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MICROBIOLOGY

Ants (Hymenoptera: Formicine) as Carriers
of Microorganisms Indicating Hygienic and
Sanitary Conditions in Urban Schools

CARIN GUARDA, JUNIR A. LUTINSKI, CARLA R.PA. TEO & MARIA A. BUSATO

Abstract: The presence of ants in school kitchens and canteens may pose a risk of food
contamination. The present study aimed to evaluate the potential of the ants as carriers
of microorganisms indicating hygienic and sanitary conditions in school kitchens and
canteens in the western region of Santa Catarina. Ten samples were collected with
up to ten ants in the kitchen and canteen environments in nine urban schools. The
ants were evaluated using microbiological analyses regarding Staphylococcus aureus,
aerobic mesophilic bacteria, total coliforms and thermotolerant coliforms/Escherichia
coli. Twenty ant species were sampled. Four species presented counts for S. aureus,
eight for aerobic mesophilic bacteria and three for total coliforms. The results evidenced
the potential of ants as indicators of contamination and the risk of ants to carrier
microorganisms in school environments and an important diversity occurring in indoor
environments.
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INTRODUCTION

The presence of ants in school environments
is important because of the potential of
these insects to act as carriers of pathogenic
microorganisms; which has been proven in
studies already realized (Costa et al. 2006, Lise
et al. 2006, Tanaka et al. 2007, Pesquero et al.
2008, Silva et al. 2012, Oliveira et al. 2017). Among
the ants that occur in urban environments
with the potential to carry pathogenic
microorganisms, stand out Linepthema humile
(Mayr, 1868) Monomorium pharaonis (Linneus,
1758), Monomorium floricola (Jerdon, 1851),
Wasmannia auropunctata (Roger, 1863) and the
genera Camponotus Mayr, 1861, Crematogaster
Lund, 1831, Pheidole Westwood, 1840, Solenopsis
spp. Westwood 1840 as to the frequency in
the studies already carried out (Bueno &

Campos-Farinha 1998, Lise et al. 2006, Garcia
et al. 2011, Castro et al. 2015, Cintra-Socolowski
2015). The transportation of microorganisms
occurs when the ants come into contact with
contaminated sites and materials and carry
them adhered to their legs and body through the
environment (Bueno & Campos-Farinha 1998,
Costa et al. 2006). Anatomical characteristics
such as the occurrence of hairs on the body,
length, cuticle sculpture, number of specimens,
amount and distribution of the exocrine glands,
among others, may explain the adhesion and
survival of the microorganisms in the body of
the ants (Fontana et al. 2010). Due to their small
size and high mobility, ants easily move around
the environments through holes, cracks and
crevices, normally traveling extensive areas in
search of shelter and food (Pecanha et al. 2000,
Costa 2007). In this search, they move through
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both contaminated and non-contaminated
sites dispersing microorganisms (Pecanha et
al. 2000, Tanaka et al. 2007, Simothy et al. 2018)
that can contaminate food, equipment and
utensils (Bueno & Campos-Farinha 1998, Pereira
& Ueno 2008, Braganca & Lima 2010) used in the
preparation of meals in the school environment.

Another factor favoring the presence of ants
in indoor environments is negligence with the
presence of these insects in these places. Ants
are little recognized (by people) as agents that
carry microorganisms (Pereira & Ueno 2008,
Simothy et al. 2018). In general, it is neglected
that ants feed on other dead animals and forage
in contaminated environments and thus can
carry pathogens. Thus, this disregard the risk
they pose, hindering their control (Pereira &
Ueno 2008, Oliveira & Campos-Farinha 2005).

The pathogenic microorganisms that have
been reported to be carried by ants in urban
environments are species of bacteria such as
Enterobacteraerogenes (Kruse,1896), Escherichia
coli (Escherich, 1885), Klebisiella pneumonie
(Trevisan, 1887), Pseudomonas aeruginosa
(Schroeter, 1872), Staphylococcus aureus,
Rosenbach, 1884 and the genera Citrobacter
Werkman & Gillen, 1932, Micrococcus Cohn, 1872
and Serratia Bizio, 1893 (Costa et al. 20086, Lise et
al. 2006, Maximo et al. 2014, Menezes et al. 2015,
Shahi et al. 2017).

