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Abstract. Increasing resistance of Escherichia coli to antimicrobial agents has been a growing problem
as it compromises antibiotic efficacy in treating infections caused by this potentially pathogenic bacteria.
Antibiotic-resistant strains of this bacterial species are readily acquired through water sources. This
study was conducted to test antibiotic sensitivity of E. coli isolated from local alternative water supplies
such as water hand pumps that provide water for domestic demands. E. coli was isolated from the water
samples collected from 50 water hand pumps in selected areas in six barangays in lligan City,
Philippines. The bacterial samples were tested for their phenotypic sensitivity against four antibiotics:
amoxicillin (25 pg), cefoxitin (30 pg), ciprofloxacin (5 pg), and gentamicin (10 pg). The E. coli isolates
were most susceptible to ciprofloxacin with non-resistance percentage at 35%. It was also towards this
antibiotic that most number of the isolates (29/100) had displayed intermediate resistance. Amoxicillin
had shown the least efficacy against E. coli as exhibited by 96% non-susceptible isolates. Fifty-one
percent of the tested bacteria demonstrated multiple drug resistance to at least three of the antibiotics.
Results indicate the presence of antibiotic-resistant and multiple drug-resistant E. coli in the water
supplies used by the local communities for domestic activities.
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Introduction. Escherichia coli is part of the normal flora of human and animal fecal
matter which may contaminate soil and water (Mos et al 2010). E. coli in water sources is
accountable for disease outbreaks (CNN Library 2013; Thenmozhi 2010; Craun et al
2006) and mortality worldwide in recent years. Infection with this bacteria may be
transmitted through accidental ingestion or deliberate consumption and direct contact
with E. coli-contaminated water. Although most E. coli strains are harmless, some are
pathogenic and can cause diseases (Li et al 2012) such as diarrhea, urinary tract
infections, respiratory problems, and even life-threatening bloodstream illnesses (Centers
for Disease Control and Prevention 2013) among others as new pathogenic strains of
these bacteria have been emerging. E. coli’'s escalating resistance over the past years
(Igbal et al 2002) is becoming a problem as it renders infections more difficult to treat,
compromising efficiency of present therapeutic remedies (Patoli et al 2010). These drug-
resistant E. coli strains are easily acquired via water sources (Collignon 2009) as water
ecosystems are known reservoir for antibiotic-resistant bacteria and antibiotic resistance
genes, which may transmit resistance to opportunistic pathogens (Xi et al 2009), such as
E. coli bacteria.

In lligan City, Philippines, water hand pumps are used as alternative water
sources in areas where residents lack access to or have insufficient supply of water from
the city’s water distribution system. The water from the hand pumps is used for drinking,
cooking, personal hygiene, household sanitation practices, and other domestic activities.
Despite these varied and vital uses of water inside the homes, there is lack of information
on the antibiotic profiles of isolated E. coli strains from this type of water supply. A local
surveillance would just be important to determine the antibiotic sensitivity of potentially-
pathogenic bacteria detected in the domestic water sources. This study was conducted to
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examine the antibacterial agent susceptibility of E. coli isolated from these local
alternative water sources supplying water for household needs.

Materials and Methods

Bacterial strains. E. coli was isolated from water samples collected from 50 water hand
pumps in six selected areas in lligan City, Philippines, namely: Barangays Hinaplanon,
Sta. Filomena, Luinab, Upper Hinaplanon, San Roque, and Bagong Silang. Water samples
were collected in January to April 2013. Bacterial identity was confirmed through cultural
characterization, Gram staining and microscopy, and biochemical testing (Adejuwon et al
2011).

Antibiotic sensitivity testing. Antibiotic sensitivity testing was done on 100 E. coli
isolates from the water samples, employing the disk diffusion technique (Ravi et al
2010), specifically Kirby-Bauer disk diffusion test to determine bacterial antibiotic
susceptibility profiles. Bacterial suspensions of 24-hour old E. coli isolates were prepared
based on 0.5 McFarland turbidity standard (1.5x10°® bacterial cells/mL). Bacterial
suspensions were swab-streaked and allowed to grow on Mueller Hinton Agar (MHA)
plates where the standard antibiotic disks, specifically amoxicillin (25 pg), cefoxitin (30
Hg), ciprofloxacin (5 pg), and gentamicin (10 ug) and a blank paper disk pipetted with
10-puL sterile distilled water serving as the negative control were aseptically placed at an
even distance from each other. These antibiotics were chosen to represent various
antibiotic groups. Amoxicillin, one of the oldest and regularly used antibiotic, belongs to
the penicillin group while cefoxitin is a second-generation cephalosporin. Both antibiotic
groups subsequently belong to the beta-lactam drug family whereas ciprofloxacin and
gentamicin are second-generation fluoroquinolone and aminoglycoside drugs,
respectively. All these antibiotics are readily available and widely used against a broad
spectrum of human diseases including those infections caused by E. coli. After incubation
of the MHA plates, zones of inhibition were measured and E. coli isolates were
categorized as resistant, intermediate resistant, or susceptible to a particular antibiotic
based on the Clinical Laboratory Standard Institute (CLSI) standard zone diameter
interpretation chart (Hudzicki 2013).

