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ARTICLE INFO ABSTRACT

Keywords: During the coronavirus disease 2019 (COVID-19) pandemic, hospitals and households have used personal pro-
Face mask o tective equipment (PPE), such as masks and gloves. Some of these potentially infectious materials were discarded
Garbage dumping site with other household wastes in garbage dumping sites. Thus, this study aimed to detect the presence of severe
SARS-CoV-2 . . . . .

Serology acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in contaminated wastes, environments, and mammals

scavenging around these sites. From September to October 2022, we visited three garbage dumping sites located
in Bangkok, Nakhon Pathom, and Nonthaburi provinces of Thailand. Oral, nasal, rectal swabs, and blood samples
were collected from small mammals, stray dogs, and cats. Masks, gloves, soil, and water samples from the sites
were additionally collected. Of the 582 samples collected from 238 animals, none tested positive for SARS-CoV-2
in the virus isolation, real-time reverse-transcription polymerase chain reaction, and neutralizing antibody
detection. However, one sample (1.18 %; 1/85) from a rat (Rattus spp.) captured in Nonthaburi was serologically
positive in the indirect enzyme-linked immunosorbent assay. The surveillance of coronaviruses in rats is strongly
encouraged because rats may harbor different zoonotic pathogens, including unknown potentially zoonotic
coronaviruses. Moreover, two face mask samples (4.65 %; 2/43) collected from the dumping site in Nakhon
Pathom tested positive for SARS-CoV-2 by real-time RT-PCR. To reduce environmental contamination, detecting
the SARS-CoV-2 viral genome in contaminated face masks highlights the critical need for proper waste man-
agement in households and communities in Thailand. Thus, to minimize exposure and prevent onward trans-
mission, waste management personnel, including garbage dump staff and waste pickers, should be equipped with
appropriate PPE and receive regular training on safe handling and disposal.

Small mammals

1. Introduction

The emergence of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the causative agent of coronavirus disease 2019 (COVID-
19), was first reported in Wuhan, China, in December 2019 [1]. This
novel virus is a single-stranded RNA virus that belongs to beta corona-
viruses. RNA viruses, which lack the polymerase-proofreading capa-
bility, have high mutation rates. This trait enhances virulence,

adaptability, and evolvability [2]. The rapid dissemination of the
pathogen prompted the World Health Organization (WHO) to declare it
a public health emergency of international concern in 2020. This was
followed by a dramatic surge in the number of cases worldwide. As of
March 2024, more than 774 million confirmed cases and 7 million
deaths have been reported globally [3].

The virus can rapidly transmit from among humans and any
contaminated surfaces. During the pandemic, massive quantities of
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personal protective equipment (PPE), such as masks and gloves, were
used in hospitals and households, generating unusual amounts of waste
[4], which may be contaminated with live viruses. Accordingly, the
virus may be found in the environment because of improper waste
disposal [5]. SARs-CoV-2 can be stable in different environmental con-
ditions. In addition, genetic materials can be detected on various sur-
faces and wastewater [6-9].

Despite robust management of infectious wastes in healthcare set-
tings, concerns arise regarding potential contamination from home
isolation and asymptomatic cases, particularly in the absence of proper
waste disposal protocols before treatment. Notably, the omicron variant
and the associated increase in asymptomatic infections likely contribute
to the extensive viral spread [10]. Massive accumulation of waste in-
creases the risk of infectious disease transmission [11]. Pathogen
contamination is related to the characteristics of the environment.
Moreover, garbage dumping sites contain considerable organic waste,
which can be a food source for various mammals [12]. The availability
of resources in garbage sites significantly influences the host species,
particularly small mammals such as rodents, which are consistently
found in these environments [13]. The areas with large amounts of
garbage where animals congregate, like garbage dumping sites, may
serve as a reservoir for zoonotic diseases.

However, evidence remains to be clarified. The zoonotic origin of
COVID-19, with a probable spillover from wild animals, is a widely
accepted hypothesis. Whole-genome studies revealed the high sequence
identity with the bat coronavirus RaTG13 (BatCoV RaTG13) and
Pangolin-CoV [14,15]. The structural proteins of the coronavirus virion
are composed of nucleocapsid (N), membrane, envelope, and spike. The
virus enters the host cells by binding to angiotensin-converting enzyme
(ACE) 2 with a spike protein [16]. Thus, animals possessing ACE re-
ceptors are highlight susceptible to infection and may serve as disease
reservoirs.

