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Abstract

Acute Undifferentiated Febrile Illness (AUFI) presents a clinical challenge, often characterized by sudden fever, non-specific symp-
toms, and potential life-threatening implications. This review highlights the global prevalence, types, challenges, and implications of
AUFI, especially in tropical and subtropical regions where infectious diseases thrive. It delves into the difficulties in diagnosis, preva-
lence rates, regional variations, and potential causes, ranging from bacterial and viral infections to zoonotic diseases. Furthermore,
it explores treatment strategies, preventive measures, and the critical role of the One Health approach in addressing AUFI. The paper
also addresses the emerging zoonotic risks and ongoing outbreaks, including COVID-19, Rickettsia spp., and other novel pathogens,
emphasizing their impact on AUFI diagnosis and management. Challenges in resource-limited settings are analyzed, highlighting the
need for bolstered healthcare infrastructure, enhanced diagnostics, and collaborative One Health strategies. Amidst the complexity of
emerging zoonotic threats, this review underscores the urgency for a multifaceted approach to mitigate the growing burden of AUFI,

ensuring early diagnosis, appropriate treatment, and effective prevention strategies.
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Acute undifferentiated febrile illness (AUFI)

Undifferentiated febrile illness (UFI) is a common clinical presen-
tation in healthcare settings worldwide. Patients with acute undif-
ferentiated febrile illness (AUFI) often seek medical attention due
to fever and other nonspecific symptoms (Wangdi et al. 2019). It is
essential for healthcare professionals to accurately diagnose and
manage AUFI to provide appropriate care. AUFIis a medical condi-
tion characterized by a sudden onset of fever (>38°C or > 100.4°F)
that lasts for less than 2 weeks and cannot be attributed to a
specific cause after a thorough clinical evaluation and appropri-
ate laboratory testing (Shrestha et al. 2020). Acute febrile illness
(AFI) is marked by the abrupt and rapid development of fever
with other symptoms such as chills, headache, muscle aches, fa-
tigue, and malaise. The fever may appear suddenly without warn-
ing and may not be preceded by any noticeable symptoms. The
fever is associated with a range of non-specific symptoms, such
as headache, body aches, chills, sweating, fatigue, cough, sore
throat, gastrointestinal disturbances, and others. It may resolve
on its own within a few days or may persist for up to two weeks
(Shrestha et al. 2018). AFI is a common clinical presentation and
can be caused by a wide range of infectious and non-infectious
conditions. AFI can be a sign of serious illness and can lead to fur-
ther complications if left untreated (Khirikoekkonget al. 2023). AFI
is often the first indication that a person may have a more serious
condition, early diagnosis is essential for isolating and treating the
patient, which helps prevent the spread of the disease to others
and can be crucial in the context of outbreaks (Elven et al. 2020).
AFI can result from a wide range of underlying causes, includ-
inginfections, inflammatory disorders, autoimmune diseases, and

malignancies. Some of these conditions can be life-threatening if
not properly managed. Many serious infections, such as sepsis,
bacterial endocarditis, and certain viral infections, can present
with a sudden high fever as a primary symptom. Without prompt
intervention, these infections can lead to kidney, liver, and heart
failure eventually lead to brain damage and death (Wainaina et al.
2022). For instance, untreated bacterial infections can resultin ab-
scess formation, which is a localized collection of pus that forms
as a result of the body’s immune response to infection. Abscesses
can develop in various parts of the body, such as the skin, inter-
nal organs, or within tissues. They are typically characterized by
symptoms such as localized pain, redness, swelling, warmth, and
sometimes fever (Brook 2004).

AUFI and types

AUFI can be broadly categorised into three sub-types, based on the
signs and severity of the illness, the diagnosed acute febrile illness
(Diagnosed AFI), non-malarial acute febrile illness (Non-Malarial
AFI) and undiagnosed acute febrile illness (Undiagnosed AFI) (Aufi
et al. 2021). Diagnosed AFI subtype refers to cases of AUFI where
the underlying cause of fever has been identified and diagnosed
whereby healthcare professionals would have successfully deter-
mined the specific pathogen or non-infectious condition (autoim-
mune disease, malignancy responsible for the fever. This will lead
to application of appropriate treatment and management strate-
gies to the patients. Meanwhile, non-malarial AFI subtype of AUFI
excludes cases of fever caused by malaria. It encompasses a wide
range of infectious and non-infectious causes of fever, including
viral, bacterial, parasitic, autoimmune, and inflammatory condi-
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tions. Non-Malarial AFI often requires thorough diagnostic eval-
uation to identify the specific cause, and it can be challenging to
differentiate between these various conditions based on clinical
presentation alone. Undiagnosed AFI refers to cases where the
cause of fever remains unclear or unknown even after a compre-
hensive diagnostic evaluation (Wangdi et al. 2019). Despite medi-
cal assessments and testing, the specific underlying condition re-
sponsible for the fever cannot be identified. These cases pose a
diagnostic challenge and may require ongoing monitoring and fur-
ther investigations as new information becomes available (Brown
et al. 1984). The severity of acute AFIlin the tropics and sub-tropics
countries are now being recognized widely since there is a de-
lay among medical community worldwide to reach the exact un-
derlying causes of AUFI (Lokida et al. 2020). Hence it is essential
to diagnosis febrile illness at early or at least intermediate stage
since there are various reported infectious and noninfectious bac-
teria, viruses, fungus, and parasites that potentially trigger high
fever among the patients. In addition, emerging new pathogen
at the community level could also lead to poor point-of-care di-
agnosis of febrile illness. Table 1 displays the various subtype
of AUFL

