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ARTICLE INFO ABSTRACT

Keywords: Background: The Mediterranean basin is warming faster than the global average, reshaping ecological niches for
Cl.imat.e change vector-borne, water-borne, and environmentally linked pathogens. Concurrent climate shocks across the Sahel,
Migration health West Africa, and the Horn of Africa—combined with conflict, food and water insecurity, and fragile health

Infectious diseases systems—drive sustained mobility toward North Africa and Europe. Frontline entry points along the Central

Mediterranean route often capture early clinical signals of these pressures.

Methods: We conducted a narrative, expert-informed evidence synthesis integrating peer-reviewed literature and
institutional reports from WHO, ECDC, UNHCR, IOM, MSF, IPCC, and MedECC published between 2000 and
2025. We reviewed climate-sensitive pathogen dynamics in the Euro-Mediterranean region, infectious disease
burdens in major regions of origin, transit-related exposures, and clinical patterns observed at first medical
contact. Evidence was synthesised into a Climate-Migration-Infection sentinel framework.

Findings: Mediterranean warming increases ecological suitability for Aedes mosquitoes, intensifies West Nile virus
activity, and promotes Vibrio proliferation. Climate shocks in regions of origin are associated with higher burdens
of malaria, cholera, meningococcal disease, respiratory and dermatological infections, and antimicrobial resis-
tance. Transit through North African hubs amplifies vulnerability through overcrowding, unsafe water, malnu-
trition, trauma, and disrupted access to care. Clinical presentations at first European entry points reflect
cumulative deprivation and pose a generally low public-health risk to Europe under typical post-arrival
conditions.

Interpretation: Central Mediterranean entry points such as Lampedusa function as sentinel interfaces for climate-
driven infectious vulnerability. Strengthening syndromic surveillance and climate-informed preparedness at
these sites could enhance early-warning capacity at Europe's southern border.

Central mediterranean
Syndromic surveillance
Early-warning systems

o The most frequent clinical presentations at first medical contact
include skin infections, scabies, respiratory illness, gastroen-
teritis and dehydration, with negligible public-health risk to
Europe.

Frontline islands such as Lampedusa function as sentinel in-
terfaces where climate-driven health instability becomes clini-
cally visible earlier than in mainland Europe.

Strengthening syndromic surveillance and diagnostic capacity
at frontline islands could enhance Europe's climate-informed
early-warning systems.

1. Summary box

e Climate change in the Mediterranean increases the ecological
suitability for vector-borne, water-borne and environmentally
linked infectious diseases.

e Migrants arriving at frontline Central Mediterranean entry
points reflect cumulative vulnerability from climate shocks,
fragile health systems and hazardous transit conditions rather
than the importation of novel pathogens.
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2. Introduction

Climate change is accelerating across the Euro-Mediterranean re-
gion, reshaping ecological niches for vector-borne, water-borne and
environmentally linked pathogens at rates exceeding global averages
[1-3]. Rising sea-surface temperatures, marine heatwaves and altered
precipitation patterns are increasing ecological suitability for Aedes
mosquitoes, intensifying West Nile virus circulation and promoting
Vibrio proliferation in coastal waters [4-6]. These trends are consistent
with European regional assessments documenting increasing climate
vulnerability across southern Europe [3].

Concurrently, populations across the Sahel, West Africa and the Horn
of Africa face intersecting pressures—including drought, extreme heat,
food insecurity, conflict and fragile health systems—that drive sustained
mobility toward North Africa and Europe [7-11,12]. Migration along
the Central Mediterranean route frequently occurs under conditions of
disrupted healthcare, malnutrition, overcrowding, unsafe water and
trauma, shaping health vulnerability long before arrival and influencing
clinical presentations more than any risk of importing novel pathogens
[10] [13,14].

Frontline entry points along the Central Mediterranean represent
interfaces where climate instability, mobility dynamics and health-
system fragility converge. Lampedusa, geographically closer to Tunisia
than mainland Italy, exemplifies this convergence. Despite high arrival
volumes, such settings often have limited diagnostic capacity and min-
imal structured infectious-disease surveillance; beyond targeted scabies
screening, systematic assessment for tuberculosis, febrile or respiratory
syndromes is uncommon [15,16,17]. Chronic overcrowding and rapid
turnover further hinder early detection [18,19].

