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Abstract

Floods are among the most frequent and complex climate-related hazards,
affecting health and health systems through infectious disease risks, water
and chemical contamination, and disruption of essential services. Examining
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how international guidance reflects the operational realities of flood response,
and how it supports countries in practice, is essential. While each event is
unique, sharing experiences can strengthen preparedness and resilience.
This paper draws lessons from an assessment of the response measures
used during the 2023 floods in Greece. The coordination team rapidly adapted
existing structures for infectious disease surveillance, vaccination and water
quality monitoring to an emergency response of exceptional scale. To track
flood-related diseases, the coordination team reconfigured syndromic
surveillance tools initially designed for refugee camps and compared
proportional morbidity with baseline data to provide early warnings. The team
also implemented multiplex polymerase chain reaction diagnostics and mobile
vaccination campaigns targeting high-risk groups. Risk communication and
community outreach combined repurposed materials with new flood-specific
guidance. While there were no outbreaks of gastroenteritis, respiratory
infections or mosquito-borne diseases, 45 leptospirosis cases and one fatal
non-toxigenic Vibrio cholerae infection highlighted the need for sustained
vigilance. The lessons learnt indicate that preparedness relies on flexible
adaptation of existing systems, cross-governmental coordination and active
community engagement. Gaps in global and regional guidance, especially
regarding laboratory diagnosis, safe water restoration and chemical safety
monitoring, complicate field decision-making. Strengthening international
frameworks, embedding flood preparedness within climate adaptation
strategies and applying One Health approaches are therefore critical to
ensure health system resilience as flood events become increasingly frequent
and severe.

Introduction

Climate change exerts widespread effects across all continents, influencing both
human and animal populations.! The most evident manifestation of climate change is
the rising intensity and frequency of extreme weather events.? Under a changing
climate, heavy precipitation episodes are projected to occur with substantially greater

intensity and up to nine times more often.’

Between 1998 and 2017, floods affected more than 2 billion people worldwide
and comprised 44% (3254/7348) of all natural disasters from 2000 to 2019.* Flooding
has substantial impacts on health and is associated with acute, medium- and long-term
effects on health and well-being.’ Floodwaters often contain contaminants that can
cause irritation or infections, and these contaminants may remain in the environment
long after the water has receded. Infectious disease outbreaks, such as those caused by
vector-borne pathogens, can occur as breeding sites for some vectors increases.’
Moreover, floods often damage sewage systems, leading to the release of human and
animal faecal waste into floodwaters and thereby increasing health risks.> Flood

events can destroy homes, businesses and personal property, disrupt power and water
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supplies, and limit access to essential public services. Finally, disruptions to water,
sanitation, power, transport and communications during post-flood cleanup create
conditions that increase the risk of infection.® Therefore, comprehensive preparedness
is crucial, enabling countries to prevent, detect and control the complex health risks

that may emerge following flood events.

International policy frameworks

Several international and regional regulations, guidelines and frameworks are in place
to support countries in flood preparedness. The International Health Regulations
(2005) (IHR (2005)) mandate core surveillance and response capacities for public
health risks with the potential of international spread,” while the Sendai Framework
for Disaster Risk Reduction 2015-2030 guides stakeholders to engage in multihazard
risk reduction and to develop resilient health systems.® The Paris Agreement commits
Parties to climate adaptation and vulnerability reduction.” World Health Organization
(WHO) guidance further recommends multisectoral, whole-of-government and
whole-of-society approaches to health emergencies and disasters.!® In European
Union (EU), the EU directive on the assessment and management of flood risks
obliges Member States to map risks and prepare management plans,'' complemented
by the Union Civil Protection Mechanism for cross-border coordination'? and the EU

Climate Adaptation Strategy for mainstreaming resilience.'?

