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ABSTRACT  

Microorganisms with a high pathogenic potential for humans and animals can spread through water. This 

represents a severe threat to public health, particularly in low- and middle-income countries where sanitation 

conditions are often limited. Due to their constant presence in the intestine and feces of both people and animals, 

total coliforms, thermotolerant coliforms, and intestinal Enterococcus have historically been employed as 

indicators of fecal contamination to evaluate water quality for human use and consumption. Under no 

circumstances should water sources for human use and consumption have bacteria indicating fecal contamination. 

The objective of this study was to evaluate the microbiological quality of surface water from six sub-basins 

located in the upper basin of the Cholulteca River in Honduras and determine the Escherichia coli phylogroups 

isolated in these samples. Our results show high rates of fecal contamination, suggesting that surface waters in 

the upper Choluteca River basin are unsafe for human consumption. Phylogroups B1 and D were the most 

frequent among 29 E. coli isolates, while phylogroups C and F were the least frequent. Measures must be taken 

to raise awareness about sanitation and good practices for managing household waste and those generated by 

agro-industrial and livestock activities in the area. Surface water in the Choluteca River basin must be adequately 

treated before consumption because it may impact people's health. In addition, we encourage prompt decision-

making by the health authorities. In conclusion, this study assessed the microbiological quality of water in the 

upper Choluteca River basin. Our findings show high rates of fecal contamination and the predominance of E. 

coli strains from phylogroups associated with fecal contamination, suggesting that these waters are unsafe for 

human consumption. 
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INTRODUCTION 

Surface water is any body of water on the earth's surface. Surface waters can be lotic when they move in one 

direction, such as rivers, springs, and streams, or stagnant lentic waters, such as wetlands, lakes, ponds, and 

reservoirs 1, 2. Water is distributed quite unevenly on the surface of the world. Only 2.5% of surface water is 

freshwater, with most of the surface water (about 97%) concentrated in the seas. 

Humans depend critically on surface waters. Surface water is essential for many daily activities, including 

livestock farming, agricultural irrigation, hydroelectricity generation, recreational activities, and industrial 

processes. In the same way, surface waters are usually an essential source of drinking water for human 

communities and domestic animals. They are a fundamental pillar for maintaining and developing ecological 

systems 3.  

In recent times, the global use of water has grown steadily. In 2018, the world demand for water was estimated 

at 4,600 km3 per year, and it is expected that with the increase in the world population, this will have an increase 

of up to 6,000 km3/year, representing an increase of up to 30% 4. This rise raises concerns about whether enough 

water will be available for a significant portion of the global population. Estimates indicate that by 2050, nearly 

3.2 billion people will face acute water scarcity 4, 5. In addition to the increase in the water demand, a continuous 

deterioration in its quality has been reported. An example is that about 80% of the total industrial and municipal 

wastewater is currently released into the environment without any prior treatment, and in developing countries, it 

can reach 95% 4. As a result of these practices, chemical and biological contaminants infiltrate water bodies, 

resulting in a detrimental impact on ecosystems 4, 6, 7.  

As a result of biological pollution, a variety of potentially hazardous microorganisms, such as bacteria, viruses, 

helminths, and protozoa, which are frequently present in the feces of humans and animals, may spread via surface 

water. Through leaching, septic tank leaks, sewage, and industrial waste, these pathogens can access surface water 

sources and reach community water supplies 8-10. In most cases, the transmission of these microorganisms occurs 

through the fecal-oral route, primarily through ingesting contaminated water. Less frequent transmission routes 

include inhalation or aspiration of water microdroplets and direct exposure by contact, skin, and mucous 

membranes during recreational activities 11.  

