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ABSTRACT

This study analyzed the microbiological quality of drinking and source water from three First Nations communities in
Manitoba, Canada that vary with respect to the source, storage and distribution of drinking water. Community A relies on
an aquifer and Community B on a lake as source water to their water treatment plants. Community C does not have a water
treatment plant and uses well water. Quantification of free residual chlorine and fecal bacterial (E. coli and coliforms), as
well as detection of antibiotic resistance genes (sul, ampC, tet(A), mecA, vanA, blaSHV, blaTEM, blaCTX-M, blaOXA-1, blaCYM-2, blaKPC,
blaOXA-48, blaNDM, blaVIM, blaGES and blaIMP) was carried out. While water treatment plants were found to be working properly,
as post-treatment water did not contain E. coli or coliforms, once water entered the distribution system, a decline in the
chlorine concentration with a concomitant increase in bacterial counts was observed. In particular, water samples from
cisterns not only contained high number of E. coli and coliforms, but were also found to contain antibiotic resistance genes.
This work shows that proper maintenance of the distribution and storage systems in First Nations communities is essential
in order to provide access to clean and safe drinking water.
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INTRODUCTION

Access to clean drinking water is one of the most impor-
tant determinants of human health (World Health Organiza-
tion 2011). Consumption of polluted drinking water can result
in waterborne infectious diseases, such as gastroenteritis, which
has been shown to affect thousands of people, and sometimes

lead to death (Mac Kenzie et al. 1994; Leclerc, Schwartzbrod and
Dei-Cas 2002). In urban areas of Canada, people have access to
clean and plentiful drinking water because of advanced water
treatment technologies, sufficient water operator knowledge
and access to land management decision-making. However,
many residents living on First Nation reserves lack drinking
water security, in part because of unacceptable levels of fecal
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Table 1. The description of water samples collected in this study.

Community Sample size and description

Community A A-WTP: finished water at WTP
A-Tr1 and A-Tr2: water samples collected from water truck 1 and water truck 2
A-P1 to A-P6: water samples collected from six pipeline homes, A-P1 to A-P6 are listed in the order of closest to
further away from the WTP
A-C1 to A-C5: water samples collected from five cistern (aboveground) homes
A-W1 to A-W6: water samples collected from six well homes

Community B B-WTP: finished water at WTP
B-Tr water: water samples collected from water truck 1 and water truck 2
B-P1 to B-P6: water samples collected from six pipeline homes, B-P1 to B-P6 are listed in the order of closest to
further away from the WTP
B-C1 to B-C7: water samples collected from seven cistern (underground) homes

Community C C-Tr: water samples collected from the water truck
C-SW1 to C-SW5: water samples collected from five shared well water
C-PW1 to C-PW5: water samples collected from five private well water
C-C1 to C-C5: water samples collected from five cistern (underground) homes

bacteria in treated water and drinking water supplies (Patrick
2011).

Chlorination inactivates bacteria and is commonly used to
treat water (Cutler and Miller 2005). In order to prevent bacterial
regrowth when water is distributed from the treatment plant
to the homes, the free residual chlorine concentration in the
water distribution systems must remain ≥0.2 mg/L (LeCheval-
lier, Welch and Smith 1996). The U.S. Environmental Protection
Agency (EPA) Surface Water Treatment Rule requires a minimum
disinfectant residual of 0.2 mg/L for water entering the distri-
bution system (EPA 2002). Free chlorine concentrations in most
Canadian drinking water distribution systems range from 0.04
to 2.0 mg/L (Health Canada 2017). In a recent study from a fly-
in community in Manitoba, water samples obtained from the
water truck and in homes with cisterns all showed free residual
chlorine concentrations <0.2 mg/L and unacceptable levels of E.
coli (1 to 2100 CFUs/100 mL) (Farenhorst et al. 2017). In this com-
munity that relies on a lake as their source water to the water
treatment plant (WTP), the water in the cisterns also contained
antibiotic resistance genes (ARGs) (Fernando et al. 2016).