WHO and public health agencies provide specific guidance for governments
on flood response. For an effective response, WHO underscores rapid risk assessment,
safe water and sanitation, vaccination, community engagement and system-wide
preparedness through coordinated surveillance and diagnostic capacity. '+
Furthermore, the United States Centers for Disease Control and Prevention provides
detailed guidance on flood-related health risks, including cleanup, mould remediation,
vector control and safe restoration of water supplies, while its Public Health
Emergency Preparedness and Response Capabilities framework outlines readiness
standards applicable to flood scenarios.!”!8 The European Centre for Disease
Prevention and Control (ECDC) supports EU Member States by issuing risk

assessments during major flood events, focusing on infectious diseases such as

leptospirosis, West Nile virus and gastrointestinal infections. '’
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However, whether this international guidance sufficiently aligns with the
operational realities of flood response and provides the level of detail needed to
support decision-making in the field remains to be determined. As each flood event
presents unique challenges shaped by local vulnerabilities and capacities,
systematically capturing and sharing experiences is essential to strengthen evidence-
informed policies and ensure that future guidance reflects real-world needs. In this
article, we describe the response measures and adaptations implemented during a
flood event in Greece, and discuss strengths, operational gaps and lessons learnt from
this response. For this report, we used aggregated and anonymized data, with ethical
approval obtained from the University of Thessaly (07/06.02.2024). Issues related to
rescue operations, mental health, provision of housing for displaced populations and

management of affected carcasses are outside the scope of this article.

Evidence in practice

Context

In September 2023, the storm Daniel hit Bulgaria, Greece and Tiirkiye.?® Within 24
hours, between 5 and 6 September, specific areas of Greece received the equivalent of
approximately 18 months of rainfall.?’ Developing characteristics of a Mediterranean
hurricane as it moved towards Libya, the storm resulted in the collapse of two Libyan
dams, with subsequent flooding leading to thousands of deaths.?*?! In Greece, the
estimated flooded area was 1150 km?, with the most affected areas along the Pineios
River of the Thessalian plain (approximately 820 km?) in Greece.?? The flooding
caused extensive damage of homes, primary health-care facilities, businesses,
governmental buildings, schools, farms, road infrastructure, water supplies, electricity
networks, wastewater treatment plants and cemeteries. An estimated 15% of the
country’s annual agricultural yield was destroyed.?* During the first two weeks
following the flooding, about 27 000 tons of untreated wastewater were discharged
per day into the Pineios river (Mouchtouri VA, University of Thessaly, Greece,
personal communication, 20 October 2023). Floodwaters swept away carcasses,
vehicles, farm chemicals and untreated wastewater, threatening water, tourism and
aquaculture in the Aegean Sea. Government reports estimated losses of more than

100 000 livestock and 130 000 fowl, representing 10% and 5% of domesticated

animals, respectively.?*
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Response
Coordination and governance

Greece had met its commitments to EU by developing and sharing civil protection
plans, with flood preparedness governance structures in place, including defined
institutional responsibilities, coordination mechanisms and approved civil protection
plans. However, the unprecedented scale of the flood required considerable
adaptations to the already existing plan, as there were unforeseen challenges and
detailed operational guidance from international sources was lacking for some needs.
Within days of the flood, a multisectoral coordination centre was established through
a new legislative act, bringing together central, regional and local authorities in line
with WHO guidelines (Box 1).!° The centre was fully operational for three months
and coordination team met daily to monitor emerging public health threats and
coordinate response efforts. Building on the general plan for responding to
emergencies, the coordination team developed a specific action plan by engaging
relevant representatives, mapping previously unaddressed functions and updating
contact details to ensure direct communication lines. The coordination centre issued
daily and weekly reports to authorities, while the Hellenic health ministry informed
the public through 40 announcements on water safety until December 2023, including
guidance on bottled water use and boiling advisories where water supplies were

unsafe or damaged.

Within the first 10 days, the National Public Health Organization and the
Laboratory of Hygiene and Epidemiology at University of Thessaly conducted an
internal rapid risk assessment of potential disease outbreaks. This assessment used the
ECDC risk-calculation methods, adapted to the flood context.?> This assessment
considered vulnerable groups, including older adults, people with underlying
respiratory or cardiovascular diseases, people living with diabetes or
immunosuppression, as well as Roma communities.

