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Summary

The extreme rainfalls of 14 and 15 July 2021 and subsequent flooding in Belgium, Germany, Luxembourg, and
the Netherlands have taken a high number of human lives and caused substantial damage of community
infrastructure and environment.

This rapid risk assessment focuses on the most common infectious diseases and health risks associated with
flood-affected areas, taking into account evidence from past similar experiences in Europe.

In addition to food- and water-borne diseases, zoonoses, vector-borne diseases, vaccine-preventable diseases
and other health hazards associated with previous natural disasters in Europe, the current risk assessment also
takes into account the challenges of responding to such a complex crisis during the COVID-19 pandemic.

Risk assessment for the EU/EEA

The rapid response put in place in the affected countries, providing access to healthcare, potable water and
rescue shelters, has substantially mitigated the infectious disease risk for the affected population and the risk
of further spread of infection or outbreak to other areas of the European Union and European Economic Area
(EU/EEA).

In this risk assessment, the remaining risk posed by infectious disease related to the event is stratified by two
groups of affected population (general population and vulnerable individuals) and by two levels of disease
prevalence: very low and low — e.g. West Nile virus (WNV) infection and other mosquito-borne diseases,
tetanus, measles, varicella, hepatitis A, Legionella infections), and intermediate or high — e.g. SARS-CoV-2,
Escherichia coli, Salmonella spp., Cryptosporidium spp., and norovirus infections.

Based on the combination of the probability of infection and of the impact of such an infection, we assess the
infectious disease risk posed by this event to the affected populations as ranging from very low for diseases
that are uncommon in these countries and among otherwise healthy individuals, to high for diseases that are
more frequent and among vulnerable individuals.

Disclaimer: This preliminary version of the Rapid Risk Assessment is circulated through the Early Warning and Response System
and sent to national focal points in advance of publication on the ECDC website. The document should not be circulated beyond
the intended recipients. The public version may differ from this version as a result of conflict of interest checks, editing and
internal quality control.
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COVID-19 is considered separately, as the risk of spread of SARS-CoV-2 in individuals unvaccinated or with an
incomplete vaccination course is high, particularly in communities living in close contact with displaced people,
or among groups of displaced/evacuated people, due to the overcrowding and potential difficulties in
maintaining non-pharmaceutical interventions (NPIs). Although the risk of severe COVID-19 is low in fully
vaccinated individuals, stringent implementation of NPIs are encouraged in all risk groups to prevent infections
among the unvaccinated or partially vaccinated individuals.

Floods are the most common type of natural disasters in Europe. Flash floods are significant emergencies,
challenging to predict and accompanied by remarkable destruction. Such events are becoming more common
in the recent years and expected to increase due to climate change.

Affected regions and countries, face an immediate surge of injuries and trauma, while they may also,
depending on the scale of disruption and their public health capacities, need to organise syndromic and event-
based surveillance systems. A list of events that needs to be immediately reported to local and national public
health authorities in order to prompt a rapid response include suspect cases of severe infectious diseases,
including clusters of respiratory and gastrointestinal symptoms, rashes etc.

COVID-19 vaccination should remain a priority and attempts should be undertaken to limit any potential
disruptions in the flood-affected areas. Non-pharmaceutical interventions such as hand hygiene, physical
distancing and wearing of face masks remain essential, particularly in displaced populations housed in shelters.
Testing and contact tracing should remain a priority.

Collaboration with other local authorities (civil protection, municipalities) to ensure access to clean water as
soon as possible for the affected communities is needed. Water management plans should minimize the risk
for Legionella growth. Flooded areas need to be monitored for mosquito growth and control measures may
need to be considered. Early detection and awareness for disease clusters should be enhanced and availability
of immunizations should be ensured.

Risk communication to the affected communities is a critical part of the response to the flood crisis and it
should be undertaken in a structured way for delivery of messages and listening to the affected community’s
needs. Key principles include the identification of a trusted spokesperson and the delivery of clear and
actionable advice with messaging tailored to the needs of the affected communities.

Heavy rainfall leading to disastrous floods in Belgium, Germany, Luxembourg, and the Netherlands, occurring
during 14 and 15 July 2021, affected a large population and caused devastating destruction to infrastructures [1-5]
(Figure 1). The worst-affected areas are in the western regions of Germany (Rhineland-Palatinate and North Rhine-
Westphalia), as well as eastern Wallonia in Belgium. As of 23 July 2021, at least 212 deaths have been
documented, of which 175 were reported in Germany and 37 in Belgium, with an additional 155 people in Germany
and 6 people in Belgium who are still missing [6,7]. Much of the telephone network has been destroyed in the
affected regions thus further complicating the attempts to reach all affected people

Due to the floods, thousands of people have been evacuated from the affected regions, including from larger cities
such as Liege in Belgium, and Limburg, Roermond, and Venlo in the Netherlands [2]. Some of the disrupted areas
are considered uninhabitable, therefore people have been provisionally housed in various types of emergency
accommodations, especially in the affected areas in the Netherlands and Germany. About 1 000 persons have been
reportedly displaced in Luxembourg. Many evacuated or displaced people are currently accommodated with friends
or relatives in multi-family homes. In the current situation, many people live in temporary accommodations, and
according to anecdotal reports in Germany, some people remain quasi-camped outside of their buildings without
running water, sanitation, nor electricity in the vicinity. However, accurate data on the number and conditions of all
displaced populations are not available at this point.

Given the disruption to wells and water supply infrastructure, the tap water is considered unsafe to drink in most of
the affected regions [10-12].

Just before, during, and after the events described above, other flooding occurred in countries such as Austria
[11], France [2], Germany (parts of Bavaria) [11], Italy [12], Poland [2], Romania [2], and Switzerland [12],
however, the destruction to infrastructure and disruption to populations was more limited.
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Figure 1. Extent and impact of the flood, as of 23 July 2021 [6]
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Disease background

Floods are considered the most common natural disaster worldwide and in Europe, and refer to water
accumulation in places that are not normally submerged, usually due to heavy rainfall [13]. They are categorised
roughly as river inundation (fluvial), caused by heavy rainfall (pluvial) and coastal. Flash floods are a subset of
pluvial floods and are sudden events accompanied by widespread destruction, which happen with little early
warning (<6 hours) usually because of intense rainfall over a relatively small area. According to a recent report by
the European Court of Auditors, serious floods have become more frequent in Europe. In recent years, more than
twice as many flash floods of medium to large magnitude have been registered as compared to the late 80s
particularly in the Mediterranean countries and in the mountains [14]. Flash floods are difficult to predict and
considerable research is underway in the EU/EEA countries to develop better early warning systems [15]. Flood
events are recorded in the Emergency Events Database (EM-DAT), under certain criteria that qualify them as
disasters [16].

Flood affected communities often suffer injuries and loss of lives, significant economic loss, as well as damage to
the environment and cultural heritage. Floods may also lead to long-term health effects [13,14]. The most
common infectious disease groups and health risks associated with flood-affected areas are outlined below.

Food- and waterborne diseases and zoonoses

Strong floods can lead to higher immediate, medium- and long-term risks of food- and waterborne infections and
zoonoses. In areas that are prone to annual fluvial floods e.g., due to snowmelt or excessive rain, the risks are
mainly related to flushing of animal excreta in the soil and land through elevated river water into buildings and
water supplies. In urban settings, pluvial floods often consist of street flooding and/or flooding combined with
overflow of sewage [17]. When the floods lead to severe disruption of infrastructure and sewage water systems,
the direct or indirect risk of gastrointestinal diseases increases due to possibility of immediate exposure to
waterborne and zoonotic faecal bacteria, viruses, and parasites. Further, disruption of electrical, refrigeration and
cooking systems, may facilitate the transmission of food-borne illness, in particular during warm summer months
[18]. In general, the risk is increased for viral infections, such as norovirus, hepatitis A, and rotavirus, infections
caused by parasites Cryptosporidium spp. and to a lesser extent Giardia, and bacterial infections due to
Campylobacter spp., pathogenic E£. colj, different Salmonella enterica serotypes, and to a lesser degree Shigella

Spp.
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In addition, the risk for leptospirosis transmission is increased through abrasions of the skin or of the mucous
membranes coming into contact with flood water, damp soil or mud that has been contaminated with urine or
tissue from infected animals, most commonly rats [21,22]. Occasionally, transmission occurs through drinking or
inhalation of tiny droplets (aerosols) of contaminated water.