Although climate-sensitive risks and migration-related vulnerabil-
ities are widely recognised, few frameworks integrate climate shocks,
upstream epidemiology and transit exposures to explain clinical patterns
observed at first medical contact.

This Analysis aims to develop a conceptual and operational frame-
work integrating climate-driven ecological changes, migration-related
exposures, and clinical syndromes observed at first medical contact, in
order to interpret frontline health signals at Europe's southern border.
Specifically, we propose the concept of a “sentinel interface” as a clin-
ically grounded model linking upstream environmental pressures with
downstream healthcare presentations, providing a basis for future
operationalisation and empirical evaluation.

3. Methods
3.1. Study design

This study is a narrative, expert-informed Analysis aimed at inte-
grating climate, epidemiological, and migration-health data into a
conceptual Climate-Migration-Infection Sentinel Model. This approach
was selected because the heterogeneous nature of climate-sensitive in-
fectious diseases, migration flows, and transit conditions precludes the
feasibility of a formal systematic review or meta-analysis and is
consistent with the objectives of an Analysis article, which aims to
integrate heterogeneous evidence and generate clinically relevant
frameworks rather than to provide exhaustive or quantitative synthesis.

3.2. Search strategy and data sources

We conducted a structured literature search of peer-reviewed pub-
lications between January 1, 2000, and March 1, 2026 across PubMed,
Embase, Scopus, and Web of Science. The detailed search strategy,
including full search strings and keyword combinations, is provided in
Supplementary Material 1.

To complement academic literature and capture epidemiological and
operational data not consistently represented in peer-reviewed sources,
institutional reports from WHO, ECDC, UNHCR, IOM, MSF, IPCC, and
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MedECC were incorporated. Reference lists of key publications were
manually screened to identify additional relevant sources.

3.3. Eligibility criteria and study selection

Eligible sources included epidemiological studies, modelling ana-
lyses, environmental assessments, migration-health surveys, and clinical
or public-health reports describing climate-sensitive infectious risks,
epidemiological patterns in regions of origin, transit-related exposures,
or health conditions at arrival in Mediterranean entry points.

Peer-reviewed studies were prioritised when available. Grey litera-
ture was included when providing unique contextual, epidemiological,
or operational insights not captured in academic publications, particu-
larly in migration and humanitarian settings.

Conference abstracts, non—peer-reviewed commentary, and unpub-
lished reports were excluded unless offering essential contextual or
epidemiological information.

3.4. Data synthesis and analytical approach

Data were synthesised qualitatively to map converging climate-
related, epidemiological, and mobility determinants and to interpret
their clinical expression at Europe's southern border. Rather than
extracting predefined quantitative outcomes, evidence was synthesised
across disciplines to construct an analytical framework linking upstream
determinants with clinical presentations at first medical contact.

The expert-informed component was based on the multidisciplinary
clinical and operational experience of the authors, including intensiv-
ists, emergency physicians, and specialists involved in frontline and
migrant health care. Evidence interpretation and synthesis were con-
ducted through iterative discussion and consensus.

When findings from different sources were inconsistent, priority was
given to higher-quality peer-reviewed studies and large institutional
datasets, with discrepancies resolved through group discussion.

3.5. Risk of bias and limitations of the approach

A formal risk-of-bias assessment was not conducted, as the aim of this
Analysis was to integrate heterogeneous evidence into a conceptual and
clinically interpretable framework rather than to estimate pooled
quantitative effects. To minimise selection bias, we prioritised high-
quality sources and triangulated findings across multiple data streams.

3.6. Role of lampedusa in the analysis

Lampedusa is used as an illustrative sentinel setting rather than an
empirical case study, due to the absence of systematic and publicly
available epidemiological or clinical datasets. Its role in this Analysis is
to provide a clinically relevant interface where upstream climate and
migration-related determinants become observable at first medical
contact.

