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A B S T R A C T

Background: Fever in travelers returning from tropical areas is a challenging clinical problem due to the broad 
spectrum of potential underlying causes. We aimed to assess the epidemiology of fever in travelers returning 
from tropical areas and evaluate the proportion of individuals remaining without a diagnosis.
Methods: This was an observational, retrospective, single-center study conducted between January 2018 and 
December 2024 including febrile travelers who were tested for malaria with onset of symptoms within 30 days of 
returning to Italy. Epidemiological, clinical, imaging and laboratory data were collected from health records. A 
multivariable logistic regression model was built to assess factors associated with remaining without a definite 
diagnosis.
Results: Among the 778 returning travelers included in the study, 446/778 (57%) remained undiagnosed. 
Diagnostic capacity improved over time, with the proportion of definite diagnoses rising from 29.4% in 2018 to 
57.8% in 2024. An arboviral infection was identified in 107 individuals (13.6%), with dengue being the most 
frequent diagnosis (95 cases, 12.2%), followed by malaria (72 cases, 9.3%) and pneumonia (42 cases, 5.4%). 
When compared to travelers returning from Africa, travelers from the America and the Western Pacific regions 
showed lower odds of remaining without a definite diagnosis, respectively aOR 0.45 (95% CI 0.28-0.73, p =
0.001) and aOR 0.49 (95% CI 0.26-0.95, p = 0.034).
Conclusions: Although over half of febrile travelers remained undiagnosed, this proportion declined in recent 
years, while dengue emerged as the predominant diagnosis in febrile returning travelers.

1. Introduction

Fever in travelers returning from tropical areas is a common and 
challenging clinical problem due to the broad spectrum of potential 
underlying causes. The absolute number of travelers is high and con
tinues to rise after the slowdown caused by the COVID-19 pandemic. In 
2024, around 19.9 million Italians traveled abroad for tourism, 
continuing an upward trend, with air travel accounting for 43.9% of the 
modes of transport used by Italians for international trips [1].

Acute febrile illnesses are the leading cause of Emergency 

Department (ED) visits and hospitalizations among returning travelers 
[2]. Even in specialized centers, approximately 25–35% of patients do 
not receive a definitive diagnosis of their illness [3–8]. While most cases 
have a favorable clinical course, some infections can be severe, requiring 
urgent treatment or strict infection control measures [7]. Malaria must 
always be excluded in this setting, but additional investigations can vary 
widely, influencing the diagnostic outcome [8]. Identifying the current 
etiologies of imported fever is essential not only to improve case man
agement, such as guiding empirical antibiotic use, but also to detect 
high-risk pathogens that could be introduced into Italy [9]. Additionally, 
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continuous surveillance of diseases among travelers provides valuable 
information that can guide pre-travel counseling and post-travel clinical 
management.

The aim of this study was to assess the main etiologies of fever in 
travelers returning from tropical areas and to evaluate the proportion of 
individuals remaining without a definite diagnosis.

2. Methods

2.1. Study design and population

We conducted a retrospective observational study including all 
consecutive travelers returning from tropical destinations and tested for 
malaria who presented to our hospital center, ASST Fatebenefratelli- 
Sacco in Milan, Italy, between January 2018 and December 2024. 
Luigi Sacco Hospital and Fatebenefratelli Hospital are two tertiary-care 
university hospitals in Milan that operate under the same administra
tion. Patients who underwent malaria screening during this period were 
identified, and their medical records were manually reviewed. We 
included patients who had traveled outside Europe and presented with 
symptoms that included fever (measured or self-reported body temper
ature ≥37.5 ◦C prior to, or at the time of presentation) with onset within 
30 days of returning to Italy. We excluded minors, patients with a pre- 
established diagnosis at the time of evaluation at our center, and those 
for whom insufficient clinical or travel history data were available.

2.2. Data collection and variables

For each patient, anonymized data were collected and stored in an 
electronic database (REDCap), including demographics (age and sex 
assigned at birth), travel history (destination, duration, reason for 
travel, malaria chemoprophylaxis, pre-travel vaccinations, prior evalu
ation at another facility, and prior antibiotic use), clinical features 
(symptoms at presentation and time of onset), laboratory and microbi
ological results, main imaging studies, infectious disease consultation 
during ED evaluation, and outcomes (discharge, Day Hospital or 
outpatient follow-up, or hospitalization). Travel destinations were 
classified according to the World Health Organization (WHO) regional 
divisions: Africa, South-East Asia, the Americas, the Western Pacific, the 
Eastern Mediterranean, and Europe.