Medium- and long-term risks for gastrointestinal diseases due to floods have been described in several EU
countries. In Germany, an outbreak of Cryptosporidium hominis infections was detected among children in 2013
after the floodplain had dried out. As a response measure, authorities recommended to avoid playing, swimming
and having picnics in the flood-affected area [21]. These risks could be relevant in the current event in those
areas, which are less severely damaged along the Moselle and Rhine rivers. In 2005, Austria reported a norovirus
outbreak due to direct exposure to sewage water due to flooding [22]. A study in the Netherlands showed a
significant association between contact with floodwater and gastrointestinal complaints during a four-week
observation period after pluvial flooding [23]. In a Dutch follow up study, contact with floodwater was significantly
associated with acute gastroenteritis (AGE), (aOR 4.2, 95% CI: 2.1-8.4). Risk factors for AGE were skin contact
with floodwater (aOR 4.0, 95% CI: 1.8-9.0), performing post-flooding cleaning operations (aOR 8.6, 95% CI: 3.5-
20.9) and cycling through floodwater (aOR 2.3, 95% CI: 1.0-5.0) [17]. In 2010 in Belgium, river water
contaminated a tap water system causing a large multi-pathogen waterborne outbreak including isolations of
norovirus, rotavirus, Campylobacter spp. and Giardia lamblia in stool samples from clinical cases [24].

Legionellosis

Legionella bacteria are environmental organisms found in water, such as lakes, streams, artificial water reservoirs,
and soil. Typically, they are transmitted to humans via the inhalation of contaminated aerosols and can cause
pneumonia or Pontiac fever [25]. In late summer after the seasonal rainfall, sporadic cases of legionellosis are
common in Europe. After heavy flooding, disturbances in the water supply, broken water infrastructures, use of
temporary piping and tanks and failure to follow appropriate water management plans, the risk for Legionella
outbreaks and sporadic cases is increased [26]. People in the affected area as well as recovery workers are at risk
of exposure to aerosols generated from soil or sediment containing Legionella species while attempting to clean
flooded areas (e.g., through flushing with water) [27]. Moreover, an elevated Legionella risk can be associated
with temporary or poorly designed or maintained water infrastructures (water tanks, piping) in the temporary
shelters or any temporary healthcare facilities. Finally, there is evidence that the risk of Legionella infections may
increase when there is warm weather following heavy rain [30-32].

Legionella pneumonia, leptospirosis and COVID-19, as well as a number of other viral respiratory infections, can
present with similar clinical symptoms and signs, characteristically as an influenza-like iliness.

COVID-19 and other vaccine preventable diseases

COVID-19

The overall case notification rate for COVID-19 in the EU/EEA was 151.0 per 100 000 population in week 28. This
has been increasing in the earlier three weeks mostly as result of the of the spread of the Delta variant of concern
(VOC) [31].

During week 28, the COVID-19 14-day notification rate per 100 000 population was 147.0 in Belgium, 17.0 in
Germany, 276.0 in Luxembourg and 670.4 in the Netherlands, with increasing trends in recent weeks observed in
all the four affected countries. COVID-19 vaccination rates for cumulative uptake of full vaccination among adults
(18+ years) in the affected countries for week 28 are 60% (Belgium), 55.5% (Germany), 59.2% (Luxembourg)
and 56.3% (the Netherlands), respectively [32]. The majority of new COVID-19 infections in the EU/EEA, including
in the affected countries, are occurring among unvaccinated younger individuals [33].

Evacuated or displaced persons from the flood affected communities will need to either be accommodated in
shelters (e.g., community buildings, hotels etc) or by friends and relatives in multi-family homes. In both cases,
overcrowding can occur and difficulty in implementing appropriately NPIs as advised. This, in conjunction with the
overall low full vaccination coverage of the general population and the increasing circulation of Delta VOC increases
the risk of local outbreaks.

For information on the latest scientific evidence relating to COVID-19, SARS-CoV-2, virus transmission, diagnostic
testing, infection, clinical characteristics, risk factors and risk groups, immunity, treatment and vaccines please visit
ECDC's dedicated webpage: https://www.ecdc.europa.eu/en/covid-19/latest-evidence and the Weekly COVID-19

country overview.
Tetanus

The risk of tetanus does not rise with simple contact with flood water. However, when clearing flooded spaces
there is increased possibility of suffering injuries and open wounds from contact with debris. These should be
treated according to the type/depth of wound, and status of tetanus immunization. Tetanus prophylaxis should be
offered according to existing national guidelines [34].
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In 2019, 64 cases of tetanus have been reported in the EU/EEA, none from the four most flood-affected countries.
Belgium reports that 62% of the adult population has received a tetanus booster in the past 10 years [35]; for
Germany this is reported at 72% [36], while for the Netherlands protective antibodies against tetanus toxin are
reported at >90% of the population [37]. No data on tetanus seroprevalence are available for Luxembourg [38].

Hepatitis A is transmitted through the faecal oral way, mostly through contaminated food or water. All four
currently affected countries (Belgium, Germany, Luxembourg and the Netherlands) were classified with very low
incidence rate for hepatitis A according to 2000-2014 data, and none of them include immunization against
Hepatitis A in their National Immunization Schedules, although it is administered in special high-risk groups or
travellers [39]. Therefore, it is likely that these populations have substantial levels of susceptibility for hepatitis A
outbreaks [40]. The detection of hepatitis A outbreaks/clusters is usually delayed due to long incubation period of
15-50 days.

If displaced persons and families are temporarily housed in close proximity in shelters, there is an increased risk of
transmission of vaccine preventable diseases such as varicella, measles, meningitis and influenza, in addition to
COVID-19.

Outbreaks of vaccine preventable diseases like measles, varicella or meningitis are of immediate concern in
displaced populations, albeit the risk is higher in countries with limited resources and suboptimal vaccination
coverage [42].

Vaccine coverage for measles (second dose of measles containing vaccine -MCV) in the four affected countries is
reported between 85-93% (Belgium 85%), Germany 93%, Luxembourg and the Netherlands 90%), thus below the
95% target. Furthermore, the COVID-19 pandemic impacted negatively on the national immunization programmes
in the European region with regular vaccination visits being delayed or postponed for many young children [43].
This could have led to a higher proportion of children being susceptible to vaccine preventable diseases.

Stagnant water remaining after floods (e.g., in basements, gardens, parks, agricultural and rural areas) could
create suitable sites for mosquito breeding; therefore, heavy rainfall and floods increase the risk of mosquito-borne
diseases. A higher density of mosquitoes may primarily increase nuisance levels, while the risk of mosquito-borne
diseases may increase if i) mosquito-borne pathogens are present, and ii) if competent mosquito vectors of those
pathogens are present in the flooded areas.

Outbreaks of mosquito-borne diseases associated with floods or heavy rainfall have mainly been reported in
tropical areas (e.g., outbreaks of malaria, dengue fever and Rift Valley fever [40,41]). In Europe, extreme rainfall
and flooded basements have been linked to the occurrence of chikungunya [46] and West Nile virus (WNV)
infections [47], respectively. The circulation of WNV in Europe has been documented since the 1950s, and it
appears to be expanding its geographical range [48], however, its circulation has not been documented in the
affected regions. The principal vector, the common house mosquito Culex pipiens, is widespread in Europe [49].
Other mosquito-borne viruses (e.g., Usutu virus, Sindbis virus, Tahyna virus, Inkoo virus) are also endemic in some
European countries; however, with low prevalence and pathogenicity in humans.

Imported cases of exotic mosquito-borne diseases (e.g., malaria, dengue fever, chikungunya, Zika virus disease,
yellow fever, Rift Valley fever) occur regularly in Europe. However, autochthonous transmission of these pathogens
requires competent mosquito vector species.

The Asian tiger mosquito Aedes albopictus, may serve as vector for several viruses, and over the past decades it
has been expanding its range in Europe [50]. Aedes albopictus has been implicated as vector of outbreaks of
dengue fever, chikungunya and Zika virus disease in Southern Europe, but it is not considered established in the
affected regions.

Malaria is not endemic in Europe. Considering the ecology and epidemiology of malaria, the probability that the
recent floods would facilitate vector-borne autochthonous transmission from any imported malaria infections in the
affected regions is very low.

Injuries and soft tissue wounds that come into contact with the debris that is associated with flooding can lead to
soft tissue infections. Bacteria that are often responsible for soft tissue infections are Staphylococcus,
Streptococcus Vibrio spp. (e.g. Vibrio vulnificus), or fungi [51].