ARGs are present in low amounts in various natural envi-
ronments (Martı́nez 2008). While human activity is an impor-
tant selection pressure, some bacterial species are intrinsically
resistant to antibiotics as seen in instances where ARGs have
been reported in environments not impacted by human activity
(D’Costa et al. 2006; Bhullar et al. 2012). Surface waters such as
lakes and rivers can be an important reservoirs of ARGs (Marti,
Variatza and Balcazar 2014). ARGs can enter surface waters
through point-sources such as the discharge of municipal and
aquacultural wastes, and through non-point sources such as
urban and agricultural runoff (Marti, Variatza and Balcazar 2014).
Because lake and river water is used as source water for drink-
ing WTPs, ARGs can enter drinking water distribution systems
when WTP does not remove them completely (Guo et al. 2014; Su
et al. 2018).

Given that we detected fecal bacteria and ARGs in the tap
water of cistern homes in a fly-in First Nation community in
Manitoba, Canada (Fernando et al. 2016; Farenhorst et al. 2017),
the purpose of this study was to examine such water quality
parameters in a broader range of First Nation households and
communities in Manitoba, Canada.

MATERIALS AND METHODS

Water distribution systems and sample collection

A total of 92 water samples were collected across the water dis-
tribution systems of three First Nation reserves (Table 1) with
two sampling rounds per community. These communities are
distinct from our previously published work (Fernando et al.
2016). All samples were collected between July and November
2016. The sampling points along the drinking water distribu-
tion system in each community are illustrated in Figure 1. Com-
munity A utilizes an aquifer for its source water that is pro-
cessed through a membrane reverse-osmosis water treatment
system and disinfected using chlorine. There are more than
300 homes in community A with the majority of homes receiv-
ing well water, and the remaining homes using piped water or
aboveground polyethylene cisterns stored in insulated shelters.
Community B utilizes lake water that is processed through a
conventional water treatment system equipped with a reverse
osmosis system and disinfected using chlorine. There are more
than 200 homes in community B with about 30% of the homes
receiving piped water and 70% of the homes using underground
cisterns made of concrete or polyethylene. In both communi-
ties A and B, a water truck is filled at the WTP to deliver water
to the cisterns. Community C has more than 100 homes and no
drinking WTP. Most homes (66%) have individual wells (not chlo-
rinated), while 28% of homes use public wells (2–3 households
per well, not chlorinated) and 6% of homes use underground cis-
terns made of concrete or polyethylene. The wells in Community
C are drilled wells. The water truck is filled up at a public well
and the water is chlorinated in the truck prior to filling the cis-
tern at homes. A typical household cistern in these communities
holds 5500–7500 litres of water.

Sampling was done following standard method SM 9060A for
sample bottle pre-treatment and SM 9060B for sample preserva-
tion and storage as described (Rice et al. 2012). Water samples
were transported in coolers with icepacks to the University of
Manitoba on the same day as the samples were collected and
immediately processed upon arrival for bacterial count. DNA
extraction was carried out the following day. Communities were
located between 200 and 400 km from the University of Manitoba
each sampling round took 1 or 2 days. During sample collection,
a Hatch Chlorine Pocket Colorimeter II (VWR, Mississauga, ON,
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Figure 1. The drinking water distribution systems in community A (A), community B (B) and community C (C). The black star represents the sampling location in each

community.
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Canada) was used to determine free residual chlorine according
to the adapted USEPA DPD Method 8021 (Hach 2002).

E. coli and coliform quantification

Samples were processed in duplicate following SM 9222 for stan-
dard membrane filter procedure (Rice et al. 2012). Briefly, 100
mL of water sample or negative control (autoclaved water) was
filtered through sterile polyethersulfone membranes (0.45-μm
pore size, 47-nm diameter; Pall Corporation, Mississauga, ON,
Canada). Filter papers were then placed on agar plates contain-
ing Brilliance E. coli/coliform medium (Fisher Scientific, Ottawa,
ON, Canada) and incubated at 37◦C for 24 h. Some samples
required dilution because of high bacterial counts. Brilliance
agar can distinguish E. coli and coliforms from other bacteria
based on β-D-glucuronidase production. E. coli colonies appear
purple E. coli colonies; whereas coliforms result in pink colonies
(Wohlsen 2011). E. coli counts in water samples were calculated
as CFU/100 mL = number of purple colonies/volume of filtered
sample (100 mL) × dilution factor. Total coliform bacteria count
in water were calculated as CFU/mL = number of purple + pink
colonies/volume of filtered sample (100 mL) × dilution factor.

