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Resumo

O consumo de &gua contaminada gera sérios problemas de saide em populacdes humanas e
também na producdo animal das regides rurais. Paralelamente, a ingestdo de microrganismos
resistentes a antibidticos, ou seja, que sobrevivem ao tratamento com determinados antibidticos,
deve ser cuidadosamente considerada sob o ponto de vista de salde Unica. Nesse sentido, 0s
objetivos do presente trabalho foram: 1) avaliar a qualidade microbiolégica da agua e sua
conformidade para consumo animal em propriedades rurais de Santa Catarina, e 2) avaliar a
resisténcia antimicrobiana de isolados de Escherichia coli. A quantidade de coliformes fecais foi
determinada pela técnica de tubos multiplos, e utilizada para definir a classe de qualidade e uso da
agua, com base em resolucdes federais. A resisténcia a antimicrobianos foi estudada por
antibiograma, com o método de difusdo por disco. Cinco das 15 propriedades apresentaram valores
de coliformes fecais acima do limite permitido para consumo animal. Porém, a resisténcia
antimicrobiana foi detectada em resposta a maioria dos antibiéticos testados: ampicilina (19,7%),
tetracicilina (17,85%) e ampicilina+sulbactam (1,78%). Nenhum isolado de E. coli foi resistente a
ciprofloxacino. Esses dados obtidos alertam para a importancia do tratamento de dgua, bem como
da preservacao de recursos hidricos em geral, para minimizar efeitos negativos da ocorréncia de
doencas em animais e evolug@o da multirresisténcia.

Palavras-chave: Resisténcia antimicrobiana. Escherichia coli. Qualidade de agua. Antibiograma.

Abstract
Consumption of contaminated water leads to serious health problems in human populations and
also in animal production at rural areas. Likewise, ingestion of antibiotic-resistant microorganisms,
i.e., that survive treatment with certain antibiotics, must be carefully considered under the scope of
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one health. Hence, the goals of this study were: 1) to evaluate microbiological quality of water and
its conformity for animal consumption in farms at Santa Catarina, and 2) to evaluate antimicrobial
resistance of Escherichia coli isolates. The quantity of fecal coliforms was determined by the
multiple tubes technique, and used to define class and use of water, based on federal regulations.
Resistance to antimicrobials was studied through antibiogram, with the disk diffusion method.
Five of 15 properties presented values of fecal coliforms above the limit allowed for animal
consumption. However, antimicrobial resistance was detected in response to the majority of tested
antibiotics: ampicillin (19.7%), tetracycline (17.85%) and ampicillin+sulbactam (1.78%). No
isolate of E. coli was resistant to ciprofloxacin. These data raise attention to the importance of
water treatment, as well as preservation of water resources in general, to minimize the negative
effects from occurrence of animal diseases and evolution of multiresistance.

Keywords: Antimicrobial resistance. Escherichia coli. Quality of water. Antibiogram.

1. INTRODUCTION

Water is one of the most important resources for all life forms on the planet, and thus
conservation of ocean, rivers, lakes and aquifers demands responsiveness from population,
government and society. Records from the United Nations show that 80% of worldwide-consumed
water returns to the environment without any type of treatment (UN WWAP, 2017). Hence, bodies
of water constantly receive contaminants such as pesticides, heavy metals, herbicides, antibiotics
and microorganisms (SIGMAN, 2002; MENA-RIVERA and JOSE QUIROS-VEGA, 2018;
MEYER et al., 2019; SYAFRUDIN et al., 2021).

Within microbial contaminants, total and fecal coliforms are the most frequent group of
biological indicators used to assess water quality (ASHBOLT et al., 2001; GOSHU et al., 2021).
The incidence of fecal coliforms in water (i.e., Escherichia coli) signifies water pollution by
animal or human feces, which is strongly related to pathogenic protozoan, fungi, viruses and other
bacteria, as well (MASSE et al., 2010; SINGH et al., 2021). Thus, water with fecal coliforms must
not be used for drinking purposes without previous treatment, once several diseases may be
transmitted. However, other water contaminated with fecal coliforms may be applied to crop
irrigation, fishing, sports and recreation, or also animal drinking.