Animal bites (wild animal, e.g., rodents) are frequently reported as animals may seek refuge in the flooded houses
and become aggressive upon contact with humans [52,53]. Similarly, domestic animals can also become
aggressive in stress situations like floods when people are approaching them (e.g., to rescue).
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Studies have reported fungal growth in homes that have been flooded and household goods that have been
submerged, particularly as waters recede gradually. The extent and type of fungal growth depends on the local
climate and the type of building structure. Pulmonary and systemic fungal infections (usually airborne and dust
borne Aspergillus) or mycotoxin exposure have been reported following flooding [20,49]. Persons can be exposed
through skin, ingestion or inhalation. Immunocompromised persons are more vulnerable to fungal infections after
inhalation, which can be localised or disseminated. Prolonged exposure to mould (usually occupational exposure)
can cause rhinitis, hypersensitivity pneumonitis (e.g., farmer’s lung) and asthma [50,51].

While this risk assessment focuses on infectious diseases risks after the extensive flooding in western Europe, as
per ECDC's mandate, it is important to note that these do not represent the biggest risks to health and wellbeing of
the flood affected communities in the current crisis. Several other health risks are mentioned in the literature,
including e.g., disruption of healthcare (particularly chronic care), other environmental hazards (carbon monoxide
poisoning, exposure to dangerous chemicals), and psychological stress, accompanied by potentially long-lasting
health effects and increase of all-cause mortality [13,57].

ECDC risk assessment for the EU/EEA

This assessment is based on information available to ECDC at the time of publication and, unless otherwise stated,
the assessment of risk refers to the risk that existed at the time of writing. It follows the ECDC rapid risk
assessment methodology, with the overall risk determined by a combination of the probability of an event
occurring and its consequences (impact) for individuals or the population [58].

Risk assessment questions

What is the risk of infectious diseases posed to the
population affected by catastrophic floods in Belgium,
Germany, Luxembourg and the Netherlands?

The degree to which infectious disease outbreaks occur after a natural disaster like floods is associated with the
regional incidence of specific diseases, the nature and scope of the event, the robustness of public health
infrastructure in place both before and after the event, and the efficacy of the disaster response [45].

In this particular event, the relatively limited geographical area of destruction, and the proximity of unaffected
areas, has facilitated the disaster response and the access of survivors to rescue shelters and potable water,
possibly mitigating the risk of infection.

In this assessment, we stratify the population affected by this event into two groups: the general population and
the vulnerable individuals, at higher risk of exposure and/or severe outcome of infectious disease, including
persons and groups such as the elderly, pregnant women, young children, the immunocompromised and disabled
persons. In this second population group, we also include the people who had to leave their home and were
displaced into temporary shelters, due to their higher possibility of exposure to infectious disease pathogens in
communal accommodation, and the disruption of their regular healthcare provision.

We stratified the infectious diseases potentially connected to flooding events into two groups according to their
epidemiology in the four affected countries, taking also into consideration the type of post-flood infectious disease
outbreaks reported in the literature. Therefore, for the purposes of this assessment, we considered vector borne
infections (WNV infection, Aedes-borne infections), tetanus, measles, varicella, hepatitis A, and Legionella
infections as infectious diseases present at a baseline very low prevalence, and COVID-19, foodborne infections (£.
colj, Salmonella spp., Cryptosporidium spp.) and leptospirosis as diseases present at a baseline intermediate or
high prevalence.

Based on the combination of the probability of infection and of the impact of such infection should it occur on the
two population groups described above, we assess the infectious disease risk posed by this event as ranging from
very low to high (Table 1).
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Probability, impact, and overall risk of infection for the general population and vulnerable
individuals associated with infections at very low/low prevalence and intermediate/high prevalence

Probability: Very Low Probability: Moderate
General population Impact: Low Impact: Low

Risk: Low Risk: Moderate

Probability: Very Low Probability: Moderate
Vulnerable populations Impact: High Impact: High

Risk: Moderate Risk: High

SARS-CoV-2 is endemic in the community throughout the EU/EEA, including in the flood-affected areas.
Considering the increasing prevalence of the Delta variant of concern (VOC) and the fact that substantial
proportions of the population are unvaccinated, the probability of increasing circulation of SARS-CoV-2 in the flood-
affected areas is high. Additional factors that may contribute to the increased risk of COVID-19, include the
potential disruption of testing and tracing programmes and the difficulties in implementing isolation and quarantine
measures. Finally, the disruption of the COVID-19 vaccine rollout and the difficulty in maintaining NPIs by flood
victims in community or in multi-family accommodation adds to the risk.

There are immediate, medium- and long-term risks of food- and waterborne infections and zoonoses, e.g.
leptospirosis, connected to flooding. Due to full disruption of sanitation and drinking water systems in some areas
there is a moderate risk of infections with various enteric pathogens which tolerate environmental conditions well,
such as norovirus, rotavirus, pathogenic £. coli, Salmonella spp., and Cryptosporidium spp. The risk of infection
with other food- and waterborne pathogens is low. Therefore, the probability of food- or waterborne disease
clusters or outbreaks is considered moderate in areas where access to clean water and good hygiene measures
cannot be ensured. Due to the possible contamination of water used for agricultural purposes, a limited risk of
contamination of fresh fruits and vegetables with enteric pathogens if grown in the vicinity of the affected areas
exists. Children are particularly at risk due to higher direct or indirect oral transmission of pathogens from
contaminated water or surfaces affected by floodwater.

The risk of leptospirosis cases is assessed as a moderate after a flooding, as the scattering of garbage, debris, and
food may contribute to the amplification of rodent populations [59].

Sporadic Legionella infections are expected after the summer rainfalls and the flooding adds to that risk, mostly
through occupational exposure of persons cleaning or maintaining piping in flooded buildings, particularly if
aerosolisation of mud or dust happens.

Considering the likely low natural immunity levels, outbreaks of hepatitis A may occur in the affected areas through
consumption of contaminated food or accidental swallowing of sewage-contaminated water [60]. Occupational
exposure to HAV in construction of sanitation systems and cleaning workers has been reported [61].

Finally, although mosquito nuisance is likely to increase due to the existence of abundant breeding sites in the
flooded areas, mosquito-borne diseases are included in the very low/low prevalence group. WNV circulation has
not been documented in the affected regions, neither is Aedes albopictus considered established there, which
could transmit several aedes-borne viral diseases. Onwards autochthonous transmission of malaria in the affected
regions from imported cases is also considered unlikely.

For most of the diseases taken into consideration in this assessment, the probability of spread to other areas of the
EU/EEA is considered very low and, should such risk materialise, its impact is assessed as low.

However, the probability of spread of SARS-CoV-2 and of food- and waterborne infections and outbreaks is
considered higher than that of the other groups of diseases discussed above.

SARS-CoV-2 is circulating in the communities of all four flood-affected countries with a 14-day case notification rate
per 100 000 population ranging from 17.0 (Germany) to 670.4 in the Netherlands. At the same time, full
vaccination among adults (18+ years) in the affected countries ranges from 56-60%. Therefore, there is a risk that
any localised increase in transmission resulting from disruption to NPIs or healthcare delivery in the flooded areas
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could result in increased spread of SARS-CoV-2 to communities neighbouring the affected areas. The need to
deploy COVID-19 vaccination as a priority to the flood-affected and displaced populations in the four countries, as
well as the volunteers to these areas is underlined again, together with the stringent implementation of non-
pharmaceutical interventions (NPIs) for all.

The probability and impact of spread of food- and waterborne infections to other populations than those from the
affected areas is considered very low. However, there is a theoretical risk of exporting fresh fruits and vegetables
which have been irrigated with contaminated surface water, thus leading to outbreaks outside of the affected
areas.

Floods are the most common type of natural disasters in Europe and extreme events, like the flash floods that
affected Belgium, Germany, Luxembourg and the Netherlands recently, are expected to increase in frequency as
outlined in the latest Intergovernmental Panel on Climate Change [62]. As a consequence, preparedness planning
for the management of the health effects of climate related disasters needs to be strengthened [62,63].

Affected areas can experience disruption of health care services and increased initial demand to respond to
injuries, trauma patients and the management of fatalities. Since EU/EEA countries are still responding to the
needs of the COVID-19 pandemic this can cause additional strain and support may be needed from nearby non-
affected areas.

To rapidly detect and respond to possible infectious disease threats in the affected areas, national authorities
should consider setting up syndromic and event-based surveillance systems.

Syndromic surveillance systems are based on the ongoing reporting of clinical presentations/syndromes (e.g.
diarrhoea with/without fever, fever with rash, cough with fever, etc.) to public health authorities. Depending on
existing surveillance infrastructures the reporting can be real-time, daily, or weekly, using simple reporting
methods and forms. Due to the disruption of networks (e.qg., electricity, internet etc) alternative ways of reporting
such as by phone, should also be considered until the situation stabilises and regular reporting methods are
available again. Alternative communication pathways may cause delays in reporting, therefore delay in recognizing
a new health event (e.g., a new cluster). Regular analysis of incoming syndromic data could allow for the rapid
detection and control of outbreaks.