The man acts as its main reservoir and
represents a source of contamination, and
can contaminate the food in different stages
of the preparation, by the hands or oro-
nasal secretions (Germano & Germano 2008).
Mesophilic microorganisms are all those capable
of growing under temperatures between 35
and 37°C under anaerobic conditions. All food
borne pathogenic bacteria are mesophilic and,
therefore, a high count of these microorganisms
may mean that there were conditions for
the growth of pathogens. The presence of
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mesophilic bacteria at high counts in food is
an indication of inadequate hygienic procedure
in the production, processing or preservation,
depending on the origin of the sample (Franco &
Landgraf 2005, Schiraldi & De Rosa 2016).

The group of total coliforms is usually found
in the environment and the count of this group
is used to evaluate the hygienic conditions,
because when presentin high numbersindicates
contamination due to inadequate cleaning or
insufficient heat treatment (Forsythe 2013, Rossi
et al. 2017). The detection of a high number
of bacteria of the group of thermotolerant
coliforms is interpreted as indicative of the
presence of intestinal pathogens. E. coli is
an enterobacterium commonly found in the
intestines of animals and man, where it accounts
for 80% of the aerobic intestinal flora. It is
eliminated in feces and causes contamination
of soil and water (Germano & Germano
2008). Therefore, it is used as an indicator
microorganism for fecal pollution in water, raw
materials and food (Germano & Germano 2008,
Forsythe 2013).

Ants are recognized for the potential
of carrying microorganisms and when they
occur in food production environments, such
as kitchens and canteens, can disseminate
microorganisms such as S. aureus, mesophilic
bacteria and coliforms that are normally found
in the environment. In this context, the present
study aimed to evaluate the potential of ants as
carriers of microorganisms indicating hygienic
and sanitary conditions in school kitchens and
canteens.

MATERIALS AND METHODS

Study sites

The research was carried out in nine schools
located in urban areas of four municipalities in
the western region of the State of Santa Catarina,
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Chapeco, Caxambu do Sul, Guatambu and
Palmitos. Four schools belongto the municipality
of Chapeco, one to the municipality of Palmitos
and two to each of the other municipalities.

Ten ant samples were obtained for the
microbiological analyses, of which four were
collected in schools in the municipalities
of Guatambu (27°80'50" S; 52°47'15" W) and
Caxambu do Sul (27°90'17” S; 52°52'59” W) one
sample was collected per school evaluated in
these municipalities. One sample was obtained
from one school in the municipality of Palmitos
(27°40'20" S; 53°90'29"” W) and five samples from
four schools in the municipality of Chapeco
(27°50'48" S; 52°37'70"" W). All the ants were
collected in kitchens and canteens, except for
one school in Chapecd, where one sample was
collected in the kitchen and another in the
canteen. The school of Chapeco that was not
sampled in the canteen is because that no ants
were found foraging in the environment during
collection.

The schools are characterized by a built area
that varies between 677 m” and 3000 m”. These
measures were obtained in the schools, from
the engineering project, during the collections.
The outdoor areas range from 125 m’to 2955 m’
and the number of trees in the garden varied
between zero and 80.

Samples

The ants were sampled in the period from
September to October 2016, between 09h and
17h. Ant samples for microbiological analysis
were taken through manual collection, obeying a
random route in the kitchen and the canteen. All
the ants sighted near the walls, on the furniture
and on the floor were collected until reaching 10
ants per sample (Vieira et al. 2013). The use of
baits was discarded (Oliveira & Campos-Farinha
2005).
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The ants were sampled under aseptic
conditions and stored in test tubes with caps.
All material used for sampling was previously
sterilized. Each sample was identified with the
date and place of the sample and sent to the
Laboratory of Food Microbiology of the Regional
Community University of Chapecd (Unochapeco)
for microbiological analyses. Subsequently,
the ants were returned by the laboratory for
identification.