3.7. Patient and public involvement

Patients and members of the public were not involved in the design,
conduct, reporting or dissemination plans of this research. This study is
based on secondary analysis of published literature and institutional
reports, with no primary data collection involving patients or the public.

4. Climate-sensitive infectious risks in the euro-Mediterranean
region

The Mediterranean basin is one of the world's fastest-warming
climate hotspots, with temperatures rising 20% faster than the global
mean [1-4]. Rapid warming, recurrent marine heatwaves and
sea-surface temperature anomalies are reshaping ecological niches for
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vector-borne, water-borne and environmentally linked pathogens [3-6]
[20]. These dynamics form the ecological backdrop for interpreting
clinical presentations in high-turnover settings such as Lampedusa.

4.1. Vector-borne diseases in a warming mediterranean

Rising temperatures, prolonged warm seasons and altered precipi-
tation patterns have expanded the range and activity of Aedes albopictus
and Aedes aegypti, enabling autochthonous dengue, chikungunya and
Zika transmission in previously low-risk areas [5,6] [21,22].

4.1.1. Aedes expansion and arboviruses

Aedes albopictus is now established across Italy, including Sicily and
the Pelagie Islands, supported by warmer winters [5] [21,22]. Autoch-
thonous dengue outbreaks in France, Italy and Spain indicate increasing
climate-mediated receptivity [6] [20]. Further expansion of Aedes
suitability, and possible introduction of A. aegypti, is projected [21].

4.1.2. West Nile virus

WNV transmission has intensified across southern and eastern
Europe; higher temperatures accelerate viral replication in Culex vectors
and shorten the extrinsic incubation period, amplifying transmission
during heatwaves [21,23]. The severe 2018 Italian season highlights
climate-driven shifts in WNV epidemiology [23].

4.1.3. Other arboviruses

Chikungunya outbreaks in Italy show A. albopictus can sustain
transmission under favourable conditions [20]. Zika has not circulated
sustainably in Europe, but warming increases theoretical receptivity [6]
[21].

4.2. Environmental and water-borne bacteria under rapid warming

Rapid shifts in sea-surface temperature, salinity and hydrological
stability affect environmentally linked bacteria, particularly relevant for
coastal islands such as Lampedusa [1-3].

4.2.1. Vibrio species

Vibrio spp. proliferate in warm, stratified waters. Exceptional marine
heatwaves have been associated with increased detection and sporadic
cases along Italian coasts [24,25]. Elevated temperatures near Lamp-
edusa raise theoretical concern for wound infections in individuals with
skin lesions.

4.2.2. Enteric pathogens

Heatwaves accelerate replication of Salmonella and Campylobacter
and contribute to seasonal peaks [26,27]. Seasonal amplification of in-
fectious diseases under warming conditions has been widely described,
particularly for enteric and vector-borne pathogens [27]. Heavy rainfall
and flooding increase water contamination, elevating outbreak risk
[26], intersecting with migration conditions where hygiene is limited.

4.2.3. Legionella

Warmer temperatures and humidity fluctuations favour Legionella
proliferation; seasonal increases in Legionnaires’ disease correlate with
warming across the Mediterranean|[ 27].

4.3. Climate-AMR interactions

Climate change may accelerate antimicrobial resistance through
increased bacterial replication, altered water systems and extreme
weather-driven dissemination [28-32]. Southern European studies link
warmer seasons to higher detection of resistant Salmonella, Campylo-
bacter and E. coli [3] [32,33]. Flooding and wastewater overflows
disperse resistant organisms, whereas drought concentrates contami-
nants [26] [31,32].
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Migration itself does not drive AMR; however, interrupted treat-
ments, irregular antibiotic access, overcrowding and poor sanitation
along the Central Mediterranean route may facilitate colonisation with
resistant Enterobacterales, including ESBL-producing strains [10] [13]
[29] [31].

In this context, these pathways are better supported at the level of
colonisation and exposure risk, whereas broader climate-AMR in-
teractions remain more difficult to demonstrate at first medical contact
in Mediterranean entry points.

