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Abstract

Because rats are commensal organisms that depend on human activities for food, shifts in human behavior will have pro-
nounced effects on local rat populations. In the spring of 2020, social distancing measures were implemented globally to
curtail the spread of SARS-CoV-2. This presented a unique opportunity to obtain information regarding the immediate effects
of shifts in human behavior on rat populations in a variety of countries. In response to increased sightings of rats in the USA
that were reported in American media, we analyzed the changes in the number of public service calls in Tokyo, Japan. We
found that the number of calls increased after the implementation of social distancing measures, suggesting that rat sightings
had also increased in Tokyo. We then surveyed the changes in the business activities of pest management professionals in
the USA, Canada, and Tokyo. We found that the activities were increased in 50 to 60% of the respondents from the USA and
Canada. In contrast, 60 to 70% of the respondents from Tokyo answered that their activities were not changed. These results
implied that, following the implementation of social distancing measures, rat infestations increased in North America, but
not in Tokyo. The survey also suggested that roof rats were considered to be the predominant rodent species in Tokyo. This
may account for the limited infestations in Tokyo because roof rats are more sedentary than brown rats. Taken together, our
findings suggest that social distancing measures differentially affected rat populations in North America and Tokyo.
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limited effects on business activities

e We assessed the immediate effects of social distancing

measures against COVID-19 on rats

e Business activities among pest management profession-
als increased in North America

e Even if rat sightings increased, changes in business activ-
ities were minor in Tokyo

Communicated by Christian Imholt.

P4 Yasushi Kiyokawa
akiyo@mail.ecc.u-tokyo.ac.jp

Laboratory of Veterinary Ethology, The University
of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan

2 Tokyo Pest Control Association, 2-9-8 Kajicho, Chiyoda-ku,
Tokyo 101-0044, Japan

Department of Biological Sciences, Fordham University, 441
East Fordham Road, Bronx, NY 10458, USA

Introduction

Brown rats (Rattus norvegicus) and roof rats (Rattus rattus)
have been regarded as pests for thousands of years around
the world. In addition to economic damage, rats are known
to cause many zoonoses, including bubonic plague (Bar-
nett 1948) and leptospirosis (Seijo et al. 2002). Even today,
17% and 5%—35% of brown rats have been reported to carry
zoonotic leptospires (Koizumi et al. 2009) and helminths
(Banzai et al. 2018), respectively, in Tokyo, Japan, a metrop-
olis with the largest number of residents globally (Cox
2021). Given that most zoonoses associated with rats are
transmitted by direct contact with rats (e.g., rat bite fever)
or their excretions (e.g., leptospirosis and hemorrhagic fever
with renal syndrome), ingestion of water and foods contami-
nated by excretions (e.g., salmonellosis), or the ectoparasites

@ Springer


http://orcid.org/0000-0002-4335-1404
http://crossmark.crossref.org/dialog/?doi=10.1007/s10340-021-01405-z&domain=pdf

80

Journal of Pest Science (2022) 95:79-86

of rats (e.g., bubonic plague), the presence of rats in build-
ings poses serious risks to human health.