Surveillance

To create an enhanced syndromic surveillance system, members of the coordination
team rapidly adapted the National Public Health Organization refugee camp scheme
by focusing on gastroenteritis and respiratory tract infections, which were prioritized
through the internal risk assessment. For laboratory confirmation of infections,
serology, polymerase chain reaction (PCR) analyses, sequencing and sample referral

to reference laboratories were made available.?® To strengthen diagnostics, 13
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multiplex PCR machines, some relocated from unaffected areas, were deployed to
hospitals and primary care facilities, enabling rapid detection of 22 gastrointestinal

and 23 respiratory pathogens.

The coordination team established a reporting system involving five hospitals,
21 health centres, a private clinic and a military hospital, which treated affected
individuals and reported data to the team via an electronic platform. Using the data,
the team analysed proportional morbidity using Shiny R (R Foundation, Vienna,

*7 and the Farrington method.?® To assess excess morbidity, the team

Austria
compared hospitalization data with the previous four years.?’ Health facilities

received continuous communication about the surveillance procedures.

Through a webinar, the team also trained over 100 health workers in

syndromic surveillance and use of diagnostic tools.

During the surveillance period, from 11 September to 31 December 2023,
3985 gastroenteritis cases and 19 492 respiratory tract infections were recorded
(online repository).>® No outbreaks of gastroenteritis or respiratory infections were
detected. Overall, 45 leptospirosis cases (6.5/100 000 population of the Thessaly
region) were recorded, two of which were fatal. This outcome represented a marked
increase compared to the 47 cases that were reported in Thessaly from 2004 to 2022.3"
Of the 45 reported cases, 91% (41) occurred within the first five weeks following the
flood event. Five Leptospira interrogans cases and 33 L. kirschneri cases were also
reported. One fatal case of non-toxigenic Vibrio cholerae was confirmed. The number

of West Nile virus cases remained within expected levels.

Among 422 gastroenteritis and 1205 respiratory samples tested by PCR,
Campylobacter, Enteropathogenic Escherichia coli, norovirus, influenza A/HIN1-
2009, rhinovirus/enterovirus and severe acute respiratory syndrome coronavirus 2
were the most common pathogens (online repository).>® Thirty-eight salmonellosis

cases were identified, including one Salmonella typhi.

The only outbreak attributed to the floods was leptospirosis. The National
Public Health Organization adapted leptospirosis prevention response by first using
existing health education materials until flood-specific materials were developed.
These flood-specific materials included guidance on leptospirosis prevention

measures, an educational leaflet on leptospirosis and general guidance on the
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prevention of flood-related infections. Furthermore, mobile units of the National
Public Health Organization conducted door-to-door campaigns and distributed
personal protective equipment (4300 goggles, 25 000 suits, 1000 masks and 30 000
repellents) to affected and at-risk populations. They also provided messaging to
promote early recognition of symptoms and timely health-care seeking for
leptospirosis and other flood-related infections among affected populations, as well as
training for students, parents, journalists, health workers, religious leaders and
farmers.*

Water and environmental safety

The flood damaged potable water systems, including springs, wells and distribution
networks. The absence of centralized mapping of the Thessaly region hindered rapid
water source identification, while damaged roads further delayed risk assessment and
corrective actions in highly affected areas. Water safety personnel from public
services made on-site inspections of municipal water systems and tested for
contamination. The coordination team established an emergency sampling
programme, which covered wells, springs, tanks and distribution points. Existing
organizational structures and professional networks for water sampling and testing
were used, and external experts were invited to join the water safety group. A
subgroup of water safety experts evaluated daily microbiological, physicochemical
and field data, enabling the health ministry to issue timely advisories for residents.
Adaptation of the advisories involved merging and jointly reviewing all results by
members of the coordination team and supervisory authorities in daily assessments.
Water safety experts in the coordination team highlighted that water safety plans
based on WHO methods served as tools to strengthen restoration of damaged systems

and guide corrective actions.*?

Out of 5282 water samples, 65% (3413) were tested microbiologically and
73% (2495) of these met legal requirements for drinking water; 239 of 533
distribution systems were damaged and 56% (50/90) of sampled water sources
showed faecal contamination, with most sources restored within two months.

Cryptosporidium and Giardia species were not detected.

