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INTRODUCTION

Abstract. The occurrence of increasing hospital-acquired infections and the reports of the occurrence of
ants in the hospital had become a research focus owing to the exposure of patients and health professionals
to risk associated with insects. The study aimed to evaluate the potential of ants as mechanical vectors of
pathogenic bacteria and assess the antibiotic resistance profile of gram-negative bacilli isolated in selected
Level one hospitals in Davao City. The study utilized a descriptive design. The researcher collected the ant
samples in female, male, and pediatrics wards in the selected Level one hospitals. Afterward, the captured
ant species were immersed in double-strength TSB for bacterial cultivation. After distinct pure colonies
of bacteria were isolated, they were subjected to bacterial identification and antibacterial susceptibility
tests using VITEK 2 Systems. The study's findings suggest that Tapinoma melacephalum, Monomorium
pharaonis and Anoplolepis gracile are mechanical vectors of opportunistic pathogen that commonly cause
hospital-acquired infections. Moreover, two (2) isolates of E. cloacae from T melanocephalum and one (1)
isolate of E. cloacae from M. pharaonis demonstrated multidrug resistance. Further, the results also suggest
the possible poor implementation of sanitation and pest control protocols. The researcher recommends
identifying and profiling gram-positive bacteria and exploring the different hospital areas, including critical
care units, as sampling points.

© 2017 The Author(s). Published by TAF Publishing.

Ants have several mutualistic and parasitic relationships with fungi, bacteria, animals and
plants [1]. Ants usually occupy microbe-rich environment and densely populated colonies
of related individuals and are most susceptible to infection and rapid disease transmission
[2]. The hospital environment is one of the main areas where ants thrive and their pres-
ence can facilitate propagation of pathogenic microorganisms [1]. In addition, the eradica-
tion of urban ants became a complex task due to their fast adaptation to the environment
[3].

With these reports, the occurrence of ants in hospitals has become a research focus
owing to the exposure of patients and health professionals to the risks associated with in-
sects. Since antand bacteria associations have been established in several hospitals world-
wide, this has raised concerns about possible role of ants as disease vectors [3]. A study
conducted by [4] revealed that ant species namely Tapinoma melanocephalon (Fabricus)
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and Camponotus viltatus (Forel) have been identified to be carrying bacterial strains of
coagulase-positive Staphylococcus, coagulase-negative Staphylococcus and gram-negative
bacilli, including antimicrobial drug-resistant strains. Further, studies conducted in hos-
pitals in Brazil have proven the presence of fungi and bacteria in the ant’s teguments [5].
Meanwhile, Staphylococcus aureus, Pseudomonas aeruginosa, coagulase-negative Staphy-
lococci, Klebsiella pneumoniae and Escherichia coli were reported as the most frequent bac-
terial agents involved in hospital-acquired infections [6].

Based on the literature review, ants as disease vectors have yet to be profiled in Asia,
specifically in the Philippines. Moreover, according to [7], ant faunas in the Philippines are
only partly explored.

Considering the ability of ants as vector of bacteria in hospitals, this study aimed to
identify and characterize the presence of bacteria associated with ants and its potential
threat and role in the spread of nosocomial infections. Also, this study aimed to evaluate
the antibiotic resistance profile of gram negative bacilli isolated from ants in selected Level
one hospitals in Davao City, Philippines.

FRAMEWORK

This study was based primarily on the potential of ants as mechanical vector of bacte-
rial disease agents in hospitals [8, 9, 10]. Ants have been identified to carry microorgan-
isms including Staphylococcus, Escherichia, Pseudomonas, Enterobacter, Bacillus, Strepto-
coccus and Klebsiella [11]. Also, according to [3], bacterial species isolated from ants such
as Acinetobacter spp, Streptococcus, Gemella and Klebsiella demonstrated multidrug resis-
tance. According to [6], the agents that were usually involved in hospital-acquired infec-
tions include Streptococcus spp, Acinetobacter spp, enterococci spp, P. aeruginosa, coagulase-
negative staphylococci, S. aureus, B. cereus, Legionella, P. mirabilis, K. pneumoniae, E. coli
and S. marcescens. And all species in this list were isolated from ants. Hence, this study
assessed the potential threat of the presence of ants in the hospital environment and its
role in spreading nosocomial infections.

Statement of the Problem

This study focused on the characterization of isolated gram negative bacilli and their an-
tibiotic resistance profile from ants in selected Level one hospitals in Davao City. The study
also aimed to identify the different species of ants collected from the selected level one hos-
pitals and the different bacterial species isolated from the captured ants.