Because rats are commensal organisms that depend on
human activities for food, rats are thought to modify their
behavior very quickly when humans alter their activities
in response to an event. Based on this assumption, the
importance of rat control as a means of preventing infesta-
tions in buildings and the spread of zoonoses is typically
announced following natural disasters, especially in North
America, because disasters can alter human activities in the
affected areas. However, surprisingly, little data are avail-
able on the immediate effects of changes in human activities
on rat populations. While several studies have analyzed the
effects of disasters on rats (Htwe et al. 2013; Peterson et al.
2020), these studies were performed several years after the
disasters occurred. As a result, they provided information on
how rats adapted to newly established human activities after
the disasters occurred, rather than on how rats responded to
sudden shifts in human activity. In urban areas, the habitats
of brown rats and roof rats are usually segregated (Cavia
et al. 2009; Worth 1950). Consequently, these two rat species
are considered to rely on different types of human activity
for obtaining food. In addition, the balance between brown
rats and roof rats in urban centers appears to differ across
countries. For example, although no data are currently avail-
able, it is widely accepted that brown rats are predominant in
North America (Battersby et al. 2008). However, anecdotal
evidence obtained from Japanese pest management profes-
sionals suggests that roof rats are predominant in Tokyo
(Harunari et al. 2009; Yabe 1997a, 1997b; Yabe et al. 2000).
It is therefore possible that shifts in human activities differ-
entially affect these two rat species and are associated with
the differing outcomes in rat populations among countries.
In the spring of 2020, the novel coronavirus SARS-CoV-2
caused the COVID-19 pandemic. Social distancing measures
were implemented globally to curtail the spread of SARS-
CoV-2, which significantly altered human activities. Thus,
the pandemic presented a unique opportunity to obtain infor-
mation regarding the immediate effects of shifts in human
activities on rat populations in a variety of countries. Fol-
lowing the implementation of social distancing measures,
increased sightings of rats in urban slums were reported in
Brazil (Neves Souza et al. 2021). Increased sightings of rats
in public spaces in the USA and UK were also frequently
broadcasted in English language media. However, it is
unclear whether these rats invaded and infested buildings.
In addition, it was unclear how social distancing measures
affected rats in the other countries.

The present study was conducted to clarify these points.
We first analyzed the changes in the number of public ser-
vice calls in Tokyo to assess whether rat sightings increased
after the implementation of social distancing measures.
We then surveyed the changes in business activities of pest
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management professionals in the USA, Canada, and Tokyo.
The respondents in Tokyo were additionally asked to esti-
mate the proportions of brown rats, roof rats, and house mice
that they had seen or captured before and after implementa-
tion of the social distancing measures. Residents in these
countries would hire pest management professionals when
the degree of rat infestations in their buildings became unac-
ceptable. In addition, it was demonstrated that pest manage-
ment professionals could be a valuable source of information
regarding urban pests (Himsworth et al. 2013). Therefore,
the business activities of pest management professionals can
be used to infer the extent to which social distancing meas-
ures resulted in rat infestations in these countries.

Materials and methods

Social distancing measures in the USA, Canada,
and Tokyo.

In the USA, a state of emergency was first declared in
Washington State on February 29, 2020. The measure was
extended to include all 50 states when the state of Iowa
declared a state of emergency on March 17. Among the 10
provinces of Canada, seven and two provinces declared a
state of emergency and a public health emergency, respec-
tively, from March 13 (Québec Province) to March 22 (Nova
Scotia Province). The last province to implement such a
measure was Prince Edward Island Province on April 16.
In Japan, the Government declared a state of emergency in
Tokyo on April 7, 2020. The declaration was expanded to
include the entire country on April 16.

In order to analyze the immediate effects of shifts in
human activities, we examined the changes that occurred
over an approximately one-month period after the declara-
tion of the state of emergency.