AUFI and prevalence

Globally, the prevalence of AUFI is often higher in tropical and
subtropical regions, this possibly due to a convergence of factors
that create fertile ground for a diverse range of infectious dis-
eases. These regions typically experience warm and humid cli-
mates, which provide an ideal environment for disease vectors
like mosquitoes and ticks to thrive (Alexander et al. 2013). As a
result, vector-borne diseases such as malaria, dengue fever, Zika
virus, and various forms of encephalitis are endemic in these ar-
eas. The proliferation of vectors and their interactions with hu-
mans and animals contribute significantly to the transmission
of febrile illnesses. Furthermore, tropical and subtropical regions
often exhibit rich biodiversity and a close interface between hu-
mans, wildlife, and domestic animals. This ecological diversity in-
creases the risk of zoonotic diseases, where infectious agents can
jump from animals to humans. Wildlife species often serve as nat-
ural reservoirs for various pathogens, facilitating spillover events
(Keesing and Ostfeld 2021). Limited access to healthcare, inade-
quate infrastructure, and socio-economic challenges in some of
these regions can lead to delays in diagnosis and treatment, al-
lowing infectious diseases to progress and become more severe.
Climate change, which alters temperature and precipitation pat-
terns, can shift the geographic distribution of disease vectors and
pathogens, potentially expanding the prevalence of febrile ill-
nesses. Hence AUFIs such as bacterial zoonotic diseases (scrub ty-
phus and leptospirosis), respiratory tract infections, arboviral dis-
ease, mononucleosis, malaria, and typhoid fever have been com-
monly reported whereby more than 1 million leptospirosis, 5.2
million dengue, 5 million typhoid fever, 10 million malaria, 150.7
million of respiratory tract and 4 million mononucleosis cases
have been diagnosed each year (Alexander et al. 2013, Keesing
and Ostfeld 2021, Leal Filho et al. 2022). Another systematic re-
views has demonstrated that the top infectious causes of AUFI
were dengue fever (11.8% of cases), leptospirosis (4.4% of cases),
typhoid (4.0% of cases), scrub typhus (4.0% of cases) and influenza
other than HIN1 (3.1% of cases) in most countries in the South
and Southeast Asia regions (Leal Filho et al. 2022). Among admit-
ted patients, dengue fever was the primary cause of AUFI, while
leptospirosis was the main cause for outpatients. The study also
highlighted regional variations in the causes of AUFIL In South

Asia, dengue fever was the main cause, while in Southeast Asia,
leptospirosis was the primary diagnosis. Another paper also indi-
cated that Burkina Faso and Sudan, both countries located in Sub-
Saharan Africa, are mentioned as places where malaria is a par-
ticularly prevalent cause of AUFI in children. These regions have
a high incidence of malaria cases due to the presence of malaria-
transmitting mosquitoes. In addition to malaria, acute respiratory
infections (ARIs) are noted as a primary cause of AUFI in Sub-
Saharan Africa. ARIs encompass a range of respiratory illnesses,
including pneumonia and bronchitis. These infections can lead
to fever, cough, and difficulty breathing, making them a common
cause of febrile illness (Ouédraogo et al. 2020). Another prospec-
tive observational study conducted among seven hospitals in In-
dia has demonstrated a mortality rate of 2.4% (37 deaths and
46.9% died within 2 days of admission, suggesting delayed hos-
pitalization due to lack of clinical presentation as a contributing
factor. Malaria, leptospirosis, scrub typhus, dengue fever and bac-
terial blood stream infections (including enteric fever) were to be
most common causes in those fatal cases (Mgrch et al. 2023). A
case-control analysis from Vietnam has mentioned that out of
378 AUFI patients nearly 42.9% were undiagnosed AFI cases and
bacterial infections and parasitic diseases bacterial infections and
parasitic diseases, might be underrepresented (Le-Viet et al. 2019).
Interestingly, an investigation has analysed that among 765 trav-
elers returning from tropical and subtropical regions to Europe,
310 (40.5%) had a clear source of infection (mainly traveler’s diar-
rhea or respiratory infections), while 455 (59.5%) were categorized
as having AUFI. Over 40% of returning travelers with AUFI were
diagnosed with malaria or dengue, infections that can be easily
diagnosed by rapid diagnostic tests. This calls for development of
new diagnostic tests and treatments for AUFI (Mgrch et al. 2017).
A study has reported that 340 patients with acute undifferenti-
ated fever (AUF), 193 (56.8%) remained undiagnosed after exten-
sive investigations, representing a significantly high prevalence of
undiagnosed undifferentiated fever (UUDF) in Far North Queens-
land, Australia. After the prolonged diagnosis, dengue fever was
the most frequent diagnosis (78 cases), followed by other infec-
tious diseases like influenza, leptospirosis, and melioidosis. The
study also revealed a higher incidence of UUDF during the rainy
season (December to March), suggesting a potential link with in-
creased mosquito activity and transmission of vector-borne dis-
eases (Susilawati and McBride 2014).