The samples identification was performed
based on the identification keys proposed by
Goncalves (1961), Kempf (1964, 1965), Watkins
(1976), Della-Lucia (2003), Lattke (1995), Taber
(1998), Bueno & Campos-Farinha (1999) and
Fernandez (2003). The classification followed
Bolton (2019).

Microbiological analysis

It was decided to analyze the count of
microorganisms indicating hygienic and
sanitary conditions present in the sampled ants.
The microorganisms evaluated in this study
regarding the CFU/mL count were S. aureus,
aerobic mesophilic bacteria, total coliforms and
thermotolerant coliforms/Escherichia coli.

The methodology used inthe microbiological
analyses followed the standards of the
American Public Health Association (APHA 2017)
and normative instruction 62 of the Ministry of
Agriculture, Livestock and Supply (Brasil 2003).
The analyses were performed at the Food
Microbiology Laboratory of Unochapeco (report
001/2016).

Environmental descriptors

Information on school kitchens and canteens
was given as follows: total area (m?), number
of cracks on the floor, number of cracks on the
walls, number of openings (doors and windows),
number of open food portions and number of
trash cans.
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Data analysis

To present the richness found in each of the
samples, a table was constructed showing the
count of microorganisms present in the ants
obtained in the samples (Lise et al. 2006).

The influence of the environmental factors
and the number of species in the samples
on the count of indicator microorganisms
was tested by Pearson correlation analysis
performed between the count of the indicator
microorganisms present in the samples and the
environmental variables. The correlations were
segregated according to the significance and
discarded those non-significant (p <0.05).

Ethical aspects

Sampling was authorized by ICMBio (Chico
Mendes Institute for Biodiversity Conservation),
“Authorization for activities with scientific
purpose” 54250-1 as of 08/06/2016.

RESULTS

Ant samples for analysis were composed of 20
species.Themostfrequentspeciesinthesamples
were Nylanderia fulva (Mayr, 1862), Monomorium
floricola (Jerdon, 1851), Dorymyrmex brunneus
(Forel, 1908), Pogonomyrmex naegelli Forel, 1878,
Pheidole lignicola Mayr, 1887 and Pheidole sp. 2.
The number of species in the samples ranged
from one to four (Table I).

Of the ten samples analyzed, four presented
counts for S. aureus, eight for aerobic mesophilic
bacteria and three for total coliforms. No
samples presented counts for thermotolerant
coliform/Escherichia coli (Table 1).

There was a positive correlation between
the counts of S. aureus (CFU/mL) and the
number of ant species present in the samples (r
= 0.7, p <0.05) (Figure 1).
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The count of aerobic mesophilic bacteria
count (CFU/mL) presented a positive correlation
with the area (m?) of kitchens and canteens (r =
0.7, p <0.05) (Figure 2).

DISCUSSION

The number of ant species found in this study,
in the kitchen and canteen environments,
is representative when compared to studies
involving establishments where meals are
prepared in the southern Brazil. Nylanderia fulva,
M. floricola, D. brunneus, P. naegelli, P. lignicola
and Pheidole sp. 2. were the most frequent in the
samples. The hygienic and sanitary indicators
S. aureus, aerobic mesophilic bacteria and
total coliforms presented counts indicating the
presence of these microorganisms in kitchens
and canteens. The counts of S. aureus (CFU/mL)
showed a positive correlation with the number
of ant species in the kitchens and canteens. The
same was observed for the area of kitchens and
canteens about the count of aerobic mesophilic
bacteria.

The number of ant species found in this
study is similar to that observed in the nutrition
sector of hospitals in southern Brazil, as pointed
out by Garcia et al. (2011), who found 19 species
in the nutrition sector in five hospitals and by
Lutinski et al. (2015) that registered 14 species
in the nutrition sector in four hospitals. Both
studies were conducted in the State of Rio
Grande do Sul and pointed to the nutrition
sector as the most infested. Ants are attracted
to the nutrition sector because of the constant
availability of food, especially sugary substances
and sources of proteins and oils (Bueno &
Bueno 2007, Jacobs & Alves 2014). In schools, the
canteen environment has access and movement
of people, which may favor the presence of ants
(Bicho et al. 2007) and explain their occurrence.
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Table I. Ant species sampled in kitchens and canteens and results of microbiological analysis of microorganisms
indicating hygienic and sanitary conditions in nine schools in four cities in the western region of the State of
Santa Catarina. October 2016.