RESEARCH METHODOLOGY

Research Design

This study employed a descriptive method and qualitative design, where the researcher
prepared ant baits and strategically placed them in the hospital area to survey the differ-
ent ant species that infest the different level 1 hospitals in the setting. The ant species that
were collected from the ant baits were subjected to microbiological tests to isolate, identify
and assess the antibiotic resistance profile of the harbored gram negative bacteria using
the VITEK 2 Systems.

Setting

The study was conducted in two settings. First, the captured ant samples were collected
in three different level 1 hospitals in Davao City. The setting of the study was conducted in
a peri-urban community. Second, the ant samples that were collected from the ant baits
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were transported to the UIC Clinical Laboratory and Training Center where procedures
and tests for isolation and preliminary identification of bacteria were performed. After-
wards, pure culture isolates of bacterial species were transported to Davao Regional Med-
ical Center for confirmatory identification and antibiotic susceptibility testing via VITEK
2 systems testing.

Subjects

This study described and identified the ants that were collected from different level 1 hos-
pitals in Davao City. A sample of each ant type was sent to the Philippine National Museum
for species verification. The study was limited only to the isolation and antibiotic resis-
tance profiling of gram negative bacilli.

Measures

For capturing the ants, an improvised ant collection tool based on the study of [12] was
used. for initially identifying the isolated organism, a conventional method using panel
of biochemical tests as described by [13] was used. For confirming the identification of
the isolated bacteria and assessing their antibiotic resistance profile, pure culture sam-
ples were subjected to VITEK 2 Systems Version 07.01 testing.

Procedures

Ant capture

The study employed a purposive sampling method with samples taken only from three dif-
ferent primary hospitals. The study of [3] and [12] served as the procedural basis of the
collection of ant samples with slight modifications. The collection period was conducted
during the entire month of April 2017. Samples of ants were collected in weekly inter-
vals for three weeks with traps installed between 1 and 3 PM from the selected collection
points of the hospital. The collection points in the primary hospitals were the following:
Male Wards, Female Wards and Pediatrics Wards.

The ants were captured in an aseptic condition in traps which were assembled as fol-
lows: plastic bottles (500ml) were cut in half at the middle of the bottle. Then, the upper
half was turned upside down and placed in the bottom of the half to form a container with
the funnel pointing inward. Each trap contained a non-toxic sterile bait mixture of equal
amounts of autoclaved tuna in oils, pineapple and honey-flavored cake. The selection
of collection points was based on the wards available in the respective primary hospitals.
Moreover, the site of collection with approximately 1 meter diameter was disinfected with
10% Sodium hypochlorite.

After the sample collection, the openings of the ant traps were sealed using a sterile
4 x 4 inch gauze and placed inside a sterile zip lock pack. All samples were labelled appro-
priately with time and area of collection and placed in a suitable box in an upright position
and transported to the laboratory as soon as possible to ensure they are tested on the same
day or at least within 24 hours of collection.

All the baits used in the study were sterilized using an autoclave at 121°C at 15 psi
for 15 minutes. Further, the baits used were subjected to sterility testing. Ant samples
for microbiological analyses were composed of a minimum of 10 individuals from each
morphological ant species collected using sterilized forceps or tweezers and transferred
to vials containing 10 mL of Double Strength Trypticase Soy Broth.
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Ant speciation

During the sample collection, the primary investigator was assisted by an entomologist
to sort and preliminarily identify the captured ant species. Moreover, for further species
identification, 20 individuals from each morphological species were collected and trans-
ferred to vials with 70% ethyl alcohol. Part of the collection was sent to the Philippine
National Museum, Manila, Philippines for ant species verification.

Isolation and identification of bacteria from ants

Ant samples for microbiological analyses were incubated at 36.9 degrees Celsius for 48
hours. After this period, vials without visible bacterial growth were reported as nega-
tive and discarded. Further, tubes with visible growth were transferred to primary plates
namely: MacConkey Agar and Blood Agar. Afterwards, preliminary identification and char-
acterization of bacterial isolates were performed using light microscopy, gram staining,
biochemical tests and manual identification by following the protocol described by [13].
For confirming the identification of bacterial species isolates, pure culture samples of pre-
liminarily identified organisms were subjected to VITEK 2 Systems Version 07.01 testing.

Antibiotic resistance profile
The isolated bacteria were subjected to the different antibiotic panels using VITEK 2 Sys-
tems Version 07.01 based on the EUCAST standards.