2.3. Diagnostic criteria

Final diagnoses were retrospectively reassessed and classified as 
“confirmed” or “probable” according to international case definitions 
[10,11] [Supplementary Table 1]; specifically, for arboviral infections 
ECDC criteria were used [11]. Overall, most diagnoses were considered 
“confirmed” when a microbiological criterion was met, such as the 
detection of a microorganism in a relevant sample through culture, 
antigen detection, or molecular biology techniques, or a serological 
diagnosis based on evidence of seroconversion or a four-fold increase in 
IgM/IgG titers in paired samples. Acute EBV or CMV infections were 
considered confirmed in the presence of detectable viremia, serocon
version, a four-fold increase in antibody titers, or low antibody avidity. 
Additionally, diagnoses were classified as confirmed when supported by 
a diagnostic imaging finding, such as the presence of consolidation on 
chest imaging in cases of pneumonia. Diagnoses were classified as 
“probable” when based on microbiological findings of a single positive 
IgM result for a specific microorganism, provided it was compatible with 
the clinical picture and in the absence of indications suggestive of 
possible cross-reactivity. Exceptions to this were hepatitis A and mea
sles, which were confirmed based on a single positive IgM test. Similarly, 
cases in which the presence of a characteristic clinical feature allowed 
for disease identification were also classified as probable. Examples 
include cellulitis in skin and soft tissue infections or the presence of 
tonsillar exudates in cases of tonsillitis. For urinary tract infections, a 

diagnosis was considered probable when based on a positive urine test 
associated with typical symptoms, even in the absence of a urine culture, 
if it was not performed. Cases that did not meet any of the above criteria 
were classified as “undiagnosed."

2.4. Statistical analysis

Descriptive statistics were used to summarize the data. Continuous 
variables are presented as medians with interquartile ranges (IQRs), 
while categorical variables are expressed as absolute counts and per
centages. Associations between remaining undiagnosed (outcome) and 
clinically relevant, non-collinear variables (exposures) were assessed 
using univariable and multivariable logistic regression analysis. Vari
ables significantly associated with the outcome in the univariable 
analysis, along with potential confounders (age and sex), were included 
in the multivariable model. All statistical analyses were performed using 
SAS software, version 9.4. Two-sided P values < 0.05 were considered 
statistically significant.

2.5. Ethical approval

The study has been approved by Comitato Etico Territoriale Lom
bardia 1 (N◦ 704-2025).

3. Results

3.1. Characteristics of the study population

During the study period, a total of 1118 patients underwent malaria 
screening at our center. Of these, 340 were excluded as they did not meet 
the inclusion criteria. [Supplementary Table 2]. The characteristics of 
the remaining 778 patients are summarized in Table 1.

The median age of travelers was 34 years (IQR 25–47), and 354/778 
(45.5%) were female. Most travelers, 633/778 (81.4%), were born in 
Italy. Africa was the most frequent destination (399/778, 51.3%), fol
lowed by Southeast Asia (214/778, 27.5%) and the Americas (108/778, 
13.9%). The main reason for travel was tourism (356/778, 45.8%), 
followed by work or volunteer activities (138/778, 17,7%) and Visiting 
Friends and Relatives in the country of origin (VFR) (96/778, 12,3%). 
The median travel duration was 16 days (IQR 11–24). At the time of 
their visit to our center, 187/769 (24.3%) patients had already received 
a prior medical evaluation, and 188/770 (24.4%) had already taken or 
were currently taking antibiotic therapy.

The most frequently reported symptom accompanying fever in 
returning travelers was diarrhea (240/778, 30.9%), followed by head
ache (228/778, 29.3%) and myalgias (204/778, 26.2%). Other common 
symptoms included arthralgia (169/778, 21.7%), cough (141/778, 
18.1%), abdominal pain and nausea (105/778, 13.5% each). Notably, 
78/778 (10.0%) patients presented fever as the only symptom, without 
any additional clinical manifestations.