Furthermore, the number of cases and wildlife species, companion,
and exotic animals increased with close exposure to humans infected
with SARS-CoV-2, as observed overseas. Since the SARS-CoV-2
pandemic, studies have reported anthroponotic transmission cases in
29 species, including cats, dogs, minks, ferrets, and various wild animals
such as tigers, gorillas, and white-tailed deer worldwide [17]. In
mammalian species at garbage dumps, reverse virus transmission from
human wastes to animals at dump sites may occur. Thus, diseases in
mammalian species must be explored because most emerging infectious
diseases originate from animals, which are sources of various zoonotic
viruses. Infected animals could become amplified hosts, which might
cause a future outbreak. This study aimed to detect SARS-CoV-2 in
contaminated wastes, environment, and mammals scavenging at
garbage dumping sites to increase awareness of proper waste manage-
ment in order to reduce probable animal and environmental
contamination.

2. Materials and methods
2.1. Field sample collection

From September to October 2022, we visited three garbage dumping
sites located in Bangkok, Nonthaburi, and Nakhon Pathom, Thailand
(Fig. 1). The dump in Bangkok receives approximately 3500 tons of
waste per day (one-third of the total waste generated in Bangkok). Most
of the waste generated in Nonthaburi Province (1231 tons/day) is
moved to the garbage dumping sites we studied, and the dump in
Nakhon Pathom, the largest garbage dumping site in the province, re-
ceives 218.62 tons of waste per day. Samples were collected from three
distinct categories: animal specimens, potentially infectious wastes
(masks and gloves), and environmental samples (soil and water).
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Fig. 1. Geographical locations of the provinces of the studied garbage dumping
sites. A. Map of Thailand highlights the provinces in purple. B. Magnified
boundaries of the three provinces, namely, Bangkok, Nakhon Pathom, and
Nonthaburi. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

2.2. Animal sampling

Animals foraging near waste disposal sites, including small mam-
mals, stray dogs, and cats, were documented. A field assessment was
conducted at each location to identify suitable line transects encom-
passing critical zones with anticipated interactions among humans, an-
imals, and the environment. In each study site, 100 trapping cages for
small mammals, which measured 15 x 30 x 15 cm, were placed at night
for three consecutive nights to capture small mammals residing around
the garbage dumping sites (Fig. 2). These traps were baited with fruits or
vegetables at approximately 6 p.m. and inspected at around 6 a.m. The
captured animals were then placed in a glass chamber and anesthetized
with isoflurane at a 5 % gas flow rate. After complete anesthetization,
the animals were taken out of the chamber, and the anesthetic level was
maintained using an anesthetic mask. The sex and weight of the animals
were recorded. The animal species were classified according to a refer-
encing manual [18]. Oral, nasal, and rectal samples were collected from
each animal using cotton swabs and placed in transport media. Blood
samples were collected from each animal’s saphenous vein or orbital
sinus in a volume not exceeding 1 % of body weight. Upon arrival at our
laboratory, we centrifuged the samples at 5000 xg, 4°C for 10 min, and
the serum was then stored at —20°C until analysis.

2.3. Potentially infectious waste and environmental sampling

Samples of suspected viral contamination items such as gloves,
masks, soil, and water were collected. Water samples of 50-100 mL were
taken from nearby puddles, and approximately 20 g of soil (<5 cm
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Fig. 2. Garbage dumping sites where samples were collected. A. Nonthaburi, B. Bangkok, and C. Nakhon Pathom. The red boxes and red dots (left panels) represent
areas and caging locations magnified to the figures in the middle panels, and the right panels, illustrating the actual scenes of the study sites. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)

depth), as well as some gloves or masks found at the points, was
collected along line transects. All samples were transported under cool
chain conditions, refrigerated after arrival, and tested for SARS-CoV-2
genome within 24 h.

2.4. Laboratory examinations

2.4.1. Virus culture and isolation from animal samples

African green monkey kidney (Vero) cells (CCL-81, American Type
Culture Collection) were cultured in Eagle’s minimum essential medium
(EMEM) (Gibco, Grand Island, NY, USA) supplemented with 10 % heat-
inactivated fetal bovine serum (FBS), 200 IU/mL penicillin, 200 pg/mL
streptomycin, 75 pg/mL gentamicin sulfate, and 6 pg/mL amphotericin
B. The growth of Vero cells was incubated at 37 °C with 5 % COa.