However, clinicians believe that most of these cases are under-
diagnosed and underreported as febrile illness hence the actual
number is most likely much higher. A study has reviewed that
the most common causative agent for AUFI cases in Peninsular
Malaysia are dengue virus and Leptospira meanwhile malaria is
more prevalent in Borneo. However, a recent study conducted in
Teluk Intan, Perak at Peninsular Malaysia demonstrates that rick-
ettsial infections are a significant cause of AFI whereby out of 309
hospitalized adults with AFI, 42 (19%) individuals were diagnosed
with rickettsial infections and 4 (11%) patients with rickettsial in-
fections died, highlighting the potential severity of this condition
(Yuhana et al. 2022).

In addition, a 10 month period (2012 to 2013) cross-sectional
study was conducted in University of Malaya Medical Centre
(UMMC) with a collaboration of United States Naval Medical Re-
search Unit 2 (NAMRU2), involving 119 adult inpatients from the
infectious diseases ward. It was found that 67 (52.3%) cases of
probable dengue and 25 (19.5%) cases of confirmed dengue, fol-
lowed by typhus 8 (6.2%) cases, influenza 8 (6.2%) cases and lep-
tospirosis 7(5.5%) cases have been reported using only serology
testing which limits the diversity and relative importance of com-



Table 1. Various subtype of acute febrile illness.
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Subtype Description Causes Diagnosis Management

Specific pathogen or Healthcare

non-infectious professionals determine

condition (e.g. the cause and Treatment
Diagnosed Underlying cause autoimmune disease, administer appropriate specific to the
AFI of fever identified. malignancy). treatment. underlying cause.

Non-Malarial
AFI

Undiagnosed
AFI

Fever not caused
by malaria.
Cause of fever
remains unclear
after
comprehensive
evaluation.

Broad range of
infectious and non-
infectious causes (e.g.
viral, bacterial,

parasitic, autoimmune,

inflammatory).

Unknown underlying
condition.

Requires thorough
diagnostic evaluation
due to difficulty in
differentiating causes
based on clinical
presentation alone.

Ongoing monitoring and
potential future
investigations.

Treatment
specific to the
identified cause.

Symptomatic
management and
supportive care.

mon infectious causes of AUFI (unpublished data). Table 2 shows
the prevalence of AUFI worldwide.

AUFI and treatment

The treatment of AUFI depends on several factors, including the
underlying cause of the fever, the severity of symptoms, and the
patient’s overall health. Since AUFI represents a broad category
of illnesses, the treatment approach may vary widely. Firstly, the
first step in treating AUFI is to identify the specific cause of the
fever. This often requires a thorough medical history, physical ex-
amination, and diagnostic tests, which may include blood tests,
imaging studies, and sometimes more specialized tests like serol-
ogy or molecular tests for specific pathogens (Vanderschueren et
al. 2003). While awaiting test results or if the cause remains un-
known, supportive care is essential. This includes measures to
relieve symptoms, maintain hydration, and reduce fever. Com-
mon interventions may include rest, adequate fluid intake, and
over-the-counter medications like acetaminophen or ibuprofen
to lower fever and alleviate discomfort (Bhaskaran et al. 2019). If
a bacterial infection is suspected or confirmed, antibiotics may
be prescribed to treat the specific bacteria responsible for the ill-
ness. The choice of antibiotics depends on the type of bacteria and
its susceptibility to specific antibiotics. If a viral infection is diag-
nosed (e.g. influenza), antiviral medications may be used in some
cases to reduce the severity and duration of symptoms (Gupta
and Nischal 2020). However, not all viral infections have specific
antiviral treatments. In regions where malaria is endemic, and if
malaria is suspected or diagnosed, antimalarial medications are
prescribed to treat the infection. In the case of dengue fever, which
is a mosquito-borne viral illness, it’s important to manage the pa-
tient’s condition carefully. Hospitalization and supportive care are
often necessary, as severe cases of dengue can be life-threatening
(Rao et al. 2019). Patients with AUFI should be closely monitored
for any worsening of symptoms, especially if they develop warn-
ing signs such as severe headache, difficulty breathing, chest pain,
confusion, or persistent vomiting (Holgersson et al. 2022). Timely
medical intervention may be needed.