4.4. Implications for southern Italy and lampedusa

Southern Italian islands such as Sicily, Pantelleria and Lampedusa
are micro-environments where climatic trends, high turnover and
limited infrastructure converge. Warmer winters, elevated humidity and
abundant container habitats support Aedes proliferation, while high sea
temperatures and modest wastewater infrastructure may increase
exposure to environmental bacterial hazards.

These climatic pressures converge along migration routes, shaping
vulnerability before arrival (Fig. 2). Although no autochthonous arbo-
viral transmission has been detected in Lampedusa, its climatic suit-
ability, limited surveillance and rapid turnover position it as an early-
warning hotspot for climate-sensitive infectious risks.

5. Determinants before arrival
5.1. Overview of migrant demographics and flows toward lampedusa

The Central Mediterranean route is one of the world's most active
migration corridors, linking the Sahel, West Africa and the Horn of Af-
rica to North Africa and southern Europe [7] [12] [9]. In 2023, Italy
recorded 157,652 sea arrivals, with roughly two-thirds disembarking in
Lampedusa; although arrivals declined to about 50,000 in 2024, the
island remained the primary landing site due to its proximity to Tunisia
and Libya [UNHCR Operational Data Portal] [8]. Lampedusa therefore
operates beyond its infrastructural capacity as the first European entry
point for departures from North Africa [9,10].

5.1.1. Trajectory and scale of arrivals

Between 2015 and 2025, arrival numbers fluctuated with conflict
dynamics in Libya, changing transit-country policies and climate-related
agricultural losses in the Sahel [9] [34]. Despite this variability, move-
ment toward Europe has persisted, with episodic surges regularly
overwhelming reception and triage systems.

5.1.2. Demographic profile

Most arrivals are young adult men, though increasing numbers of
women, unaccompanied minors and individuals with chronic conditions
have been documented [10] [13,14]. Many reach Lampedusa with
dehydration, malnutrition, untreated illness or stress-related symptoms
acquired during prolonged transit, reflecting structural vulnerability
rather than heightened infectious risk.

5.1.3. Climate as a driver of mobility

Recurrent droughts, heatwaves, crop failures and desertification in
the Sahel and Horn of Africa increasingly contribute to displacement and
onward movement toward North Africa [9] [13] [34], amplifying so-
cioeconomic and political pressures underlying migration.

5.1.4. Transit conditions and health vulnerability

Overcrowding, inadequate sanitation, limited water access and
fragmented medical care in Libya or Tunisia shape the respiratory,
dermatologic, enteric and wound-related infections observed at arrival
[10] [13,14].
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Fig. 1. Upstream climate-health regions of origin for migrants arriving in Lampedusa.

The figure highlights three climate-sensitive regions—Sahel, West Africa, and the Horn of Africa—where recurrent drought, extreme heat, flooding, and changing
vector ecology interact with fragile health systems to shape baseline vulnerability before migration. These upstream conditions contribute substantially to the clinical
profiles observed on arrival in Lampedusa, reflecting cumulative environmental and structural stressors rather than the introduction of novel infectious threats.

5.1.5. Implications for screening and surveillance

The scale and complexity of arrivals challenge structured health
screening. Current triage prioritises dermatologic conditions such as
scabies, with limited capacity to detect respiratory, gastrointestinal or
febrile illnesses [12,35]. Strengthened early-detection and
syndromic-surveillance systems are essential for interpreting health
signals at Europe's southern frontier.

5.2. Geographical origin and epidemiological patterns

Migrants arriving in Lampedusa predominantly originate from the
Sahel, West Africa, the Horn of Africa and North African transit coun-
tries—regions marked by climate instability, conflict, fragile health
systems and limited vaccination coverage [7,8] [13] [34]. These
epidemiological patterns differ substantially across regions and are
shaped by local climate conditions, conflict dynamics, and
health-system capacity. These upstream determinants are essential for
interpreting clinical presentations at arrival (Fig. 1).

A] Sahel and West Africa

Countries such as Mali, Burkina Faso, Niger and Guinea experience
recurrent extreme heat, drought, food insecurity, vector proliferation
and weak surveillance systems, sustaining high burdens of meningo-
coccal disease, cholera, measles, Plasmodium falciparum malaria and
arboviral infections [9,10] [34]. Conflict, displacement and disrupted

primary care further erode immunisation coverage, creating fragile
immunological baselines amplified during migration.