Results and Discussion. Figure 1 shows that the E. coli isolates were most susceptible
to ciprofloxacin as they had the lowest resistance percentage (36%) indicating that this
antibiotic is the most efficient among the four antimicrobial agents used in this study.
Ciprofloxacin also had the highest number (29/100) of isolates exhibiting intermediate
resistance, which implied possible non-susceptibility by this bacteria at forthcoming time
to this antibacterial agent.
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Figure 1. Percentage of E. coli isolates showing sensitivity towards each of the four antibiotics.
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Eapen et al (2005) and Middleton & Ambrose (2005) reported that ciprofloxacin is the
most effective antibiotic versus Gram-negative microorganisms isolated from stool and
urine samples and against E. coli (100%) detected from fecal matter of Canada geese
(Branta canadensis). One hundred percent sensitivity to this antibiotic was also observed
in E. coli from different water sources in Kashmir, India (Rather et al 2013) and in Aleltu
neighborhood of Kelala district in South Wollo Administrative Zone, Northeast Ethiopia
(Bahiru et al 2013).

The amoxicillin antibiotic showed no efficacy in inhibiting most of the isolates’
growth as was demonstrated by the lack of zone of inhibition in 96% of the tested E. coli.
This high percentage of amoxicillin non-susceptibility was similar to the findings of a local
research study conducted by Nufieza et al (2012), which showed that all 26 (100%) E.
coli isolates from fecal samples of children aged under five years old with diarrhea were
resistant to the antibiotic. In a study by Nazir et al (2005), however, 50% of E. coli from
different water samples remained susceptible to this antibiotic. High resistance of E. coli
isolated from aquatic environment to amoxicillin was also reported in the study by Bahiru
et al (2013) wherein non-susceptibility to the bactericidal agent was exhibited by 100%
of the isolates, much higher than what was previously reported in Ethiopia.

This low efficiency of amoxicillin in eradicating E. coli growth could be attributed to
its widespread and recurring use both in hospital and community settings against a wide
array of diseases. Amoxicillin is one of the oldest but still most commonly prescribed
antibiotics worldwide. Even without physician’s prescription, over-the-counter services
have led to the increase in the use (Wood 1999) abuse and misuse of medicines (Cooper
2013). Marliére et al (2000) reported that amoxicillin is the most regularly used
antibiotic in the Brazilian households. Surveillance data have shown that E. coli resistance
is considerably highest for those antibiotics that are used for the longest time among
humans and animals (Tadesse et al 2012). With no strict regulations for over-the-counter
drugs and high level of inappropriate and irrational use of amoxicillin (Elsiddi 2010), high
bacterial resistance rate against this antibacterial agent would be likely. Amoxicillin is a
semi-synthetic derivative of the misused antibiotic penicillin (Derderian 2007).

The second most effective antibiotic was cefoxitin having maximum efficacy to
59% of the tested microorganisms. Gentamicin was the third most effective with 63%
non-resistant isolates. None of the isolates showed sensitivity towards distilled water.
Detection of these antibiotic resistant strains of E. coli may challenge the safety of using
the domestic water sources not only at present but in the future as well. E. coli isolates
collected in a London teaching hospital from the years 1995 to 2000 were analyzed for
their antibiotic sensitivity in a study by Shannon & French (2004) and it was revealed
that resistance of the isolated bacteria towards amoxicillin, cefuroxime (a second-
generation cephalosporin like cefoxitin), gentamicin, and ciprofloxacin was increasing
annually. Compounding the problem is the widespread misuse of various antibiotics in the
Philippines, which if not regulated may cause the emergence of more potent
antimicrobial-resistant strains of the bacteria.

