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Abstract: Microbiological risk assessment is vital for identifying and mitigating health hazards
associated with microbial contaminants in water and food. This study conducts a comprehensive
microbiological risk assessment in Sfantu Gheorghe town, focusing on water and fish-based food
sources. The assessment involves the identification and characterization of microbial hazards pose
by Vibrio spp. and E. coli contamination, exploring the dose-response relationship, and dynamic
evaluations of exposure pathways. In assessing water-related risks, ten strategic sampling points
were selected seasonally over eight seasons. Pathogenic occurrences were quantified, and microbial
species were evaluated based on survival duration, multiplication potential, and susceptibility to
regional meteorological phenomena. Fish-related risks were analysed from capture to primary
preparation, addressing contact with untreated water and fish-based food consumption. Qualitative
assessments of zoonotic risk, infectivity, and potential to cause foodborne intoxications comprise
into a risk score classification. Spatial interpolation methods delineate areas of interest based on
frequent contamination observations. The study highlights the necessity for comprehensive studies
integrating static and dynamic methodologies to comprehend potential health threats associated
with water and fish-based food consumption. The findings underscore the importance of informed
policies and interventions for safeguarding public health in the Danube Delta region.

Keywords: Danube Delta; microbial risk assessment; water contamination; public health; zoonotic
pathogens

1. Introduction

Microbiological risk assessment plays a crucial role in safeguarding public health by quantifying
and qualitatively characterizing potential health hazards associated with exposure to microbial
contaminants. In this context, the present study focuses on evaluating the microbiological risks
related to water sources and fish-based food in the Danube Delta, near Sfantu Gheorghe locality
(Figure 1). Vibrio species consist of short, curved, Gram-negative bacilli with high motility due to a
polar flagellum ubiquitous to marine and estuarine ecosystems, various pathogenic species being
frequently linked to Vibrio infection outbreaks. These infections often result from the ingestion of
contaminated food and water, including with human faeces or sewage, as well as the consumption
of raw fish and seafood. Additionally, exposure of skin lesions, such as cuts, open wounds, and
abrasions, to aquatic environments and fish poses a risk for Vibrio infections [1-5]. Escherichia coli is
a rod-shaped, Gram-negative bacterium inhabiting the lower intestinal tract of warm-blooded
animals, including humans, often being discharged into the environment. Lately, due to changing
environmental conditions, E. coli can survive for long periods of time and naturalize within the
indigenous microbial communities, raising concerns of water quality and public health [6-8]. The
Danube Delta holds significant tourist appeal, yet it simultaneously presents a landscape marked by
disparities in infrastructure, access to medical services, living standards, and community
development. Communities rely heavily on fishing and local resources. The health of the population
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is influenced, among various factors, by the natural environment and the uneven distribution of
medical facilities, particularly disadvantaging administrative units within the Danube Delta. Health
services in this region face challenges such as poor accessibility, lack of interest from the few
physicians, and a local population that is both sparse and low-income, with a considerable portion
lacking medical insurance. For emergency situations, a service comprising three motorboats,
equipped with medical facilities, can navigate the Tulcea-Sfantu Gheorghe route within a few hours.
During winter, when the Danube is frozen, emergency assistance may require the use of an icebreaker
or a SMURD helicopter. Pharmaceutical services are also very scarce.
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Figure 1. The localization of the Danube Delta Biosphere Reservation.

This makes any potential infections of high importance and calls for a thorough public
information about these risks for a good prevention [9-11]. The objective of our study was to isolate
and identify the microbiome present in water and sediment samples collected from aquatic habitats
within the Danube Delta Biosphere Reserve, as well as from fish specimens inhabiting these
environments.

2. Materials and Methods
2.1. Sampling and Bacteriological Analysis

Water samples were collected at a depth of approximately 20-30 cm using 50 ml polyethylene
containers (Isolab). Microbiological samples from fish and sediment were also collected in transport
medium (Deltalab, Eurotubo). Fish specimens were dissected on-site using sterile disposable
instruments, and samples were collected from the gills and hepato-pancreas using sterile swabs. For
water assessment purposes, ten sampling points near the Sfantu Gheorghe locality were strategically
selected across eight seasons. Additionally, over 100 samples of gills and hepatopancreas from
various fish species including perch (Perca fluviatilis), wels catfish (Silurus glanis), sander (Sander
lucioperca), pike (Esox lucius), hardtail (Alosa immaculate), gibel carp (Carassius gibelio), and common
carp (Cyprinus carpio) were collected from the Danube River mouth near the Sfantu Gheorghe locality.