According to the World Health Organization (WHO), every year, more than 3.4 million people die as a result of 

water-related diseases 12. The Global Burden of Disease (GBD) data estimated that in 2015, an unsafe water 
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source resulted in 1.2 million deaths and 71.7 million disability-adjusted life years (DALYs), including 1.1 million 

deaths and 61.1 million DALYs from diarrheal diseases 13. In the same way, 34% of the 1.4 million diarrhea-

related deaths that took place in low- and middle-income countries in 2016 were caused by unclean water. Also, 

31% were linked to inadequate sewage systems, and 12% were related to unsanitary behavior. Therefore, access 

to safe water sources plays an important role in morbidity and mortality from infectious diseases 14, and fecal 

contamination of water bodies intended for human use and consumption constitutes one of the main health risks 
9. Therefore, it is crucial to regularly assess the quality of surface water and decide how safe it is to use and 

consume 15, 16.  

Traditionally, bacteriological markers have been used to monitor and verify the quality of water intended for 

human use and consumption, including the presence and count of total coliforms (TC), thermotolerant coliforms 

(TtC) and intestinal enterococci (IE) 15-18. Among the thermotolerant coliforms, Escherichia coli has been 

considered the most robust fecal indicator 15, 16, 19-21. Furthermore, the phylogenetic distribution of E. coli has been 

suggested as a complementary analysis to help better understand its presence in waters 17. E. coli can be classified 

phylogenetically into 8 groups (A, B1, B2, C, D, E, F y G). Phylogroups A and B1 are associated with commensal 

and antibiotic-resistant strains, while phylogroups B2 and D have been related to human pathogenic strains 23, 24. 

B1 predominates in the intestinal microbiota of animals, while B2 has been identified as the main phylogroup in 

human feces. In contrast, E. coli isolates considered "naturalized," intestinal isolates that have adapted to the wild 

over time are classified primarily into cryptic clades 17. To the best of our knowledge, there is scarce information 

about the surface water quality in Honduras. This study aimed to determine the phylogenetic distribution of the 

E. coli isolates present in these waters and evaluate the microbiological quality of surface water from six sub-

basins in the upper Choluteca River basin in the central part of Honduras. 

 

 

MATERIALS AND METHODS 
Sampling sites 

The Choluteca River originates in central Honduras, flows through Francisco Morazán, El Paraíso, and Choluteca 

departments, and drains into the Gulf of Fonseca in the Pacific Ocean. The study area is located in the central-

southern region of the country, with a dry forest transition climate. It is delimited by the upper part of the 

Choluteca River basin (Figure 1), encompassing the capital city, Tegucigalpa. 

 

http://clinicalbiotec.com/
https://www.uco.edu.co/Paginas/home.aspx
https://www.unah.edu.hn/


 
Bionatura 2023, 10.21931/RB/CSS.2023.08.04.7                                             4 

 

 
Clinical Biotec, Universidad Católica del Oriente (UCO) and Universidad Nacional Autónoma de Honduras (UNAH) 

Water samples from surface sources were collected between October 2019 and April 2022 at 29 randomly chosen 

locations in six sub-basins spanning ten municipalities (Figure 1). The number of samples collected in each sub-

basin was distributed as follows: Choluteca alta (n = 8), Yeguare (n = 7), Guacerique (n = 6), Río Chiquito (n = 

3), Río del Hombre (n = 3), San José (n = 2) (Figure 1). The water samples were collected following the indications 

of the Standard Methods for the Examination of Water and Wastewater, 23rd Edition 18. 500 mL of water was 

collected from each sampling location in sterile plastic bags, which were then transported in refrigerators at 4 °C 

until analysis. 

 

 
Figure 1. Map showing the geographic location of the sub-basins under study and sampling sites. Scale 1:150,000, geographic 

coordinate system, WGS 84 ellipsoid.  
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Determination of Fecal Contamination Indicators 

The water samples were processed within the first 6 hours after collection. Following the instructions of the 

Standard Methods for the Examination of Water and Wastewater, 23rd Edition 18, the membrane filtration 

technique was used to isolate and count total coliforms (TC), thermotolerant coliforms (TtC), and intestinal 

Enterococcus (IE) present in the samples. 500 mL of water was collected from each sampling location in sterile 

conditions and passed through filters with cellulose nitrate membranes with pore sizes of 0.45 µm and a diameter 

of 47 mm (Millipore Inc®).  