Public health authorities should also consider defining a list of serious events (event-based surveillance) which
require immediate notification by phone in order to prompt rapid investigations and implementation of prevention
and control measures (e.g., a suspect measles case, a case of meningitis, cases of unusually severe respiratory or
gastrointestinal illness) [64,65].

Response to the on-going COVID-19 pandemic should follow the options outlined in the latest ECDC RRA
“Assessing SARS-CoV-2 circulation, variants of concern, non-pharmaceutical interventions and vaccine rollout in the
EU/EEA, 15th update” [66] as well as the Threat Assessment Brief Implications for the EU/EEA on the spread of
the SARS-CoV-2 Delta (B.1.617.2) variant of concern [67].

COVID-19 vaccination campaigns should remain a priority for the affected countries. In flood-affected areas, given
the risks posed by the local conditions for further spread of COVID-19, efforts to ensure the provision of COVID-19
vaccines and facilitate access to vaccination should be prioritised, particularly if the communities are displaced
either into communal shelters or multi-family homes. Initiatives can include mobile vaccination units (as for
example the ‘vaccination bus’ deployed in affected areas in Germany [68]), drop-in, flexible scheduling, and
community delivery strategies to ensure the delivery of doses to unvaccinated. If capacity is reduced, prioritising
risk groups, including the elderly and those with underlying medical conditions, will have the biggest impact on
severe COVID-19 and mortality. Humanitarian workers and volunteers to the affected areas should be included in
the priority groups. In addition, a risk assessment of the cold chain for transportation and maintenance of COVID-
19 vaccines should be undertaken in the affected areas due to the severe damage of all the utility networks to
ascertain proper function.

Some preventive measures are currently being taken to curb the spread of COVID-19 in the affected regions, as
the risk of disease spread in emergency housing is increased, given the proximity of large groups of people. For
example, in Germany [69], buses are providing testing and offering vaccination without appointment, and
temporary medical infrastructure has replaced much of the destroyed or unusable medical establishments. In
addition, having a dedicated website on what to do in the event that the floods have disrupted vaccination or
testing appointments has been created in Belgium [70].

To reduce the risk of SARS-CoV-2 transmission, it is essential to maintain or re-establish NPIs (physical distancing,
hand- and respiratory hygiene, use of face masks, etc.) in areas where flooding has resulted in increased crowding



Extreme rainfalls and catastrophic floods in western Europe — 29 July 2021

or disruption to health services, as part of the public health response. Such measures should be implemented by
the affected countries particularly among displaced populations considering the local epidemiological situation, the
vaccination coverage in the general population and the prevalence of VOCs. While volunteering, assisting, or
staying in shelters, face masks should always be worn, and hand- and respiratory hygiene measures should be
practised meticulously.

Testing and contact tracing

Testing and contact tracing of SARS-CoV-2 positive cases remains important. This will be crucial in situations where
populations may have been displaced or services interrupted. The spread of SARS-CoV-2 can be minimised by
expecting and planning for potential outbreaks/cluster of cases, particularly in congregate settings. A robust
system for contact tracing should remain a priority.

Other flood-related infectious diseases

Activities for public health authorities in the short and mid-term after the floods also include:

e Ensuring the rapid detection of potential clusters or outbreaks of vaccine preventable diseases (e.g., establish
alerts from surveillance systems), particularly in displaced individuals, and ensure availability and access to the
necessary immunizations for outbreak control.

e Ensuring access to clean water to the affected communities by collaborating with other local authorities, where
water and sanitation systems have been damaged. Water quality monitoring systems are needed and
communication of the results of water quality to the affected communities through appropriate information
pathways.

e Making sure that water management plans minimize the risk of growth or exposure to Legionella and other
waterborne pathogens

e Providing hand hygiene stations or facilities throughout shelters and community spaces

e  Providing information to humanitarian workers, first responders, construction workers assisting in the recovery
and in general anyone involved in cleaning flooded edifices and debris, should wear appropriate personal
protective equipment to avoid exposure to potential pathogens.

e If water removal is not possible within the next few weeks, public health authorities should monitor mosquito
populations in the flooded areas. If intensive mosquito breeding is detected, deploying control measures (such as
larvicide treatments) should be considered.

Risk Communication

Communication among all the stakeholders is very important in the response to such complex emergencies. A large
part of the involvement of public health authorities in the management of the health effects of flooding has to do
with risk communication to the affected population, which should address all the different risks outlined above.
Risk communication during the response to a disaster is considered a critical function and should be carefully
planned, focusing on three key principles: use of a trusted voice or representative as a spokesperson; provision of
clear, actionable advice; tailoring of messages and communication methods to the community needs [71].

Communicators should focus on expressing empathy, explain risks, promote action, and describe response efforts.
In addition, community engagement should be prioritised to address rumours and misinformation or
misunderstandings [72]. At the same time the “listening” aspect of risk communication should be developed by
regional and national authorities to enable better community engagement and gathering feedback on how
messages are received. Examples of such activities include the organisation of hotlines, monitoring social media
and organising community meetings for providing feedback on their needs and the response to the crisis [72,73].

Messages and advice that need to be addressed by public health authorities in their risk communication activities
to target groups (affected communities, health professionals, volunteers and humanitarian workers in the affected
areas) include the following:

General hygiene messages

Provide advice on the following to affected communities, healthcare workers and humanitarian workers and
volunteers working in the flooded areas:

e careful hand hygiene with soap and clean water or use appropriate alcohol-based hand rub solutions particularly
after handling any item or materials that have been potentially contaminated by flood water, using the toilet and
before preparing food, eating, drinking or smoking;

e drinking only clean, safe water and eat only food that has not been in contact with floodwater or surfaces that

have been in touch with floodwater or sludge;

not to use floodwater or well water or water that has been contaminated with floodwater:

for personal hygiene (e.g. washing or brushing teeth);

to wash dishes, vegetables or fruits, cook food or prepare baby food;

waiting on official announcements or advice as to when the tap water is safe to drink;
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e when in doubt, to throw away any food and water that may have come into contact with floodwater;

e not to eat fruits and plants from gardens that have been flooded, unless they are well washed with clean water;

e not to eat refrigerated or melted food that has been exposed to warm temperatures for more than two hours,
e.g. due to electricity disruption;

e not to swim in floodwater or lakes, rivers that have been flooded, and not to use recently flood-affected areas for

playing (e.g. children in day care centres) or picnics;

practicing respiratory hygiene (cover cough, sneezes, safe use of tissues), particularly in sheltering conditions;

being aware of immunization status for tetanus and other vaccine preventable disease pathogens;

seeking prompt medical advice when having clinical symptoms (according to surveillance needs regionally);

removing stagnant water (as part of the recovery / reconstruction works) by draining flooded areas and removing

debris that could act as water containers.

Specific communication towards health care professionals could also include:

e increase awareness for reporting to the event-based surveillance system, if applicable, or increase awareness
about a specific list of diseases according to local management decisions (e.g., gastrointestinal, respiratory, rash
etc.);

e increase awareness about the detection of clusters of communicable diseases, particularly for health professionals
serving displaced population groups (e.g., food- or waterborne diseases, vaccine preventable diseases, Legionella
pneumonia, etc);

e increase awareness of health professionals for the similarities between clinical presentation of COVID-19 and
other respiratory syndromes that should be included in the differential diagnosis (e.g., Legionella or Leptospira
infections)

e provide advice on the management of wounds (reminder about tetanus prophylaxis);

e increase awareness about potential vaccine preventable diseases such as hepatitis A, measles or varicella that
may emerge in the displaced population, and their management and notification procedures according to national
guidelines.

General messaging on disasters

o Disease outbreaks happen due to the destruction of infrastructure (e.g., sanitation systems).
e Corpses do not pose a public health risk for disease outbreaks because most pathogens can no longer survive in
a dead body, and microorganisms involved in putrefaction (decay processing) are not pathogenic [74].

Limitations

This assessment is undertaken based on facts and data known to ECDC at the time of publication.

Source and date of request

ECDC internal decision, 19 July 2021.

Consulted experts

ECDC experts (in alphabetic order): Leonidas Alexakis, Xanthi Andrianou, Agoritsa Baka, Tamas Bakonyi, Olivier
Briet, Orlando Cenciarelli, Nishi Dave, Silvia Funke, Josep Jansa, Teija Korhonen, Katrin Leitmeyer, Lara Payne,
Anastasia Pharris, Emily Scott, Ettore Severi, Johanna Takkinen, Maria Tseroni, Angela Wirtz, Andrea Wirz.