B] Horn of Africa

Migrants from Eritrea, Ethiopia and Somalia often come from set-
tings characterised by protracted drought, food insecurity, high tuber-
culosis prevalence, malaria endemicity, acute respiratory infections and
malnutrition-driven susceptibility [9,10] [13]. Endemic disease and
delayed access to care shape vulnerability at departure.

C] North African transit hubs [Libya and Tunisia]

North African countries serve as prolonged transit zones where mi-
grants may remain for months or years. Overcrowded, poorly ventilated
accommodation with unsafe water, inadequate sanitation and limited
healthcare facilitates transmission of scabies, bacterial skin infections,
respiratory clusters, diarrhoeal disease and wound infections [10] [13,
14]. Physical trauma, psychological stress, restricted mobility and sex-
ual violence contribute to a syndemic burden extending beyond infec-
tious morbidity.

5.3. Conditions of the journey and their impact on infectious diseases

The Central Mediterranean route is among the longest and most
hazardous migration pathways globally, and transit conditions
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Climate—environmental and transit-related drivers converging at Lampedusa
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Fig. 2. Climate-environmental and transit-related drivers converging at Lampedusa.

This figure summarises upstream climate and environmental pressures—including vector suitability, marine warming, water instability, and extreme heat—together
with transit-related exposures such as dehydration, trauma, and prolonged sea journeys. These combined stressors shape the health conditions observed on arrival
and explain why the clinical burden at first contact reflects cumulative vulnerability rather than unusual or highly transmissible infectious threats.

substantially modify infectious-disease risk.

5.3.1. Overcrowding and poor ventilation

Migrants often travel for days in confined, poorly ventilated vessels
or concealed compartments, enabling spread of respiratory infec-
tions—including tuberculosis, influenza-like illness and COVID-
19—especially when compounded by dehydration, cold exposure and
physical stress [9] [14].

5.3.2. Poor sanitation and water scarcity

Limited access to safe water and hygiene contributes to skin in-
fections, scabies, diarrhoeal disease, conjunctivitis and urinary tract
infections. Sanitation breakdown increases exposure to enteric patho-
gens and impedes wound care [14].

5.3.3. Physical trauma and chronic stress

Fuel burns, musculoskeletal injuries and prolonged immobilisation
are common. Chronic stress, sleep deprivation and nutritional deficits
weaken immune responses, increasing susceptibility to bacterial and
viral infections and worsening pre-existing conditions.

Across origin and transit regions, climatic instability, conflict-driven
displacement, fragile health systems and disrupted preventive services
generate high baseline prevalence of vaccine-preventable diseases,
tuberculosis, malaria, respiratory and gastrointestinal infections. Transit
conditions then act as epidemiological amplifiers, intensifying trans-
mission and exacerbating untreated illness. These cumulative vulnera-
bilities shape the infectious-disease profile long before arrival and
underpin the clinical patterns seen at first medical contact [36].

6. Lampedusa as a sentinel hotspot at Europe’s southern border

Lampedusa represents a frontline interface where upstream climate

pressures, fragile health systems and hazardous migration conditions
become clinically visible within days (Fig. 3). This positioning gives the
island unique value as an epidemiological early-warning point for
Europe.

6.1. Structural and operational vulnerability of the reception system

Located along the Central Mediterranean corridor and receiving
flows from climate-unstable regions, Lampedusa functions as a natural
sentinel where health, mobility and environmental pressures converge
[7]1 [8]. However, the reception system was not designed for sustained
epidemiological monitoring and often operates under extreme strain.

The hotspot frequently hosts several thousand people in a facility
intended for a few hundred. Turnover is rapid, clinical resources are
limited and medical evaluation focuses on emergencies, trauma, scabies,
dehydration and respiratory distress. Systematic screening for tubercu-
losis, febrile syndromes or gastrointestinal infections is uncommon [15]
[371. Minimal laboratory capacity further limits early detection [18,19].

6.1.1. Why Lampedusa functions as a sentinel site

Convergence of high-risk flows: Arrivals originate from regions
affected by climate shocks, food insecurity, conflict and disrupted
vaccination services [8,12] [10] [14].