In Brazil, federal legislation establishes five categories of water use based on levels of
pollutants (BRASIL, 2005). Regarding fecal coliforms, animals can drink water that contains up to
1,000 UFC mL™, which is the limit for water classified as Special or Types 1, 2 and 3. Even
though this concentration of coliforms is thought to be considered safe for animals, because it
should not lead to animal sickness or death, coliforms may exhibit genes for antibiotic resistance.
This aspect is not taken into account by any governmental health or environmental agency,
although it has serious short and long term effects on animals and humans.

After being ingested through water, coliforms may colonize intestinal sites or share
resistance genes with bacteria from intestinal microbiome by conjugation (MISHRA et al., 2018).
Thus, populations of antibiotic-resistant bacteria in the animal’s body are disseminated in the
environment by defecation (YANG et al., 2016, ZHANG et al., 2021). Coliforms are able to move
from feces to soil and be carried to plants and lakes, ponds or rivers, mainly due to surface runoff
(VANDERZAAG et al., 2010). As a result, surface and underground water bodies get increased
microbiological contamination by antibiotic-resistant bacteria. Therefore, if animals drink water
that exceeds coliform limits, they have higher chances of developing serious diseases, and also
contribute to environmental pollution through contaminated feces.
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Increased frequency of drug-resistant microorganisms in the environment also represents a
threat to human health, because is strongly related to diseases that cannot be treated with
antibiotics (STREICHER, 2021). As a first stage, bacteria are transported by rain from animal
feces to soil or plants that are consumed raw, such as lettuce and carrots (HA et al., 2010;
VANDERZAAG et al.,, 2010). Without proper sanitization, coliforms will be ingested and
contribute to spread resistance genes in the human body (WALIA et al., 2011). Consumption of
untreated water, which is often observed in farms and rural neighborhoods, also leads to coliform
ingestion and multiplication. When an infection is developed, treatment with several types of
antibiotics will be challenging, expensive and sometimes impossible, leading to death.

As a matter of fact, 700,000 people die due to infections caused by antibiotic-resistant
bacteria worldwide, every year. Projections from the World Health Organization indicate that this
will be the major cause of deaths in the entire world by 2050 (BONECA, 2021). Therefore, for the
past few years, international agencies have proposed robust “One Health Approaches” in order to
minimize dissemination of antibiotic-resistant bacteria through the environment (HERNANDO-
AMADO et al., 2019; KIM and CHA, 2021). In this sense, monitoring water quality used for
animal drinking purposes is a key (but still neglected) aspect. In Brazil, for example, cattle
population amounted to about 222 million head in 2020, the largest cattle inventory in the world.
This can represent a major source of microbiological pollution if water used for animal drinking
has poor quality and drug-resistant microorganisms. Hence, the goals of this study were: 1) To
evaluate microbiological quality of water used for animal drinking by quantifying fecal coliforms
in 15 farms in Brazil; 2) To assess antibiotic resistance in isolates of fecal coliforms (Escherichia
coli).

2. MATERIAL AND METHODS

2.1 Study area and sampling process

This study was carried on in the city of Curitibanos — SC (27° 16' 44” S and 50° 34' 57 W,
in July 2020). Fifteen sampling sites were chosen throughout the city, in small farms where
animals drink untreated water (Figure 1). Details about each farm, regarding type and number of
animals, as well as water source, are shown in Table 1. No physical or chemical treatment of
water, prior to animal drinking, was reported to be performed at any of the fifteen properties.

Figure 1. Image of Santa Catarina state (Brazil) and Curitibanos, city where research was
performed. Number from 1 to 15 represent farms from which water samples were obtained.
Source: Adapted from Google Earth.
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Table 1. Information about farms where water samples were obtained. Curitibanos - SC, 2021.

Site Location Water source Animals
1 SC-120 Pond 20 sheep
2 SC-120 Pond 11 sheep, 3 equine
3 SC-120 River 30 swine, 10 cattle
4 Horizolandia Pond 50 cattle
5 Horizolandia Pond 20 swine
6 Rio Cachorros River 9 cattle
7 Horizolandia Pond 2 cattle
8 Sao Francisco Stream 2 cattle
9 Capéo da Mortandade Well 45 cattle
10 Marombas Well 20 cattle
11 Lagoinha Pond 20 cattle
12 Estrada Velha Pond 6 cattle, 3 sheep
13 Marombas Pond 30 cattle
14 Marombas Pond 10 cattle
15 Universitario Pond 4 sheep

All samples were collected within a same day. In each site, one composite sample of
100mL was obtained from three individual samples. Samples were taken from places were animals
usually reach water to drink (several centimeters from the shore).