External reviewers:

Belgium: Valeska Laisnez (Sciensano)

Germany: Christina Frank, Nadine Zeitimann (Robert Koch Institut (RKI))

Luxembourg: Anne Vergison (Health Directorate)

Netherlands: Eelco Franz (National Institute for Public Health and the Environment-RIVM)
WHO Europe: Enkhtsetseg Shinee, Paula Vasconcelos, Simon van Woerden.

All experts have submitted declarations of interest, and a review of these declarations did not reveal any conflict of
interest.

Disclaimer

ECDC issues this risk assessment document based on an internal decision and in accordance with Article 10 of
Decision No 1082/13/EC and Article 7(1) of Regulation (EC) No 851/2004 establishing a European Centre for
Disease Prevention and Control (ECDC). In the framework of ECDC’s mandate, the specific purpose of an ECDC risk
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assessment is to present different options on a certain matter. The responsibility on the choice of which option to
pursue and which actions to take, including the adoption of mandatory rules or guidelines, lies exclusively with the
EU/EEA countries. In its activities, ECDC strives to ensure its independence, high scientific quality, transparency
and efficiency.

This report was written with the coordination and assistance of an Internal Response Team at the European Centre
for Disease Prevention and Control. All data published in this risk assessment are correct to the best of our
knowledge at the time of publication. Maps and figures published do not represent a statement on the part of
ECDC or its partners on the legal or border status of the countries and territories shown.

11



Extreme rainfalls and catastrophic floods in western Europe — 29 July 2021

References

1. World Meteorological Organization (WMO). Summer of extremes: floods, heat and fire. 2021. Available at:
https://public.wmo.int/en/media/news/summer-of-extremes-floods-heat-and-fire
2. Emergency Response Coordination Centre (ERCC). ERCC Portal - European Civil Protection and

Humanitarian Aid Operations. 2021. Available at: https://erccportal.jrc.ec.europa.eu/ECHO-Products/Echo-
Flash/ECHO-Flash-old/ECHO-Flash-search

3. Davies R. Belgium — Thousands Evacuate Floods as Death Toll Rises. FloodList. 16 July 2021. Available at:
https://floodlist.com/europe/floods-belgium-july-2021

4, Davies R. Germany — More Than 100 Fatalities Reported After Floods in Western States. FloodList. 16 July
2021. Available at: https://floodlist.com/europe/germany-floods-july-2021-update

5. Davies R. Luxembourg — Dozens Evacuated After Record Rainfall Causes Rivers to Break Banks. FloodList.
17 July 2021. Available at: https://floodlist.com/europe/luxembourg-floods-july-2021

6. European Commission (EC) Emergency Response Coordination Centre (ERCC). ECHO Daily Map of 23 July

2021. Brussel: EC - ERCC; 2021. Available at:
https://erccportal.jrc.ec.europa.eu/ECHOProducts//Maps#/maps/3774

7. Reuters. Belgium raises flood death toll to 37, further six missing. Reuters. 22 July 2021. Available at:
https://www.reuters.com/world/europe/belgium-raises-flood-death-toll-37-further-six-missing-2021-07-22/
8. Chini M. No electricity, water or gas: 9,000 people need new accommaodation after floods. The Brussels

Times. 21 July 2021. Available at: https://www.brusselstimes.com/news/belgium-all-news/178420/no-electricity-
water-or-gas-9000-people-need-new-accommodation-after-floods/

9. RTL Télé Létzebuerg. Iwwerschwemmungen zu Létzebuerg an an der Groussregioun. RTL. 22 July 2021.
Available at: https://www.rtl.lu/news/national/a/1755262.htm|
10. Euskirchen stadt mit gesicht. Wichtige Informationen Zur Hochwasserkatastrophe. 22 July 2021. Available

at: https://www.euskirchen.de/leben-in-euskirchen/aktuelle-mitteilungen/detail/news/2021/7/22/wichtige-
informationen-zur-hochwasserkatastrophe/

11. Davies R. Austria and Germany — More Deadly Flash Floods After Heavy Rain. FloodList. 18 July 2021.
Available at: https://floodlist.com/europe/austria-germany-bavaria-floods-july-2021
12. Davies R. Europe — Floods in Switzerland, Italy and Germany After 50mm of Rain in 1 Hour. FloodList. 13

June 2018. Available at: https://floodlist.com/europe/europe-floods-switzerland-italy-germany-12-june-2018

13. Jakubicka T, Vos F, Phalkey R, Guha-Sapir D, Marx M. Health impacts of floods in Europe: data gaps and
information needs from a spatial perspective. Brussels: Centre for Research on the Epidemiology of Disasters
(CRED); 2010. Available at: http://www.preventionweb.net/files/19820 healthimpactsoffloodsineuropel.pdf

14. European Court of Auditors. Special report no 25/2018: Floods Directive: progress in assessing risks, while
planning and implementation need to improve. Luxembourg: ECA; 2018. Available at:
https://www.eca.europa.eu/en/Pages/Docltem.aspx?did=47211

15. Emergency Management Service. European Flood Awareness System - EFAS. Available at:
https://www.efas.eu/en
16. Centre for Research on the Epidemiology of Disasters (CRED). The International Disaster Database (EM-

DAT). Brussels: CRED; 2021. Available at: https://www.emdat.be/

17. Mulder AC, Pijnacker R, De Man H, Van De Kassteele J, Van Pelt W, Mughini-Gras L, et al. “Sickenin’in the
rain"—increased risk of gastrointestinal and respiratory mfectlons after urban pluvial flooding in a population-based
cross-sectional study in the Netherlands. BMC infectious diseases. 2019;19(1):1-12. Available at:
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-019-3984-5

18. Ivers LC, Ryan ET. Infectious diseases of severe weather-related and flood-related natural disasters.
Current opinion in infectious diseases. 2006;19(5):408-14. Available at: https://journals.lww.com/co-
infectiousdiseases/Fulltext/2006/10000/Infectious diseases of severe weather related and.3.aspx

19. Socolovschi C, Angelakis E, Renvoisé A, Fournier P-E, Marié JL, Davoust B, et al. Strikes, flooding, rats,
and leptospirosis in Marseille, France. International Journal of Infectious Diseases. 2011;15(10):e710-e5. Available
at: https://www.sciencedirect.com/science/article/pii/S1201971211001305

20. Radl C, Miiller M, Revilla-Fernandez S, Karner-Zuser S, de Martin A, Schauer U, et al. Outbreak of
leptospirosis among triathlon participants in Langau, Austria, 2010. Wiener klinische Wochenschrift.
2011;123(23):751-5. Available at: https://link.springer.com/article/10.1007/s00508-011-0100-2

21. Gertler M, Diirr M, Renner P, Poppert S, Askar M, Breidenbach J, et al. Outbreak of Cryptosporidium
hominis following river flooding in the city of Halle (Saale), Germany, August 2013. BMC Infectious Diseases.
2015;15(1):1-10. Available at: https://link.springer.com/article/10.1186/s12879-015-0807-1

22. Schmid D, Lederer I, Much P, Pichler A-M, Allerberger F. Outbreak of norovirus infection associated with
contaminated flood water, Salzburg, 2005. Weekly releases (1997-2007). 2005;10(24):2727. Available at:
https://www.eurosurveillance.org/content/10.2807/esw.10.24.02727-en

23. De Man H, Gras LM, Schimmer B, Friesema I, Husman ADR, Van Pelt W. Gastrointestinal, influenza-like
illness and dermatological complaints following exposure to floodwater: a cross-sectional survey in The
Netherlands. Epidemiology & Infection. 2016;144(7):1445-54. Available at:
https://www.cambridge.org/core/journals/epidemiology-and-infection/article/gastrointestinal-influenzalike-illness-
and-dermatological-complaints-following-exposure-to-floodwater-a-crosssectional-survey-in-the-
netherlands/CEE40CFSADCBFC4AF392371D71660A38