Oral, nasal, or rectal swabs processed in viral transport media were
inoculated onto monolayers of Vero cells for two hours and gently
agitated at 37 °C. Subsequently, a fresh maintenance medium with 2 %
FBS was added. For 5-7 days, the inoculated cells were incubated at
37 °C with 5 % CO3 [19]. The cells were observed daily for a cytopathic
effect (CPE). Virus isolation was performed for three blind passages
before concluding as negative if the CPE was not observed. All infection
experiments were performed in a biosafety level 3 (BSL-3) laboratory.

2.4.2. Neutralizing antibody detection in animal samples

Two SARS-CoV-2 strains were used as the tested antigen in the
microneutralization test (MNT) for neutralizing antibody detection,
namely, (1) delta variant of hCoV-19/Thailand/Nan_SEQ7413/2021
(GISAID Accession no. EPI_ISL_3797061) and (2) Omicron BA.2 sub-
variant of hCoV-19/Thailand/NIC_BKK_SEQ4804,/2022 (GISAID

Accession no. EPI_ISL_9611330). These viruses were primarily isolated
from an individual with COVID-19 and then propagated in Vero cells.
The viral titers were determined by a 50 % tissue culture infectious dose
(TCID50) assay.

All serum samples were subjected to the in-house MNT for SARS-
CoV-2 neutralizing antibodies against the delta variant and omicron
BA.2 subvariant. An equal volume (60 pL) of serial two-fold dilutions of
heat-inactivated sera (56 °C, 30 min) and 100 TCID50 of SARS-CoV-2
were mixed. After 1 h of incubation at 37 °C, 100 pL of the ser-
um-virus mixture was transferred onto Vero cell monolayers (2 x 10*
cells/well) maintained in EMEM supplemented with 2 % FBS at 37 °C
with 5 % CO for 3 days. The presence of a CPE in each sample was
observed. The titer of a sample was recorded as the reciprocal of the
highest serum dilution that provided at least 100 % neutralization of the
tested virus, as determined by the presence of the CPE. Each serum
sample was tested in duplicate in 96-well plates. The MNT was per-
formed in a BSL-3 facility.

2.4.3. Indirect ELISA for SARS-CoV-2 antibody detection

All sera were tested for SARS-CoV-2 antibodies using a commercially
species-independent test kit, ID Screen® SARS-CoV-2 Double Antigen
Multispecies ELISA Kit (IDvet, Grabels, France), which detects the
presence of IgG anti-SARS-CoV-2 N protein in the tested animal sera. The
test was performed according to the manufacturer’s instructions. Briefly,
25 pL of each sample and positive and negative control samples were
diluted in 25 pL of a dilution buffer. The plate was incubated for 45 min
at 37 °C and rinsed with a washing solution. A 100 pL of horseradish
peroxidase-conjugated N protein recombinant antigen was added into
each well, incubated for 30 min at 25 °C, and washed again. Then, 100
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pL of the substrate solution was dispensed into each well, incubated for
20 min at 25 °C in a dark area, and then added with 100 pL of the stop
solution. At 450 nm, the microplate was read using an 800 TS microplate
reader (Biotek Instruments Inc., Winooski, VT, USA). The Optical Den-
sity of each sample was calculated as the S/P percentage (S/P%). A
serum with an S/P% of >60 % was considered positive, 50 %60 % was
suspected, and < 50 % was negative.

2.5. RNA extraction

According to the manufacturer’s instructions, total RNA was
extracted from nasal and rectal swabs collected from animals foraging
near waste disposal sites using the Total RNA Mini Kit (Geneaid Biotech
Ltd., Taiwan).

For water and soil, RNA was extracted from 45 mL of water samples
using the NaCl/PEG precipitation method, and RNA was extracted using
a commercial kit (Total RNA Mini Kit; Geneaid Biotech Ltd.). A 45-mL
water sample was centrifuged at 3000 xg for 30 min at 4 °C to pellet
bacteria, sediment, and large particles. The virus in clarified water
samples was precipitated overnight by gentle agitation at 4 °C with 10 %
polyethylene glycol 8000 and 2.25 % NaCl. The precipitated virus was
recovered in a pellet by centrifugation at 15,000 xg for 60 min at 4 °C
[20]. Then, the pellet was resuspended in 400 pL of lysis buffer, and the
RNA was extracted using a Total RNA Mini Kit (Geneaid Biotech Ltd.,
Taiwan). Similarly, up to 2 g of soil sample was used for RNA extraction
using the RNeasy PowerSoil Total RNA Kit (QIAGEN, Germany)
following the manufacturer’s protocol.