DNA extraction

DNA extraction was conducted for samples collected in the sec-
ond sampling round. For DNA extraction, 300–500 mL of water
sample was filtered through sterile polyethersulfone mem-
branes (0.22-μm pore size; 47-mm diameter; Pall Corporation,
Mississauga, ON, Canada). DNA was extracted by using the
DNeasy PowerWater Kit (QIAGEN, Germantown, MD, USA) fol-
lowing the manufacturer’s instructions. An unused filter mem-
brane was used as the extraction control. DNA concentra-
tions were quantified using a NanoDrop 2000 spectrophotome-
ter (Thermo Scientific, Waltham, MA, USA), and the quality of
DNA was tested on a 1% agarose gel.

ARGs quantification

Detection of ARGs was carried out for water samples from the
second sampling round. Absolute quantitative PCR (qPCR) was
used to quantify the abundance of seven different ARGs. ampC,
vanA, tet(A), mecA, sul1, sul2 and sul3. The ampC, vanA, tet(A)
and mecA genes were quantified for all water samples and sul1,
sul2 and sul3 genes were only quantified for cistern samples in
community B (we were unable to carry out the detection for
sul genes communities A and C due to the lack of adequate
DNA). All primers used in this study, except sul primers, have
been standardized previously (Fernando et al. 2016). Prior to their
use, the efficiency of sul primers was determined using meth-
ods previously described (Fernando, Zhanel and Kumar 2013).
Using positive control samples, we were able to detect as low
as 2 copies/μL of target DNA for each of the reactions. The
primers are listed in Table 1 (Supporting Information). Bacte-
rial strains used as positive controls have been described pre-
viously (Fernando et al. 2016). Primers were designed using Cus-
tom Primers—OligoPerfectTM Designer at ThermoFisher Scien-
tific (parameters chosen for primers were: 18–22 bp for primer
length; 55◦C to 65◦C for annealing temperature; 30% to 40%
for GC content; ∼ 120 bp for amplification length). The qPCR
reaction was conducted on the StepOnePlus real-time PCR sys-
tem (Life Technologies Inc., Burlington, ON, Canada) follow-
ing a previously described method (Alexander et al. 2015; Fer-
nando et al. 2016). Reactions were carried out in triplicate. The

calculation was carried out as follows: Copy No./ng DNA/100
mL = (10(Ct-Y inter)/slope)/1 ng/μL of DNA/(Vfilteration/100 mL).

Multiplex PCR detection of β-lactamase and
carbapenemase genes

Multiplex PCR was carried out using the method described pre-
viously (Fernando et al. 2016). Primers used for PCR detection are
listed in Table 1 (Supporting Information). The presence of five
different β-lactamase genes: blaSHV, blaTEM, blaCTX-M, blaOXA-1 and
blaCMY-2 were determined using a multiplex PCR for cistern sam-
ples in community B. The specific primers are listed in Table
1 (Supporting Information). The PCR reaction was conducted
using Q5 high-fidelity DNA polymerase (New England Biolabs,
Whitby, ON, Canada) with final concentrations of the primers
were 0.27 μM. The run parameters for amplification cycle were:
1 cycle of initial denaturation at 95◦C for 15 min, 40 cycles of
denaturation at 94◦C for 30 s, annealing at 63.5◦C for 90 s, exten-
sion at 72◦C for 90 s and final extension at 72◦C for 7 min.

Four different carbapenemase-encoding genes, blaKPC,
blaNDM, blaGES-5 and blaOXA-48, were determined using multiplex
PCRs for cistern samples in community B. The blaIMP/blaVIM

detections were carried out in separate reactions.

