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Abstract

Access to clean and safe drinking water is crucial for global health and well-being, for-
mally recognised as a fundamental human right within the United Nations’ Sustainable
Development Goals. However, the integrity of water supply is increasingly threatened by
microbial contamination, a risk aggravated by the conditions driven from climate change,
which promotes the proliferation, resilience, and facilitation of the dissemination of mi-
croorganisms. Pathogens like Legionella, Cryptosporidium, Giardia, Escherichia coli, and Vibrio
cholerae can be present in water supplies, developing survival strategies (e.g., biofilm, cysts,
inside protozoa). The risk of microorganisms in water requires both effective treatment at
drinking water treatment plants and vigilant process control throughout drinking water
distribution systems. Globally, a great number of disease outbreaks have been linked
to contaminated drinking water. Despite strong regulations in the European Union and
the Drinking Water Directive aim to guarantee the safety and quality of potable water,
outbreaks persist; recent Legionella cases in Italy in 2024 and Cryptosporidiosis in 2019
linked to rainfalls and insufficient disinfection treatment, respectively, are an example of
this. Although cholera is not common in Europe, there is evidence of high incidence of this
disease in Africa mainly due to the poor hygienic conditions in the DWTS. In Europe, the
data of waterborne diseases and outbreaks are submitted by European Countries to the
European Centre for Disease Prevention and Control (ECDC) to give faster and effective
response to outbreaks. Determining the origin of the contamination is essential to face the
solution of outbreaks and ensure public health safety.

Keywords: Escherichia coli; global change; microorganism; tap water; waterborne disease

1. Introduction
Having access to clean and safe drinking water is essential for maintaining health and

well-being. The United Nations in 2015 recognised access to clean water and sanitation as a
basic human right by including it in the Sustainable Development Goals (SDG 6), aiming to
ensure universal and fair access to safe and affordable drinking water for all by 2030 [1,2].
Drinking water quality reflects the properties of a raw water source, including physico-
chemical and microbiological characteristics. Recent research highlights the significant
impact of microorganisms on the quality of drinking water, revealing complex interactions
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between microbial communities and public health [3–7]. The microbiological safety of
drinking water is fundamental to guarantee its quality. Bacteria, viruses, protozoa, and
endotoxins are the most common microbiological contaminants in drinking water [8–13].
Often, a raw water source requires treatments before being considered potable, according
to potable water standards established in the corresponding regulations in each country.
Furthermore, drinking water is delivered to the consumer through kilometres of pipes, and
maintenance of water quality in these long ways to the tap is a prime concern for drinking
water and can be a challenging task [3], particularly in regions with inadequate sanitation
infrastructure. Microbiological contaminants can appear anywhere in the drinking water
supply, even in developed countries with strict regulations and monitoring. High level of
microbiological contamination may result in an increase in waterborne diseases, affecting
mainly to vulnerable populations.

Despite improvements in recent decades, access to good quality drinking water re-
mains a critical issue [14]. It is important to know the risk of microbial contamination in
the source of drinking water for preventing it and try to mitigate its potential impact on the
population [15]. Microbial contamination in surface water sources can be intensified due to
climate change and extreme weather events [16–19]. Climate change is a pressing issue that
has significant impacts on our planet and affects every region worldwide, having a deep
impact on microorganisms, affecting their distribution, behaviour, and interactions with
the environment. Microorganisms occupy large areas of the Earth thanks to their ability
to adapt, even to very extreme environmental conditions [20]. The National Oceanic and
Atmospheric Administration (NOAA) shows that as global average surface temperatures
have increased significantly, leading to more frequent and intense heatwaves. Earth’s tem-
perature has risen by an average of 0.06 ◦C per decade since 1850 and this rate has become
0.20 ◦C since 1982. Average global temperatures have risen by more than 1 ◦C since the
1850s, with 2024 recorded as the warmest year since global temperature records began [21].
Figure 1, developed from NOAA’s Global Time Series data, illustrates the global average
surface temperature up to June 2025 [22]. As can be seen in Figure 1, the average annual
temperature has been on a steady rise, accelerating significantly since 1970. However, in
January 2025, previous temperature records were surpassed as 2.29 ◦C was reached [23].