12


https://public.wmo.int/en/media/news/summer-of-extremes-floods-heat-and-fire
https://erccportal.jrc.ec.europa.eu/ECHO-Products/Echo-Flash/ECHO-Flash-old/ECHO-Flash-search
https://erccportal.jrc.ec.europa.eu/ECHO-Products/Echo-Flash/ECHO-Flash-old/ECHO-Flash-search
https://floodlist.com/europe/floods-belgium-july-2021
https://floodlist.com/europe/germany-floods-july-2021-update
https://floodlist.com/europe/luxembourg-floods-july-2021
https://erccportal.jrc.ec.europa.eu/ECHOProducts/Maps#/maps/3774
https://www.reuters.com/world/europe/belgium-raises-flood-death-toll-37-further-six-missing-2021-07-22/
https://www.brusselstimes.com/news/belgium-all-news/178420/no-electricity-water-or-gas-9000-people-need-new-accommodation-after-floods/
https://www.brusselstimes.com/news/belgium-all-news/178420/no-electricity-water-or-gas-9000-people-need-new-accommodation-after-floods/
https://www.rtl.lu/news/national/a/1755262.html
https://www.euskirchen.de/leben-in-euskirchen/aktuelle-mitteilungen/detail/news/2021/7/22/wichtige-informationen-zur-hochwasserkatastrophe/
https://www.euskirchen.de/leben-in-euskirchen/aktuelle-mitteilungen/detail/news/2021/7/22/wichtige-informationen-zur-hochwasserkatastrophe/
https://floodlist.com/europe/austria-germany-bavaria-floods-july-2021
https://floodlist.com/europe/europe-floods-switzerland-italy-germany-12-june-2018
http://www.preventionweb.net/files/19820_healthimpactsoffloodsineurope1.pdf
https://www.eca.europa.eu/en/Pages/DocItem.aspx?did=47211
https://www.efas.eu/en
https://www.emdat.be/
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-019-3984-5
https://journals.lww.com/co-infectiousdiseases/Fulltext/2006/10000/Infectious_diseases_of_severe_weather_related_and.3.aspx
https://journals.lww.com/co-infectiousdiseases/Fulltext/2006/10000/Infectious_diseases_of_severe_weather_related_and.3.aspx
https://www.sciencedirect.com/science/article/pii/S1201971211001305
https://link.springer.com/article/10.1007/s00508-011-0100-2
https://link.springer.com/article/10.1186/s12879-015-0807-1
https://www.eurosurveillance.org/content/10.2807/esw.10.24.02727-en
https://www.cambridge.org/core/journals/epidemiology-and-infection/article/gastrointestinal-influenzalike-illness-and-dermatological-complaints-following-exposure-to-floodwater-a-crosssectional-survey-in-the-netherlands/CEE40CF8ADCBFC4AF392371D71660A38
https://www.cambridge.org/core/journals/epidemiology-and-infection/article/gastrointestinal-influenzalike-illness-and-dermatological-complaints-following-exposure-to-floodwater-a-crosssectional-survey-in-the-netherlands/CEE40CF8ADCBFC4AF392371D71660A38
https://www.cambridge.org/core/journals/epidemiology-and-infection/article/gastrointestinal-influenzalike-illness-and-dermatological-complaints-following-exposure-to-floodwater-a-crosssectional-survey-in-the-netherlands/CEE40CF8ADCBFC4AF392371D71660A38

Extreme rainfalls and catastrophic floods in western Europe — 29 July 2021

24. Braeye T, De Schrijver K, Wollants E, Van Ranst M, Verhaegen J. A large community outbreak of
gastroenteritis associated with consumption of drinking water contaminated by river water, Belgium, 2010.
Epidemiology & Infection. 2015;143(4):711-9. Available at:
https://www.cambridge.org/core/journals/epidemiology-and-infection/article/large-community-outbreak-of-
gastroenteritis-associated-with-consumption-of-drinking-water-contaminated-by-river-water-belgium-
2010/3A1F8FA6E3354BC31C80795ECIDE2DDD

25. European Centre for Disease Prevention and Control (ECDC). Facts about Legionnaires' disease.
Stockholm: ECDC; 2021. Available at: https://www.ecdc.europa.eu/en/legionnaires-disease/facts
26. Mitsui M, Ito A, Ishida T, Tachibana H, Nakanishi Y, Yamazaki A, et al. Increased risk of Legionella

pneumonia as community-acquired pneumonia after heavy rainfall in 2018 in west Japan. Journal of Infection and
Chemotherapy. 2021 Available at: https://www.sciencedirect.com/science/article/pii/S1341321X21001549

27. Oda N, Hirahara T, Fujioka Y, Mitani R, Takata I. Legionella pneumonia following the Heavy Rain Event of
July 2018 in Japan: a case report. Internal Medicine. 2019:2825-19. Available at:
https://www.jstage.jst.go.jp/article/internalmedicine/advpub/0/advpub 2825-19/ article/-char/ja/

28. Braeye T, Echahidi F, Meghraoui A, Laisnez V, Hens N. Short-term associations between Legionnaires'
disease incidence and meteorological variables in Belgium, 2011-2019. Epidemiology & Infection. 2020;148
Available at: https://www.cambridge.org/core/journals/epidemiology-and-infection/article/shortterm-associations-
between-legionnaires-disease-incidence-and-meteorological-variables-in-belgium-
20112019/5AACOEAEEF31FAE8040F8CC1183FEFDC

29. Walker J. The influence of climate change on waterborne disease and Legionella: a review. Perspectives in
public health. 2018;138(5):282-6. Available at: https://journals.sagepub.com/doi/abs/10.1177/1757913918791198
30. Prussin II AJ, Schwake DO, Marr LC. Ten questions concerning the aerosolization and transmission of

Legionella in the built environment. Building and environment. 2017;123:684-95. Available at:
https://www.sciencedirect.com/science/article/pii/S0360132317302597

31. European Centre for Disease Prevention and Control (ECDC). COVID-19 countries overview. Stockholm:
ECDC; 2021. Available at: http://covid19-country-overviews.ecdc.europa.eu/

32. European Centre for Disease Prevention and Control (ECDC). COVID-19 Vaccine rollout overview.
Stockholm: ECDC; 2021. Available at: https://covid19-vaccine-report.ecdc.europa.eu/

33. European Centre for Disease Prevention and Control (ECDC). COVID-19 Vaccine Tracker. Stockholm:
ECDC; 2021. Available at: https://gap.ecdc.europa.eu/public/extensions/COVID-19/vaccine-tracker.html#uptake-
tab

34. Robert Koch Institut. Tetanus. Berlin: RKI; 2018. Available at:
https://www.rki.de/DE/Content/Infekt/EpidBull/Merkblaetter/Ratgeber Tetanus.html

35. Tafforeau J. La vaccination. Brussels: Enquéte de Santé par Interview, Belgique; 2008. Available at:
https://his.wiv-isp.be/fr/Documents%?20partages/VA FR 2008.pdf

36. Gesundheitsberichterstattung des Bundes. Tetanusimpfung in den letzten 10 Jahren. 2012. Available at:
https://www.gbe-bund.de/pdf/geda 2010 6 29 tetanusimpfung.pdf

37. Berbers G, van Gageldonk P, Kassteele Jvd, Wiedermann U, Desombere I, Dalby T, et al. Circulation of

pertussis and poor protection against diphtheria among middle-aged adults in 18 European countries. Nature
Communications. 2021;12(1):2871. Available at: https://www.nature.com/articles/s41467-021-23114-y

38. Hibschen JM, Charpentier E, Weicherding P, Muller CP. IgG antibody prevalence suggests high
immunization needs in newcomers to Luxembourg, 2012. Vaccine. 2018;36(6):899-905. Available at:
https://www.sciencedirect.com/science/article/pii/S0264410X17317942

39. European Centre for Disease Prevention and Control (ECDC). Vaccine Scheduler- Vaccine schedules in all
countries in the EU/EEA. Stockholm: ECDC; 2021. Available at: https://vaccine-schedule.ecdc.europa.eu/
40. Carrillo-Santisteve P, Tavoschi L, Severi E, Bonfigli S, Edelstein M, Bystrém E, et al. Seroprevalence and

susceptibility to hepatitis A in the European Union and European Economic Area: a systematic review. The Lancet
Infectious Diseases. 2017;17(10):e306-e19. Available at:
https://www.sciencedirect.com/science/article/pii/S1473309917303924

41. European Centre for Disease Prevention and Control (ECDC). Surveillance Atlas of Infectious Diseases.
Stockholm: ECDC; 2021. Available at: https://atlas.ecdc.europa.eu/public/index.aspx
42. Desai AN, Ramatowski JW, Marano N, Madoff LC, Lassmann B. Infectious disease outbreaks among

forcibly displaced persons: an analysis of ProMED reports 1996-2016. Conflict and Health. 2020;14(1):1-10.
Available at: https://link.springer.com/article/10.1186/s13031-020-00295-9

43, World Health Organization Regional Office for Europe (WHO-Europe). Varied impact of COVID-19 on
routine immunization in the European Region. Copenhagen: WHO-Europe; 2021. Available at:
https://www.euro.who.int/en/health-topics/disease-prevention/vaccines-and-
immunization/news/news/2021/7/varied-impact-of-covid-19-on-routine-immunization-in-the-european-region