DISCUSSION

Based on the results, the ant species, Tapinoma melanocephalum, Monomorium pharao-
nis and Anoplolepis gracilipes are mechanical vectors of opportunistic pathogens. These
findings support the previous studies conducted by [3, 4, 11] that ant species especially
T melanocephalum are vector of pathogenic bacteria such as Staphylococcus spp, Pseu-
domonas spp, Enterobacter spp, Streptococcus spp, Klebsiella spp, and Acinetobacter spp.
Further, the factors that may affect the spread of hospital-acquired infections due to the
presence of ants as mechanical vectors are the following: the sanitation of the hospital,
the type and structural design of the hospital building and the type of ant species involved

[9].

TABLE 1. Ant species isolated from hospital A, B and C in Davao city

Ant Species Week 1 Week 2 Week 3
Hospital A
Female Ward M. pharaonis v v v
Male Ward M. pharaonis v v v
Pedia Ward M. pharaonis v v v
Hospital B
Female Ward T melanocephalum v v none
Male Ward P. longicornis v none none
Pedia Ward A. gracilipes v v none
Hospital C
Female Ward T melanocephalum v X none
M. pharaonis X v none
Male Ward T melanocephalum v v v
Pedia Ward T melanocephalum v none v
Legned: v'=Present x = Absent None = No ant species isolated
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As shown in Table 1 Tapinoma melanocephalum, Monomorium pharaonis, Anoplolepis gra-
cilipes and Paratrechina longicornis were the four (4) different ant species collected from
the selected Level one hospitals. The variation of the type of ant species infestation to
the different hospitals was affected by factors such as the type of food present and envi-
ronment [14]. The most frequent ant species that were isolated from the three Level one
hospitals were T. melanocephalum and M. pharaonis. The increased frequency of these ant
species may be attributed to their characteristic of “invasive ant syndrome” [15]. In ad-
dition, invasive ants are unicolonial. Unicoloniality is considered as the key attribute re-
sponsible for the ecological success of invasive ants. This allows them to obtain advantage
over other species in direct encounters and indirect resource allocation such as foranging
[16]. Further, the capture of these ant species may be attributed to their behavior of being
attracted to sweet foods such as sugars, cakes and syrups that were used as the composi-
tion of the baits used in the study. It was also observed as the common type of food in the
hospital wards. In addition, all the three Level 1 hospitals were observed to be situated
near residential houses and commercial buildings. The increased likelihood of coloniza-
tion of the said ant species can be attributed to their preference of frequently disturbed
habitats according to [17]. Moreover, it was noted that the only ant species collected in
hospital A was M. pharaonis, which nests on light sockets, potted plants and wall cracks or
crevices and was particularly observed to be present in hospital A. Meanwhile, the high-
est isolation of T melanocephalum was in hospital C which nests on the soil, rotten wood,
decaying parts of trees or under bark, in plant cavities, houses and was also particularly
observed to be present in hospital C.

TABLE 2. Bacterial isolates based on ant species collected

Ant Species Gram Negative Bacilli Others

Tapinoma

melanocephalum Acinetobacter baumannii Enterococcus faecalis
Enterobacter cloacae complex Enterococcus cecorum
Klebsiella oxytoca Staphylococcus sciuri
Klebsiella pneumoniae subs. pneumoniae  Bacillus spp
Pseudomonas luteola

Monomorium

pharaonis Acinetobacter lwoffii Staphylococcus xylosus
Enterobacter cloacae complex Bacillus spp.

Anoplolepis gracilipes Bacillus spp.