Standard microbiological methods were employed for the isolation and identification of
bacterial strains. Homogenized samples were transferred into nutrient broth and alkaline peptone
water. The tubes were incubated at various temperatures (30°C, 37°C) for 24-48 hours in aerobic
conditions. Subsequently, the pre-enriched samples were transferred onto selective media, including
MacConkey agar, thiosulphate—citrate-bile salts—sucrose agar (TCBS), and Brilliance UTI agar, and
incubated for an additional 24-48 hours. Isolated colonies were then transferred to Tryptone soy agar
(TSA) and nutrient agar, followed by a 24-hour incubation. The developed colonies were selected,
subjected to Gram staining, and underwent an oxidase test (Microbact). Bacterial strain
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characterization was conducted using the Rapid One NF Plus (ThermoFischer Scientific, Remel), API
20E, and API 20NE systems (bioMerieux).

2.2. Data Analysis
2.2.1. Method for Microbiological Risk Assessment

Risk assessment represents the quantitative or qualitative characterization and estimation of the
potential occurrence of adverse health effects associated with an individual’s or a population’s
exposure to a hazard [12,13]. Therefore, the first step is the identification and characterization of the
hazard. The studied pathogenic bacteria are contaminants but also naturally exist in water, and
potential exposure pathways are diverse, ranging from common ones, such as water or food
ingestion, to exposure through open wounds in water or while handling and processing infected fish.
This initial step is followed by the assessment of the dose-response relationship, as some microbial
pathogens have a lower infective dose than others. The evaluation then continues with exposure
assessment, considering areas with different uses and visitation rates, ultimately leading to a
comprehensive risk characterization. These are the steps of a static risk assessment model used for
the microbiological risks, such as water and food sources, throughout their cycles. Dynamic risk
assessment methods have also been developed, considering the nature and characteristics of
microbial pathogens. These methods additionally evaluate indirect or secondary transmission routes
in cases where person-to-person transmission may occur. However, pathogens transmitted through
these routes usually do not exhibit this characteristic, or it is not as significant as in the case of water
and food consumption and the cycle of contaminated food — fish.

For the microbiological risk assessment related to water, the 10 sampling points considered in
the Sfantu Gheorghe locality area, with seasonal repeatability (8 seasons), the frequency of occurrence
of pathogens in each sampled area could be calculated. Microbial species were evaluated based on
certain important parameters that can influence the degree of microbiological hazard. Among these
parameters, the following were chosen: survival duration and potential for multiplication in the
aquatic environment [3,14-17] and the predisposition of pathogen occurrence based on regional
meteorological phenomena [18-20]. Additionally, pathogens were characterized based on the degree
of zoonotic risk, infectivity, and the potential to cause foodborne intoxications [21-29].

In addition to the risks associated with the ingestion and/or contact with untreated water, there
are also risks in the fish-based food preparation cycle, especially in the early stages — capture,
handling, and primary preparation (contact, cleaning, evisceration, etc.).

Microbiological risk in the occurrence of foodborne intoxications and other types of non-
digestive infections from fish to humans were calculated based on the literature mentioned above
and the frequency of identification of known microorganisms with potential pathogenicity for
humans (V. cholerae, V. fluvialis, V. alginolyticus, V. metschnikovii, V. mimicus, V. vulnificus, V.
parahaemolyticus and E. coli) in the gills and hepatopancreas of the studied fish species [30-33]. Based
on this information, a qualitative assessment was made regarding the zoonotic risk, leading to a
preliminary classification into classes of microorganisms — pathogenic, opportunistic, causing
nosocomial infections, and foodborne intoxications. As a result of this classification, a risk score
ranging from 0 to 5 was estimated, representing situations from no zoonotic risk (0) to high zoonotic
risk (5). For microbiological risks related to water, each parameter was evaluated by scoring on a
scale of 1 to 10. The sum of the scores for all parameters was then applied to the calculated frequency
at each water sampling point, generating a microbial risk factor. To move from a point state (sampling
points) to an area, spatial interpolation was used. To complete the spatial characterization of
microbial risk, distinctive areas of interest were delineated in the study area, such as the most
frequented zones or locations with the most frequent observations of high pollutant concentrations.
In the case of microbiological risks related to the occurrence of foodborne intoxications and other
types of non-digestive infections regarding fish as vectors, transmission through contact with skin
lesions or through the “dirty hands - mouth” mechanism due to fish handling (primary contact,
cleaning, evisceration) was considered. The risk associated with consuming the respective organs
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(gills, hepatopancreas) was not considered, as these situations were not encountered in the
community.

