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Abstract

The Marikina River in the Philippines is faced with problems caused by urbanization through the indiscriminate discharge of
agricultural and municipal effluents, thus making the river potentially take part in the transmission of antimicrobial resistance
(AR). This study, therefore, focused on determining the concentration and AR profile of Escherichia coli isolated from surface
waters across various river sites. The results showed that the concentration of E. coli from all six sampling sites, including one
within a Philippine-protected landscape, has far exceeded the upper microbial limit for all water body classifications designated
for beneficial use, including Class D water (400 CFU/100 mL). The estimated average E. coli and coliform concentrations from
all sampling sites were 1.9 x 10° CFU/100 mL and 12.0 x 10° CFU/100 mL. Even in a protected area, average concentrations of
E. coli (1.5 x 10° CFU/100 mL) and coliforms (5.6 x 10° CFU/100 mL) were far above the Class A water limit of 100 CFU/100
mL. Moreover, 18.8% and 22.9% of the isolates were classified as multidrug-resistant (MDR) and extended-spectrum beta-
lactamase (ESBL) producers. Some isolates from the most upstream sites exhibited resistance to third-generation cephalospor-
ins. These findings underscore the need for further surveillance, particularly in upstream areas, to better understand how hu-
man activities are contributing to the progression of AR in the river. Such studies are essential to keep authorities and policy-
makers informed and to guide more effective management and remediation efforts.
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INTRODUCTION

When Wawa Dam was constructed on the upper Mariki-
na River, it became Metro Manila's primary water
source from 1909 until its function was supplanted by
Angat Dam in 1970. Despite being replaced, Wawa
Dam still retains the capacity to supply up to 50 million
liters of water per day, a volume that could help allevi-
ate the chronic water shortages affecting Metro Manila
and nearby provinces (Berkman International Inc.,
2015; Santillan et al., 2013). This potential, however, is
tempered by the possible contamination of the dam's
water supply with antibiotic-resistant (AR) fecal bacteria
from surface runoff of nearby human settlements and
small-scale livestock farming (Alawi et al., 2022; Ghosh
& Panigrahi, 2023; lloba et al., 2021; Larsson & Flach,
2022). If Wawa Dam were to be reinstated as a source
of potable water for Metro Manila, the risk of AR bacte-
ria reaching water treatment facilities could increase,
posing a serious public health risk. These bacteria may
survive standard treatment processes, potentially lead-
ing to infections that prove difficult to treat with conven-
tional antibiotics (Dela Pefa et al., 2022; Hasan &
Shakir, 2025; Kundan & Slathia, 2018; Yoneda et al.,
2022). Given the growing threat of AR bacteria, surveil-
lance programs like the Philippines’ Antimicrobial Re-
sistance Surveillance Program (ARSP) have been es-
tablished to monitor resistance trends in human patho-
gens (ARSP, 2023, 2024). However, these programs
predominantly focus on bacteria isolated from clinical
settings, leaving a gap in knowledge about the current
AR profiles of bacteria in water bodies (Cho et al.,
2010; Palmares et al., 2024). To address this gap, the
present study aimed to investigate the concentration of
total coliforms and the AR profiles of Escherichia coli
(E. coliy—a key fecal indicator—at various sites along
the Marikina River, including the Wawa Dam. This re-
search aimed to provide necessary information to pri-
vate water concessionaires and concerned government
agencies to possibly implement mitigation measures,
especially for water bodies designated for multiple ben-
eficial uses.

MATERIALS AND METHODS

Sample collection

The Marikina River, approximately 31 km long, is situat-
ed east of the National Capital Region (Metro Manila).
Six sampling sites located beneath bridges along the
river were selected for this study. These included three
upstream sites (U1, U2, and U3) within Rizal Province,
outside of Metro Manila, and three downstream sites
(D1, D2, and D3) located within Metro Manila, as shown
in Fig. 1. The distance between the most upstream and
the most downstream collection sites is 30 kilometers.
The non-point sources along the river were targeted for

sampling, and site coordinates were approximated us-
ing Google Maps (Fig. 1). At each of the six locations,
four grab water samples (50 mL each) were collected
at depths ranging from 1 to 15 cm, resulting in 24 sam-
ples per batch. The first batch of samples was collected
during the first week of February 2024, and the second
batch in the last week of March 2024, for a total of 48
samples. All water samples were collected in sterile
conical tubes, immediately placed on ice, and trans-
ported for processing within 4 hours of collection.