Amplification during transit: Overcrowding, dehydration, malnutri-
tion, cold exposure and poor sanitation transform latent or subclinical
conditions into acute presentations [10] [13,14].

Temporal proximity to climate disruptions: Clinical patterns often
mirror climate-related events in origin regions occurring weeks to
months earlier [12] [13].

6.1.2. A sentinel with limited surveillance capacity
Syndromic surveillance is limited, diagnostics are scarce and
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European health-system buffering

*Robust diagnostics
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*No evidence of migrant-driven outbreaks

— High clinical burden, but very low public-health risk

Sea-journey stressors

*Prolonged dehydration
*Hypothermia —night exposure

*Fuel burns and wounds
*Psychological and physical exhaustion

— Acute clinical deterioration during the crossing

Fig. 3. Conceptual pathway linking climate shocks, migration conditions, and clinical presentations at Lampedusa.

The figure illustrates how upstream climate pressures, fragile health systems, and hazardous sea-journey conditions interact to shape the health status of migrants
upon arrival. Clinical patterns observed at first contact largely reflect accumulated vulnerability rather than the importation of high-risk pathogens. In Europe, robust
diagnostic capacity and limited environmental suitability for pathogen transmission mitigate onward public-health risk despite a high clinical burden.

reporting is largely reactive [15,17] [18], creating a significant gap in
Europe's climate-health preparedness.

6.2. Clinical patterns observed at first medical contact

Clinical presentations reflect pre-existing vulnerabilities, prolonged
transit exposures and acute environmental stress rather than rare or
novel pathogens. Patterns remain consistent with epidemiology along
migration routes under climatic and humanitarian strain [9,10] [38,34]
[171.

6.2.1. Skin and soft-tissue infections

Overcrowding, saltwater and fuel exposure, friction injuries and
poor hygiene favour bacterial superinfection. Scabies is highly prevalent
due to crowding in pre-departure camps and transit facilities [10] [16]
[12].

6.2.2. Respiratory infections

Upper respiratory infections and bronchitis arise from enclosed,
poorly ventilated transit conditions. Pneumonia may reflect dehydration
or cold exposure. Active, highly contagious tuberculosis at first contact
is uncommon and typically represents longstanding disease [14] [16]
[39,40].

6.2.3. Gastrointestinal and dehydration-related conditions

Diarrhoeal illness reflects unsafe water, food scarcity and contami-
nation during transit, often accompanied by dehydration and electrolyte
imbalance [10] [14]. Cholera is rare at arrival but outbreaks in origin or
transit areas highlight upstream vulnerability [9,12] [41].

6.2.4. Vector-borne infections

Malaria reflects exposure in origin or transit regions and is generally
detected early after landing [13] [42,43]. Arboviral infections [dengue,
chikungunya, West Nile] require symptom onset during transit and
remain exceptional [5] [44,45].
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6.2.5. Other conditions

Burns, immersion injuries, trauma, rhabdomyolysis and sexual
violence increase risk of secondary bacterial infections and under-
diagnosed sexually transmitted infections; structured STI screening is
rarely implemented [10] [13] [45].

6.3. Why these conditions represent a generally low public-health risk for
Europe

Although clinically significant for individuals, conditions at arrival
do not appear to increase public-health risk to European populations
under typical post-arrival conditions [10] [16].

1. Common, not exotic, syndromes: Skin infections, scabies, respiratory
illness and gastrointestinal disease are already circulating in Europe;
malaria and arboviruses have negligible onward-transmission po-
tential due to ecological constraints [5] [22] [12].

2. Low transmissibility in European settings: Drivers of transmission
during migration—overcrowding, poor ventilation, heat stress—are
absent after arrival. Contagious tuberculosis is uncommon and
typically detected early [16,18,19].

3. Strong health-system buffering capacity: European systems have
robust diagnostic and containment mechanisms, with no evidence of
migrant-driven outbreaks even in high-arrival years [16,18,19].

4. Migrants as vulnerable recipients: Increased infectious risk reflects
deprivation, trauma, malnutrition and interrupted care—not intro-
duction of novel pathogens [10] [14].