For masks and gloves, the RNA extraction method was modified from
the procedure used for water samples [20]. The nose and mouth areas of
the mask and areas of the thumb and index fingers were cut (Fig. 3) and
soaked in 20 mL of phosphate-buffered saline, pH 7.5, overnight. The
virus was precipitated using the PEG/NaCl method described earlier,
and the RNA was extracted using a Total RNA Mini Kit (Geneaid Biotech
Ltd.).

2.6. RNA detection

Viral RNA was detected by real-time RT-PCR using a forward primer
(5> CGCATACAGTCTTRCAGGCT 3), a reverse primer (5
GTGTGATGTTGAWATGACATGGTC 3, and probe (5 FAM-
TTAAGATGTGGTGCTTGCATACGTAGAC-IABKFQ 3", and targeting
RNA-dependent RNA polymerase/helicase gene (Chan et al., 2020). The
real-time RT-PCR mixture contained 5 pL of the template RNA, 10 pL of
the 2x Reaction Mix, 0.2 pM of each primer, 0.1 uM of the probe, 0.4 pL
of the SuperScript™ III RT/Platinum™ Taq Mix (Invitrogen, USA), and
0.4 pL of ROX™ Reference Dye. Up to 20 pL of nuclease-free water was

Mouth and nose area

Fig. 3. Areas on the mask and glove where the cut material was examined for
RNA extraction (pink areas): A. mask and B. glove. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web
version of this article.)
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added. The PCR reactant was incubated at 50 °C for 15 min, 95 °C for 3
min, and followed by 40 cycles of denaturation at 95 °C for 15 s and
annealing/extension at 55 °C for 30 s. A cycle threshold (Ct) of <38 was
considered positive.

3. Results

A total of 582 samples were collected from 238 animals, and house
rats (Rattus tanezumi) were the most common (58.8 %), followed by
Norway rats (Rattus norvegicus) (14.7 %) and Asian house shrews (Suncus
murinus) (9.2 %). No samples tested positive for SARS-CoV-2 by real-
time RT-PCR, MNT, and virus isolation (Table 1).

Of the 85 serum samples collected, 1 (1.18 %) was ELISA-positive (S/
P% of 253 %), and one serum sample (1.18 %) was inconclusive (S/P%
of 56 %). The ELISA-positive sample was derived from an unidentified
rat (Rattus spp.) at a garbage dumping site in Nonthaburi. Meanwhile,
the sample suspected to be SARS-CoV-2 positive by ELISA was derived
from a house rat (Rattus tanezumi) from the same location.

Of the 150 potentially infectious waste (face masks and gloves) and
environmental samples (soil and water), two face mask samples (1.33 %,
2/150; 4.65 %, 2/43, for total and mask samples, respectively) collected
from Nakhon Pathom tested positive for SARS-CoV-2 by real-time RT-
PCR with Ct values of 36.57 and 37.12 (Table 2).

4. Discussion

This study explored the potential of small mammals inhabiting areas
surrounding garbage dumping sites, where infectious wastes are
disposed of, to carry SARS-CoV-2. In addition, the risk of environmental
contamination from these sites was assessed. Although SARS-CoV-2 was
not detected in the animal or environmental samples, genomic RNA was
identified in some face mask samples. This finding suggests that face
masks may harbor and retain the SARS-CoV-2 genome even after pro-
longed periods because of their proximity to the respiratory tract. A

Table 1
SARS-CoV-2 and serological detection in animal samples collected from garbage
dumping sites.

Animals No. of No. of No. of positive sample/total tested
(scientific animals samples _ .
name) collected R'eal- erus ' MNT  Indirect
time isolation ELISA
RT-
PCR
House rats 128 317 o/ 0/256 0/61 0/58
(Rattus 256
tanezumi)
Norway rats 35 87 0/70 0/70 0/17  0/7
(Rattus
norvegicus)
Asian house 22 47 0/44 0/44 0/3 0/1
shrews
(Suncus
murinus)
Pacific rats 7 16 0/14 0/14 0/2 0/0
(Rattus
exulans)
Unidentified 26 62 0/52 0/52 0/10 1/8
rats (Rattus
spp.)
Cats (Felis 6 13 0/12 0/12 0/1 0/0
catus)
Dogs (Canis 13 38 0/26 0/26 0/12  0/11
familiaris)
Northern 1 2 0/2 0/2 0/0 0/0
treeshrews
(Tupaia
belangeri)
Total 238 582 0/ 0/476 0/ 1/85

476 106
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Table 2
SARS-CoV-2 detection by real-time RT-PCR in potentially infectious waste and
environmental samples collected from garbage dumping sites.