Once the samples were filtered, the membranes were transferred to Petri dishes with m-Endo LES agar 

(Criterion™) for the search for TC. Moreover, mFC agar (Criterion™) was used to search for TtC and m-

Enterococcus agar (Acumedia®) to search for intestinal enterococci. The incubation conditions were 24 h at 37 

°C for TC, and 24 h at 44.5 °C for TtC. The m-Enterococcus medium was incubated at 37 °C for 48 h. Once the 

incubation period had elapsed, the number of Colony Forming Units (CFU)/100 mL was determined. 

Dark red colonies with a metallic luster were interpreted as TCs in the m-Endo medium. Blue colonies in the mFC 

medium were considered TtC; in the case of IE, any red colony was interpreted as Enterococcus spp. 

E. coli phenotypic identification 

Identification of bacterial species was carried out using previously reported protocols 22. Briefly, any characteristic 

colony presumptively identified as E. coli was selected randomly from each sample, cultured on MacConkey agar 

and blood agar media, and incubated at 37 °C for 18-24 h. A presumptive identification was made based on 

traditional biochemical tests Indole, Mobility, Voges Proskauer, and Simmons Citrate. All the biotypes that 

presented any of the patterns, (+ + – –) or (– + – –), were confirmed using the API 20 E identification system 

(BioMerieux, Marcy-l’Étoile, France). Bacteria identified as E. coli were inoculated into Brain Hearth Infusion 

(BHI) broth with 20% glycerol and stored at –80 °C for further studies. 

 

DNA Extraction and Identification of Phylogenetic Groups 

The strains were inoculated in Luria-Bertani liquid medium for DNA extraction and incubated for 24 h at 37 ºC. 

Subsequently, the genomic DNA was extracted using the extraction kit Wizard Genomic DNA Purification 

(Promega, Madison, Wisconsin, USA.), according to the manufacturer's instructions. Finally, the DNA was eluted 

in 100 μL of the buffer TE. The extracted DNA was stored at -20 °C until use. 

The methodology previously described by Clermont et al. 2013 and Clermont et al. 2019 was used 23, 24 for 

identifying phylogenetic groups. This approach is based on detecting the genes arpA, chuA, yjaA, TspE4.C2, trpA, 

ybgD, and cfaB. PCR amplification reactions were performed according to previously published protocols 22.  
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RESULTS AND DISCUSSION 
 

In this study, 29 surface water sources located throughout the upper Choluteca River basin were tested for the 

presence of total coliforms (TC), thermotolerant coliforms (TtC), and intestinal Enterococcus (IE). Table 1 shows 

all TC, TtC, and IE counts by sub-basin and municipality. 

The presence of TC was observed in 100% of the water samples. TC counts ranged from 1.3 × 101 CFU/100 mL 

to 4.2 × 107 CFU/100 mL. The highest TC count was observed in three samples from three subbasins (Guacerique, 

San José, and Choluteca Alta), collected during the rainy season of 2021. TC counts in these samples were higher 

than 1 × 107 CFU/100 mL. On the other hand, two samples from the Río Chiquito and Yeguare sub-basins, which 

are in the municipalities of the Central District and Tatumbla, respectively, showed the lowest counts (1.3 × 101 

and 7.6 × 101 CFU/100 mL).  
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Sample 
number 

Sub-Basin Coordinates  Municipality Season/Year TC 
CFU/100 

mL 

TtC 
CFU/100 

mL 

IE CFU/100 
mL 

Putative 
Source of 

Contamination 
According to 
TtC/IE Ratio 

Longitude Latitude 

9 Guacerique 87°12' 20.159" W 14° 5'33.063" N DC Rainy/2021 4.2 × 107 1.0 × 106 5.5 × 105 Mixed 
8 San Jose 87°12' 19.167" W 14° 5' 4.972" N DC Rainy /2021 3.7 × 107 3.4 × 106 4.4 × 105 Human 
2 Choluteca 

Alta 
87° 12' 16.99" W 14° 6' 9.262" N DC Rainy /2021 1.0 × 107 1.0 × 105 2.0 × 104 Human 