Monitoring bathing water in seven different municipalities of the Region of
Thessaly identified 25 of 206 samples exceeding the microbiological thresholds, with

two beaches closed until June 2024. Shellfish production near the Pineios delta was
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suspended as a precaution, but 51 shellfish samples met EU microbiological

standards.

Prevention of vector-borne diseases was strengthened after the flooding
through intensified surveillance of West Nile virus transmission in high-risk areas,
with over 55 000 adult mosquitoes captured. Of the 1117 Culex pipiens pools, 13
(1.2%) were West Nile virus positive. Member of the coordination team and National
Public Health Organization implemented risk-based mosquito control, which included
larviciding, adulticiding, and ultra-low volume spraying.>* Despite increased breeding
sites, West Nile virus disease notifications remained below expected levels for the
area and period, likely reflecting the impact of coordinated and targeted vector
control.

Vaccination and awareness

Vaccination protocols were expanded to reach high-risk groups through health-
promoting mobile units staffed by nurses and drivers. Following rapid risk
assessment, Hepatitis A and tetanus vaccination was prioritized for Roma
communities and first responders, with 188 and 2524 doses administered,

respectively; no tetanus cases or Hepatitis A outbreak occurred.

Adaptation also included rapid preparation of flood-specific communication
plans and guidelines for affected communities, schools and accommodation facilities
for displaced people. Public health promotion relied first on existing routine
campaigns and other emergency materials until these were repurposed for flood-
specific risk communication. The mobile units of the National Public Health
Organization conducted 39 door-to-door campaigns, distributed 11 000 leaflets and
300 posters on leptospirosis and West Nile virus, and targeted these interventions in
communities where stagnant water existed.

Guidance

Early in the response, limited published evidence and few comprehensive
international guidelines and tool were available.**>*° The National Public Health
Organization adapted some existing guidelines, such as those covering leptospirosis,
West Nile virus infection and foodborne disease prevention, while eight guidelines
had to be newly developed, as international guidance was not always specific. These
new guidelines covered disease prevention, cleanup, water safety, mosquito protection

and school reopening. Guidelines were published on the websites of the National
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Public Health Organization and the health ministry. Leading figures made formal
announcements of the publications to authorities and affected populations. The

adaptation of guidelines relied on repurposing existing tools.

Lessons learnt

The response to the flooding in Greece provided valuable lessons, showing that
resilience and an effective response depend on sustained investment in cross-
governmental coordination mechanisms that can be rapidly activated during
emergencies.'® Furthermore, preparedness planning must anticipate that mitigation
measures will be implemented under conditions of widespread disruption, including
loss of electricity, telecommunications, water, food supplies, and waste management
services and health facilities.>” The establishment of a multisectoral coordination
centre facilitated timely situational mapping, risk prioritization and communication
between diverse actors, enabling rapid surveillance, environmental sampling and
targeted interventions. During the emergency, the defence ministry and general staff
members of the national defence played a pivotal role by conducting on-site
assessments, demonstrating the value of civil-military cooperation in crisis
management.®® These experiences confirm that joint structures and interoperable
systems across health, civil protection, defence, infrastructure and academic
institutions are essential to ensure continuity of operations during a disaster.*
Notably, restoration of critical infrastructure need to proceed in parallel with
immediate infectious disease prevention measures to reduce secondary health

impacts.*

Considering that no outbreaks of gastroenteritis, respiratory infections or
mosquito-borne diseases occurred, and that hospitalizations were lower than in the
previous four years, the response contributed to effectively reducing post-flood health
risks. However, leptospirosis diagnosis proved challenging as laboratory capacity was
established primarily for L. interrogans, while most cases were caused by L.
kirschneri. If the circulation of L. kirschneri in local rodent populations had been
known, diagnostic preparedness could have been strengthened. This challenge
underlines the importance of a One Health approach to preparedness efforts,
integrating human, animal and environmental surveillance for a more effective