Statistical analysis

Analysis of variance (ANOVA) was performed using GLIMMIX in
SAS 9.4. (SAS Institute Inc., Cary, NC, USA) to test for the effect of
the type of water distribution on free residual chlorine concen-
trations in tap water of homes (i.e. piped versus cisterns versus
wells for community A; piped versus cisterns for community B;
cisterns versus private wells versus shared wells for community
C). Distribution of free chlorine concentrations was considered
as log normal. The Tukey multiple comparison procedure was
used to compare least square means for communities A and C.
The multiple comparison procedure was set as default to com-
pare least square means for community B. For all statistical anal-
yses, significance was determined at α = 0.05.

RESULTS

Chlorine concentrations and fecal bacteria counts

For communities A and B (Fig. 2a), the treated water at the
WTP had free residual chlorine concentrations within the 0.4
to 2.0 mg/L range typically reported in Canada (Health Canada
2009). For community A, homes with piped (Fig. 2b) and cistern
(Fig. 2c) water always had free residual chlorine concentrations
>0.2 mg/L, except for A-P1-1 and A-P3-1 (Fig. 2b). Well water
is typically not chlorinated and thus tap water in homes with
well water had free residual chlorine concentrations <0.2 mg/L
(Fig. 2d). For community A, free residual chlorine concentration
in tap water of homes with wells was always significantly less
than in tap water of pipeline homes (Table 2, Supporting Infor-
mation). For both sampling rounds in community B, homes with
cisterns almost always had free residual chlorine concentrations
of <0.2 mg/L (Fig. 2c). In contrast, only pipeline homes located
further away from the WTP showed such low concentrations
when (Fig. 2b). Thus, homes with cisterns showed significantly
less free residual chlorine concentration than homes with piped
water (Table 2, Supporting Information). In community C, the
tap water in some homes with cisterns had free residual chlo-
rine concentrations <0.2 mg/L (Fig. 2c). However, free residual
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Figure 2. Total (black + white bar) and free residual (black bar) chlorine concentrations in water samples collected from communities A and B from the WTP and water

trucks (A); communities A and B from the pipelines (B); water samples collected in communities A and C from the wells (C) and communities A, B and C from the
cisterns (D). Dashed line is the minimum recommended free residual chlorine concentration. Description of the samples is provided in Table 1.

chlorine concentration in tap water of cistern homes was signif-
icantly greater than in tap water of homes with wells. This is not
unexpected, since well water was not chlorinated.

No E. coli/coliforms bacteria were detected in any of the water
samples collected in communities A or C, except for C-C4 that
tested positive for total coliforms and E. coli during both sam-
pling rounds (Fig. 3). Not surprisingly, this cistern sample from
community C also had the lowest free residual chlorine concen-
trations among the cistern homes (Fig. 2c). In community B, no
E. coli/coliforms bacteria were detected in water samples from
the treatment plant, water trucks and homes with piped water.
However, six out of seven homes with cisterns tested positive
for total coliforms and E. coli in both sampling rounds (Fig. 3).
There was a large variation across the six homes in the counts of
E. coli/coliforms bacteria, for example E. coli and total coliforms
were particularly abundant in samples B-C4 and B-C6 and rela-
tively small in B-C7 and C-C4.

Detection of ARGs

No ARGs were detected in any of the water samples collected
in communities A or C, except for A-W1 in community A that
tested positive by qPCR for the ampC gene (Fig. 4). In commu-

Figure 3. The CFUs of E. coli (black) and total coliforms (grey) detected in cistern

samples from communities B and C. Description of the samples is provided in
Table 1.

nity B, no ARGs were detected in water samples from the treat-
ment plant, water trucks and piped water. However, water sam-
ples from homes with cistern were observed positive for several
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Figure 4. Quantification of ARGs in water samples from communities A and B. No
ARGs were detected in water samples from community C. Log copy number/ng
of total DNA was determined using using a standard curve created using control
bacterial strains. Description of the samples is provided in Table 1.