Figure 1. Global surface (land and ocean) average temperatures anomalies. Source: based on NOAA’s
Global Time Series data [22].

Higher temperatures are associated with changes in the water cycle driven to more
frequent and extreme weather events, heatwaves, changes in precipitation patterns, floods
and droughts, and hurricanes, which can lead to critical problems regarding the accessibility
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of quality water resources, among other impacts. Rising temperatures play a critical role
in intensifying the hydrological cycle. As global mean temperature rises, the intensity
of land–atmosphere feedback increases, driven by greater atmospheric water demand
(AWD). With less frequent periods of precipitation and higher AWD, droughts are more
probable [24]. Researchers have found a positive correlation between temperature and flood
occurrence, which posits that higher temperatures enhance the atmosphere’s moisture-
holding capacity, which increases the potential for more intense rainfall and, subsequently,
a higher risk of floods. The Clausius–Clapeyron relation provides a scientific basis for this
connection as it states that as the temperature rises, the atmosphere’s capacity to hold water
vapour increases exponentially. This means that under warmer conditions, more moisture
is available to fuel extreme precipitation events [25].

Assessing health risks from climate change is one of the priority research areas of the
World Health Organization (WHO) [26]. These challenges have been studied by a lot of
researchers establishing a direct relation between the surface temperature increase and
climate change impacts, leading to critical issues regarding the accessibility and quality
of water resources [24,25,27–34]. Figure 2 shows some of the main challenges that climate
change leads to.

Figure 2. Main challenges associated with climate change.

2. Materials and Methods
A bibliographic search was conducted to identify the relevant literature across multiple

databases, including Web of Science (WoS), Scopus, ScienceDirect, and PubMed. Articles
were retrieved using keywords such as “Climate Change”, “Earth surface temperature”,
“Weather Events”, “Flooding”, “Droughts”, “Drinking Water”, “Microorganisms”, “Water-
borne Diseases”, “Escherichia coli”, “Hepatitis”, “Legionella”, “Salmonella”, “Shigella”, “Vibrio”,
“Campylobacter”, “Giardia”, “Cryptosporidium”, and “Water parasites”. These terms were
applied individually or in Boolean combinations (AND, OR) to refine the search. Systematic
studies can enhance their methodological rigour, enabling an assessment of the adequacy
of the methods and, consequently, the reliability of the results [35].

The inclusion criteria selected were as follows: published between 2005 and 2025, due
to an increase in extreme weather events in recent decades; written in English or Spanish;
accessible in full-text format, to ensure the retrieval of all the relevant information in its
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proper context; focused on the pollution of water sources resulting from extreme weather
events; microbiological development due to an increase in pollutants and nutrients in
drinking water sources; reported on the effects of microorganisms in drinking water on
human health.

Studies were excluded if they were published before 2005; written in a language
different than English or Spanish; lacked full-text access; did not examine pollution of water
sources linked with extreme weather events; and did not describe effects of microorganisms
in drinking water on human health. The PRISMA flow diagram, Figure 3, facilitates the
review methodology.

Figure 3. PRISMA flowchart showing the process of the search, including and excluding criteria.

The historical databases (NOAA, ECDC) were examined in their entirety, without
temporal restrictions, to understand the evolution of microbiological pollution in drinking
water sources associated with changes in weather patterns driven by climate change.
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3. Microbiological Risks in Water Sources Due to Extreme Weather Events
The increase in temperature leads to warm conditions, between 30 and 50 ◦C, that

can promote the growth and metabolic activity of pathogen microorganisms in aquatic
environments, so they proliferate faster, that is the case, for instance, of Escherichia coli or
Legionella, two of the most frequent microorganisms found in both surface and groundwater.
Because of that, the risk of contamination of drinking water sources grows exponentially,
reflecting the direct link between microbial behaviour and environmental temperature.