Overall, 96% of the E. coli isolates have shown resistance towards at least one of
the antibiotics used. Multidrug resistance in this study is defined as non-susceptibility to
more than two (Bahiru et al 2013; Bean et al 2008; Igbal et al 2002) of the four
antibiotics. Only 4% of the E. coli isolates have shown susceptibility to all four antibiotics
(Table 1). Eighteen E. coli strains were non-susceptible to only one antibiotic, all were
resistant towards amoxicillin. Multidrug resistance (Figure 2) was exhibited by 51 of the
100 isolates: 23 are nonsusceptible to three antibiotics and 28 (55%) have shown
resistance to all four. The occurrence of these multidrug-resistant E. coli strains in the
water supplies may cause transmission of resistance genes to other bacteria present in
the water sources (Patoli et al 2010; Xi et al 2009).
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Table 1
Percentage of E. coli isolates showing resistance to multiple antibiotics

Resistance to antibiotics Percentage of isolates
Resistance to none of the antibiotics 4%
Resistance to 1 antibiotic 18%
Resistance to 2 antibiotics 27%
Resistance to 3 antibiotics* 23%
Resistance to 4 antibiotics* 28%

*considered multiple drug resistance.

Figure 2. Representative E. coli isolate displaying multidrug resistance
(A-Amoxicillin, B-Cefoxitin, C-Ciprofloxacin, D-Gentamicin, E-distilled water).

Conclusions. Antibiotic-resistant E. coli and multiple drug non-susceptible strains are
present in the water samples from water hand pumps in selected areas in lligan City,
Philippines. Detection of these strains in water sources signals the need for further local
and national surveillance on the presence of these bacteria in the domestic water
supplies. This is a cause of concern for the communities and health agencies, particularly
in the utilization of water from hand pumps.

Acknowledgements. The authors would like to thank the DOST-ASTHRDP for the
financial support and the MSU-Illigan Institute of Technology for the use of laboratory
facilities.

AES Bioflux, 2014, Volume 6, Issue 1. 4
http://www.aes.bioflux.com.ro



References

Adejuwon A. O., Bisi-Johnson M. A., Agboola O. A., Fadeyi B. O., Adejawon A. O., 2011
Antibiotics sensitivity patterns of Escherichia coli and Aerobacter aerogenes isolated
from well water in lle-Ife, Nigeria. International Journal of Medicine and Medical
Sciences 3(5):155-160.

Bahiru A. A., Emire S. A., Ayele A. K., 2013 The prevalence of antibiotic resistant
Escherichia coli isolates from fecal and water sources. Academia Journal of
Microbiology Research 1(1):001-010.

Bean D. C., Krahe D., Wareham D. W., 2008 Antimicrobial resistance in community and
nosocomial Escherichia coli urinary tract isolates, London 2005-2006. Annals of
Clinical Microbiology and Antimicrobials 7:13.

Centers for Disease Control and Prevention, 2013 E. coli infection and food safety.
Retrieved from http://www.cdc.gov/features/ecoliinfection/ [Date Accessed:
10.10.2013].

Collignon P., 2009 Resistant Escherichia coli — we are what we eat. Clinical Infectious
Diseases 49(2):202-204.

Cooper R. J., 2013 Over-the-counter medicine abuse — a review of the literature. J Subst
Use 18(2):82-107.

Craun M. F., Craun G. F., Calderon R. L., Beach M. J., 2006 Waterborne outbreaks
reported in the United States. J Wat Health 4(2):19-30.

CNN Library, 2013 E. coli outbreaks fast facts. CNN. Retrieved from
http://edition.cnn.com/2013/06/28/health/e-coli-outbreaks-fast-facts/index.html
[Date Accessed: 10.01.2013].

Derderian S. L., 2007 Alexander Fleming’s miraculous discovery of Penicillin. Rivier
Academic Journal 3(2):1-5.

Eapen B. R., Srinivasan M., Bhas G., 2005 Antibiotic sensitivity profile of common
bacterial pathogens in Dubai — a study of 107 cases. Middle East Journal of Family
Medicine 3(4):28-32.

Elsiddi H. A. A., 2010 Irrational use of antibiotics among people residing in Almamoura.
Sudanese Journal of Public Health 5(1):50-53.

Hudzicki J., 2013 Kirby-Bauer disc diffusion susceptibility test protocol. American Society
for Microbiology Microbe Library. Downloaded from
http://www.microbelibrary.org/component/resource/laboratory-test/3189-kirby-
bauer-disk-diffusion-susceptibility-test-protocol [Date Accessed: 09.29.2013].

Igbal M., Patel I. K., Shah S. H., Ain Q., Barney N., Kiani Q., Rabbani K. Z., Zaidi G.,
Mehdi B., 2002 Susceptibility patterns of Escherichia coli: prevalence of multidrug-
resistant isolates and extended spectrum beta-lactamase phenotype. Journal of
Pakistan Medical Association 52(9):407-411.