Analysis of the number of public service calls
in Tokyo

The data for the number of public service calls in Tokyo
were kindly provided by the Tokyo Pest Control Associa-
tion (TPCA). The TPCA is a public interest incorporated
association with 105 pest management corporate mem-
bers. Residents in Tokyo can call the TPCA when they find
rodents in and/or close to their residential areas. Other than
the cost of the local call, calls to the TPCA and subsequent
consultations are free of charge. The TPCA will introduce
its members when necessary, which allows people to decide
whether or not they will call and enter into a contract with
the introduced companies. In Tokyo prefecture, which com-
prises 23 wards, 26 cities, 3 towns, and 1 village, the dis-
tribution of accommodation, eating, and drinking services
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(79.9% in 2016, based on the Tokyo Metropolitan Govern-
ment website) and people (69.2% in 2020, based on the
Tokyo Metropolitan Government website) are more heavily
concentrated in the eastern 23 wards. We therefore focused
on the calls made to the TPCA in the 23 wards. The total
number of calls in March and April from 2017 through 2020
was analyzed. The number of calls that differed by more than
2 standard deviations from the average for the same month in
the previous three years was detected using Microsoft Excel.
Given that these samples represent 4.4% of the population
(P=0.044), these numbers were classified as “increased”
or “decreased” according to the changes from the average.
However, because the classification seemed to be relatively
unreliable, the change was regarded as “unchanged” when
both the number in the target month and the average for
the same month in the previous three years were less than
five. In order to specify the location, we further analyzed
the changes in the number of calls in each ward in the same
way. The differences in the number of wards classified as
“increased,” “decreased,” or “unchanged” in March and
April in 2019 and 2020 were analyzed by Fisher’s exact test
using R (R Core Team 2021). The significance level was set
at P <0.05.

Analysis of the survey among pest management
professionals

The survey among pest management professionals was con-
ducted with the approval of the Ethics Review Committee of
the Faculty of Agriculture at The University of Tokyo. On
May 5, 2020, a Google Forms-based English questionnaire
was distributed to the pest management professionals in the
USA via Pest Control Magazine and in Canada through the
Canadian Pest Management Association. The Canadian Pest
Management Association is a national conglomerate that
coordinates the activities of all provincial and regional pest
control associations in Canada. We also posted the English
questionnaire on social media outlets, such as Twitter (April
30) and LinkedIn (April 22), to solicit pest management pro-
fessionals to participate in the survey. The responses and
timestamps were recorded on a server when the respondents
pressed the “submit” button at the end of the questionnaire.
In Tokyo, the questionnaire was translated into Japanese and
five sheets were sent to the headquarters of each 105 TPCA
member by post on May 11, 2020. It is known that almost all
the professionals in Tokyo work in multiple wards. In addi-
tion, we wanted to emphasize that we are collecting answers
from each pest management professional, rather than one
representative answer from each company. Furthermore,
we wanted to increase the number of responses, rather than
to analyze a response rate. Therefore, the following notes
were clearly indicated in the attached cover letter: “Multiple
responses from one company are accepted”; “Responses can

differ among respondents from the same company”; “One
respondent can complete questionnaires for multiple cit-
ies”; “Please use one questionnaire sheet for each subject
city”’; “Please make photocopies of the questionnaire sheet
when necessary.” The respondents were asked to send their
responses to the Laboratory of Veterinary Ethology, The
University of Tokyo by fax or by post.

Because we did not collect personally identifiable infor-
mation, we first requested the online respondents to agree to
the following points and press the “Agree” button: “You are
currently working as a pest management professional”; “You
have read the entire consent form”; ““You are voluntarily par-
ticipating in this survey.” In the survey performed in Tokyo,
these requirements were clearly indicated at the top of the
questionnaire sheet. The respondents were then requested
to provide the name of the subject city and to answer the
following three questions: 1) “What have been the effects
of social distancing measures on the overall amount of rat-
related business in the subject city?”, 2) “What have been
the effects of social distancing measures on the amount of
rat-related business from new clients in the subject city?”,
and 3) “What is the approximate proportion of rat-related
business from new clients in the subject city?”” The respond-
ents were required to select one of four possible answers for
questions 1 and 2: “Unchanged,” “Increased,” “Decreased,”
and “Prefer not to answer,” and one of six possible answers
for question 3: “None,” “1-25%,” “26-50%,” “51-75%,”
“76-99%.,” “All are from new clients,” and “Prefer not to
answer.” The differences in the responses to each question
among three countries were analyzed by Fisher’s exact test
using R (R Core Team 2021). Based on Bonferroni’s correc-
tion, the significance level was set at P <0.017. The triple P
value was reported as the adjusted P value for conciseness.