It is important to note that the presence of bacteria in drinking water per se is not an
issue, if no pathogenic organisms are present. There are bacteria in drinking water, even in
relatively high number (103–106 cells/mL), without consequences on human health [36–39].
However, unwanted or excessive microorganism growth can cause deterioration of micro-
bial water quality, leading to taste, odour, and safety concerns. This deterioration can occur
both at the water source and within treated potable water supplies.

Periods of increasingly extreme precipitation, floods, and storms can contaminate
drinking water sources with human and animal waste, agricultural soils, urban runoff, and
poorly treated wastewater introducing pathogens into water supply systems. Excessive or
heavy rainfall events can increase runoff of water from fields, transporting microorganisms
into rivers, lakes, wells, and any flow of water [33,40]. In addition, extreme precipitation
increases turbidity and total suspended solids (TSS) in water sources [41], which may
present important challenges for water treatment facilities. After precipitation, some TSS
carried by the runoff would absorb the microbiological contamination in water sources
and deposit at the bottom of the source. That can lead to a high microbial concentration in
water sources [42,43]. Research indicates that total coliforms and Escherichia coli exhibited
the strongest adsorption with fine particles between 3.2 and 4.2 µm particles [42]. The
association with small particles was due to their high number concentration and the
effective surface area available for attachment [42].

Figure 4 illustrates that surface runoff generated by extreme precipitation constitutes
one of the primary sources of exogenous pollution in water sources [33]. Such runoff can
mobilise and transport a wide array of contaminants. These processes can be amplified by
the hydrodynamic energy of extreme precipitation flows, which can resuspend sediments
releasing previously deposited contaminants back into the water column. In addition,
humidity can create favourable conditions for the proliferation of certain bacteria, which, in
combination with pollutant influx and sediment disturbance, poses a significant challenge
to water quality management, increasing the operational demands on water treatment
facilities and the need of continuous monitoring of water requirements.

Heavy rain and flooding can lead to the overflow of sewage and wastewater systems,
carrying ARGs from treatment plants and urban areas into natural bodies like rivers and
streams [44]. Increased temperatures have been directly linked to higher rates of antibiotic
resistance genes (ARGs). McFadden et al. found specifically that an increase in temperature
of 10 ◦C correlated with increases in resistance of 4.2% for Escherichia coli, 2.2% for Klebsiella
pneumoniae, and 2.7% for Staphylococcus aureus. Antibiotic resistance can spread by the
horizontal transmission of specific genomic resistance mechanisms and the selection of
resistant strains [45].

During drought conditions, many soil microorganisms experience cell rupture and
death due to water scarcity, while others adapt by altering physiological functions. Adapta-
tions may include modifying cell wall permeability and accumulating compatible solutes
to retain intracellular water [33]. These drought-tolerant microbes often reduce metabolic
activity during desiccation and resume growth once moisture levels are restored [46]. Such
resilience suggests that certain microbes can maintain their viability throughout gradual
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declines in soil water content and can remain metabolically active even under prolonged
periods of droughts.

Figure 4. Impacts of extreme precipitation on quality and microbiological risk of water sources.
ARGs: antibiotic resistance genes; OM: organic matter; DOM: dissolved organic matter; TSS: total
suspended solids; N: nitrogen compounds; P: phosphorus compounds; PPCPs: pharmaceutical and
personal care products.