Li T., Pu F., Yang R., Fang X., Wang J., Guo Y., Chang D., Su L., Guo N., Jiang X., Zhao
J., Liu C., 2012 Draft genome sequence of Escherichia coli LCT-EC106. Journal of
Bacteriology 194(16):4443-4444.

Marliere G. L. L., Ferraz M. B., Quirino dos Santos J., 2000 Antibiotic consumption
patterns and drug leftovers in 6000 Brazilian households. Advances in Therapy
17(1):32-44.

Middleton J. H., Ambrose A., 2005 Enumeration and antibiotic resistance patterns of fecal
indicator organisms isolated from migratory Canada geese (Branta canadensis). J
Wildl Dis 41(2):334-341.

Mos I., Micle 0., Zdranca M., Muresan M., Vicas L., 2010 Antibiotic sensitivity of the
Escherichia coli strains isolated from infected skin wounds. Farmacia 58(5):637-
645.

Nazir K. H. M. N. H., Rahman M. B., Nasiruddin K. M., Akhtar F., Khan M. F. R., Islam M.
S., 2005 Antibiotic sensitivity of Escherichia coli isolated from water and its relation
with plasmid profile analysis. Pakistan Journal of Biological Sciences 8(11):1610-
1613.

AES Bioflux, 2014, Volume 6, Issue 1. 5
http://www.aes.bioflux.com.ro



Nufieza K. J. M., Abella M. D. M., Lahoylahoy-Maratas L. D., 2012 Antibiotic phenotypic
profiles of fecal Escherichia coli from institutionalized pediatric patients of Mindanao
Sanitarium Hospital, lligan City. Research Paper (unpublished). Mindanao State
University-lligan Institute of Technology Integrated Developmental School.

Patoli A. A., Patoli B. B., Mehraj V., 2010 High prevalence of multi-drug resistance
Escherichia coli in drinking water samples from Hyderabad. Gomal Journal of
Medical Sciences 8(1):23-26.

Rather T. A., Hussain S. A., Bhat S. A., Shah S. N., Arshid S., Shahnawaz M., 2013
Antibiotic sensitivity of E. coli and Salmonella isolated from different water sources
in Kashmir, India. Comp Clin Pathol 22:729-731.

Ravi V., Kesavan K., Sandhya S., Rajagopal S., 2010 Antibacterial activity of the mucus
of mudskipper Boleophthalmus boddarti (Pallas, 1770) from Vellar Estuary. AES
Bioflux 2(1):11-14.

Shannon K. P., French G. L., 2004 Increasing resistance to antimicrobial agents of Gram-
negative organisms isolated at a London teaching hospital, 1995-2000. Journal of
Antimicrobial Chemotherapy 53(5):818-825.

Tadesse D. A., Zhao S., Tong E., Ayers S., Singh A., Bartholomew M. J., McDermott P. F.,
2012 Antimicrobial drug resistance in Escherichia coli from humans and food
animals, United States, 1950-2002. Emerg Infect Dis 18(5):741-749.

Thenmozhi M., 2010 Isolation of potentially pathogenic Escherichia coli O157:H7 from the
water sources. International Journal of Pharma and Bio Sciences 1(4):B84-B88.
Wood M. J., 1999 Over-the-counter antibiotics. Journal of Antimicrobial Chemotherapy

44(2):149-150.

Xi C., Zhang Y., Marrs C. F., Ye W., Simon C., Foxman B., Nriagu J., 2009 Prevalence of
antibiotic resistance in drinking water treatment and distribution systems. Applied
and Environmental Microbiology 75(17):5714-5718.

Received: 15 October 2013. Accepted: 17 November 2013. Published online: 25 November 2013.

Authors:

Lady Jane C. Fanuncio, Department of Biological Sciences, College of Science and Mathematics, Mindanao State
University — lligan Institute of Technology, A. Bonifacio Ave., lligan City, 9200, Philippines, e-mail:
ladyjanefanuncio@yahoo.com

Olga M. Nuneza, Department of Biological Sciences, College of Science and Mathematics, Mindanao State
University — lligan Institute of Technology, A. Bonifacio Ave., lligan City, 9200, Philippines, e-mail:
olgamnuneza@yahoo.com

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Fanuncio L. J. C., Nuneza O. M., 2014 Antibiotic sensitivity profile of Escherichia coli in water samples from
water hand pumps in selected areas in lligan City, Philippines. AES Bioflux 6(1):1-6.

AES Bioflux, 2014, Volume 6, Issue 1. 6
http://www.aes.bioflux.com.ro