44, Fyumagwa RD, Ezekiel MJ, Nyaki A, Mdaki ML, Katale ZB, Moshiro C, et al. Response to Rift Valley fever in
Tanzania: challenges and opportunities. Tanzania Journal of Health Research. 2011;13(5) Available at:
https://www.ajol.info/index.php/thrb/article/view/71579

45, Kouadio IK, Aljunid S, Kamigaki T, Hammad K, Oshitani H. Infectious diseases following natural disasters:
prevention and control measures. Expert Review of Anti-infective Therapy. 2012;10(1):95-104. Available at:
https://www.tandfonline.com/doi/abs/10.1586/eri.11.155

13


https://www.cambridge.org/core/journals/epidemiology-and-infection/article/large-community-outbreak-of-gastroenteritis-associated-with-consumption-of-drinking-water-contaminated-by-river-water-belgium-2010/3A1F8FA6E3354BC31C80795EC9DE2DDD
https://www.cambridge.org/core/journals/epidemiology-and-infection/article/large-community-outbreak-of-gastroenteritis-associated-with-consumption-of-drinking-water-contaminated-by-river-water-belgium-2010/3A1F8FA6E3354BC31C80795EC9DE2DDD
https://www.cambridge.org/core/journals/epidemiology-and-infection/article/large-community-outbreak-of-gastroenteritis-associated-with-consumption-of-drinking-water-contaminated-by-river-water-belgium-2010/3A1F8FA6E3354BC31C80795EC9DE2DDD
https://www.ecdc.europa.eu/en/legionnaires-disease/facts
https://www.sciencedirect.com/science/article/pii/S1341321X21001549
https://www.jstage.jst.go.jp/article/internalmedicine/advpub/0/advpub_2825-19/_article/-char/ja/
https://www.cambridge.org/core/journals/epidemiology-and-infection/article/shortterm-associations-between-legionnaires-disease-incidence-and-meteorological-variables-in-belgium-20112019/5AAC0EAEEF31FAE8040F8CC1183FEFDC
https://www.cambridge.org/core/journals/epidemiology-and-infection/article/shortterm-associations-between-legionnaires-disease-incidence-and-meteorological-variables-in-belgium-20112019/5AAC0EAEEF31FAE8040F8CC1183FEFDC
https://www.cambridge.org/core/journals/epidemiology-and-infection/article/shortterm-associations-between-legionnaires-disease-incidence-and-meteorological-variables-in-belgium-20112019/5AAC0EAEEF31FAE8040F8CC1183FEFDC
https://journals.sagepub.com/doi/abs/10.1177/1757913918791198
https://www.sciencedirect.com/science/article/pii/S0360132317302597
http://covid19-country-overviews.ecdc.europa.eu/
https://covid19-vaccine-report.ecdc.europa.eu/
https://qap.ecdc.europa.eu/public/extensions/COVID-19/vaccine-tracker.html#uptake-tab
https://qap.ecdc.europa.eu/public/extensions/COVID-19/vaccine-tracker.html#uptake-tab
https://www.rki.de/DE/Content/Infekt/EpidBull/Merkblaetter/Ratgeber_Tetanus.html
https://his.wiv-isp.be/fr/Documents%20partages/VA_FR_2008.pdf
https://www.gbe-bund.de/pdf/geda_2010_6_29_tetanusimpfung.pdf
https://www.nature.com/articles/s41467-021-23114-y
https://www.sciencedirect.com/science/article/pii/S0264410X17317942
https://vaccine-schedule.ecdc.europa.eu/
https://www.sciencedirect.com/science/article/pii/S1473309917303924
https://atlas.ecdc.europa.eu/public/index.aspx
https://link.springer.com/article/10.1186/s13031-020-00295-9
https://www.euro.who.int/en/health-topics/disease-prevention/vaccines-and-immunization/news/news/2021/7/varied-impact-of-covid-19-on-routine-immunization-in-the-european-region
https://www.euro.who.int/en/health-topics/disease-prevention/vaccines-and-immunization/news/news/2021/7/varied-impact-of-covid-19-on-routine-immunization-in-the-european-region
https://www.ajol.info/index.php/thrb/article/view/71579
https://www.tandfonline.com/doi/abs/10.1586/eri.11.155

Extreme rainfalls and catastrophic floods in western Europe — 29 July 2021

46. Roiz D, Bousses P, Simard F, Paupy C, Fontenille D. Autochthonous chikungunya transmission and
extreme climate events in southern France. PLoS Neglected Tropical Diseases. 2015;9(6):e0003854. Available at:
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0003854

47. Han LL, Popovici F, Alexander Jr JP, Laurentia V, Tengelsen LA, Cernescu C, et al. Risk factors for West
Nile virus infection and meningoencephalitis, Romania, 1996. The Journal of infectious diseases. 1999;179(1):230-
3. Available at: https://academic.oup.com/jid/article-abstract/179/1/230/880026

48. European Centre for Disease Prevention and Control (ECDC). Historical data by year - West Nile virus
seasonal surveillance. Stockholm: ECDC; 2021. Available at: https://www.ecdc.europa.eu/en/west-nile-
fever/surveillance-and-disease-data/historical

49, European Centre for Disease Prevention and Control (ECDC). Culex pipiens group - current known
distribution: March 2021. Stockholm: ECDC; 2021. Available at: https://www.ecdc.europa.eu/en/publications-
data/culex-pipiens-group-current-known-distribution-march-2021

50. European Centre for Disease Prevention and Control (ECDC). Aedes albopictus - current known
distribution: March 2021. Stockholm: ECDC; 2021. Available at: https://www.ecdc.europa.eu/en/publications-
data/aedes-albopictus-current-known-distribution-march-2021

51. Benedict K, Park BJ. Invasive fungal infections after natural disasters. Emerging infectious diseases.
2014;20(3):349. Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/pmc3944874/
52. Warner GS. Increased incidence of domestic animal bites following a disaster due to natural hazards.

Prehospital and disaster medicine. 2010;25(2):187-90. Available at:
https://www.cambridge.org/core/journals/prehospital-and-disaster-medicine/article/increased-incidence-of-
domestic-animal-bites-following-a-disaster-due-to-natural-hazards/8426863C24FAFC1760DABB2C40F3741B

53. Centers for Disease Control and Prevention (CDC). Rodent Control After a Disaster. Atlanta: CDC; 2012.
Available at: https://www.cdc.gov/disasters/rodents.html
54. Johanning E, Auger P, Morey PR, Yang CS, Olmsted E. Review of health hazards and prevention measures

for response and recovery workers and volunteers after natural disasters, flooding, and water damage: mold and
dampness. Environmental Health and preventive medicine. 2014;19(2):93-9. Available at:
https://link.springer.com/content/pdf/10.1007/s12199-013-0368-0.pdf

55. Brandt M, Brown C, Burkhart J, Burton N, Cox-Ganser J, Damon S, et al. Mold prevention strategies and
possible health effects in the aftermath of hurricanes and major floods. Morbidity and Mortality Weekly Report:
Recommendations and Reports. 2006;55(8):1-CE-4. Available at:
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5508a1.htm

56. Jaksi¢ D, Serti¢ M, Kocsubé S, Kovacevic I, Kifer D, Mornar A, et al. Post-flood impacts on occurrence and
distribution of mycotoxin-producing aspergilli from the sections Circumdati, Flavi, and Nigri in indoor environment.
Journal of Fungi. 2020;6(4):282. Available at: https://www.mdpi.com/888204

57. Ahern M, Kovats RS, Wilkinson P, Few R, Matthies F. Global health impacts of floods: epidemiologic
evidence. Epidemiologic reviews. 2005;27(1):36-46. Available at: https://academic.oup.com/epirev/article-
abstract/27/1/36/520815

58. European Centre for Disease Prevention and Control (ECDC). Operational tool on rapid risk assessment
methodology. Stockholm: ECDC; 2019. Available at: https://www.ecdc.europa.eu/en/publicationsdata/operational-
tool-rapid-risk-assessment-methodology-ecdc-2019

59. Brown L, Murray V. Examining the relationship between infectious diseases and flooding in Europe: A
systematic literature review and summary of possible public health interventions. Disaster Health. 2013;1(2):117-
27. Available at: https://www.tandfonline.com/doi/abs/10.4161/dish.25216

60. Brugha R, Heptonstall J, Farrington P, Andren S, Perry K, Parry J. Risk of hepatitis A infection in sewage
workers. Occupational and Environmental Medicine. 1998;55(8):567-9. Available at:
https://oem.bmj.com/content/55/8/567.short