In addition, droughts can lead to the concentration of nutrients (many of them pro-
ceeding from organic matter decomposition, such as ammonium, nitrate, nitrite, and
phosphorus) and pathogens in water as the volume decreases. These nutrients can fuel
the growth of microorganisms, leading to harmful algae blooms (HABs) that can produce
toxins and bacteria [47–50]. Algae have different optimal growth temperature ranges,
30.6 ± 2.3 ◦C for Cyanobacteria, 25.7 ± 0.1 ◦C for green algae, and 24.0 ± 0.4 ◦C for di-
atoms [51]. Toxins are produced and stored inside the cyanobacteria cells. The release
of these toxins into the water occurs when the cells die or are broken. This can lead to
dangerously high concentrations of cyanotoxins in a water body. The retention of nutrients
within a lake or reservoir can benefit HABs, especially when droughts follow periods of
heavy rainfall [50]. HABs can cause the mortality of aquatic animals, plants, and even algae
themselves, increasing the OM that consume dissolved oxygen driving to anoxic condi-
tions. Additionally, OM can be used as a carbon source for microorganisms. The whole
process can lead to an increase in microbial concentration, increasing the microbiological
risks associated with drinking water sources [33]. Recent satellite-based analyses of nearly
2000 large lakes worldwide demonstrate that bloom frequency has risen by approximately
1.8% per year over the past two decades, with significant correlations observed between
bloom occurrence and rising temperatures [52].

An insufficient supply of water may lead to lower hygienic standards [53], especially
in developing countries. In addition, when microorganisms face droughts, they are thought
to have two different responses, resistance and resilience [54], and because of that they
become very challenging. Figure 5 presents a table that presents the interrelationships
between key climate change events, their impact on aquatic resources, and their subsequent
effects on water availability for supply.
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Figure 5. Relationships between most common climate change events and final effects on drinking
water supply. DO: dissolved oxygen.

4. Effects of Extreme Weather Events on Microbial Risks in Drinking
Water Treatment and Distribution Systems

Extreme weather events can affect conventional treatment processes in drinking water
treatment plants (DWTPs), including coagulation–sedimentation, filtration, and disinfec-
tion. These impacts arise primarily from alterations in source water quality, which becomes
increasingly variable under extreme weather conditions (turbidity, TSS, OM, nutrients
concentration, microorganisms, HABs, etc.). Increased turbidity and organic matter can
reduce the efficiency of processes of coagulation–sedimentation and filtration, while higher
nutrient levels may promote microbial regrowth in distribution systems. Likewise, elevated
organic matter can react with disinfectants, lowering disinfection efficacy and increasing
the formation of potentially harmful disinfection by-products. Together, these changes
compromise treatment performance and can significantly elevate microbiological risks
throughout drinking water systems. Figure 6 illustrates a schematic diagram of a drinking
water treatment plant (DWTP).

Figure 6. Diagram of a drinking water treatment plant.
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4.1. Coagulation-Flocculation-Sedimentation

Dissolved organic matter (DOM) presents a persistent challenge for drinking wa-
ter treatment plants (DWTPs) as it is observed in undesirable colour, taste, and odour.
DWTPs need to improve the removal of pollutants, enhancing the processes of coagulation,
flocculation, and sedimentation [55]. The primary methods to improve the efficiency of
coagulation, flocculation, and sedimentation include adjusting the water pH, selecting ap-
propriate coagulants according to water nature and characteristics, optimising the dosages,
increasing mixing speed and intensity according to jar-tests experiments, and extending
sedimentation time.

Floods and extreme precipitation can rapidly alter water source quality, and the
objective in these situations is to improve TSS and turbidity removal efficiency, using in
any type of organic or inorganic coagulants.

4.2. Filtration

Heat waves and droughts can reduce the effectiveness of the coagulation and sedimen-
tation processes in removing microorganisms, hydrophilic dissolved organic matter, and
inorganic nutrients. If the previous processes cannot be kept under control after extreme
precipitation with sudden increases in TSS, pollutants, and microbes, filtration may become
overloaded [56]. Under these conditions, filters need more frequent backwashing to prevent
microbial breakthrough, but intensified backwashing can disrupt microbial communities
and increase biofilm detachment risk [57]. The main types of filters used are rapid sand
filters that consist of a bed of sand through which water flows quickly, slow sand filters
that operate at lower flow rates, allowing the development of a biologically active layer,
and membrane filters that use semi-permeable membranes that block physically particles,
bacteria, and viruses. These last ones are based on microfiltration or ultrafiltration and,
although they are very efficient, they are also very expensive.