Microbial quality testing

Each water sample underwent selective isolation of E.
coli and other coliforms using 3M Petrifim E. colil
Coliform Count (EC) Plates (3M Microbiology, St. Paul,
Minnesota), following the manufacturer’s instructions. A
1-mL aliquot of a 20:1000 dilution (prepared with sterile
0.9% saline solution) was dispensed onto the media.
The EC plates were incubated at 37+0.1°C for 482
hours, with a maximum stack of four plates. After incu-
bation, colonies were counted using a colony counter.
Blue colony-forming units (CFUs) associated with gas
bubbles were considered presumptive E. coli, while
both blue and red CFUs with gas bubbles were counted
as total coliforms (Azuma et al., 2022). To calculate
CFUs per mL, colony counts were multiplied by the
dilution factor of 50. For the final CFU count per 100
mL, the results were further multiplied by 100 (Z. Chen
etal., 2017).

Purification of presumptive Escherichia coli colonies

Representative blue colonies with gas bubbles that
grew in EC plates were selected for further identifica-
tion and antimicrobial susceptibility testing (AST). By
isolation streaking, four to five presumptive E. coli colo-
nies were subcultured onto Eosin Methylene Blue
(EMB) agar (HiMedia Laboratories, Mumbai, India).
The EMB agar was then incubated at 37+0.5°C for 24
hours. On EMB agar, presumptive E. coli colonies ap-
peared purple, with or without a green metallic sheen.
By isolation and streaking, four to five well-isolated col-
onies displaying the characteristic green metallic sheen
were then subcultured onto MacConkey (MAC) agar
(HiMedia Laboratories, Mumbai, India). The MAC agar
was then incubated at 37+0.5°C for 18 hrs. On MAC
agar, presumptive colonies of E. coli appeared as pink
colonies with or without a pink halo (Palmares and De
los Reyes, 2016).

Identification and antimicrobial susceptibility
testing

Bacterial suspensions were prepared from presumptive
E. coli colonies on MAC agar by emulsifying the colo-
nies in 0.5% sodium chloride. Using the VITEK Den-
SiCHEK™ (bioMérieux), the turbidity of the bacterial
suspension was adjusted to match the 0.55 McFarland
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Fig. 1. Schematic Diagram of Sampling Points, Collection Sites, and Coordinates. U, upstream, D, downstream

standard. Afterwards, the bacterial suspension and the
VITEK 2 ID-N261 card were placed into the VITEK 2
system (bioMérieux, Durham, NC, USA) for the identifi-
cation of E. coli. Antibiotic susceptibility testing (AST)
was then performed by VITEK 2 using the AST-N261
card with software version 9.03.3, according to the
manufacturer's instructions. The VITEK 2 ESBL
(Extended-Spectrum Beta-Lactamase) test was includ-
ed on the AST-N261 card for E. coli. Isolates were test-
ed with seventeen antibiotics covering seven different
antimicrobial classes or subclasses. This included the
following: a. B-lactams such as: i) Penicillin’s
[amoxicillin/clavulanic acid (AMC), ampicillin (AMP),
and piperacillin/tazobactam (TZP)], ii.) Cephalosporins
[cefepime (FEP), cefoxitin (FOX), ceftazidime (CAZ),
ceftriaxone (CRO), cefuroxime (CXM), and cefuroxime
axetil (CXMA)] and, iii.) Carbapenems [(ertapenem
(ETP), imipenem (IMP), and meropenem (MEM)]; b.
aminoglycosides such as amikacin (AMK) and gentami-
cin (GEN); c. quinolones such as ciprofloxacin (CIP); d.
polymyxin such as colistin (CST), and e. sulfonamides