5. Time-place mismatch: Many infections have incubation periods that
elapse before arrival; others require ecological conditions not present
in Europe [5,6] [20,21].

Infectious presentations on Lampedusa reflect upstream epidemio-
logical pressures and hazardous transit, not threats to European public
health. This interpretation is consistent with surveillance data from
European health systems, which show limited sustained secondary
transmission in community settings despite high arrival volumes.

The island's relevance lies in revealing early indicators of climate
instability and health-system fragility beyond Europe's borders.
Strengthening surveillance on Lampedusa could enhance preparedness
for emerging climate-sensitive health threats.

7. Discussion

Climate change, population mobility and fragile health systems
interact to shape infectious-disease patterns at Europe's southern fron-
tier. This analysis integrates climate instability, epidemiological pres-
sures and migration-related vulnerabilities into a unified framework to
interpret clinical signals emerging at frontline Central Mediterranean
entry points, using Lampedusa as an illustrative example. The figures are
intended as conceptual representations of the proposed framework and
are not designed to provide quantitative estimates.

7.1. Climate shocks and ecological change at origin

Rising temperatures, recurrent droughts, flooding and vector habitat
shifts across the Sahel, West Africa and the Horn of Africa increase
climate-sensitive infectious-disease burdens and destabilise fragile
health systems [1-4] [9] [34]. These upstream pressures sustain a high
prevalence of tuberculosis, malaria, enteric and respiratory infections,
dermatologic conditions, and vaccine-preventable diseases, many of
which remain untreated before departure [46].

These patterns include vector-borne diseases such as malaria,
waterborne and enteric infections associated with inadequate sanita-
tion, respiratory infections linked to overcrowding, and vaccine-
preventable diseases reflecting disrupted immunisation programmes.
The relative contribution of these conditions varies across regions, with
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malaria and enteric infections more prominent in West Africa, tuber-
culosis in the Horn of Africa, and vaccine-preventable diseases reflecting
local health-system disruptions across multiple settings [34].

7.2. Transit as an epidemiological amplifier

Along the Central Mediterranean route, overcrowding, poor venti-
lation, unsafe water, inadequate sanitation, trauma and chronic stress
intensify transmission and exacerbate pre-existing conditions [10] [13].
Transit does not introduce novel pathogens but magnifies vulnerabilities
and converts latent or subclinical infections into acute presentations.

7.3. Arrival points as sentinel interfaces

Frontline islands and entry points capture the cumulative effects of
upstream climate instability and transit-related exposures. Predominant
clinical presentations—skin and soft-tissue infections, respiratory
illness, diarrhoea, dehydration and trauma-related complica-
tions—reflect cumulative deprivation rather than exotic or highly
transmissible pathogens [15] [18,19] [37]. These patterns often mirror
climate-linked fluctuations occurring weeks or months earlier in regions
of origin.

7.4. Downstream European health security

Despite the clinical burden observed at arrival, these conditions
appear to pose a generally low public-health risk to European pop-
ulations under typical post-arrival conditions. Low transmissibility in
community settings, strong diagnostic capacity and ecological barriers
buffer onward risk [16,18,19]. This interpretation is consistent with
surveillance data from European health systems, which report limited
sustained secondary transmission in community settings despite high
arrival volumes. The relevance of frontline entry points lies not in
detecting imported epidemics but in signalling early indicators of
climate-related instability beyond Europe's borders.

7.5. Strengths and limitations

Strengths of this analysis include integration of climate science,
epidemiology and migration health into a conceptual framework
applicable to frontline reception settings. Limitations involve reliance
on heterogeneous data sources, variable surveillance quality in origin
and transit regions and the absence of systematic clinical datasets from
Lampedusa. These constraints reflect structural gaps in global-health
monitoring rather than methodological weakness and underscore the
need for improved cross-Mediterranean data systems.

In particular, the absence of systematic clinical datasets from
Lampedusa precludes estimation of syndrome prevalence, seasonality,
trend detection performance, and quantitative comparison with other
Mediterranean entry points.