3.2. Diagnosis and clinical outcomes

Diagnostic capacity improved overall during the study period, with 
the proportion of definite diagnoses increasing from 29.4% in 2018 to 
57.8% in 2024. Hospitalized patients had the highest diagnostic yield, 
with 158/192 (82.3%) receiving a final diagnosis.

Over the study period, in 446/778 cases (57.3%), no confirmed or 
probable diagnosis was reached. Arboviral infections were the most 
frequently diagnosed conditions among travelers, accounting for 107 
cases (13.6% of travelers) of which 95 were dengue infections (12.2% of 
travelers). Malaria was the second most common infection, with 72 
cases (9.3% of travelers). The third most frequent infection was radio
logically confirmed pneumonia, with 42 cases (5.4% of travelers). 
Table 2 details the etiological and instrumental or clinical diagnoses, 
while Supplementary Table 3 outlines the main coinfections incidentally 
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identified among travelers.
The most frequent diagnoses varied based on the region visited by 

travelers [Fig. 1]. Focusing on the diagnoses that were reached, malaria 
predominated among travelers from Africa, accounting for 69/166 
(41.6%) of diagnoses in this group, and travelers from Africa accounted 
for 95.8% of all malaria cases in the study. Dengue was the most com
mon infection among travelers from South-East Asia (41/101, 40.6%), 
the Western Pacific (17/41, 41.5%), and the Americas (37/62, 59.7%). 
Pneumonia was the second most frequent diagnosis across all regions 
[Supplementary Table 4].

Malaria was also the most frequent diagnosis among VFR travelers 
(38/77, 49.4%) and common in work/volunteer travelers (18/63, 
28.6%) but accounted for only 5.4% of diagnoses in tourists. Arboviral 
infections were the predominant diagnosis in tourists (64/147, 43.5%) 
and were the second most common among VFR (17/77, 22.1%) and 
work/volunteer travelers (8/63, 12.7%). Pneumonia was recorded in 5/ 
77 (6.5%) of total diagnosis in VFR, 22/147 (15.0%) of tourists, and 7/ 
63 (11.1%) of work/volunteer travelers [Supplementary Table 5].

Between 2018 and 2024, notable changes were observed in the 
trends of acute febrile illnesses among international travelers 
[Supplementary Table 6]. Arboviral infections increased significantly, 
from 9/170 (5.3%) cases in 2018 to 36/154 (23.4%) in 2024. In contrast 
malaria declined from 21/170 (12.4%) to 6/154 (3.9%) over the same 
period.

Screening for dengue was performed in 350/778 (45.0%) travelers 
with at least one diagnostic test, representing the most marked increase 
in application among tests over the study period aside from the sharp 
rise in respiratory testing with nasopharyngeal swabs for SARS-CoV-2. 
[Supplementary Fig. 1]. Among subjects screened for dengue 296 
(84%) underwent both serology (including IgM antibodies) and molec
ular testing with discordant results between tests observed in 63 (21.3%) 
patients. Dengue screening varied geographically and was less frequent 
in travelers from Africa (32.6%) compared with other regions 
[Supplementary Table 7].

Respiratory infections, including viral infections and pneumonia, 
also displayed an upward trend. Cases of viral respiratory infections 
increased from 0 in 2018 to 11/154 (7.1%) in 2024, while pneumonia 
cases rose from 9/170 (5.3%) to 16/154 (10.4%) over the same period.

In 19/72 cases (26.4%), malaria diagnosis was missing at a prior 
medical evaluation. In terms of clinical outcome, malaria accounted for 
69 hospitalizations (35.8%), including 5 ICU admissions. Arboviral in
fections accounted for 14.5% of hospitalizations, with no ICU 
admissions.

