri-urban areas often lag behind
urban areas of the city. Therefore, future interventions to ad-
dress rabies risk in Arequipa should focus on addressing the
specific needs of peri-urban areas, communities that have
historically been overlooked in academic studies because
they do not fit neatly into an urban–rural dichotomy.85,86

TABLE 4
Demographic variables associated with seeking medical healthcare after a dog bite in urban and peri-urban areas of Alto Selva Alegre district,
Arequipa, 2016. Forced variables in the multivariate logistic regression included gender and educational attainment of the bitten adult

All communities Urban communities Peri-urban communities

OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value

1 decade less time living in the area 0.73 (0.59, 0.92) 0.008 0.75 (0.59, 0.94) 0.012 0.49 (0.12, 1.99) 0.319
Bite by own dog 0.11 (0.02, 0.48) 0.003 0.14 (0.03, 0.67) 0.013 0 (0, inf) 0.993
Distance to the closest healthcare
facility (m)

1 (0.999, 1) 0.217 1 (0.999, 1.001) 0.982 0.999 (0.998, 1.001) 0.264

Gender (female) 1.35 (0.73, 2.50) 0.336 1.12 (0.57, 2.19) 0.751 2.22 (0.38, 12.94) 0.375
Educational attainment (one level
increase)

0.95 (0.71, 1.27) 0.738 1.074 (0.78, 1.48) 0.66 0.54 (0.20, 1.44) 0.219

OR = odds ratios; CI = confidence interval. OR estimated with a multivariable logistic regression model.

TABLE 3
Association between demographic variables and residence in urban versus peri-urban areas of Alto Selva Alegre district, Arequipa (2016)

Peri-urban (n = 70) Urban (n = 184) P-value

Shortest distance to the health facility (meters)
Median (IQR) 2439.6 (2224.7–2771.9) 398.4 (252.8–618.4) < 0.001*
Mean (SD) 2427.2 (436.3) 448.5 (233.0) < 0.001†

Age of bitten people (years)
Median (IQR) 34 (26–43) 40 (27–56) 0.02*
Mean (SD) 36.43 (14.11) 42.03 (16.66) 0.008†

Females (%) 64.3 62.0 0.843‡
Educational attainment (%)
Primary school 24.3 9.2 0.001§
Secondary school 47.1 38
Technical school 15.7 21.7
University 11.4 30.4
Illiterate 1.4 0.5

Total number of people in the house
Median (IQR) 4 (3–5) 4 (3–6) 0.007*
Mean (SD) 3.83 (1.42) 4.74 (2.27) < 0.001†

Number of people < 18 years in the house
Median (IQR) 1 (0–1.75) 0 (0–1) 0.175*
Mean (SD) 0.91 (1.03) 0.73 (0.94) 0.191†

Number of children < 5 years in the house
Median (IQR) 0 (0–1) 0 (0–1) 0.609*
Mean (SD) 0.46 (0.63) 0.48 (0.82) 0.783†

Length of residence (years)
Median (IQR) 7 (3–10) 20 (9.5–30) < 0.001*
Mean (SD) 6.91 (4.62) 21.28 (14.66) < 0.001†

Has dogs (%) 81.4 64.7 0.015‡
Number of dogs
Median (IQR) 1.50 (1–2.75) 1 (0–2) 0.003*
Mean (SD) 1.74 (1.61) 1.2 (1.25) 0.013†

Bitten by own dog (%) 15.7 10.9 0.401‡
Bitten by vaccinated dog (%) 20.0 31.1 0.108‡
IQR = interquartile range.
*Mann–Whitney U-test.
†T-test.
‡Chi-square test.
§ Fisher’s test.
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27: 1258–1262.

18. Dirección General de Epidemiologı́a, 2017. Boletı́n Epidemiol
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Integração Internacional da Lusofonia Afro-brasileira, Acarape.

45. Departamento de Estadı́sticas e Información de Salud. Ministerio
de Salud de Chile, 2017. Estadı́sticas de Mordeduras Caninas.
Available at: http://www.deis.cl/estadisticas-de-enfermedades-
de-notificacion-obligatoria/. Accessed April 14, 2020.

46. Schildecker S et al., 2017. Dog ecology and barriers to canine
rabies control in the Republic of Haiti, 2014–2015. Transbound
Emerg Dis 64: 1433–1442.

47. Borrini-Mayor K, Sanchez RS, Ancca-Juárez J, Tito DP,
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