ARGs: the sul1gene was detected in B-C5 and B-C6 (Fig. 4). The
sample B-C5 was also positive for the mecA gene (Fig. 4). The
genes, sul2, sul3, ampC and vanA, were not detected in any water
samples in community B.

Among β-lactamase genes tested, blaSHV gene was detected
in three cistern samples (B-C4, B-C5 and B-C7) (Table 2). Both
blaCTX-M and blaOXA-1 gene were detected in two cistern water
samples: they were B-C2 and B-C6, and B-C3 and B-C5, respec-
tively. The blaTEM gene was found in one cistern (B-C6). blaCYM-2

was not detected in water samples in community B. As for the
carbapenemase genes, blaKPC and blaNDM were the most fre-
quently detected genes: both were detected in five cistern water
samples (B-C3, B-C4, B-C5, B-C6 and B-C7). blaOXA-48 was detected
in three cistern water samples (B-C2, B-C4 and B-C5). blaVIM,
blaGES and blaIMP gene were not detected in water samples in
community B.

In summary, the sample B-C5 was positive for 7 ARGs, fol-
lowed by B-C6 in which 5 ARGs were detected. The sample B-C4
was positive for four ARGs (Table 2). Both B-C3 and B-C7 were
positive for three ARGs. The sample B-C2 was positive for two
ARGs. B-C1 was the only cistern water sample in community B
for which no ARGs were detected.

DISCUSSION

Chlorine concentrations and E. coli/coliforms counts

The objective of this study was to investigate the microbiologi-
cal quality of drinking water in three First Nation reserves with
community A relying on an aquifer and community B relying
on a lake as source water to their WTPs, and community C hav-
ing no WTP and relying on well water from an aquifer for further
water distribution. These types of water distribution systems are
representative of what is typical First Nation reserves in Mani-
toba and other provinces in Canada. Treated water at the waste
WTP in communities A and B contained adequate levels of free
residual chlorine and was free of fecal bacteria, suggesting that
the water treatment process in both communities is functioning
well. For the pipeline water in communities A and B, samples
were always negative for fecal bacteria although some of water

samples had free residual chlorine concentrations less than the
minimum recommended level, particularly pipeline homes that
were furthest away from the waste WTP in community B. The
relatively low free residual chlorine concentration in pipeline
water further away from the WTP could result from the decay
of chlorine which is affected by a) water quality parameters,
such as dissolved organic carbon concentrations and inorganic
substances (Warton et al. 2006), and b) pipeline system param-
eters, such as pipe age, pressure variation and flow conditions
(LeChevallier, Cawthon and Lee 1988). In large water distribution
systems, maintaining the appropriate level so free residual chlo-
rine is often not possible without the process of re-chlorination
within the distribution system (https://www.ontario.ca/page/pr
ocedure-disinfection-drinking-water-ontario#section-4). None
of the First Nation communities in this study have the ability
to carry out re-chlorination within their distribution systems,
which at least partly explains the relatively low free residual
chlorine levels in households further from the WTP. However,
since these communities are quite small in size, setting up re-
chlorination stations may not be an option. The results from
both communities suggest that the drinking water distribution
system of WTP and the pipeline provides safe drinking water
(free of fecal bacterial contamination) in First Nation reserves.
For well water in communities A and C, no fecal bacteria were
detected in any sample, despite water not being chlorinated.
This observation indicates that groundwater wells can provide
water free of fecal bacteria, however, since the deep well water
can contain high levels of salts and minerals (Kundu, Mandal
and Hazra 2009; Edmunds, Ahmed and Whitehead 2015), safety
of the water needs to be further evaluated.