3.3. Factors associated with remaining undiagnosed

Univariable and multivariable regression analyses of factors associ
ated with remaining undiagnosed are reported in Table 3 [and Supple
mentary Table 8]. Compared to travelers returning from Africa, those 
from the Americas (aOR 0.45, 95% CI 0.28–0.73, p = 0.001) and the 
Western Pacific (aOR 0.49, 95% CI 0.26–0.95, p = 0.03) showed 
significantly lower odds of remaining undiagnosed. VFR travelers were 
also less likely to remain without a diagnosis compared to tourists (aOR 
0.16, 95% CI 0.10–0.28, p < 0.0001). Regarding clinical presentation, 
those presenting with cutaneous involvement (vs isolated fever) had 
lower odds of remaining undiagnosed, aOR 0.42 (95% CI 0.23-0.77, p =
0.005), whereas those with gastrointestinal involvement (vs isolated 
fever) had higher odds of remaining undiagnosed aOR 1.91 (95% CI 
1.14-3.21, p = 0.014).

4. Discussion

In our study, more than 50% of patients remained without a specific 
diagnosis, although this proportion has been progressively decreasing in 
recent years, while dengue has surpassed malaria as the leading cause of 
fever in returning travelers. This contrasts with earlier studies on febrile 
illnesses in this group [7,12] but aligns with trends in arboviral in
fections observed in a recent European multicenter study [6] and in the 
EuroTravNet cohort [13].

The proportion of undiagnosed febrile illnesses in our cohort also 
exceeded that reported in most studies [3–7], though similar to a Swiss 
series where 68% of returning travelers remained without a specific 
etiology [14]. This likely reflects the stringent diagnostic criteria 
adopted and the retrospective nature of the study which analyzed phy
sicians’ real-world decisions-making mainly in the ED setting. Addi
tionally, our cohort exhibited a low rate of outpatient follow-up for cases 
deemed “low risk”, a factor that likely reduced further investigations 
and the overall rate of final diagnoses; notably 70.3% of 
non-hospitalized patients remained undiagnosed, compared to 17.7% of 
those who were hospitalized, consistent with the study by Sondén et al., 
who found that inpatient care was significantly associated with higher 
odds of reaching a diagnosis [8]. VFR travelers also presented higher 
diagnosis rates, reflecting both the high prevalence of malaria in this 
group and the fact that malaria screening was required for inclusion in 
the study.

Overall malaria diagnoses declined progressively during the study 
years, a trend not explained by the number of travelers visiting Africa or 
chemoprophylaxis adherence, both of which remained stable. Ongoing 
monitoring and further studies are warranted to confirm this trend and 
explore potential underlying causes. Despite the decline in cases, 

Table 1 
Patients' baseline characteristics, travel data and management information.

Travelers N= 778

Age, median (IQR) 34 (25-47)
Sex, n (%)

Male 424 (54.5)
Female 354 (45.5)

Nationality, n (%)
Italian 633 (81.4)

≥ 1 WHO region visited, n (%) 31 (4.0)
WHO region visited, n (%)

Sub-Saharan Africa 399 (51.3)
South-East Asia 214 (27.5)
Americas 108 (13.9)
Western Pacific 65 (8.4)
Eastern Mediterranean 26 (3.3)

Reason for travel, n (%)
Work/volunteering 138 (17.7)
Visiting Friends and Relatives (VFR) 96 (12.3)
Tourism 356 (45.8)
Migration 16 (2.1)
Data not available 172 (22.1)

Travel duration, median (IQR) 16 (11-24)
Malaria chemoprophylaxis, n (%)

Correctly taken 65 (8.4)
Interrupted or incorrectly taken 22 (2.8)
Not taken 630 (81.0)
Data not available 61 (7.8)

Symptom onset before return to Italy (n ¼ 204)
Time from symptom onset to return to Italy – days, median (IQR) 3 (2-6)

Symptom onset after return to Italy (n ¼ 574)
Time from return to Italy to symptom onset – days, median (IQR) 3 (1-8)

Time from symptoms onset to presentation at our hospital - days, 
median (IQR)

3 (1-6)

Time from arrival in Italy to presentation at our hospital - days, 
median (IQR)

5 (2-11)

Previous medical evaluation before presentation at our hospital, 
n (%) a

187 (24.3)

Antibiotic use before presentation, n (%) b 188 (24.4)
Management outcome, n (%)

Discharged home from the emergency department 459 (59.0)
Follow-up at outpatient clinic 90 (11.6)
Admitted to the Day Hospital service 37 (4.8)
Admitted as inpatient 192 (24.7)

Inpatient length of stay - days, median (IQR) 5 (3-7)

a Missing data for 9 patients.
b Missing data for 8 patients.
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Table 2 
Diagnoses and investigations performed.