Furthermore, as question 4, the respondents in Tokyo
were additionally asked to estimate the proportions of brown
rats, roof rats, and house mice that they had seen or captured
in the subject city before and after the implementation of
social distancing measures. The effects of social distancing
measures were analyzed by Fisher’s exact test using R (R
Core Team 2021). The significance level was set at P <0.05.
Details of additional analyses in Japan are provided in the
Supplementary Information.

Results and discussion

In 2020, although the total number of calls in March (n =83)
was unchanged, the number of calls in April (n=287) had
increased compared to the same month in the previous three
years. To confirm whether the change was specific to 2020,
we analyzed the number of calls in previous years. In 2019,
the total number of calls in March (n=61) and April (n="71)
had decreased and was unchanged, respectively. We found
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no changes in the number of calls in March (2018: n=76,
2017: n=81) and in April (2018: n=69, 2017: n=70) in
2018 and 2017. These results suggest that social distancing
measures increased the total number of calls in April 2020.
To clarify the pattern of changes, we further analyzed the
changes in each ward. In April 2020, the number of calls
was found to have increased in wards with a large down-
town area, including Shibuya and Ueno (Fig. 1). However,
when we compared the number of wards where the changes
occurred, the differences in the numbers in March and April
were not statistically significant between 2019 and 2020
(March: P=0.053, April: P=0.19) (Figs. 1 and S1). These

O Increased
([ﬂ]]) Decreased

2020 March

2019 March

Fig.1 Schematic diagrams showing the locations where the number
of calls to Tokyo Pest Control Association increased (solid orange
circle) or decreased (striped blue circle) compared to the previous
three years in March and April of 2019 and 2020

results suggest that the changes occurred in a limited num-
ber of wards, rather than in a large number of wards. Taken
together, these results suggest that social distancing meas-
ures resulted in increased rat sightings in Tokyo.

In the survey, we obtained 32, 23, and 77 responses
from the pest management professionals working in the
USA, Canada, and Tokyo, respectively. These responses
represented 29 cities in 18 states of the USA, 20 cities in
four provinces of Canada, and all 23 wards of Tokyo. The
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respondents in North America who selected “Prefer not to
answer” were excluded from the analysis (ranging from n=1
to n=4). Fisher’s exact test revealed that the responses to
all questions differed among the three countries (adjusted
Ps <0.01), except for the responses to question 1 between
the USA and Canada (adjusted P=0.53) (Table 1). In ques-
tion 1, we asked about the changes in the overall amount of
business. The most common response in the USA (51.6%)
and Canada (60.9%) was “Increased” (Fig. 2a). In contrast,
“Unchanged” was the most common response in Tokyo
(62.3%). In question 2, we asked about the changes in the
amount of business from new clients. The most common
response was “Increased” in the USA (53.6%) and Canada
(54.5%), whereas “Unchanged” was the most common
response in Tokyo (71.4%) (Fig. 2b). In question 3, we asked
about the proportion of the amount of business from new
clients. Although “1 — 25%” was the most common response
in the three countries (USA: 26.7%, Canada: 31.8%, Tokyo:
59.7%), “all are from new clients” was chosen only in the
USA (6.7%) and Canada (18.2%) (Fig. 2c).