Sampling procedures followed orientations from a Federal Agency in Brazil (BRASIL,
2013). Pre-sterilized flasks containing 10% sodium thiosulfate were used for field sampling. All
flasks were kept in styrofoam boxes with ice until analyses were conducted in laboratory

conditions at the Federal University of Santa Catarina (Campus Curitibanos — SC).
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2.2 Number of coliforms

Fecal coliforms were quantified by the Multiple-Tube Fermentation technique, following
international and national standards (WHO, 1996; BRASIL, 2013).

Water samples were first inoculated into nine tubes with Lauryl Tryptose Broth, each one
containing a small Durham tube. Three tubes, with 10mL double-strength medium, were
inoculated with 10mL of water (dispensed with pre-sterilized glass pipettes). Other three tubes,
with 10mL single-strength medium, were inoculated with 1mL of water. In the remaining three
tubes, also with 10mL single-strength broth, an aliquot of 0.1mL was inoculated. Incubation was
performed at 35.0°C for 48 hours. Positive tubes were considered those with microbial growth and
fermentation (detected based on gas production in Durham tubes).

Each positive Lauryl Tryptose tube was used to inoculate a tube with EC broth. Durham
tubes were also used, in order to detect fermentation produced by fecal coliforms. Incubation
lasted 24 hours, at 44.5°C. The number of positive tubes, originated from each tube in the dilution
series, was determined and used to calculate the MPN - Most Probable Number 100mL™.

2.3 Classification of water quality

In Brazil, federal legislation establishes several physical, chemical and microbiological
parameters that categorize water in 4 classes (BRASIL, 2005). Each class has a specific use, based
on its quality. Water can be used for animal drinking purposes if levels of coliforms are below
1,000 100mL™. This would be observed in Class 1 (<200), 2 or 3 (<1,000).

Based on the MPN of fecal coliforms, water from each site was classified as “in conformity
or not” with water standards established regarding animal ingestion (BRASIL, 2005).

2.3 Evaluation of antibiotic resistance

From each water sample analyzed, one EC tube was used to inoculate Petri Dishes with
MacConkey Agar and obtain single colonies. Petri Dishes were incubated at 36°C for 24 hours.

In order to test antimicrobial resistance, four colonies from each Petri Dish were chosen
(BORTOLOTI et al., 2018). Each colony was inoculated into a tube containing Mueller Hinton
broth, and kept at 35°C overnight. These conditions produce an inoculum with a 0.5 McFarland
Standard equivalent (NCCLS, 2003).

Antibiotic resistance was evaluated based on the Kirby-Bauer Disk Diffusion Susceptibility
Test Protocol (NCCLS, 2003). In this assay, inoculum was spread on the surface of Mueller
Hinton Agar in Petri Plates with a sterile swab. In each plate, 4 disks of antibiotics were
introduced with pre-sterilized tweezers. Four antibiotics were tested: ampicillin, ciprofloxacin,
tetracycline and ampicillin+sulbactam. Those represent class A, B, C and D for treatment of
infections with Enterobacteriaceae, as recommended by health agencies in Brazil in standard
protocols (LABORCLIN, 2019).

Control plates were inoculated with Escherichia coli ATCC® 25922, a strain that is
recommended for quality control (NCCLS, 2003), and obtained from American Type Culture
Collection.

Plates were kept at 35°C for 16 hours. Inhibition zone was measured around each antibiotic
disk. Values were compared to standard ranges that define bacteria as sensitive, intermediate or
resistant to each drug (LABORCLIN, 2019).
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3. RESULTS AND DISCUSSION

One third of studied farms had water with coliform contamination in high values, such that
its use for animal drinking is not recommended. In only one place, water was free from bacteria.
The M.P.N. of fecal coliforms, as well as classification of water, are shown in Table 2,

Table 2. Most Probable Number (M.P.N.) of fecal coliforms and corresponding classification of
water obtained from 15 farms in Curitibanos, SC.