This step is essential for ensuring drinking water clarity and microbiological safety
before disinfection and distribution.

4.3. Disinfection

This is a critical step in DWTPs that ensures microbiological safety by removing or
inactivating pathogenic microorganisms [58]. Conventional disinfection methods include
radiation (UV), chlorination, filtration, chlorine dioxide, peracetic acid (PAA), and ozona-
tion. However, these technologies present problems such as reduced efficiency or the
formation of potentially harmful disinfection by-products (DBPs) such as trihalomethanes
(THMs) which are strictly regulated.

The impact of heat waves on disinfectant decay is substantial. Inlet water temperatures
ranging from 10.0 ◦C to 30.0 ◦C resulted in chlorine decay rates of 38.0% to 75.0%. At an
inlet water temperature of 20.0 ◦C, chlorine decay varied between 50.5% and 56.5% when
the temperature in the disinfection tank was adjusted from 17.0 ◦C to 22.5 ◦C [33,59].

Despite its many advantages, such as reducing DBPs concentration and active mi-
crobes in the effluent water [60], when turbidity and DOM are high, UV treatment can
have negative effects as it can modify its molecular structure into low molecular weight
fractions more easily metabolised by bacteria stimulating microbial regrowth and biofilm
formation [61,62]. To prevent regrowth, UV treatment is often followed by sequential
chemical disinfection (chlorine) to provide a residual disinfectant barrier.

Assessing and controlling protozoa such as Cryptosporidium and Giardia is a critical
challenge in DWTPs as they exhibit high resistance to conventional disinfection processes.
Ultrafiltration or nanofiltration have demonstrated superior efficacy against chlorine-
resistant protozoa.
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4.4. Drinking Water Distribution Systems (DWDSs)

DWDSs are the final step in the supply of drinking water consumers and temperature
is a crucial factor as it influences the absorption of disinfectants, the rate at which, for
example, chlorine, the most usual disinfectant used, decays. It also affects the growth
of biofilms, which can act as reservoirs of opportunistic pathogens that may then release
into drinking water [63,64]. During heat waves the temperature of pipe network increases
and this promotes the microbial use of the OM still present in water and the growth
of pathogens that have nutrients on demand. The World Health Organization (WHO)
guidelines recommend a maximum temperature limit of 25 ◦C at the tap [11]. The virulence
of different microorganisms is known to be highly influenced by temperature; however,
there is little legislation found to this effect. Directive (EU) 2020/2184 of the European
Union on the quality of water for human consumption does not establish a temperature
limit value for water at the consumer’s tap.

5. Main Microorganisms in Drinking Water and Diseases They Lead to
The pathogens that may be transmitted through contaminated drinking water are di-

verse in characteristics, behaviour, and resistance. Although their mere presence is a cause
of concern, their impact on human health is directly affected by its optimal virulence tem-
perature and only some strains may contribute to the development of disease [65]. The main
microorganisms identified in drinking water include bacteria such as Salmonella, Shigella,
Escherichia coli (E. coli), Vibrio cholerae, Giardia, Pseudomonas, Legionella spp., Cryptosporid-
ium, Clostridium perfringens, Aeromonas, and Campylobacter [11,12,66–69]. The presence of
viruses such as adenovirus, hepatitis A and E, and norovirus has also been frequently
detected in drinking water sources, as well as several types of parasites. All of them have
developed strategies to survive under challenging conditions and arrive at the consumer’s
tap. Microbial cells can aggregate forming biofilms, creating a protective environment
against disinfectants, predation from protozoa that feed on bacteria, or environmental
fluctuations such as changes in pH and salinity. Some bacteria like Clostridium can form
spores, and other pathogens like protozoa Giardia or Cryptosporidium form cysts, which
protect them from disinfectants and adverse conditions. Other microorganisms can survive
inside protozoa (amoebae) that ingest them but do not digest them, providing a protective
environment and a nutrient source.