In Tokyo, it is possible that the proportions of brown rats
and roof rats changed following the implementation of social
distancing measures, even if the business activities of pest
management professionals were less affected. To assess this
possibility, the fourth question asked Japanese pest man-
agement professionals what proportion of different rodent
species were caught and/or sighted in Tokyo. However, Fish-
er’s exact test revealed that social distancing measures did
not affect the relative proportions of rodent species (P=1)
(Table 1). Both before and after social distancing measures
were implemented, roof rats were considered to be the pre-
dominant rodents in Tokyo (Table 2). It is also possible that
the 23 wards of Tokyo are a unique area in Japan in that the
effects of social distancing measures were extremely lim-
ited. To assess this possibility, we analyzed 35 responses
to the same questionnaire from cities outside the 23 wards
of Tokyo; this sample comprised 20 cities in 15 prefectures
(Supplementary Information). Fisher’s exact test revealed
that the responses to all questions differed between Tokyo
and these 20 other cities (question 1: P <0.01, question 2:
P <0.05, question 3: P<0.01) (Table S1). For question 1,
the proportion of “Unchanged” was 82.9% in other cities
and 62.3% in Tokyo (Fig. S2a). Similarly, for question 2, the
proportion of “Unchanged” was 82.9% in other cities and
71.4% in Tokyo (Fig. S2b). For question 3, the most com-
mon response was “None” in other cities (57.1%), whereas
“1-25%” was the most common response in Tokyo (59.7%)
(Fig. S2c¢). Therefore, Tokyo seemed to be the most affected
area, rather than the least affected area in Japan.

Taken together, the findings of the present survey sug-
gested that the business activities of pest management pro-
fessionals in North America were increased following the
implementation of social distancing measures. In addition,
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the measures differentially affected the amount of business
from new clients in the USA and in Canada. Conversely,
limited effects attributed to social distancing measures were
observed among pest management professionals in Tokyo.

Based on the findings in the present study, we suggest
that the immediate effects of social distancing measures dif-
fered between North America and Tokyo. In North America,
English language media outlets stated that social distancing
measures were associated with an increase in rat sightings.
The findings of the present study implied that rat infestations
were increased with the implementation of social distanc-
ing measures. In contrast, few infestations appeared to be
attributed to social distancing measures in Tokyo, even if rat
sightings increased. However, we should also acknowledge
several limitations in this study. For example, the number of
responses in the survey was too small to adequately capture
the entire picture in each country. It is also possible that
numerous responses were answered by a small number of
the same professionals, although this seems unlikely based
on the timestamps of the responses. Furthermore, the results
may have changed when the pandemic and subsequent
implementation of social distancing measures occurred in
different seasons. Future analyses based on a larger number
of responses from both the northern and southern hemi-
spheres would be helpful to clarify the immediate effects of
social distancing measures on rat populations.

One possible interpretation of the results for Tokyo
could be that social distancing measures did not affect the
rats in Tokyo. For example, residents have started to stay
at home at different times, and this could lead to new sight-
ings in residential areas even if the rat population itself
has not changed at all. However, it is more likely that the

relatively fewer effects in Tokyo may have been due to
the predominance of roof rats in Tokyo. Specifically, it is
possible that that social distancing measures differentially
affected brown rats and roof rats. In Tokyo, brown rats are
found outside of buildings in downtown areas where they
forage on the garbage that is disposed of by restaurants
and bars and placed curb-side at midnight for collection
the following morning (Yabe 2021). Social distancing
measures might have forced brown rats to forage in new
areas in order to find alternative food sources because
restaurants and bars closed early at night and the quanti-
ties of garbage placed curb-side decreased dramatically.
Because brown rats do not travel long distances in urban
areas (Combs et al. 2018; Gardner-Santana et al. 2009), rat
sightings would only have increased in a limited number
of wards. However, the increased sightings of brown rats
did not result in rat infestations in buildings that were seri-
ous enough to prompt residents to hire pest management
professionals. One of the reasons may be that the number
of roaming brown rats was estimated to be small. The pre-
sent study suggested that the proportion of brown rats in
Tokyo was approximately 20%. In addition, compared to
roof rats, brown rats required a larger diameter of hole to
pass through (Pitt et al. 2011). Therefore, it was difficult
for brown rats to invade buildings in Tokyo because build-
ings are constructed to prevent entry by roof rats. Unlike
brown rats, roof rats inhabit building interiors and feed
on food stocks, grease vats, and used oil in the kitchens
of restaurants and bars (Tanikawa et al. 2007). Given that
restaurants and bars remained open for takeaway meals in
the daytime, the food sources for roof rats might have been
less affected by social distancing measures. In addition,