No E. coli and total coliforms were detected in the tap water
of homes that had aboveground polyethylene cisterns stored
in insulated shelters (all located in community A). Fecal con-
tamination in water was detected in homes with underground
cisterns, only in one home in community C (this home has
a cracked underground concrete cistern) but in almost all of
the homes samples in community B. In community B, under-
ground cisterns are constructed of either concrete or polyethy-
lene materials) and fecal bacterial levels in tap water of cistern
homes ranged from 0 to 3000 CFUs/100 mL for E. coli and from
0 to 10 000 CFUs/100 mL for total coliforms (Fig. 3). This rel-
atively large variation across homes might be due to two rea-
sons. First, some cisterns have been used for a longer time and
were cracked. For example, higher fecal bacterial counts were
detected in samples B-C6 than B-C5. The cistern in home B-C6
had been used for 27 years and this house is on the top priority
list to have its cistern replaced because it shows signs of crack-
ing. The cistern in home B-C5 had been used for only 4 years
and cracking was not observed. Second, the timing of cistern
cleaning varied. For instance, high fecal bacterial counts were
detected in the sample B-C4, while no bacteria were detected in
the sample B-C3. Cistern B-C4 had not been cleaned in the year
of sampling (2016), but cistern B-C3 had been cleaned in July just
prior to the sampling.

In this study, the presence of fecal bacteria was detected
but the source of contamination remains unclear. However, our
study did observe high number of fecal bacteria in samples from
homes that had concrete underground cisterns samples, com-
pared to those with above ground cisterns. Underground con-
crete cisterns have an increased risk of drinking water becoming
contaminated when cracked, as well as that the concrete rough
surface favors the formation of biofilms (Characklis, McFeters

https://www.ontario.ca/page/procedure-disinfection-drinking-water-ontario#section-4
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Table 2. The detection of ARGs in cistern water samples in community B. blaSHV, blaTEM, blaCTX-M, blaOXA-1, blaCYM-2, blaKPC, blaOXA-48, blaNDM and
blaGES were detected by multiplex PCR. blaVIM and blaIMP were detected by separate PCRs. Shaded boxes represent the presence of genes.

Cistern Water Samples detected ARGs

B-C2 B-C3 B-C4 B-C5 B-C6 B-C7

blaSHV

blaTEM

blaCTX-M

blaOXA-1

blaCMY-2

blaKPC

blaOXA-48

blaNDM

blaVIM

blaGES

blaIMP

and Marshall 1990). Overall, the results underscore the impor-
tance of regular cleaning of cisterns to reduce the microbial con-
tamination. Results also suggest that aboveground polyethylene
cisterns may offer a safer option for water storage than under-
ground concrete cisterns.

Detection of ARGs

The presence of ARGs was investigated by using qPCR and multi-
plex PCR methods. For qPCR method, seven ARGs: sul1, sul2, sul3
(sulfonamides resistance), tet(A) (tetracycline resistance), ampC
(β-lactam resistance), mecA (methicillin resistance) and vanA
(vancomycin resistance) were examined for water samples. The
genes sul2, sul3, tet(A) and vanA were not detected in any water
samples across the three communities. This is despite them
being commonly detected in various environments (Suhartono,
Savin and Gbur 2016; Young et al. 2016; Zhang, Lin and Yu 2016).
Three genes, ampC, mecA and sul1 were detected in a few water
samples (Fig. 4). Three of these samples came from cisterns,
and one from the well. The ampC gene belongs to β-lactamase
group, whose corresponding antibiotics, β-lactam, are com-
monly used in the treatment of infections in both humans and
animals (van Hoek et al. 2011; Roberts, Schwarz and Aarts 2012).
The mecA gene is an indication of the presence of methicillin-
resistant Staphylococcus aureus, although it was also reported in
non-staphylococcal pathogens (Kassem, Esseili and Sigler 2008).
Sulfonamides are one of the earliest antibiotics introduced in
the world and widely used for treating human infections (van
Hoek et al. 2011; Roberts, Schwarz and Aarts 2012). These genes
had been commonly detected in various environments such as
drinking water, surface water and wastewater (Schwartz et al.
2003; Alexander et al. 2015; Suhartono, Savin and Gbur 2016).
However, even though only a fraction of the samples tested
via qPCR were positive for the ARGs, the numbers detected are
alarmingly high. For example ampC numbers detected in the
sample A-W1 is equivalent to those reported in the influent of
wasteWTPs (Alexander et al. 2015). Further, compared to our pre-
vious study (Fernando et al. 2016), the numbers observed in this
study are up to 1000-fold higher.