Sam_pling Fecal coIiforms1 Class C(_)nformi_ty f_or

site (M.P.N. 100 mL™) animal drinking
1 460 2/3 Yes
2 > 1,100 4 No
3 240 2/3 Yes
4 460 2/3 Yes
5 1,100 4 No
6 460 2-3 Yes
7 1,100 4 No
8 > 1,100 4 No
9 43 1 Yes
10 Absent 1 Yes
11 11 1 Yes
12 1,100 4 No
13 240 2-3 Yes
14 21 1 Yes
15 240 2-3 Yes

A total of 56 isolates (4 isolates from 14 farms) were obtained. Percentage of isolates
classified as sensitive, intermediate and resistant are presented in Figure 2. The highest value of
antibiotic resistance was observed against ampicillin (19.70%), followed by tetracycline (17.85%)
and ampicillin+sulbactam (1.78%). Ciprofloxacin was the only drug against which bacteria did not
reveal resistance. On average, 8.9 and 1.8% of isolates classified as intermediate were observed
with ampicillin and ampicillin+sulbactam, correspondingly.
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Figure 2. Percentage of fecal coliforms isolates classified as resistant, intermediate or sensitive to
ampicillin, ampicillin+sulbactam, ciprofloxacin and tetracycline. Isolates were obtained from
water used for animal consumption in farms at Curitibanos — SC, Brazil.
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In Figure 3, isolates are classified according to the number of tested antibiotics to which
they were resistant (no matter its type). Data reveal that 9 out of 54 bacterial isolates (16.07%)
were resistant to only one antibiotic. Furthermore, 6 isolates (10.71%) exhibited resistance to two
antibiotics. No isolate was resistant to three or four antibiotics simultaneously.
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Figure 3. Percentage of fecal coliform isolates that are classified as resistant to 1, 2, 3 or 4
antibiotics simultaneously. Isolates were obtained from water used for animal consumption in
farms at Curitibanos — SC, Brazil.
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Water used for animal drinking has direct impacts on animal health, as well as on
environmental quality. High concentrations of microorganisms in ingested water result in more
contaminated feces that are eliminated in soil and return to the environment (JAHNE et al., 2015).
Therefore, monitoring water that is used for animal consumption is a key component of one-health
approaches (MAZERI et al, 2021).

In this study, 33% of farms presented water with microbiological contamination above
recommended by federal laws in Brazil. Other researchers have also monitored coliform quantities
in different States and observed high levels of contamination, classifying water as unsuitable.

One of the first studies in Brazil was carried on in Sdo Paulo, and showed that 12.4% of
113 sampled sites had coliform levels above the allowed limit (SOUZA et al., 1992). Toledo et al.
(2017) evaluated presence of fecal coliforms in 124 water samples from dairy farms in Parana. On
average, 44% of sites were contaminated with fecal coliforms. Castro et al. (2019) studied water
used for small ruminants in 23 farms, and observed that fecal coliforms were present at levels
between <1.8 and >1.6x10° 100mL " in nearly 74% of sampled sites.

Assessment of coliforms has also been investigated in other countries. In Canada, Masse et
al. (2010) detected total and fecal coliforms in over 90% of all studied places, where water was
used to the animals on dairy farms. In Slovak, Sasakova et al. (2018) quantified fecal coliforms in
ground water through 4 seasons in 6 farms, where water was consumed by cattle and horse. Data
from spring season revealed that 50% of sites were contaminated with E. coli in levels above
limits established by Government Regulations. In the remaining 3 seasons, concentrations of E.
coli exceeded this limit at 67% of sites. In Chile, Valenzuela et al. (2012) observed that
contamination of a well, used for animal drinking, occurred in every month of the year. In
addition, no sample attended legal requirements for animal drinking.
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Altogether, these studies emphasize the poor microbiological quality of water used by
animals worldwide. Government regulations seem not to be respected in most cases. For instance,
in Canada, there are no definite guidelines for the presence of microbes in livestock drinking water
sources, but some reports suggest that total coliforms should be <5,000 100 mL™. In Slovak,
according to the SR Government Regulations No. 296/2005, E. coli concentration must not exceed
2,000 mL™. In Chile, E. coli must be absent and total coliforms cannot exceed 500 UFC mL™ for
both human and animal consumption (CHILE, 2005). In the United States, the Environmental
Protection Agency recommends that water used for livestock contains less than 5,000 coliforms
100mL™*, whereas fecal coliforms must not be present (APHA et al., 2012).