such as cotrimoxazole (SXT). The isolates were then
classified as resistant, intermediate, or sensitive based
on their minimum inhibitory concentrations (MIC’s) fol-
lowing the CLSI (Clinical and Laboratory Standards
Institute) guidelines (CLSI, 2021). In addition, a Sensi-
titre™ plate (Sensititre™, Thermo Fisher, Dardilly,
France) was used. AST was further determined for
additional five antibiotics covering penicillin [ampicillin/
sulbactam (SAM)], cephalosporins [cefotaxime (CTX),
ceftazidime/avibactam (CZA)], and carbapenems
[imipenem/relebactam (IMIREL), and meropenem/
vaborbactam (MEMV)] for a total of twenty-two antibiot-
ics. The results were interpreted according to the EU-
CAST guidelines (Bonnin et al., 2022; Thermo Fisher
Scientific, 2018).

Calculation of multiple antibiotic resistance indices
The multiple antibiotic resistance (MAR) index of E. coli
was then calculated using the formula: MAR index = a/
b, where ‘a’ refers to the number of antibiotics to which
E. coli showed resistance, and ‘b’ refers to the total
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Table 1. Concentration of Escherichia coli and coliforms according to the site of collection

E. coli CFU/100 mL

Coliform CFU/100 mL

Site Mean + SD (10 Mean + SD (10°)
Ut 02+01 0.1£0.01
u2 15.9 + 3.3 6.6+3.4
u3 32107 159+ 16
D1 18.9+ 6.0 12.6+0.7
D2 17.3+1.3 16.9+ 1.9
D3 28415 19.7 £ 1.1
p value <0.001 <0.001

U 16.1 135 75+6.9
D 215+54 16.4 + 3.3
p value 0.069 <0.001

CFU, colony forming units; D, downstream; NS, not significant; SD, standard deviation; U, upstream

number of antibiotics to which the E. coli was tested
(Titilawo et al., 2015). In addition, the isolates were
further classified according to their AR levels, such as
antibiotic-resistant (AR, if resistant to 1 or 2 antimicrobi-
als); multiple antibiotic-resistant (MAR, if resistant to =3
antimicrobials), and multidrug-resistant (MDR, if re-
sistant to at least one antimicrobial belonging to =3 dif-
ferent classes/subclasses). They were also further de-
termined if they were an ESBL producer (ARSP, 2023;
Ham et al., 2012).

Data analysis

The association between collection sites and the isola-
tion frequencies of ESBL, MAR, and MDR E. coli and
the differences in E. coli and coliform concentrations
among the sites were analyzed using SPSS version
28.0 (SPSS Inc., Chicago, IL, USA). Fisher's exact test
was employed for categorical data, while T-Test or
ANOVA was used to compare group means. If ANOVA
indicated significant differences, Tukey’s post-hoc test
was performed for further comparison. A p-value of
<0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Coliform and Escherichia coli concentrations from
the water samples

Water samples from the six sites had an estimated av-
erage E. coli and coliform concentrations of 1.9 x 10°
CFU/100 mL and 12.0 x 10° CFU/100 mL, respectively.
E. coli and coliform concentrations from each sampling
site are shown in Table 1. Post-hoc comparisons re-
vealed that E. coli concentrations at site U3 (32.1 x 10*
CFU/100 mL) were significantly higher than all the oth-
er sites (p<0.001). In contrast, site U1 (0.2 x 10*
CFU/100 mL) has a significantly lower E. coli concen-
tration than all the other sampling sites (p<0.001). This
is attributed to U1's surroundings, which remain largely
forested and sparsely inhabited, resulting in less fecal
contamination than other sites with dense populations
and commercial developments (Berkman International