anticipation of zoonotic risks.
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Although regulatory frameworks for routine monitoring of drinking water,
bathing waters, soil and aquaculture products exist in many countries, detailed
protocols for post-flood contexts remain limited. Flooding can cause contamination
with pathogens, chemicals and debris, yet little harmonized guidance exists on
decision-making criteria for safely reopening potable water supplies, bathing waters
or reintroducing aquaculture products.*! The coordination team considered the
following criteria: (i) residual chlorine levels were within regulatory limits and
remained stable over time; (ii) two consecutive water samples comply with
microbiological quality standards; and (iii) a satisfactory sanitary inspection of the
water supply system. Soil contamination, which may affect agriculture and food
safety, is even less consistently addressed. In the absence of specific post-flood
standards, local authorities may face uncertainty, balancing timely recovery with
public health protection. Evidence from environmental health research emphasizes
that flood-related contamination by pesticides, heavy metals and microplastics
remains under-studied, with few documented response measures despite recognized
risks.*! Hence, dual risk management strategies are needed that address both flooding
and chemical hazards.*! These findings align with our assessment, showing that while
adaptation of existing structures, plans, guidelines, surveillance systems and
authorities is feasible and effective, more systematic integration of climate and
environmental health into preparedness planning remains essential. If comprehensive
water safety plans were fully implemented before flooding, restoration would be
better facilitated, as detailed mapping of water sources, distribution networks and
corrective actions would support faster decision-making. Developing context-adapted
and internationally recognized protocols for post-flood environmental safety
assessments could therefore strengthen consistency and resilience in public health

practice.

Flood emergencies rarely allow new surveillance systems to be created from
scratch; instead, existing structures must be rapidly adapted. In this emergency, the
refugee camp syndromic surveillance system was reconfigured for daily flood-related
infectious disease reporting and a new data platform was developed.*’ These
experiences highlight the need for national systems to maintain capacity for ad hoc
syndromic and laboratory surveillance, supported by trained staff and integrated

within climate change adaptation strategies.>”*
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Adaptations, including expanded vaccination, emergency sampling and
expedited testing of water systems, repurposing risk communication tools, distribution
of personal protective equipment and flood-specific public guidance, highlight the
strength of having pre-existing systems for an effective response. However,
preparedness planning for unprecedented disruption needs to include adaptation
processes that embeds flexibility and aligns national protocols with international

standards.

Our findings show that education and awareness initiatives for health workers
were essential to strengthen diagnostic and surveillance capacity, underscoring the
importance of embedding climate and flood-related health risks into professional
training to improve preparedness and resilience. Other studies address the need to

integrate climate change as a health threat into health system preparedness.***

Recommendations
Insights gained during the response to the complex flood event can guide

preparedness and resilience planning at global, national and local levels.

Global level

At the global level, important frameworks already guide preparedness efforts,
including IHR (2005), the Sendai Framework and the Paris Agreement, as well as
subject-specific guidance on water and sanitation, food and prevention of diseases.
While these frameworks establish essential obligations and general guidance, they are
dispersed across multiple sources and may not always provide sufficient operational
detail on flood-related health challenges, such as criteria for safely reopening water
supplies, laboratory diagnosis of leptospirosis caused by different species, or
monitoring chemical indicators in soil, bathing waters and aquaculture.”® The WHO
emergency response framework emphasizes the value of multisectoral coordination,
yet many practical decisions during flood events remain at the discretion of national

authorities, often without harmonized standards. '’

The diversity of flood risks, shaped by differences in geography,
epidemiology, population density and environmental conditions, makes the
development of universal protocols challenging.*>-*® Nonetheless, experiences from
recent events demonstrate that existing systems can be adapted effectively for flood-
related infectious disease monitoring.** Building on these lessons, global guidance

could be strengthened by providing more detailed operational protocols that support

110f 18



Publication: Bulletin of the World Health Organization; Type: Policy & practice
Article ID: BLT.25.293793

both developed and developing countries in implementing timely and evidence-based

measurcs.

In addition, integrating One Health approaches is critical, given the zoonotic
dimension of many flood-related risks. Finally, establishing systematic mechanisms
for knowledge exchange across countries would help ensure that lessons from diverse

flood contexts are translated into evolving global policy and practice.

Finally, as studies have identified gaps in addressing the safety of health
workers during climate-related events,?® evidence-based recommendations are needed

to ensure that workers are safe when responding to an emergency.