Water with high numbers of coliforms will, in fact, result in feces with more
microorganisms, which will be transported by rain precipitation and cause pollution of other rivers
and wells. In Canada, a study with more than 56,000 wells showed that occurrence of E. coli is
strongly associated with precipitation and animal density (INVIK et al., 2019). In Chile,
Valenzuela et al. (2009) worked with wells located in farming areas with cattle, and observed
positive correlations between total coliforms, as well as E. coli, with precipitation.

Microbial contamination is sometimes so severe that can affect aquifers. Urseler et al.
(2019) studied 62 samples of water from an aquifer in Argentina, and 8% of samples were
contaminated with E. coli. Strong correlations between microbiological contamination and land
use were reported, mainly in areas where high animal populations and wastewater treatment
infiltration were reported.

This is, as far as we are concerned, the first study worldwide to classify water according to
coliform concentration and evaluate antibiotic resistance in fecal coliforms. Therefore, direct
comparisons regarding percentage of antibiotic resistance cannot be done with other studies.
However, a few publications regarding antibiotic resistance in coliforms from water used by
animals are found in the literature. In Brazil, Schneider et al. (2009) studied antibiotic resistance of
E. coli isolates in a region of pig breeding. From the 205 isolates, 36.1% were resistant to
ampicillin, 27.8 to tetracycline, and 1.95% to ciprofloxacin. These average numbers are higher
than those here reported, probably due to the extensive use of antibiotic in areas of pig production,
what triggers development of antibiotic resistance. Parveen et al. (2005) evaluated water from
ponds in dairy and beef cattle in Florida. Resistance to ampicillin was detected in 43 and 37% of
isolates from farms with dairy and beef cattle, correspondingly. Concerning tetracycline, these
numbers were 26 and 20%. Faria et al. (2016) assessed occurrence of coliforms and antibiotic-
resistance genes in 9 ponds and lakes from a zoo with birds, reptiles, and mammals. Concentration
of fecal coliforms ranged from 5.5x10° to 3.6x10° UFC mL™. On average, 67% of water samples
presented genes of resistance to ampicillin, whereas no water sample had a positive result for
tetracycline-resistance genes. An overall view of these reports will clearly point to high occurrence
of either antibiotic-resistant bacteria or genes, both considered hazardous for animal health.

Other investigations were performed about antibiotic resistance in water from ponds and
lakes, but those were not specifically used for animal drinking (i.e., irrigation, human
consumption, fishing, and other destinations). Olowe et al. (2008) documented that 91.6 and
86.7% of E. coli isolates were resistant to ampicillin and tetracycline. Carnelli, Mauri and Demarta
(2017) also verified high level of resistance to ampicillin (68%) and tetracycline (42%) in fecal
coliforms. Vasconcelos et al. (2010) described that 25.6 of E. coli isolates from a weir were
resistant to tetracycline, and 4.7 to ciprofloxacin. No resistance was detected regarding ampicillin.

Overall, it may be observed that all aquatic environments studied contain strains of bacteria
that are resistant to most studied drugs, and this represents an alarming fact. Water with antibiotic-
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resistant bacteria may be considered as a reservoir of genes that can be spread to animals, and
contribute to several challenges to health treatments. Also, it increases the probability of
dissemination of antimicrobial resistance through diverse environments. This negative effect
represents one of the most challenging topics in one-health politics, and highlights the need for
integrative and conservationist practices.

4, CONCLUSION

Water from most farms presented satisfactory coliform levels, but the occurrence of
antimicrobial resistance has potential negative effects. Ampicillin and tetracycline were the two
predominant antibiotics against which bacteria presented resistance and effectiveness of treatments
based on those two drugs may be compromised.
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