Sample type Number of positive samples by real-time RT-PCR (%)
Water 0 /40 (0)

Soil 0/50 (0)

Mask 2/43 (4.65)

Glove 0/17 (0)

Total 2 /150 (1.33)

previous study reported that under the experimental condition of 37 °C,
the virus would be undetectable after up to 2 days [21]. In Central
Thailand, the average temperatures in September and October 2022
were 27.9 °C and 27.5 °C, respectively [22]. In such conditions, the virus
likely remained in the mask and may stay viable for hours to days.
Although some viral genomes may be deactivated or degraded by sun-
light in outdoors, potentially resulting in low copies of the RNA genome
of the virus, animals scavenging around garbage dumping sites may be
exposed to the remaining virus in contaminated masks.

In this study, although no virus was isolated, immunological re-
sponses could be detected from a rat. This serological positivity indi-
cated that the rat was previously exposed to the virus. A study conducted
in New York City in the fall of 2021 also discovered rats serologically
positive for SARS-CoV-2 [23]. By contrast, all rat samples tested nega-
tive serologically in other studies in Belgium [24] and Canada [25].
Nonetheless, the surveillance of coronaviruses in rats is still encouraged
because rats are ubiquitous animals living closely with humans and may
harbor different zoonotic pathogens, including unknown potentially
zoonotic coronaviruses.

Nevertheless, the persistence of SARS-CoV-2 in garbage dumping
sites is likely influenced by environmental factors, particularly the high
temperature and humidity in Thailand. These conditions may limit the
viability of the virus, reducing the likelihood of long-term survival and
potential transmission to animals. Even if the virus remains viable on
discarded materials such as face masks, direct contact with animals may
be limited by the perceived food source value of these items. The more
probable route of animal exposure would be through contaminated soil
or water, where viral concentrations may be diluted significantly,
potentially diminishing the infectious risk for small mammals. In addi-
tion, the captured small mammals do not appear to be primary reser-
voirs of SARS-CoV-2 [26].

However, as our capturing methods presumably trapped only
healthy animals, the absence of clinical signs in the captured animals
does not preclude the susceptibility of these species to SARS-CoV-2. To
further investigate the potential transmission of SARS-CoV-2 through
small mammals, future studies should focus on trapping individuals in
urban areas where they may have more direct contact with freshly
contaminated materials. A network analysis of garbage truck movement
could also provide valuable insights into the routes and potential sources
of infectious wastes reaching garbage dumping sites. This information
could be instrumental in identifying and monitoring high-risk areas in
future outbreaks. Although this study did not assess waste pickers
working at garbage dumping sites, they should be considered at high
risk for SARS-CoV-2 because of their close contact with potentially
contaminated materials [27]. Expanding the scope of future studies by
including waste pickers could provide valuable data on their exposure
risks and potential role in disease transmission. Beyond SARS-CoV-2, the
role of small mammals as reservoirs for other infectious diseases prev-
alent in garbage disposal sites, such as leptospirosis, must be also
explored [28].

This study has some potential limitations. First, only three dumping
sites in Bangkok and its vicinity were surveyed. A future study may
include more study locations across Thailand. However, the COVID-19
pandemic is now over. The likelihood of detecting the virus is lower
than that in this study. Second, the virus from the face mask samples was
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not cultured, resulting in the lack of information regarding the infec-
tivity of the virus detected by real-time RT-PCR.

5. Conclusions

The detection of SARS-CoV-2 viral particles in contaminated pro-
tective gear, such as face masks, highlights the critical need for proper
waste segregation in households and communities. Potentially infec-
tious waste streams should be handled according to established guide-
lines, including appropriate segregation, collection, and disposal.
Establishing designated disposal sites throughout the city and imple-
menting incineration rather than dumping would eliminate the risk of
environmental contamination and potential transmission. Moreover, to
minimize exposure and prevent onward transmission, waste manage-
ment personnel, including garbage dump staff and waste pickers, should
be equipped with appropriate PPE and receive regular training on safe
handling and disposal.
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