61. World Health Organization (WHO) and International Labour Organization (ILO). Occupational safety and
health in public health emergencies: A manual for protecting health workers and responders. Geneva: WHO - ILO;
2018. Available at: https://www.ilo.org/wcmsp5/groups/public/---ed protect/---protrav/---
safework/documents/publication/wcms 633233.pdf

62. The Intergovernmental Panel on Climate Change (IPCC). Climate Change 2014 Synthesis Report Summary
for Policymakers. Geneva: IPCC; 2018. Available at:

https://www.ipcc.ch/site/assets/uploads/2018/02/AR5 SYR FINAL SPM.pdf

63. Suk JE, Vaughan EC, Cook RG, Semenza JC. Natural disasters and infectious disease in Europe: a
literature review to identify cascading risk pathways. European journal of public health. 2020;30(5):928-35.
Available at: https://academic.oup.com/eurpub/article-abstract/30/5/928/5512023

64. Borgen K, MacDonald E, Aavitsland P. Guidance Document for National Focal Points and Tool Templates -
WP 6: Toolkit for Local Implementation of the International Health Regulations. Oslo: Norwegian Institute of Public
Health; 2005. Available at:
https://www.rki.de/EN/Content/Institute/DepartmentsUnits/InfDiseaseEpidem/Div32/React/Work/wp6/WP 6 Guid
e.pdf? blob=publicationFile

65. World Health Organization (WHO) Regional Office for the Western Pacific. A guide to establishing event-
based surveillance. Manila WHO Regional Office for the Western Pacific; 2008. Available at:
https://iris.wpro.who.int/handle/10665.1/10421

66. European Centre for Disease Prevention and Control (ECDC). Rapid risk assessment: Assessing SARS-CoV-
2 circulation, variants of concern, non-pharmaceutical interventions and vaccine rollout in the EU/EEA, 15th

14


https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0003854
https://academic.oup.com/jid/article-abstract/179/1/230/880026
https://www.ecdc.europa.eu/en/west-nile-fever/surveillance-and-disease-data/historical
https://www.ecdc.europa.eu/en/west-nile-fever/surveillance-and-disease-data/historical
https://www.ecdc.europa.eu/en/publications-data/culex-pipiens-group-current-known-distribution-march-2021
https://www.ecdc.europa.eu/en/publications-data/culex-pipiens-group-current-known-distribution-march-2021
https://www.ecdc.europa.eu/en/publications-data/aedes-albopictus-current-known-distribution-march-2021
https://www.ecdc.europa.eu/en/publications-data/aedes-albopictus-current-known-distribution-march-2021
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc3944874/
https://www.cambridge.org/core/journals/prehospital-and-disaster-medicine/article/increased-incidence-of-domestic-animal-bites-following-a-disaster-due-to-natural-hazards/8426863C24FAFC1760DABB2C40F3741B
https://www.cambridge.org/core/journals/prehospital-and-disaster-medicine/article/increased-incidence-of-domestic-animal-bites-following-a-disaster-due-to-natural-hazards/8426863C24FAFC1760DABB2C40F3741B
https://www.cdc.gov/disasters/rodents.html
https://link.springer.com/content/pdf/10.1007/s12199-013-0368-0.pdf
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5508a1.htm
https://www.mdpi.com/888204
https://academic.oup.com/epirev/article-abstract/27/1/36/520815
https://academic.oup.com/epirev/article-abstract/27/1/36/520815
https://www.ecdc.europa.eu/en/publicationsdata/operational-tool-rapid-risk-assessment-methodology-ecdc-2019
https://www.ecdc.europa.eu/en/publicationsdata/operational-tool-rapid-risk-assessment-methodology-ecdc-2019
https://www.tandfonline.com/doi/abs/10.4161/dish.25216
https://oem.bmj.com/content/55/8/567.short
https://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---safework/documents/publication/wcms_633233.pdf
https://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/---safework/documents/publication/wcms_633233.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/AR5_SYR_FINAL_SPM.pdf
https://academic.oup.com/eurpub/article-abstract/30/5/928/5512023
https://www.rki.de/EN/Content/Institute/DepartmentsUnits/InfDiseaseEpidem/Div32/React/Work/wp6/WP_6_Guide.pdf?__blob=publicationFile
https://www.rki.de/EN/Content/Institute/DepartmentsUnits/InfDiseaseEpidem/Div32/React/Work/wp6/WP_6_Guide.pdf?__blob=publicationFile
https://iris.wpro.who.int/handle/10665.1/10421

Extreme rainfalls and catastrophic floods in western Europe — 29 July 2021

update. Stockholm: ECDC; 2021. Available at: https://www.ecdc.europa.eu/en/publications-data/rapid-risk-
assessment-sars-cov-2-circulation-variants-concern

67. European Centre for Disease Prevention and Control (ECDC). Threat Assessment Brief: Implications for
the EU/EEA on the spread of the SARS-CoV-2 Delta (B.1.617.2) variant of concern. Stockholm: ECDC; 2021.
Available at: https://www.ecdc.europa.eu/en/publications-data/threat-assessment-emergence-and-impact-sars-
cov-2-delta-variant

68. Deutschlandfunk. Impfbus im Ahrtal gestartet. Deutschlandfunk. 20 July 2021. Available at:
https://www.deutschlandfunk.de/sorge-vor-corona-in-den-katastrophengebieten-impfbus-
im.1939.de.html?drn:news _id=1282365

69. Tagesschau. Hochwassergebiete in Westdeutschland - Sorge vor Corona-Ausbriichen. 20 July 2021.
Available at: https://www.tagesschau.de/inland/innenpolitik/hochwasser-katastrophengebiete-corona-101.html
70. De Federale overheidsdienst (FOD) Volksgezondheid, Veiligheid van de Voedselketen en Leefmilieu.

Maatregelen naar aanleiding van overstromingsramp. Brussels: FOD; 2021. Available at: https://www.info-
coronavirus.be/nl/news/maatregelen-overstromingsramp/

71. Campbell N, Roper-Fetter K, Yode M. Principles of Risk Communication: A Guide to Communicating with
Socially Vulnerable Populations Across the Disaster Lifecycle. Boulder, CO: Natural Hazards Center, University of
Colorado Boulder; 2020. Available at:
https://usace.contentdm.oclc.org/utils/getfile/collection/p16021coll11/id/4736

72. U.S. Department of Health and Human Services - Centers for Disease Control and Prevention (CDC).
CERC: Crisis + Emergency Risk Communication. Atlanta: CDC; 2018. Available at:
https://emergency.cdc.gov/cerc/ppt/CERC Introduction.pdf

73. Salvi C, Frost M, Couillard C, Enderlein U, Nitzan D, Organization WH. Emergency risk communication:
early lessons learned during the pilot phase of a five-step capacity-building package. Public Health Panorama.
2018;4(01):51-7. Available at: https://apps.who.int/iris/bitstream/handle/10665/325063/php-4-1-51-57-eng.pdf
74. World Health Organization (WHO) - Communicable Diseases Working Group on Emergencies. Flooding
and Communicable Diseases Fact Sheet - Risk Assessment and Preventive Measures. Available at:
https://www.who.int/hac/techguidance/ems/FloodingandCommunicableDiseasesfactsheet.pdf

15


https://www.ecdc.europa.eu/en/publications-data/rapid-risk-assessment-sars-cov-2-circulation-variants-concern
https://www.ecdc.europa.eu/en/publications-data/rapid-risk-assessment-sars-cov-2-circulation-variants-concern
https://www.ecdc.europa.eu/en/publications-data/threat-assessment-emergence-and-impact-sars-cov-2-delta-variant
https://www.ecdc.europa.eu/en/publications-data/threat-assessment-emergence-and-impact-sars-cov-2-delta-variant
https://www.deutschlandfunk.de/sorge-vor-corona-in-den-katastrophengebieten-impfbus-im.1939.de.html?drn:news_id=1282365
https://www.deutschlandfunk.de/sorge-vor-corona-in-den-katastrophengebieten-impfbus-im.1939.de.html?drn:news_id=1282365
https://www.tagesschau.de/inland/innenpolitik/hochwasser-katastrophengebiete-corona-101.html
https://www.info-coronavirus.be/nl/news/maatregelen-overstromingsramp/
https://www.info-coronavirus.be/nl/news/maatregelen-overstromingsramp/
https://usace.contentdm.oclc.org/utils/getfile/collection/p16021coll11/id/4736
https://emergency.cdc.gov/cerc/ppt/CERC_Introduction.pdf
https://apps.who.int/iris/bitstream/handle/10665/325063/php-4-1-51-57-eng.pdf
https://www.who.int/hac/techguidance/ems/FloodingandCommunicableDiseasesfactsheet.pdf