Travelers N = 778

Without any confirmed specific clinical or etiological diagnosis 446 (57.3)
With ≥ 1 diagnosis 25 (3.2)

Main etiological diagnosis

Test used Travelers 
tested, 
N (% of 
total)

Travelers 
diagnosed, n (% of 
total)

Test positivity 
rate, n/N (%)

Malaria ​ 778 (100) 72 (9.3) 72/778 (9.3)
Malaria RDT 334 (42.9) ​ ​
Blood smear 778 (100) ​ ​
LAMP 590 (75.8) ​ ​
PCR 21 (2.7) ​ ​

Arboviral infections ​ ​ 107 (13.6) ​
Dengue ​ 350 (45.0) 95 (12.2) 95/350 (27.1)

PCR blood, urine 310 (39.9) ​ ​
Serology 336 (43.2) ​ ​
Both 296 (38.1) ​ ​

Chikungunya ​ 288 (37.0) 8 (1.0) 8/288 (2.8)
PCR blood, urine 256 (32.9) ​ ​
Serology 263 (33.8) ​ ​
Both 234 (30.1) ​ ​

Zika ​ 236 (30.4) 3 (0.4) 3/236 (1.3)
PCR blood, urine, 
saliva

210 (27.0) ​ ​

Serology 213 (27.4) ​ ​
Both 187 (24.1) ​ ​

Oropouche PCR Not available 1 (0.1) ​
COVID-19 Ag or PCR on NP 

swab
237 (44.5) * 16 (2.1) 16/237 (6.8)

Influenza A/B Ag or PCR on NP 
swab

44 (5.7) 10 (1.3) 10/44 (22.7)

Other identified 
respiratory viruses

PCR on NP swab 14 (1.8) 4 (0.5) 4/14 (28.6)

Acute Hepatitis A Serology 67 (8.6) 2 (0.3) 2/67 (2.9)
Urinary tract Infection ​ ​ 15 (1.9) ​

Urine culture 104 (13.4) 8 (1.0) 8/104 (7.7)
Urinalysis Not available 7 (0.9) ​

Bloodstream Infection Blood culture 323 (41.5) 4 (0.5) 11/323 (3.4)
Invasive Salmonellosis Blood culture 323 (41.5) 7 (0.9)
Typhoid fever ​ ​ 3 (0.4) ​
Acute EBV infection Serology ± PCR 75 (9.6) 3 (0.4) 3/75 (4.0)
Acute CMV infection Serology ± PCR 79 (10.2) 6 (0.8) 6/79 (7.6)
Aphthous HSV-1 

stomatitis
PCR swab Not available 1 (0.1) ​

Measles Serology Not available 4 (0.5) ​
Mpox PCR swab Not available 1 (0.1) ​
Pontiac fever Urinary antigen 75 (9.6) 1 (0.1) ​
Infectious diarrhea ​ ​ 18 (2.3) ​

Stool culture or 
bacterial PCR

87 (11.2) ​ 20/87 (23.0) ^

Fresh fecal smear 
or parasite PCR

78 (10.0) ​ 3/78 (3.9)

Viral fecal antigens 22 (2.8) ​ 0/22 (0)
Campylobacter spp. ​ ​ 6 (0.8) ​
Shigella spp. ​ ​ 6 (0.8) ​
Salmonella spp. ​ ​ 2 (0.3) ​
Shiga toxin-producing 

E. coli
​ ​ 1 (0.1) ​

Giardia intestinalis ​ ​ 3 (0.4) ​
Acute Histoplasmosis Serology Not available 1 (0.1) ​
Pulmonary 

tuberculosis
Smear, culture or 
PCR

13 (1.7) 1 (0.1) 1/13 (7.7)

Leptospirosis Serology 24 (3.1) 3 (0.4) 3/24 (12.5)
Rickettsiosis Serology 26 (3.3) 1 (0.1) 1/26 (3.8)
*N tot = 533, available from 03.2020. 