29 Yeguare 86°58' 54.392" W 14° 0' 28.047" N SAO Rainy /2020 6.8 × 104 4.0 × 103 1.0 × 104 Animal 
13 Choluteca 

Alta 
87° 9' 7.848" W 14° 6' 46.119" N DC Rainy/2021 4.0 × 104 5.8 × 103 1.4 × 103 Human 

4 Yeguare 86° 58' 53.381" W 13° 55' 52.728" N GP Rainy/2021 2.0 × 104 7.0 × 103 1.1 × 103 Human 
22 Yeguare 86° 57' 17.011" W 13° 52' 9.836" N GP Dry  /2021 1.3 × 104 2.0 × 102 0 N/A 
26 Choluteca 

Alta 
87° 2' 23.489" W 14° 16' 54.424" N CA Dry  /2021 1.1 × 104 3.1 × 103 5.0 × 102 Human 

5 Choluteca 
Alta 

87° 7' 10.236" W 14° 8' 33.115" N DC Rainy/2021 6.0 × 103 5.0 × 102 1.1 × 103 Animal 

15 Choluteca 
Alta 

87° 7' 10.236" W 14° 8' 33.115" N SL Rainy/2021 6.0 × 103 5.0 × 102 0 N/A 

21 Choluteca 
Alta 

87° 7' 10.236" W 14° 8' 33.115" N SL Dry  /2021 4.3 × 103 5.0 × 102 4.5 × 101 Human 

20 Rio Chiquito 87° 7' 3.82" W 14° 10' 18.973" N DC Dry /2021 4.2 × 103 8 2.3 × 103 Animal 
1 Rio Chiquito 87° 18' 53.046" W 14° 4' 44.041" N DC Rainy/2021 3.7 × 103 2.3 × 103 8.0 × 102 Mixed 
6 Guacerique 87° 21' 54.837" W 14° 8' 2.862" N DC Rainy/2021 3.0 × 103 3.0 × 102 0 N/A 
12 Choluteca 

Alta 
87° 7' 19.136" W 14° 9' 24.02" N DC Rainy/2021 2.0 × 103 1.8 × 103 4.0 × 102 Human 

17 Guacerique 87° 18' 32.946" W 14° 5' 15.055" N DC Rainy/2021 1.8 × 103 2.7 × 102 4.9 × 102 Animal 
18 Guacerique 87° 18' 23.816" W 14° 5' 20.568" N DC Rainy/2021 1.7 × 103 6.0 × 101 4.0 × 102 Animal 
3 Guacerique 87° 15' 59.019" W 14° 3' 56.694" N DC Rainy/2021 1.5 × 103 1.0 × 103 2.1 × 102 Human 
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Notes: The samples are listed in this table from those with the highest concentration of total coliforms to those with the lowest concentration. N/A = Not applicable. Key to the 
municipalities: CA: Cantarranas; DC: Distrito Central; GA: Galeras; LP: Lepaterique; MO: Morocelí; SAO: San Antonio de Oriente; SL: Santa Lucía; TAT: Tatumbla; VA: Valle 
de Ángeles; GP: Guinope. 

 
Table 1. Counts of Total Coliforms (TC), Thermotolerant Coliforms (TtC), and Intestinal Enterococcus (IE) and the result of the analysis of the TtC/IE ratio in the 
Choluteca River basin of Honduras 

10 Yeguare 87° 25' 4.315" W 14° 11' 35.366" N MO Rainy/2020 1.0 × 103 9.0 × 101 6.0 × 101 Animal 
11 Rio Chiquito 87° 26' 57.997" W 14° 11' 24.841" N DC Rainy/2021 1.0 × 103 1.3 × 102 4.2 × 102 Animal 
24 Río del 

Hombre 
87° 15' 45.378" W 13° 58' 32.307" N DC Dry  /2021 1.0 × 103 2.8 × 102 8.0 × 102 Animal 