3. Results
3.1. Human Microbiological Risk of Infections Transmitted Through Water and Fish

Following the microbiological analysis of the samples collected from the gills and
hepatopancreas, bacterial strains belonging to the families Vibrionaceae, Enterobacteriaceae,
Pseudomonadaceae, Enterococcaceae and Staphylococcaceae were isolated. As indicated in the literature,
fish can harbour pathogenic bacteria with zoonotic potential or act as carriers for human pathogens
like E. coli, Salmonella spp., etc. Fish typically acquire bacteria from water, but through migration,
they can transport and contaminate different areas. Concerning human aquatic microbiological risk,
the highest values for Vibrio spp. (Figure 2) were observed in the Canal and Melea Lagoon area (2.7
or 8.9%) and in the Sfantu Gheorghe Arm area (2.5/8.5%), upstream of the locality. The lowest values
were in the Central Canal area and at the mouth of the Sfantu Gheorghe Arm (0.8/2.7%). For
microbiological risk related to E. coli (Figure 3), the highest values were also observed in the Melea
Lagoon and the Central Canal (11.7 or 39%), and the lowest in the area at the mouth of the Sfantu
Gheorghe Arm and the Turkish Canal (2.9/9.8%). Based on the frequency of identification of
microorganisms in the studied fish species and the calculated total risk of infections, both non-
digestive and foodborne intoxications were higher in gills than in the hepatopancreas for species such
as pike (12/10.81 - non-digestive and 10.59/8.53 - foodborne intoxications), perch (11.89/10.42;
9.21/6.05), carp (10.25/9.32; 7.94/5.98), and zander (9.3/8.7; 6/5.5). For pontic shad (11.1/13.6; 8/11) and
crucian carp (7.83/8.67; 6.43/6.5), the calculated total risk was higher in the hepatopancreas than in
the gills. In the case of catfish, the calculated microbiological risk for non-digestive infections was
slightly higher for the hepatopancreas (10.8/10.9), while that calculated for foodborne intoxications
had higher values for gills (9.36/8.97). The calculated microbiological risk for gills had the highest
values for pike (12 - non-digestive and 10.59 - foodborne intoxications) and the lowest for crucian
carp (7.83 - non-digestive) and zander (6 - foodborne intoxications). Conversely, the calculated risk
for the hepatopancreas had the highest values for pontic shad (13.6 and 11) and the lowest for carp
(8.39 - non-digestive) and zander (5.5 - foodborne intoxications).
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Figure 2. Microbial risk level for Vibrio spp.in Geographical Informational System (GIS).
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Figure 3. Microbial risk level for E. coli in Geographical Informational System (GIS).

On average, it can be observed that the species with the highest potential microbiological risk
for foodborne intoxication is pike (9.56), pontic shad (9.5), and catfish (9.17). Similar to the
microbiological risk of foodborne intoxications, the microbiological risk for non-digestive infections
is higher for species like pontic shad (12.35), pike (11.4), perch (11.16), and catfish (10.85). It should
be noted that although the calculated microbiological risk of infection is highest for pontic shad, the
duration of exposure is limited by the temporary human presence during the migration of these fish
for reproduction. This microbiological risk of foodborne intoxications and other types of non-
digestive infections from fish to humans considers transmission mechanisms through contact with
skin lesions or the “dirty hands - mouth” mechanism resulting from the handling of fresh fish
(contact, cleaning, evisceration). While rare in human pathology, infections developed through these
routes can be severe, leading to death. According to literature data, dense bacterial populations can
be concentrated from water and developed in fish organisms, especially in gills (up to 10¢
populations/g) and in the digestive system (approximately 108 heterotrophic populations/g and 10°
anaerobic populations/g), as well as on the skin/scales (10>-10* populations/cm?), eggs (10°-106
populations/g), larvae, etc. [34,35]. In the first phase, direct contact with caught fish, by removing
them from nets, transfers bacteria from their skin and mouth and gills. Microscopic lesions caused by
scales, fins, teeth, etc., can occur in this process. Then, evisceration, a process recommended to be
performed as quickly as possible after capturing the fish to remove the source of powerful proteases
and enzymes from the digestive tract, ensuring quality and preventing their spoilage [36,37] involves
secondary contact with the intestinal tract and organs. The use of sharp instruments on-site (often the
process is carried out on a boat) increases the risk of cut and puncture wounds and indirect
contamination. There are reported cases, especially of skin infections developed through these routes,
primarily due to Vibrio species (V. vulnificus, V. alginolyticus, V. parahaemolyticus, and other
unidentified Vibrio spp.) [38-41].
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4. Conclusions

The brackish waters of the lagoon formed at the mouth of the right secondary branch of Sf.
Gheorghe - the Melea area is a combined risk zone (with the highest risk) for human health but has
no consequences since it lacks permanent human settlements, and anthropogenic activities, like
tourism, bird-watching or fishing, are reduced or prohibited, being a strictly protected area. The One
Health concept is interrupted, with the possibility being extremely limited for transmission through
direct contact/ingestion to humans. The calculated major aquatic microbiological risk is distributed
in the right secondary branch and Melea Lagoon area and the Sfantu Gheorghe Arm, upstream of the
locality. The microbiological risk in the transmission of diseases from fish to humans due to their
handling is higher for non-digestive infections (contamination in the case of superficial wounds, up
to septicaemia and death) compared to foodborne intoxications. The microbiological risk of
foodborne intoxications, although lower, can be reduced because gastrointestinal mass is generally
not consumed, and the consumption of raw fish is not specific to the area.
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