^ Positive stool tests include samples from patients with infectious diarrhea (n = 15) and from patients with 
invasive salmonellosis (n = 5), in whom stool cultures were positive but the clinical diagnosis was based on 
concomitant bloodstream infection. 
List of abbreviations: RDT, rapid diagnostic test; LAMP, loop-mediated isothermal amplification; PCR, 
polymerase chain reaction; COVID-19, Coronavirus disease 2019; NP, nasopharyngeal; Ag, antigenic; EBV, 
Epstein-Barr virus; CMV, cytomegalovirus; HSV-1, Herpes simplex virus 1 
“Travelers tested” indicates the number and percentage of travelers who underwent each specific diagnostic 
test, calculated over the total study population (N = 778). 

(continued on next page)
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maintaining a high index of suspicion for malaria remains crucial [15] as 
many patients in our study had prior medical assessments that failed to 
establish the diagnosis.

Reaching a diagnosis of the causes of fever in returning travelers is 
essential to exclude severe or transmissible infections. Diagnostic un
certainty limits surveillance and early recognition of imported diseases 
with epidemic potential. Because many infections present with 
nonspecific febrile syndromes, misdiagnosis is common and often leads 
to inappropriate antibiotic use. Notably, 24.4% of patients had already 
received antibiotics in the community before evaluation at our center, 
reflecting frequent empirical treatment of viral fevers in the absence of a 
definitive diagnosis.

Clinical assessment of febrile travelers from tropical destinations 
must consider multiple factors. In our series, travel destination emerged 
as a crucial element. On one hand, malaria remains the most frequent 

infection among travelers from Africa, however this region also had one 
of the highest rates of undiagnosed cases (61.2%), highlighting a diag
nostic gap once malaria has been ruled out. Consistent with our findings, 
a Swedish study reported lower odds of establishing an etiological 
diagnosis, regardless of travel purpose, in travelers returning from Sub- 
Saharan Africa who tested negative for malaria [8]. On the other hand, 
arboviral infections are the most likely diagnosis in travelers from 
South-East Asia, the Western Pacific, and the Americas, reflecting the 
rising incidence in these regions; in the first half of 2024, dengue cases in 
the Americas increased by two and a half times compared to 2023, 
surpassing the historically recorded annual case numbers [16]. Epide
miological changes in endemic countries inevitably impact traveler 
diagnosis [17], as demonstrated by the case of Oropouche virus infec
tion diagnosed at our center in the summer of 2024 [18]. However, 
diagnosing such “emerging” infections requires a high level of clinical 

Table 2 (continued )

Main etiological diagnosis

Test used Travelers 
tested, 
N (% of 
total) 

Travelers 
diagnosed, n (% of 
total) 

Test positivity 
rate, n/N (%)

“Travelers diagnosed” indicates the number and percentage of travelers diagnosed with each condition, 
calculated over the total study population (N = 778). 
“Test positivity rate” indicates the proportion of positive results among travelers tested for the specific 
condition (number of positive tests divided by the number of travelers tested).

Main specific clinical or instrumental diagnosis

Test used Travelers tested, 
N (% of total)

Travelers diagnosed, n (% of total) Test positivity rate, n/N (%)

Pneumonia ​ ​ 42 (5.4) ​
Chest X-ray or CT scan 514 (66.1) ​ 42/514 (8.2)
Urinary antigens 75 (9.6) ​ ​

Otitis ​ ​ 2 (0.3) ​
Pharyngotonsillitis ​ ​ 13 (1.7) ​
Sinusitis ​ ​ 1 (0.1) ​
Bronchitis ​ ​ 2 (0.3) ​
Skin and soft tissue infection ​ ​ 10 (1.3) ​
Osteomyelitis ​ ​ 1 (0.1) ​
Urethritis/vulvovaginitis ​ ​ 2 (0.3) ​
Orchiepididymitis ​ ​ 1 (0.1) ​
Acute diverticulitis/terminal ileitis ​ ​ 2 (0.3) ​
Meningoencephalitis ​ ​ 1 (0.1) ​
Noninfectious ​ ​ 3 (0.4) ​
For diagnoses primarily based on characteristic clinical findings or imaging studies, the number of travelers tested is not reported when no single standardized diagnostic test was 

systematically performed

Fig. 1. Proportion of established diagnoses by geographical region of traveler origin.
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suspicion and the use of advanced microbiological diagnostic tech
niques, often developed in-house, which limits their widespread 
application.