Table 1 Results of statistical
analyses

df X2 value P value

Question 1: Changes in the overall amount of business

USA (31) vs. Canada (23) 2 3.50 0.178

USA (31) vs. Tokyo (77) 2 44.8 417x10™1

Canada (23) vs. Tokyo (77) 2 65.1 2.09%x 10716
Question 2: Changes in the amount of business from new clients

USA (28) vs. Canada (22) 2 21.5 2.81x107°

USA (28) vs. Tokyo (77) 2 56.4 3.49%x 1074

Canada (22) vs. Tokyo (77) 2 672 7.09x107'8
Question 3: Proportion of the amount of business from new clients

USA (30) vs. Canada (22) 5 15.7 0.00694

USA (30) vs. Tokyo (77) 29.3 8.90x107°

Canada (22) vs. Tokyo (77) 41.2 6.60x107°
Question 4: Proportions of rodent species in Tokyo

Before (77) vs. After (77) 2 0.030 1

The numbers of samples are shown in parentheses

Data were analyzed by Fisher’s exact test

df: degree of freedom
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Fig.2 Responses from pest management professionals in the USA,
Canada, and Tokyo. The effects of social distancing measures on
(a) overall amount of rat-related business in the subject city, (b) the
amount of rat-related business from new clients in the subject city,
and (c) the approximate proportion of the amount of rat-related busi-
ness from new clients in the subject city during the month after the
implementation
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even if the availability of food is reduced, roof rats appear
to be reticent to forage widely and compete with humans
for food. For example, in a building with many restau-
rants on the 6th floor in Tokyo, roof rats were trapped
continuously on the same floor for a further 46 days after
the closure of the building (Tanikawa and Uchida 2000).
The findings of that study were likely not attributed to
the presence of a small number of outliers, because more
than 4% of the trapped rats were trapped one month after
the closure of the building (Tanikawa and Uchida 2000).
Therefore, it is assumed that most populations of roof rats
remained in their habitats when social distancing measures
were implemented. Taken together, it appears that very few
rat infestation problems were attributed to the implementa-
tion of social distancing measures in Tokyo. This scenario
is consistent with one of the authors’ personal experience;
in decades of being engaged in pest control operations in
collaboration with the Japanese Government, he (TT) has
not observed any increase in rat infestations in urban areas
after a natural disaster in Japan.

In summary, we found that social distancing measures
differentially affected rat populations in North America and
Tokyo. In North America, the business activities of pest
management professionals increased in conjunction with
the increase in the reports of rat sightings in the media. In
contrast, social distancing measures in Tokyo had very little
impact on the activities of pest management professionals,
even though rat sightings increased. Based on differences in
the predominant rodent species between North America and
Tokyo, we hypothesized that the magnitude of rat infesta-
tions associated with shifts in human activities decreases
when the relative proportion of roof rats increases. After nat-
ural disasters that change human activities, a certain amount
of resources should be allocated to rat control in order to
maintain the public health of affected residents. On the other
hand, since resources are limited immediately after disas-
ters, channeling resources toward rat control can have an
adverse effect on other restoration activities. It is therefore
crucial to extrapolate the extent of possible rat infestations
in disaster-affected areas as accurately as possible. Further
research focusing on the relationship between the proportion
of rodent species and the degree of rat infestations could
facilitate optimal resource balancing between remediation
efforts related to the disaster and protecting the public health
of affected inhabitants.
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Table 2 Proportions of rodent species in Tokyo before and after the
implementation of social distancing measures

Before the After the implementation
implementation (%) (%)

Brown rats 20.5+1.7 21.5+2.0
Roof rats 78.7+1.8 77.7+2.0
House mice 09+04 0.9+0.3

Data are expressed as the mean + standard error of the mean

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10340-021-01405-z.
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