Although consumption of contaminated drinking water represents the greatest risks,
other routes of transmission can also lead to disease. Certain serious illnesses result from
inhalation of water droplets (aerosols) in which the causative organisms have multiplied
because of warm waters and the presence of nutrients, induced by the effects of climate
change. Some parasites are transmitted when the larval stage penetrates the skin, causing
diseases that can lead to severe gastrointestinal illness [11]. In addition, contact with toxins
from cyanobacteria, algae, and some bacteria can be harmful to humans when drinking
contaminated water. These pathogens can cause injuries and symptoms like allergies and
severe liver and kidney damage, neurological disorders, and cancer [70–72].

Temperature is known to play a very important role in Legionella growth and virulence,
with an optimal range of 35 ◦C to 42 ◦C. At this temperature, Legionella seems to express
the most virulence factors that can infect immunosuppressed host, especially at 37 ◦C
(human body temperature). Below 20 ◦C, Legionella does not multiply but it can still survive
for long periods and become active again if temperature increases. Above 50 ◦C, the
bacteria begin to die off and at 70 ◦C total disinfection occurs [11,73]. Bacteria can survive
and grow as parasites within free-living protozoa and within biofilms which develop in
water systems [73].
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However, other pathogens are host dependent, such as Cryptosporidium, and can
persist although gradually lose viability and the ability to infect [74]. That is also the case
of the protozoa Giardia, which can survive for months to more than one year in cool water
(approximately 5 ◦C or less) [49,75]. Nevertheless, Giardia cysts gradually lose viability
when the temperature rises, while some studies found that at 21 ◦C they were viable for
5 to 24 days, while those at 37 ◦C never survived for more than 4 days [76]. Persistence of
many microorganisms is affected by several factors with temperature being one of the most
important and which may be mediated by the lethal effects of ultraviolet (UV) radiation in
sunlight acting especially near the water surface [11].

Between the contaminants that can be found in drinking water, pathogenic microorgan-
isms from human and animal faeces pose the greatest danger to public health. Escherichia
coli, thermotolerant coliform bacteria (44–45 ◦C), is the most widely used indicator of
faecal contamination in drinking water supplies but does not usually multiply in drinking
water [77]. Nevertheless, selection reference pathogens can be subjected to differences in
criteria. The presence of Escherichia coli in a DWDS can indicate a recent faecal contamina-
tion and its presence may be reliable indicator for Salmonella spp. and Shigella spp. [11].
Both, Salmonella and Shigella have a short persistence in water supplies, although their
health significance is high [11]. Their virulence in optimal temperature is 37 ◦C (host’s body
temperature), decreasing significantly below 10 ◦C and above 70 ◦C. Vibrio are bacteria
that live in relatively warm and low-salinity marine environments [78] whose temperature
of greatest virulence is 37 ◦C, and prevalence decreases as water temperatures fall below
20 ◦C [11,79].

Table 1 highlights some of the most common microorganisms found in drinking water
supplies, the source of pollution, their route of infection, and their adverse effects on
human health.

Table 1. Most common microorganisms associated with drinking water.

Microorganism Source Route of Exposure Diseases References

Escherichia coli
(O157, Shiga toxin)

Faecal contamination from
humans or animals Ingestion

Gastroenteritis, haemolytic
uremic syndrome, urinary

tract infections,
meningitis, septicaemia

[11,16,80,81]

Salmonella Faecal contamination from
humans or animals Ingestion

Diarrhoea, abdominal cramps,
fever, nausea, vomiting, and

severe dehydration
[11,80,82,83]

Shigella Faecal contamination
from humans Ingestion Intestinal diseases, including

bacillary dysentery [11,80,84]

Vibrio cholerae Faecal contamination from
humans or animals Ingestion Cholera (diarrhoea, leg cramps,

vomiting, dehydration) [11,16,79,80,83]

Legionella
pneumophila

Member of natural flora
of many freshwater

environments. Survives
in biofilms.