Inc., 2015). Nonetheless, all of the sampling sites
(including U1) have far exceeded the upper microbial
limit of 100, 200, and 400 CFU/100 mL of E. coli for
Class B (primary contact recreation), Class C (fishery,
non-contact recreation, industrial), and Class D
(navigable) water, respectively (DENR, 2015, 2016;
EPA, 2012; “Guidelines on Recreational Water Quality.
Volume 1: Coastal and Fresh Waters. Geneva:,” 2021).
Despite the claims for Wawa Dam as a potential addi-
tional water source for Metro Manila, its current microbi-
al quality is poor due to fecal pollution from nearby live-
stock farms and informal settlers, rendering it unsuita-
ble for beneficial use (Clemente, 2020). There was no
significant difference in E. coli concentrations between
upstream and downstream sites (16.1 x 10* CFU/mL vs.
21.5 x 10* CFU/mL, p = 0.069). This lack of distinction
was mainly due to the very high E. coli concentrations
observed at the urbanized U2 and U3 sites.
Antimicrobial susceptibility profile of Escherichia
coli

Antimicrobial susceptibility testing (AST) was performed
on 48 E. coli isolates. The antibiotics with the highest
resistance rates were AMP at 54.2%, SXT at 27.1%,
CXMA/CXM at 22.9%, CRO at 22.9%, and CIP at
20.8% (see Fig. 2). However, all isolates were fully sus-
ceptible to 10 other antibiotics from five different clas-
ses or subclasses, including penicillins (TZP, SAM),
cephalosporins (FEP), carbapenems (ETP, IMP, MEM,
IMIREL, MEMV), polymyxins (CST), and aminoglyco-
sides (AMK), and thus were not included in Fig. 2. The
ranking of resistance rates was similar to the data from
the 2023 Antimicrobial Resistance Surveillance Pro-
gram (ARSP) of the Department of Health (DOH), Phil-
ippines (ARSP, 2023, 2024). Based on their data for E.
coli with commonly used oral agents, the highest re-
sistance rates were also with AMP (78%), SXT (56%),
CIP (43%), CXM (42%) and CRO (37%) (ARSP, 2023,
2024). The higher resistance rates in clinical isolates
are attributed to the greater selective pressure they
face from patients treated with broad-spectrum antibiot-
ics (Collignon & McEwen, 2019; Rousham et al., 2018).
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Table 2. Frequencies and percentage of antimicrobial resistance (AMR) profiles

Frequency (Percent, %)

Result FS AR MAR MDR ESBL
Positive 11 (22.9) 22 (45.8) 15 (31.3) 9 (18.8) 11 (22.9)
Negative 37 (77.1) 26 (54.2) 33 (68.7) 39 (81.2) 37 77.1)

AR, antibiotic-resistant; ESBL, extended spectrum beta-lactamase producer; FS, fully susceptible; MAR, multiple antibiotic resistant;

MDR, multidrug resistant
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Fig. 2. Antibiotic resistance profile of E. coli from water sa
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Nonetheless, MAR and MDR E. coli were observed in
the water samples, with 31.1% and 18.8% of isolates,
respectively (Table 2). Given the high coliform and E.
coli concentrations, it is likely that many AR isolates
originated from human and animal waste through sew-
age discharge from nearby urban communities and
medical facilities rather than from naturally occurring
antibiotics produced by microorganisms (Ancheta,
2021; Chen et al., 2023; Essert et al., 2023; Larsson
and Flach, 2022; Suzuki et al., 2020).

Frequency of antibiotic-resistant (AR), multiple an-
tibiotic-resistant (MAR), multidrug-resistant (MDR),
and extended-spectrum beta-lactamase (ESBL)
Escherichia coli

Among the 48 isolates tested, only 11 (22.9%) were
fully susceptible (FS) to all antibiotics, while 22 (45.8%)
were AR, 15 (31.3%) were MAR, 9 (18.8%) were MDR,

CZA, ceftazidime/avibactam; CAZ, ceftazidime; and GEN,

Comparing our results to a study by Vital et al. (2017),
which examined E. coli isolates from irrigation water in
Bulacan (a neighboring province), 58.2% of their iso-
lates were MDR and 1.3% were FS, showing a 39%
higher MDR, and 21.6% more FS isolates than in our
study (Vital et al., 2017). Moreover, Vital et al. (2018)
reported a MAR prevalence of only 25.3% in E. coli
from Metro Manila irrigation water, 6% lower than our
findings (Vital et al., 2018). This discrepancy may be
explained by the fact that their study tested only 9 anti-
biotics, compared to the 22 used in ours. Regardless,
despite local laws, ordinances, and public awareness
campaigns on sanitation, the concentration of E. coli in
the Marikina River remains extremely high. Wastewater