Samples Ant species Count of microorganisms Results/CFU/mL
School1 Brachymyrmex sp. Staphylococcus aureus 1.0 x 10°
Count of asrob|c.mesoph|l|c 35 % 107
Dorymyrmex sp. acteria
Pogonomyrmex naegelii Forel, 1878 and Count of total Coliform 3.0 x 10°
Pheidole sp. 2 Count of thermotolerant/ 0
S . <1.0x10
Escherichia coli
School2 Staphylococcus aureus 1.0 x 10°
Count of ag;igcr:i;nesophnlc 19 % 10°
Monomorium floricola (Jerdon, 1851) and
Pogonomyrmex naegelii Forel, 1878 Count of total Coliform <10 x 10°
Count of thermotole‘rant/ <10 x10°
Escherichia coli
School3 Staphylococcus aureus <1.0x10°
Count of aerobic mesophilic 3
bacteri 11 x10
Nylanderia fulva (Mayr, 1862) and acteria
Solenopsis sp. 1 Count of total Coliform <1.0x10°
Count of the'rm‘otole‘rant/ <10 x10°
Escherichia coli
School4 Staphylococcus aureus <1.0x10°
Count of aerob|c4mesoph|l|c 47 % 10°
bacteria
Monomorium pharaonis (Linneaus1758)
Count of total Coliform <1.0x10°
Count of the_rm‘otole‘rant/ <10 x 10°
Escherichia coli
School5 Staphylococcus aureus 4.0 x10°
Dorymyrmex brunneus (Forel;190 Count of aerobic mesophilic 78 % 10?

) . ) bacteria
Monomorium floricola (Jerdon, 1851), Pheidole

pubiventris Mayr, 1887 and Solenopsis Count of total Coliform 12 % 10°
saevissima (F. Smith, 1855)

Count of thermotolerant/

0
Escherichia coli <10x70
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Table I. Continuation

School6
Brachymyrmex coactus Mayr, 1887,
Camponotus sp. 2 and Pheidole sp. 8
School7
Acromyrmex subterraneus (Forel, 1893) and
Pheidole sp. 2
School8
Dorymyrmex brunneus (Forel, 1908),
Camponotus mus Roger, 1863 and
Nylanderia sp.
School 9/1
Nylanderia fulva (Mayr, 1862) and
Pheidole lignicola Mayr, 1887
School 9/2

Nylanderia fulva (Mayr, 1862),

Pheidole lignicola Mayr, 1887 and Wasmannia

sp.

Species of the genus Nylanderia are
classified as generalists (Silvestre et al. 2003),
with biological and ecological characteristics
thatfavorthe exploration of urban environments.
In the interior of the buildings, the presence
of N. fulva is associated with the propagation
of microorganisms (Pesquero et al. 2008). In
the present study, this species presented the
highest frequency in the samples.

An Acad Bras Cienc (2021) 93(2)
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Staphylococcus aureus <1.0x10°
Count of aerobic mesophilic 0
bacteria 3.0x10
Count of total Coliform <1.0x10°
Count of thermotolerant/ 0
Escherichia coli <1.0x710
Staphylococcus aureus <1.0x10°
Count of aerobic mesophilic )
bacteria 4510
Count of total Coliform 3.2x10°
Count of thermotolerant/ 0
Escherichia coli <1.0x710
Staphylococcus aureus 1.0 x 10°
Count of aerobic mesophilic o
bacteria 3010
Count of total Coliform <1.0x10°
Count of thermotolerant/ <10 x10°
Escherichia coli ’
Staphylococ;us aureus‘ . <10 x10°
Count of aerobic mesophilic 50 x 10°
bacteria ’
Count of total Coliform <1.0 x 10°
Count of thermotolerant/ 0
Escherichia coli <1.0x710
Staphylococcus aureus <10 x10°
Count of aerobic mesophilic 5
bacteria 1710
Count of total Coliform <1.0x10°
Count of thermotolerant/ <10 x 10°

Escherichia coli

The genus Monomorium has a worldwide
distribution (Baccaro et al. 2015). Monomorium
floricola and M. pharaonis are known for their
dispersal capacity and for infesting the interior
of buildings (Rando et al. 2009) where they can
transport microorganisms (Maximo et al. 2014).
In this study, M. floricola was frequently found
in school kitchens and canteens.