28 Río del 
Hombre 

86° 52' 40.538" W 14° 3' 56.265" N DC Dry  /2021 1.0 × 103 2.8 × 102 8.0 × 102 Mixed 

14 Guacerique 87° 22' 53.532" W 14° 4' 36.077" N LP Rainy/2021 7.0 × 102 7.0 × 102 2.0 × 102 Mixed 
16 Yeguare 86° 54' 45.553" W 14° 0' 52.829" N GA Rainy/2021 5.0  × 102 8 6.9  × 102 Animal 
23 Río del 

Hombre 
87° 18' 41.278" W 14° 16' 35.898" N DC Dry  /2021 3.0  × 102 3 7.2 × 101 Animal 

7 Yeguare 87° 8' 48.884" W 14° 13' 10.489" N VA Rainy/2021 2.0  × 102 1.0  × 102 3.0  × 102 Human 
27 Choluteca 

Alta 
87° 3' 4.502" W 14° 8' 57.811" N DC Dry /2021 2.0  × 102 1.7  × 102 1.5 × 101 Animal 

19 Rio Chiquito 87°2' 23.489" W 14° 16' 54.424" N DC Rainy/2020 7.6  × 101 1.4  × 101 9 Mixed 
25 Yeguare 87° 4' 43.534" W 14° 0' 30.087" N TAT Dry /2021 1.3  × 101 3 9 Animal 
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TC detection is a tool to assess the overall sanitary quality of water supplies 25. Detection of TC in surface 

waters suggests contamination from sewage discharges or decomposing matter, especially organic waste. 

These are usually associated with the lack of septic systems, sewage leaks, sewage systems in poor condition, 

or inadequate waste management from agriculture and livestock around sampling points 15, 21, 26, 27.  

On the other hand, the presence of TtC was observed in all samples. Their count varied between 3 CFU/100 

mL to 3.4 × 106 CFU/100 mL. The highest count of TtC was observed in the San José and Guacerique sub-

basins, located in the municipality of the Central District. The counts at these points were equal to or greater 

than 1 × 107. In contrast, four samples from the Yeguare (n = 2), Río Chiquito (n = 1), and Río del Hombre (n 

= 1) sub-basins showed the lowest TtC counts, with values of less than 1 × 101 CFU/100 mL. The distribution 

of TC, TtC, and IE depends on sub-basin, is shown in Figure 2.  
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Figure 2. Counts of total coliforms (green bars), thermotolerant coliforms (blue bars), and intestinal Enterococcus (yellow 

bars) by sampling point distributed by sub-basin: (a) Choluteca alta, (b) Guacerique, (c) Río Chiquito, (d) Río del Hombre, 

(e) Yeguare.  

 

It has been established that E. coli accounts for around 95% of TtC isolates in waters 25, 28, 29. For this reason, 

E. coli is an accurate indicator of fecal contamination due to its constant presence in the intestine and feces of 

warm-blooded animals. The presence of TtC in any body of water has a high predictive value for the potential 

presence of other pathogenic microorganisms for humans 19-21, 30. On the other hand, it has been suggested that 

the presence of IE might be used as a supplementary test for assessing water quality. In this investigation, 90% 

of the sampling locations revealed the presence of IE. IE counts ranged from 9 CFU/100 mL to 5 × 105 

CFU/100 mL. On the other hand, the IE count was 0 in three sampling locations from the Choluteca Alta, 

Guacerique, and Yeguare sub-basins.  

According to various hypotheses, human excretion of TtC, IE, and E. coli differs significantly from that of 

animals in quantity 31-34. According to what was previously proposed by Geldreich et al. 32, we assessed the 

source of microbiological contamination through the relationship between thermotolerant coliforms and 

intestinal enterococci (TtC / IE) in this study. In brief, a TtC/IE ratio greater than 4.0 indicates contamination 

with a human origin, while a ratio less than 0.7 indicates contamination with an animal origin. On the other 

hand, mixed contamination is considered to exist when the TtC/IE ratio ranges from 0.7 to 4.0 32. Following 

this criterion, the origin of the contamination was determined for those sites whose IE counts were more 

significant than or equal to 1 CFU/100 mL. 90% (n=26) of the 29 samples examined had levels higher than or 

equal to 1 CFU/100 mL. The analysis of the microbiological contamination source is shown in Table 1. The 

most frequent source of contamination was determined to be of mixed origin in 19.2% of the samples. In 

comparison, the TtC/IE ratio suggested human contamination in 34.6% of the cases and animal origin in 46.1% 

of the 26 samples studied. 