Inhalation aerosol
Pneumonic illness

(Legionnaires’ disease,
Pontiac fever)

[11,73,85,86]

Campylobacter Wild and domestic animal
are reservoirs

Ingestion, dermal
exposure

Diarrhoea, abdominal pain,
fever, vomiting. Reactive
arthritis, meningitis, and

Guillain–Barré syndrome.

[11,81]

Giardia
Animals and humans

excrete cysts into
the environment

Ingestion, dermal
exposure

Diarrhoea, abdominal cramps,
bloating, tiredness trouble

absorbing nutrients
[11,75,80,83]
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Table 1. Cont.

Microorganism Source Route of Exposure Diseases References

Cryptosporidium
Animals and humans
excrete oocysts into

the environment

Ingestion, dermal
exposure

Self-limiting diarrhoea,
nausea, vomiting [11,82,83,87,88]

Helminths Faecal contamination from
humans or animals

Ingestion, dermal
exposure

Abdominal swelling and pain,
nausea, vomiting, diarrhoea, a

dry cough, and skin rashes
[11,82,87]

Hepatitis A Faecal contamination from
infected humans Ingestion Hepatitis A (severe damage

to liver cells) [11,80]

Adenovirus Faecal contamination Ingestion Pharyngitis, conjunctivitis [11]

Hepatitis E Human waste and
infected humans Ingestion Hepatitis (severe in

pregnant women) [11,80]

Cyanotoxin HABs-cyanobacteria Ingestion, dermal
exposure

Skin irritation,
gastrointestinal illness [47]

6. Incidence of Waterborne Diseases in Europe Associated with
Drinking Water

It is a fact that many disease outbreaks resulting from drinking water pathogens occur
after periods of flooding [82,89–92]. An example is the significant presence of microor-
ganisms, including bacteria, fungi, and parasites, identified in drinking water after the
devasting floods in October 2024 in the Valencian Community (Spain) [93].

The European Union (EU) has established regulations to ensure the quality and safety
of drinking water. The recast of the Drinking Water Directive (DWD) was adopted in
December 2020 and entered into force in January 2021. The Member States must transpose
the Directive into national law and comply with its provision by 12 January 2023 and
report all the information required in the DWD to the European Centre for Disease and
Control (ECDC) [94].

In the data series reported by European countries, a growing trend is observed for
many of the microorganisms studied, which is not solely due to an increase in microor-
ganisms in water sources of drinking water but also to a specialisation in identification
techniques using PCR (polymerase chain reaction). However, the PCR methods have the
advantages of being quick and specific but cannot determine the viability of the organ-
isms detected [95], that can lead to a health alert, even after an adequate disinfection of
potable distribution systems and conventional culture methods that evaluate the viability
of microorganisms.

The ECDC supplies current data on outbreaks, which are regularly reported, highlight-
ing the significant need of proper hygiene control in drinking water distribution systems.
Based on these dates, some of the most significative waterborne diseases are described in
the graphs below.

One of the most recently reported outbreaks linked to drinking water supply systems
was Legionnaire’s disease in Italy (Lombardy Region) with 49 confirmed cases, including
three deaths, in summer 2024 [96]. Figure 7 displays the incidence of Legionnaires’ disease
in Europe since 2005, with Italy, France, Germany, and Spain being the most affected
countries [97]. These countries experience high summer temperatures, often between 35
and 40 ◦C, which falls within the optimal growth range for Legionella bacteria. Indeed, the
1976 Philadelphia outbreak, which gave the disease its name, occurred during a heatwave.
This increase in temperature can lead to droughts and water stagnation in supply pipes,
the establishment of biofilms, and the proliferation of the bacteria, which then disseminates
as aerosol droplets through cooling systems or potable water supplies. The persistence of
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Legionella in drinking water, despite disinfections, is due to its ability to find favourable
growth conditions and this is reflected in the increasing trend of detected cases in Europe
and all around the world.