7.6. Implications

Strengthening syndromic surveillance, diagnostic capacity and
environmental monitoring across frontline entry points could transform
these settings into effective early-warning nodes. Integrating climate
indicators into preparedness strategies and enhancing cross-
Mediterranean epidemiological collaboration would support anticipa-
tory capacity as climate instability accelerates. Recognising the clima-
te-migration—-infection continuum is essential for a science-based, non-
stigmatising European health strategy. These elements can be oper-
ationalised through structured syndromic surveillance and data inte-
gration at first medical contact.

To enhance practical applicability, the proposed framework is
translated into operational components at first medical contact, as
summarised in Table 1, providing a structured basis for implementation
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Table 1
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Operationalisation of the Climate-Migration-Infection Sentinel Interface Model at first medical contact in Central Mediterranean entry points.

Domain Operational Minimum feasible implementation at hotspot level Surveillance objective Potential trigger signals
component
Syndromic Core clinical Standardised triage recording of: febrile illness, Early detection of shifts in clinical Unusual increase in specific

surveillance syndromes at first

contact
Diagnostic capacity ~ Basic point-of-care and
laboratory support

dehydration markers

Structured and
standardised data
capture
Linkage with national
and European
surveillance systems
Integration of climate
and migration
indicators
Clinical and public-
health response
readiness

Data collection

presenting syndrome
Reporting and
integration
surveillance platforms
Environmental and
contextual data
origin regions
Response capacity

respiratory syndromes, acute gastrointestinal disease,
skin and soft-tissue infections, ectoparasitic
infestations, trauma-related conditions

Rapid tests (malaria, COVID-19/influenza where
available), basic blood tests, wound assessment,

Simple dataset (digital or paper-based) including
demographics, country of origin, transit history, and

Regular reporting to regional public health
authorities and integration with ECDC or national

Use of available data on temperature anomalies,
extreme weather events, and migration flows from

Isolation capability (when needed), hydration and
infection management, referral pathways

patterns associated with upstream
climate and migration dynamics

Support syndromic interpretation
and identify conditions requiring
isolation or referral

Enable trend analysis and linkage
with upstream epidemiological
patterns

Strengthen early-warning capacity
beyond local setting

Contextualise clinical signals
within climate-driven risk patterns

Rapid containment of clinically
relevant conditions and reduction
of morbidity

syndromes; clustering of febrile
or respiratory illness; seasonal
anomalies

Increased detection of malaria,
severe dehydration, or
respiratory compromise
Sudden change in origin
distribution associated with
specific syndromes

Signal amplification across
multiple entry points

Temporal association between
climate events and clinical trends

Increased need for escalation of
care or transfer to higher-level
facilities

and future evaluation in frontline settings.
8. Conclusion

Climate change, fragile health systems and hazardous migration
conditions interact to shape the infectious-disease patterns observed at
Europe's southern frontier [46]. Clinical presentations at first medical
contact largely reflect cumulative vulnerability and disrupted care ac-
quired before and during migration rather than the introduction of novel
or highly transmissible pathogens. Downstream transmission risk to
European populations appears generally low under typical post-arrival
conditions due to ecological constraints and robust health-system buft-
ering capacity.

Frontline Central Mediterranean entry points such as Lampedusa
function as sentinel interfaces where climate- and mobility-driven
vulnerability becomes clinically visible earlier than in mainland
Europe. Strengthening syndromic surveillance, improving reception
conditions, expanding diagnostic capacity and integrating climate in-
dicators into preparedness planning could enhance early-warning
capability across the Euro-Mediterranean region. The proposed
sentinel interface model should be considered a hypothesis-generating
framework requiring prospective validation through structured epide-
miological data, temporal analyses, and comparison with downstream
healthcare settings. As climate instability accelerates, coordinated cross-
Mediterranean cooperation and research on clima-
te-migration—infection dynamics—including antimicrobial resistance
and upstream outbreak detection—will be essential to support evidence-
based, non-stigmatising European health-security strategies [47].

Sex- and gender-specific analyses were not performed due to
inconsistent sex-disaggregated reporting in the included sources; future
studies should prioritise sex- and gender-responsive surveillance.
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