In this context, it is important to note that autochthonous dengue and 
chikungunya outbreaks secondary to imported cases are increasingly 
reported in Italy, where a competent vector, Aedes albopictus, is wide
spread. [9,19–21]. Underdiagnosis increases transmission risk, as pa
tients may not receive guidance on self-isolation or mosquito bite 
prevention. An area for optimization concerns the use of diagnostic 
techniques for arboviral infections. DENV nonstructural protein 1 (NS1) 
antigen testing for dengue is available in Italy but was not used in our 
study; given its lower sensitivity compared with nucleic acid amplifi
cation tests (NAATs), particularly in secondary infections, it is generally 
considered an adjunct tool and its absence is unlikely to have influenced 
our findings [22]. Serology requires several days to become positive, 
while viral RNA is detectable in blood only during the acute phase, with 
longer persistence observed in urine [19,23]. Since it is impossible to 
determine the most appropriate test based solely on clinical history and 
symptoms, both tests should be performed concurrently. In our study, 
when tests were conducted simultaneously, 21.9% showed discordant 
results, emphasizing the high risk of false negatives when relying on just 
one method. Moreover, simultaneous screening for all arboviruses is 
reasonable, as distinguishing dengue, Zika, and chikungunya based on 
clinical presentation alone is unreliable and serological cross-reactivity 
is common [19,24,25]. Despite these challenges, our data show an 
increasing use of diagnostic tests for arboviral infections, with dengue 
screening rising from 25.3% in 2018 to 70.8% in 2024, likely reflecting 
growing physician awareness over the study period. This figure is sub
stantially higher than the 12.2% reported by Sondén et al. [8] and has 
likely contributed both to the higher number of dengue diagnoses at our 
center in recent years and to the overall improvement in diagnostic 
capacity for febrile illness among returning travelers over the study 
period.

Targeted diagnostics also markedly influenced the detection of upper 
respiratory infections, which rose from 0% in 2018 to 7.1% in 2024, 
becoming the third most frequent microbiologically confirmed infection 
in our study. This increase reflects the broader use of rapid tests for 
SARS-CoV-2 and influenza/RSV prompted by the COVID-19 pandemic, 
and, to a lesser extent, syndromic panels for other respiratory viruses. 
Although only 1.8% of patients underwent molecular testing for minor 
respiratory viruses, positivity rates were among the highest (28.6%), 
consistent with Camprubí-Ferrer et al., who identified pathogens in 
three-quarters of cases by polymerase chain reaction on nasopharyngeal 
swabs [6], and with evidence suggesting that air travel, and particularly 
long-haul flights, may represent risk factors for the transmission of 
respiratory infections among passengers [26,27]. Nevertheless, the low 
perceived severity of these infections in travelers, who are often young 
and present with mild symptoms, may have contributed to the limited 
use of such diagnostic tests. Similarly, although gastrointestinal illness 
was the most frequent presenting syndrome in our cohort, as reported in 
other studies on returning travelers [15,28], stool investigations were 
performed in fewer than one-third of cases, leaving this group at highest 
risk of remaining undiagnosed. Targeted stool testing in travelers with 
diarrhea is important both for its epidemiologic relevance and to guide 
appropriate antibiotic use.

Importantly, aside from SARS-CoV-2-related assays, no new diag
nostic tests or significant protocols for infections were introduced during 
the study period; although assay manufacturers changed in some cases, 
diagnostic targets and availability remained unchanged. The increase in 
diagnostic yield over time likely reflects, entirely or in part, greater 
clinical awareness, and a lower threshold for testing, influenced by the 
COVID-19 experience and increased attention to emerging and re- 
emerging infections, including sporadic autochthonous arboviral cases 
in Italy.

This study has several limitations. Case identification was restricted 
to febrile travelers evaluated for malaria. Additionally, data were 

Table 3 
Univariable and multivariable analyses of factors associated with remaining 
undiagnosed.