The potential health risks associated with using and consuming water from the various sampling locations 

were also explored in this study. The WHO has established four categories of potential health risks related to 

E. coli or thermotolerant coliform (TtC) concentrations. These risk categories are low (<1 CFU/100 mL), 

intermediate (1–10 CFU/100 mL), high (11–100 CFU/100 mL), and very high (>100 CFU/100 mL) 15.  Our 

findings indicate that 100% of the samples did not meet the WHO drinking water quality recommendations 

and that 58.6% constituted a high risk for human consumption. Likewise, 10.3% were categorized as high 

risk, while 13.7% were intermediate risk. No sampling point was suitable for consumption following the WHO 

risk guidelines.  

The phylogenetic distribution of the E. coli strains isolated from the various sample points was also examined. 

The predominant phylogenetic group was A (31%), followed by D (24.2%), clade I (17.2%), B1 (13.8%), B2 

(10.3%) and phylogroup E with 3.4%. Intestinal E. coli isolates that are "naturalized," or to have adapted to 
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natural habitats, are primarily grouped in cryptic clades 17. Therefore, the low prevalence of these cryptic 

clades and many phylogroups associated with animals and humans suggests a high anthropogenic activity 

close to the sampling points.  

Here, we have evidence of high microbiological contamination in the surface waters of the upper Choluteca 

River basin, with a high anthropogenic influence. Human and animal waste, improper wastewater management 

practices, and runoff from nearby metropolitan areas and the agricultural sector are all potential sources of 

water contamination. Microorganisms that suggest fecal contamination should never be present in water 

intended for human consumption 15, 18, 25. The presence of microorganisms with the potential to cause disease 

in drinking water usually results in significant adverse effects on public health. The most common waterborne 

organisms, such as cholera, bacillary dysentery, typhoid fever, gastroenteritis, leptospirosis, amoebic 

dysentery, cryptosporidiosis, giardiasis, and balantidiasis, could be transmitted through water surface of the 

upper Choluteca River basin. 

On the other hand, surface waters are not isolated components of the hydrological system. The hydrologic 

interactions between surface and subsurface waters occur by subsurface lateral flow through the soil and 

infiltration into or exfiltration from the saturated zones. In this regard, a high load of microbial contaminants 

in surface waters may impact groundwater 35, 36. The 2030 sustainable development agenda's goal of achieving 

universal and equitable access to drinking water is significantly hampered by such contamination 37 since 

groundwater is the primary source of drinking water for half of the world's population 38, 39. This potential 

pathway for cross-contamination between surface water and groundwater could explain previously published 

results of high rates of fecal contamination found in groundwater in the upper Choluteca River basin 22.   

These data should not go unnoticed since about 1.5 million people, representing more than 14% of the 

country's total population, benefit directly or indirectly from the surface and groundwater of the upper 

Choluteca River basin. In summary, due to the high rates of fecal pollution found in our study, which most 

likely result from biological waste from people and animals, immediate local and state-level action is required 

to monitor and control the water quality. 

CONCLUSIONS 

The microbiological quality of the water in the upper basin of the Choluteca River was evaluated in this study. 

Our results indicate that these waters are inappropriate for human consumption due to the high rates of fecal 

contamination and the prevalence of E. coli strains from phylogroups linked to fecal contamination. Actions 

must be taken to raise public awareness of sanitation-related challenges and effective procedures for handling 

waste from households, livestock, and the agricultural sector. Additionally, as the water in the Honduran 

Choluteca River basin can potentially impact people's health, it must be safely treated before consumption. 

Likewise, we suggest prompt intervention by decision-makers 
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