National level

At the national level, flood preparedness should be integrated within broader climate
change adaptation strategies, with health resilience recognized as a cross-sectoral
priority.9 Strengthening diagnostic and laboratory capacity is essential for rapid
detection of flood-related infectious diseases, supported by scenario planning that
considers known zoonotic threats in local animal populations. Incorporating a One
Health perspective into preparedness planning can improve anticipation of risks and

ensure diagnostic readiness.

Strengthened national water safety plans, aligned with WHO methods, can
provide clear protocols for emergency sampling, phased restoration of supplies and
transparent risk communication with the public.'’ Beyond microbial testing, national
standards should also address chemical indicators for aquaculture and bathing waters,

reflecting gaps highlighted by recent flood events.

Finally, effective preparedness depends on formalized cross-governmental
coordination. Engagement of ministries of health, civil protection, environment,
agriculture and defence enhances both early risk assessment and operational response.
Evidence from recent experience has shown that such multisectoral cooperation
facilitates situational mapping, prioritization of risks and rapid implementation of

protective measures, thereby strengthening overall system resilience. '%*

Local level

At the local level, community engagement is central to effective flood preparedness.
Populations should be actively involved in civil protection planning to ensure that

strategies reflect local realities and capacities. Climate change health literacy must go
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beyond general awareness, incorporating participatory learning for health workers,
school students (aged 6—18 years), journalists and farmers, enabling these groups to

act as multipliers of preparedness knowledge.***

Local health services should be equipped with flexible surveillance tools,
vaccination mechanisms that enable rapid distribution and communication materials
to support a swift response during floods. Building partnerships between responding
authorities and municipalities, schools, farmer associations and religious leaders can
further strengthen trust and encourage the uptake of protective measures.* By
integrating community knowledge with national and global frameworks, preparedness
can become more responsive, context-specific and sustainable, enhancing resilience in

the face of climate-related disasters.

Conclusion

Floods represent one of the most complex climate-related hazards, generating
cascading consequences for public health through infectious disease risks, water and
chemical contamination, and disruption of essential services. Because every flood is
unique, shaped by geography, infrastructure, and epidemiology, the systematic
sharing of experiences is essential to refine evidence-informed policy. Experience
from recent large-scale floods shows that public health systems can adapt existing
structures rapidly, yet important gaps remain in international guidance and national
preparedness. By embedding climate adaptation strategies, supported by investments
in laboratories, surveillance systems and formalized cross-governmental coordination,
in national-level preparedness plans, countries can strengthen their capacity to
anticipate, withstand and recover from future flood events. Recognizing local
communities as active partners in preparedness planning is also important for an
effective and context-appropriate response. Furthermore, a One Health approach,
integrating human, animal and environmental health, can guide preparedness and
response to more effectively address zoonotic threats. Ultimately, flood preparedness
is not only a technical imperative but also a political and social commitment to protect

populations from the growing health impacts of climate change.
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Box 1 Entities participating in the multisectoral coordination team
responding to the flooding caused by storm Daniel, Greece, 2023

Ministry of Health; Ministry of Rural Development and Food; Ministry of Climate
Crisis and Civil Protection; Ministry of Defence - Hellenic National Defence
General Staff; Ministry of Environment and Energy; Hellenic Authority for
Geological and Mineral Exploration; National Public Health Organization;
National Reference Laboratories; Laboratory of Hygiene and Epidemiology;
Peripheral Public Health Laboratory of Thessaly; 5th Regional Health Authority
of Thessaly & Central Greece; Hellenic First Army (field army); Administration
of the Region of Thessaly; Larissa General University Hospital; General
Hospitals of Larissa, Volos, Trikala, Karditsa; Private Regional Hospital; 404
General Military Hospital of Larissa; General Directorates of Public Health and
Social Care of Thessaly region and of regional units; Decentralized
Administration of Thessaly and Central Greece; Water Directorate of Thessaly;
Directorate of Veterinary Public Health; primary health-care centres; municipal
water supply and sewerage enterprises; and water supply planning and support
operations directorate.
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