Table 3. Frequency of multiple antibiotic-resistant (MAR),
multidrug-resistant (MDR), and extended-spectrum beta-
lactamase (ESBL) Escherichia coli by the site of collec-
tion

and 11 (22.9%) were ESBL producers (see Table 2).
Six isolates had a MAR index of 20.2, with 3, 1, and 2

Frequency per site, n = 24

isolates coming from sites U3, D1, and D3, respective-
ly. However, there was no significant association be-
tween AR patterns and collection sites (P 20.461)

Result Upstream Downstream p value
MAR 7 8 0.755
MDR 3 6 0.461
ESBL 7 4 0.494

(Table 3). This could be attributed to the similar AR
profiles of E. coli from wastewater affecting both up-
stream and downstream locations (Azzam et al., 2017).

ESBL, extended-spectrum beta-lactamase producer; MAR, mul-
tiple antibiotic resistant; MDR, multidrug resistant; n, sample size
per site
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discharge continues to degrade the river's quality, likely
contributing to the persistence of MDR E. coli (Bringula
et al., 2015). Notably, two 2 E. coli isolates from the U1
site were resistant towards a second (CRO) and third
(CXM) generation cephalosporin and were classified as
MDR and ESBL producers. This resistance may be
linked to agricultural activity, particularly to the small-
scale hog and poultry farms in upland areas (Berkman
International Inc., 2015). Thus, increased surveillance
in upstream sites may be necessary to assess how the
human settlements and local farming practices in the
area influence the development of AR.

Limitations of the study

Despite the results, the study’s limited two-month sam-
pling period (February and March 2024) may overlook
seasonal variations and temperature influence on anti-
biotic resistance (AR) and microbial concentrations. For
instance, rainy seasons may increase runoff, altering
bacterial loads and resistance profiles. Thus, data from
other seasons, such as the rainy season, is needed to
capture year-round fluctuations (Jiang et al., 2021;
Liang et al., 2020). Furthermore, the study’s sampling
was limited to six sites along the Marikina River. This
restricted geographic scope may introduce bias, as it
might not reflect other sites along the river with different
pollution levels, potentially overestimating the preva-
lence of MDR and ESBL isolates. Local factors like the
density of informal settlements and hospital wastewater
could skew the results; thus, a more extensive special
coverage would offer a more complete picture of antibi-
otic resistance (Quintela-Baluja et al., 2019; Wang et
al., 2020; Zheng et al., 2021). Finally, sampling at shal-
low depths (1 to 15 cm) may not capture the full range
of microbial activity, potentially missing AR bacteria at
greater depths and leading to an incomplete under-
standing of their distribution (Fu et al., 2022; Zhang et
al., 2022).

Conclusion

The study's findings revealed that even in the relatively
isolated and sparsely populated forested regions along
the Marikina River, surface waters contain alarmingly
high concentrations of MAR and extended- ESBL-
producing E. coli. This indicated that these remote,
seemingly pristine areas around Wawa Dam may still
serve as reservoirs for AR bacteria, posing a potential
public health risk. Suppose water from this source were
to be used directly for Metro Manila's supply; in that
case, there is a real risk of introducing AR E. coli into
water treatment facilities managed by private conces-
sionaires and other providers. This could potentially
lead to the spread of AR bacteria within the broader
water distribution network. To mitigate these risks, it is
crucial to investigate further the spatial and temporal

distribution of AR E. coli in the most upstream regions.
Such research could offer deeper insights that may
prompt policymakers to regulate and limit human activi-
ties in these areas while implementing remediation ef-
forts to protect water sources from the upper reaches of
the Marikina River.
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