€20190713 612
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» Figure 1. Correlation between
the number of ant species
sampled in kitchens and
canteens of schools in cities in
the western region of the State
of Santa Catarina and the
counts of S. aureus CFU/mL.
September and October 2016.

Number of ant species

Ants of the genus Dorymyrmex are classified
as generalists (Silvestre et al. 2003) and can carry
microorganisms inside buildings (Maximo et al.
2014). Dorymyrmex brunneus is often found in
urban environments (Feitosa et al. 2015, Lutinski
et al. 2017), and was one of the most frequent in
samples collected in kitchens and canteens in
this study.

Pheidole presented the largest number of
species in the samples. This genus is known for
its great diversity in the Neotropical region. Its
species are considered opportunistic, with a
large capacity for territorial expansion (Bueno
& Bueno 2007). In habitats, species of this genus
take advantage of structural flawslike cracks
and crevices in walls and floors to build their
nests. The transportation of S. aureus, E. coli,
Pseudomonas aeruginosa, S. epidermidis, E.
coli was already described (Costa et al. 2006,
Goncalves et al. 2011).

Ants of the genus Camponotus occur in
environments with structural flaws due to poor
conservation of buildings. In the interior of
buildings, ants of this genus are attracted to
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places with foods (Baccaro et al. 2015, Ogba et
al. 2017), such as kitchens, canteens and places
with the presence of residues. They can act as
carriers of microorganisms such as Enterococcus
sp., Staphylococcus sp. Klebsiella sp., Aeromonas
sp. and E. coli (Lise et al. 2006, Ogba et al. 2017).

Solenopsis ants construct their nests in
parks, gardens, squares, backyards of houses,
preferring places with sunlight incidence.
They are often found in urban environments
where they can infest (Baccaro et al. 2015). Its
presence inside the buildings was associated
with the transportation of bacteria such as
Staphylococcus spp., Bacillus spp., S. epidermidis,
Pseudomonas spp. and Enterobacterium in the
works conducted by Lise et al. (2006), Fontana
et al. (2010), Goncalves et al.(2011) and Simothy
et al. (2018).

The presence of Camponotus,Solenopsisand
Wasmannia Forel 1893 in school environments
deserves attention due to the potential that
some species of these genera have of causing
accidents, discomfort and burning sensation or
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Figure 2. Correlation between
the size of the built area of
the kitchens and canteens
and the count of aerobic
mesophilic bacteria (CFU/

mL) present in the ant species
occurring in schools in the
western region of the State
of Santa Catarina. September
and October 2016.

r=0,7; p=0,016

0 1000 2000 3000

Aerobic mesophilic bactéria

even allergic reactions (Bueno & Bueno 2007),
increasing the risk for the school community.

The occurrence of ants of the genus
Pogonomyrmex inside school environments
may be considered accidental. Ants of this genus
feed mainly on seeds (Feitosa et al. 2015). The
same is valid for the presence of Acromyrmex
in the samples. This ant feeds on fungi, being
rarely found inside the buildings (Bicho et al.
2007). Ants of the genus Brachymyrmex are cited
as rare inside buildings, with limited presence to
external areas and gardens (Oliveira & Campos-
Farinha 2005). The presence of these ants in the
samples can be explained by the food supply
and availability of access found mainly in the
canteen environment.

Dorymyrmex brunneus, Camponotus spp.,
M. floricola, M. pharaonis, N. fulva, Pheidole spp.,
Solenopsis spp. and W. auropunctata stand out
among the species with the potential to carry
pathogenic microorganisms in the studies
already carried out (Lise et al. 2006, Bueno &
Campos-Farinha 1998, Garcia et al. 2011, Castro
et al. 2015). In this study, these species were
associated with the transportation of indicator
microorganisms, such as S. aureus, aerobic
mesophilic bacteria and total coliforms.