For multiplex PCR method, five β-lactamase genes and six
carbapenemase genes were detected in cistern samples from
community B (Table 2). β-lactamase and carbapenemase genes
have been detected in many aquatic environments around the
world. For example, blaOXA-1 and blaTEM-1 genes were detected in
a WTP in China (Zhang, Lin and Yu 2016). The blaCTX-M gene was

detected in water samples collected from an Indian river (Bajaj
et al. 2015), and the OXA-48 gene was found in river water in Alge-
ria (Tafoukt et al. 2017). In this study, blaSHV, blaCTX-M, blaOXA-1,
blaKPC, blaNDM and blaOXA-48 were the more frequently detected
genes in cistern water samples (at least in two out of seven water
samples) (Table 2). Among carbapenemase genes, blaKPC and
blaNDM, were most common our samples, whereas in our previ-
ous study (Fernando et al. 2016), these two genes were detected
at a much lower frequency (blaNDM in 2/27 and blaKPC in 3/27
samples). Further, in the same study we did not detect observe
blaOXA-1 in any of the samples, whereas in the present study,
we detected blaOXA-1 in two of the samples.β-lactams and car-
bapenems are commonly used to treat infections in human and
animals (van Hoek et al. 2011; Roberts, Schwarz and Aarts 2012),
with carbapenems often being used as the last resort for treat-
ing antibiotic-resistant infections. Although, ARGs have been
shown to be present in various environmental bacterial species
(D’Costa et al. 2006), their presence in pathogenic bacteria can
pose a significant risk to the health of individuals exposed to
such bacteria (Yong et al. 2009; Robledo, Aquino and Vazquez
2011; Ben-David et al. 2012). Therefore, even though the num-
ber of samples that tested positive for carbapenemase and β-
lactamase is much lower than our previous study (Fernando et al.
2016), the prominence of blaNDM and blaKPC is concerning. Hence
the detection of ARGs in cistern water in community B could
further suggest that the water in these homes is unsafe to drink
and that steps must be taken to replace the underground cis-
terns with alternate options for supplying safe drinking water to
homes. It is worth mentioning that in multiplex PCR experiment,
the presence of ARGs was detected but not their expression.

Overall, based on the results of the cistern samples in com-
munity B, the connection between the detection of fecal bacteria
and the detection of ARGs is not clear. For example, the water
from B-C4 and B-C6 had higher bacterial counts than B-C5, but
more ARGs were detected in B-C5 than B-C4 and B-C6. Similarly,
B-C3 was negative for fecal bacteria but positive for ARGs. This
observation indicates that ARGs may be present in non-coliform
organisms.

Both this study and the one by Fernando et al. (Fernando
et al. 2016) detected ampC, mecA, β-lactamase genes and car-
bapenemase genes in drinking water of taps in homes, suggest-
ing that the presence of ARGs in drinking water sources of First
Nation reserves might not be an isolated case. Although ampC,
mecA, sul1, β-lactamase genes and carbapenemase genes were
detected, the selection pressure for the presence of these genes
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in organisms is unclear because of the absence of public data
on the usage of antibiotics in different geographical regions of
Canada.

CONCLUSIONS

This study investigated drinking water quality in three First
Nation communities in Manitoba, Canada by determining free
residual chlorine concentrations, and screening for the pres-
ence of E. coli and total coliforms, as well as ARGs. Regardless
of water source to the WTP as ground or surface water, our
findings suggest that families in homes connected via pipes
from the waste WTP had access to water free of fecal bacteria
and ARGs. Families that had groundwater wells or aboveground
polyethylene cisterns also tend to have access to safe drinking
water. In contrast, families with underground cisterns are likely
to be frequently exposed to fecal bacteria and ARGs, particularly
if these cisterns are cracked and/or not recently (<7 months)
cleaned. This trend was consistent in both sampling rounds.
Therefore, our study strongly suggests that underground con-
crete cisterns may pose a significant risk to the residents due to
high degree of microbial contamination. Further, since concrete
cisterns are quite commonly used in various developing coun-
tries, our findings are likely to be applicable beyond the commu-
nities described in this study.
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