Paratrechina

longicornis No bacterial species isolated

On the aspect of bacterial isolates per ant species, Table 2 shows that among the 4
ant species, T melanocephalum has the highest number of bacterial species isolated with
a total of 9 different bacterial isolates followed by M. pharaonis with 4 bacterial species
isolates. Noticeably, no bacterial species was isolated from P, longicornis which may be at-
tributed to the presence of metapleural gland, a gland that secretes substances that help
prevent growth of bacterial and fungal spores on the ants and inside their nests [18]. Al-
though the metapleural gland is considered as an important component in ant’s immunity
against microorganisms, some ant species are observed to have lost the gland during their
evolution [19]. The bacterial species Acinetobacter baumanni, Enterobacter cloacae com-
plex, Enterococcus faecalis, Enterococcus cecorum, Klebsiella pneumonie subs. pneumoniae,
Klebsiella oxytoca, Pseudomonas luteola, Staphylococcus sciuri and Bacillus spp, were iso-
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lated from T. melanocephalum. On the other hand, Acinetobacter lwoffii, Enterobacter cloa-
cae complex, Staphylococcus xylosus and Bacillus spp. were isolated from M. pharaonis and
only Bacillus spp. was isolated from A. gracilipes. In addition, according to [20] and [13],
these bacterial isolates were also commonly seen and isolated from hospital environment
including hospital food, respiratory therapy equipment, hospital sink traps, hospital floor
and fomites like bed rails, stainless steel trolleys, door handles etc. These findings support
the study conducted by [3, 4, 11] that T melanocephalum, M. pharaonis and A. gracilipes
act as mechanical vectors of opportunistic pathogens which commonly cause nosocomial
infections. In addition, unicolonial characteristics of T melanocephalum and M. pharao-
nis prevents introduction of new genetic material in the supercolony which results in a
low level of genetic variation which increases the susceptibility of the ant population to
disease. Further, it also increases the contact rates and density of ant individuals which
increases the rates of disease transmission [21].
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FIGURE 1. Antibiotic resistance profile of the gram negative bacilli isolated from ants

Figure 1 shows that nine (9) Gram negative bacilli isolates from Tapinoma melanophalum

and Monomorium pharaonis demonstrated drug resistance to eighteen different antibi-
otic agents. Remarkably, it was noted that seven (7) out of nine (9) isolates were resis-
tant to Ampicillin, six (6) out of nine (9) were resistant to cefazolin and cefoxitin and five
(5) out of nine (9) were resistant to cefaclor and cefalotin. In addition, Table 3 shows

TABLE 3. Antibiotic resistance profile of gram negative bacilli isolates
Non-MDR MDR XDR

Hospital A
Acinetobacter lwoffii 1 0 0
Enterobacter cloacae complex 0 1 0
Hospital B
Klebsiella oxytoca 1 0 0
Hospital C

Acinetobacter baumannii

Enterobacter cloacae complex

Klebsiella pneumoniae subs. pneumoniae
Klebsiella oxytoca

Pseudomonas luteola

I = N = T =
o o o N O
o o o oo
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that among the 9 gram negative bacilli that were isolated, three isolates of Enterobacter
cloacae complex demonstrated multi-drug resistance to drug categories namely penicillin,
penicillin + beta-lactamase inhibitors and Non- extended: cephalosporins; 1st and 2nd
generation cephalosporins according to the European Committee on Antimicrobial Sus-
ceptibility Testing (EUCAST). Notably, among the three E. cloacae complex isolates, one
was isolated from M. pharaonis in hospital A and 2 were isolated from T. melanocephalum
in hospital C. These results are similar to the findings of [3] in which E. agglomerans, E.
amnigenus and E. cloacae isolated from both T. melanocephalum and M. pharaonis demon-
strated multi-drug resistance.

Furthermore, according to the Sanitation Code of the Philippines (P.D. 856) Section
20, all health institutions are mandated to establish pest controls as part of the minimum
requirement for sanitary permit. Yet, the researcher was able to collect 4 different ant
species as shown in Table 1 in the three different Level 1 hospitals which shows successful
ant infestation. This suggests that in spite of the existence and mandate of pest and sani-
tary protocols in the Level 1 hospitals, the presence of ants demonstrates poor implemen-
tation of the hygiene and sanitation standards [22]. Further, poor sanitation of hospital
environments increases the likelihood of bacterial colonization and environmental sur-
face contamination which increases the tendency of ants to become mechanical vectors of
pathogens. As observed in the study conducted by [23], houses that were cleaned before
the ants were collected showed lower bactericidal colonization. Therefore, this demon-
strates that contamination risk due to bacteria can be reduced by using hygienic practices.

CONCLUSION

Based on the findings of the study, it can be concluded that Tapinoma melanocephalum,
Monomorium pharaonis and Anoplolepis gracilipes are mechanical vectors of opportunis-
tic pathogens which commonly cause hospital-acquired infections. Also, ants may harbor
multi-drug resistant organism. Moreover, the results also suggest that there is a poor im-
plementation of sanitation and pest control protocol in spite of existing mandated laws.

RECOMMENDATIONS

1. To profile the antibiotic resistance pattern of bacteria isolated in ants from different
tertiary hospitals with emphasis on including critical care units as sampling points.

2. To consider elucidating linkage between existing policies and guidelines and implemen-
tation of sanitation standards and pest control protocols.
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