4000 5000

Staphylococcus aureus is a bacterium
with sanitary importance Santos et al. (2007)
due to the health risks that it offers and can
cause intestinal disorders (Forsythe 2013). It is
the species of major medical interest because
it is considered the main etiological agent of
community and hospital infections (Fracarolli et
al. 2017).

The human being is its main reservoir, where
it is often found in the skin and nasal tract of
healthy people. From there, they contaminate
the hands (Forsythe 2013) that become a source
of contamination for food when not properly
sanitized. Food poisoning caused by this
microorganism is due to the contamination
of food by the enterotoxins produced by the
bacterium (Puah et al. 2016). These toxins are
thermostable and can remain in the food even
after cooking. In the kitchens and canteens, the
ants can carry S. aureus in the environments
and increase the risk of contamination caused
by this microorganism.

Mesophilic bacteria form a group capable
of multiplying between 10°C and 45°C; the ideal
temperature is around 302C. This group includes
most of the contaminants of food of animal
origin, and can reach high counts when the
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food is left at room temperature. The mesophilic
microorganisms provide information on the
hygienic and sanitary characteristics of the
processing and storage of the product (Vidal-
Martins et al. 2005, Schiraldi & De Rosa 2016). All
foodborne pathogenic bacteria are mesophilic
and a high number of these microorganisms
indicates that food is unhealthy (Landgraf 2008).
Ants can act in the propagation of mesophilic
bacteria and the presence of these insects in
kitchens and canteens can contribute to the
dispersion of these bacteria in the environment
and to the occurrence of contamination.

The presence of bacteria from the coliform
group, whose habitat is the intestinal tract
of humans and other animals, indicates
environmental and fecal contamination of the
product (Motta & Belmont 2000). The number
of total coliforms is used to evaluate the
hygienic conditions, because, when present
in high numbers, they indicate contamination
due to failure in processing, poor cleaning or
insufficient heat treatment (Rossi et al. 2017). In
school kitchens and canteens, ants can carry the
total coliforms and contribute to the dispersion
of these microorganisms in the environment,
compromising local hygiene and food safety.

The E. coli is also an indicator of fecal
contamination. The transmission of E. coli by
ants was identified by Costa et al. (2006) and
Simothy et al. (2018). However, in this study, there
were no counts of thermotolerant coliforms and
E. coli in the analyzed samples.

The microorganisms found in the ant
samples of this study call attention to the risk
of food contamination that the presence of
the ants in the school kitchens represents for
the school community. In the search for food,
the ants forage in different environments,
thus being able to acquire microorganisms in
contaminated sites and disperse them adhered
to their body and where they pass (Pesquero

ANTS AND SANITARY CONDITIONS IN URBAN SCHOOLS

et al. 2008, Simothy et al. 2018). The probability
of a single ant specimen carrying a given
opportunistic and/or pathogenic microorganism
is relatively low; however, the risk increases with
the frequency of ants (Fontana et al. 2010).

Characteristics such as small size and great
mobility, normally traveling in large areas in
search of food, often foraging in contaminated
sites, make ants excellent carriers of pathogenic
microorganisms (Costa et al. 2007, Fontana et
al. 2010, Simothy et al. 2018), which explain the
positive correlation between the area of kitchens
and canteens and the count of mesophilic
bacteria.

Anatomical traits peculiar to the exoskeleton
of ants, such as the occurrence or not of hairs
on the body, length, sculpture of the cuticle, the
number, quality and distribution of the exocrine
glands, could explain the adhesion and survival
of the microorganisms on their body (Fontana
et al. 2010). The particular anatomical and
ecological characteristics of each species may
explain the positive correlation between the
highest number of species and the count of S.
aureus found in this study.

Three groups of indicator microorganisms
were identified in the ant samples: S. aureus,
mesophilic bacteria and total coliforms, and
also, an expressive number of ants circulating
in the school kitchens and canteens. The results
contribute to know the microorganism-carrier
potential of ants at schools and serve as an
alert to managers. The study reaffirms the need
for insect control in schools and biosecurity in
environments where meals are prepared and
distributed.
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