Figure 7. Number of reported cases between 2005 and 2023 in Europe of Legionnaire’s disease caused
by bacteria Legionella spp. Graph based on data provided by the ECDC [97].

Figure 8 shows the evolution of Cryptosporidiosis in Europe. The United Kingdom,
Germany, Belgium, and Spain are the countries with a higher number of reported cases. The
available information from investigations indicates that one of the causes may be climatic
drivers, such as the increased rainfall in the summer of 2012 in the United Kingdom and
Germany [98]. A peak is shown in 2019 in Italy, where an outbreak of cryptosporidiosis
occurred in August, in a small town in North-eastern Italy. The origin was an insufficient
disinfection treatment of the water supply, spring water, that highlighted the vulnerability
of small water supplies [90].

Figure 8. Number of reported cases between 2007 and 2023 in Europe of Cryptosporidiosis caused by
parasitic protist Cryptosporidium. Graph based on data provided by the ECDC [99].

Cholera is not a common problem in Europe due to high standards of hygiene, al-
though the infection may spread by ingestion of contaminated water. Evolution of the
disease in Europe is shown in Figure 9. The highest incidence was observed in the United
Kingdom, according to ECDC statistical data up to 2019. Sweden, France, and Germany
reported in 2022 less than ten cases, but it was not possible to identify the source of the
bacteria. However, in other countries such as Angola, Sudan, Mozambique, Ethiopia, and
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Zimbabwe, there is a very important impact, mainly due to the poor hygienic conditions in
the drinking water supply [100].

Figure 9. Number of reported cases between 2007 and 2023 in Europe of cholera caused by bacteria
Vibrio cholerae. Graph based on data provided by the ECDC [101].

One of the routes of transmission of hepatitis A is through drinking water. Many cases
of this disease, which has a high immunisation rate, were reported in 2017. As it is shown
in Figure 10, Spain and Romania were the most affected countries. Although in Romania
the lack of hygienic conditions in water supply seemed to be an important driver, that was
not the case in Spain. Subsequently, there was a decreased incidence rate, possibly due to
the general acquired immunity and the improvement of health regulations because of the
pandemic in 2020–2021.

Figure 10. Number of reported cases between 2007 and 2023 in Europe of hepatitis A caused by virus
Hepatitis A. Graph based on data provided by the ECDC [102].

In 2020 there was a drastic decrease in the number of reported cases in all the microor-
ganisms studied that is attributed to the COVID-19 pandemic that reduced human exposure
and increased hygienic protocols and regulations, especially in water supplies. Networks
should be managed to avoid the presence of pathogens to the consumer’s tap [87].

7. Conclusions
Microbial contamination of drinking water is one of the most significant threats in

both developed and developing countries. Water pollution arises not only from anthro-
pogenic activities but also from the increasing frequency of extreme weather events driven
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by climate change. Industrial effluents, intensive farming, and agricultural activities, in
combination with runoff due to heavy precipitations, release contaminants into surface and
groundwater. Droughts can concentrate pathogens and nutrients and create the optimal
conditions for microorganisms’ growth. At the same time, the increment of temperatures
induces conditions that can promote the survival, resilience, and spread of these microor-
ganisms. The challenge for controlling waterborne pathogens is not just providing adequate
treatment of the source water but managing and maintaining the water network all the way
to the consumer’s tap. There is evidence that, if there are not adequate disinfection proto-
cols, contaminated water sources can lead to outbreaks that must be effectively managed
by healthy authorities. The outbreaks studied by the ECDC confirm that there is a strong
correlation between extreme weather events and outbreaks. Identifying the pathogen and
determining the origin of the contamination is essential to face the control of the outbreak.

Regulations are aimed to control the drinking water supplies as well as all the factors
that may influence the quality of the drinking water, from the source to the consumer, and
establish the protocols to face possible health problems.
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