Univariable Multivariable

OR (95% 
CI)

p-value aOR 
(95% CI)

p-value

Sex assigned at birth
Male 1 ​ 1 ​
Female 1.15 

(0.86- 
1.53)

0.336 1.03 
(0.75- 
1.41)

0.849

Age (years)
18-29 1 ​ 1 ​
30-49 0.82 

(0.57- 
1.16)

0.253 0.91 
(0.62- 
1.33)

0.611

≥50 0.61 
(0.41- 
0.91)

0.015 0.74 
(0.48- 
1.14)

0.173

Reason for traveling
Tourism 1 ​ 1 ​
Work/Volunteering 0.80 

(0.54- 
1.20)

0.283 0.68 
(0.43- 
1.06)

0.088

VFR 0.22 
(0.13- 
0.36)

<0.0001 0.16 
(0.10- 
0.28)

<0.0001

Migration 1.03 
(0.37- 
2.90)

0.955 0.78 
(0.25- 
2.45)

0.674

Unknown 1.22 
(0.83- 
1.78)

0.317 1.09 
(0.72- 
1.64)

0.689

WHO region of acquisition
Africa 1 ​ 1 ​
South-East Asia 0.95 

(0.66- 
1.35)

0.755 0.79 
(0.53- 
1.19)

0.259

Western Pacific 0.54 
(0.29- 
0.98)

0.043 0.49 
(0.26- 
0.95)

0.034

Americas 0.54 
(0.35- 
0.84)

0.006 0.45 
(0.28- 
0.73)

0.001

Eastern Mediterranean 1.16 
(0.42- 
3.20)

0.774 1.33 
(0.42- 
4.20)

0.625

≥ 1 WHO region 0.56 
(0.27- 
1.15)

0.115 0.43 
(0.20- 
0.91)

0.028

Clinical syndrome
Isolated fever or fever with 
non-localizing symptoms

1 ​ 1 ​

(Isolated) Gastrointestinal 
involvement

1.93 
(1.19- 
3.14)

0.008 1.91 
(1.14- 
3.21)

0.014

(Isolated) Respiratory tract 
involvement

1.25 
(0.72- 
2.20)

0.429 1.07 
(0.59- 
1.92)

0.830

(Isolated) Musculoskeletal 
involvement

0.81 
(0.47- 
1.40)

0.449 0.85 
(0.48- 
1.52)

0.585

Cutaneous involvement 0.44 
(0.25- 
0.78)

0.005 0.42 
(0.23- 
0.77)

0.005

CNS involvement 0.76 
(0.18- 
3.19)

0.709 1.05 
(0.23- 
4.81)

0.952

Urinary tract involvement 0.82 
(0.36- 
1.90)

0.642 0.79 
(0.33- 
1.92)

0.605

Multisystemic involvement 0.93 
(0.58- 
1.50)

0.769 0.96 
(0.58- 
1.58)

0.863

CNS, central nervous system

S. Caronni et al.                                                                                                                                                                                                                                 Travel Medicine and Infectious Disease 71 (2026) 102967 

6 



collected from a single center, which limits generalizability, and the 
retrospective design may introduce bias, being limited to information 
recorded in the medical records and precluding the use of a standardized 
diagnostic algorithm, as diagnostic tests were ordered based on clinical 
judgment. In travelers who had visited more than one WHO region, the 
final diagnosis was attributed to all relevant regions, as detailed infor
mation on the duration of stay in each was often unavailable. Due to the 
retrospective design and incomplete documentation of detailed travel 
itineraries, the appropriateness of malaria chemoprophylaxis according 
to destination-specific recommendations could not be assessed. Finally, 
the study includes a patient population during the COVID-19 pandemic, 
which impacted international travel and led to changes in the epide
miology of diseases, the extent of which remains difficult to assess.

5. Conclusion

Over half of febrile returning travelers remained without a definitive 
diagnosis; however, this proportion has progressively declined in recent 
years, with dengue emerging as the most frequent diagnosis in this 
group. Appropriate use of available diagnostic methods is essential but 
challenging in an emergency department setting, underscoring the need 
for targeted diagnostic pathways. At the same time, the observed burden 
of dengue and malaria cases reinforces the need for comprehensive pre- 
travel counseling, with particular attention to antimalarial chemopro
phylaxis and dengue vaccination when indicated. Addressing this gap is 
crucial, as missed diagnoses not only impact clinical management but 
also pose public health risks by facilitating the introduction of emerging 
pathogens whose vectors are already present in parts of Europe and the 
Americas.
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