AUFI and preventive measure

Preventive measures for AUFI are essential in reducing the risk of
contracting illnesses that result in fever and non-specific symp-
toms. Since AUFI encompasses a broad spectrum of diseases,

adopting general preventative strategies is key. Begin with main-
taining good hand hygiene by regularly washing hands with soap
and water, especially after being in public spaces or before eating
(Ovtcharenko and Oczkowski 2022). In cases where soap and wa-
ter are not available, use hand sanitizer containing at least 60%
alcohol. Staying up to date with recommended vaccinations is
crucial, as it provides effective protection against numerous in-
fectious diseases, including influenza, measles, mumps, rubella,
hepatitis, and COVID-19 (Kullberg and Wiersinga 2023).

In regions where mosquito-borne illnesses like dengue
fever and malaria are prevalent, preventing mosquito bites is
paramount. Furthermore, addressing food and water safety is
vital, involving safe food handling practices, thorough cooking,
and the consumption of purified water in areas where waterborne
diseases are a concern (Wiemer et al. 2017). In situations where
contagion risk is high, such as during outbreaks or in healthcare
settings, using appropriate personal protective equipment (PPE)
like masks, gloves, and gowns is essential. It's equally important
to avoid close contact with sick individuals, especially those
displaying fever or symptoms of contagious illnesses. Practicing
respiratory hygiene by covering the mouth and nose when cough-
ing or sneezing helps prevent disease transmission. Maintaining
a clean environment by regularly disinfecting frequently touched
surfaces contributes to reducing the risk of infection. Table 3
shows potential intervention to control AUFI

The relationship between One Health and AUFI

The One Health approach is highly relevant when dealing with
acute febrile illnesses, as it recognizes the interconnectedness of
human health, animal health, and environmental health. Many
AUFI are indeed zoonotic, which means they can be transmit-
ted between animals and humans. These zoonotic diseases are
caused by infectious agents, such as bacteria, viruses, parasites,
and fungi that can jump from animals to humans and vice versa
(Mackenzie and Jeggo 2019). These are examples to illustrate the
diversity of zoonotic diseases that can lead to AUFI First, in-
fluenza, commonly known as the flu, which known to infect vari-
ous animal species, including birds and pigs. It frequently presents
as an acute febrile illness. Influenza viruses are highly conta-
gious and can lead to sudden fever, chills, body aches, and res-
piratory symptoms. Influenza shares many clinical symptoms
with other acute febrile illnesses. This includes fever, cough, and
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Table 2. Acute febrile illness and prevalence.

Region

Most Common Causes of AUFI

Notes

South and Southeast Asia

Sub-Saharan Africa

Burkina Faso and Sudan
India

Vietnam
Europe

Far North Queensland, Australia

Peninsular Malaysia

Dengue Fever

Leptospirosis

Typhoid

Scrub Typhus

Influenza

Respiratory Tract Infections
Mononucleosis

Malaria

Bacterial Zoonotic Diseases
Malaria

Acute Respiratory Infections (ARIs)
Malaria

Malaria

Leptospirosis

Scrub Typhus

Dengue Fever

Bacterial Blood Stream Infections
Bacterial Infections
Parasitic Diseases

Malaria

Dengue

Dengue Fever

Influenza

Leptospirosis

Melioidosis

UUDF

Dengue Virus

Leptospira

Rickettsial Infections
Dengue

Typhus

Influenza

Leptospirosis

11.8% of cases

4.4% of cases

4.0% of cases

4.0% of cases

3.1% of cases

150.7 million cases

4 million cases

10 million cases

>1 million cases

High incidence

Common cause

Particularly prevalent cause in children
Most common cause

Most common cause

Common cause

Common cause

Common cause

Underrepresented
Underrepresented

40% of returning travelers with AUFI
40% of returning travelers with AUFI
Most frequent diagnosis after UUDF
Common cause

Common cause

Common cause

56.8% of patients with AUF

Most common cause

Most common cause

19% of hospitalized adults with AFI
52.3% of cases

6.2% of cases

6.2% of cases

5.5% of cases

Table 3. Potential intervention to control AUFI.

Intervention

Description

Benefits

Surveillance Programs

Veterinary Public Health

One Health Education and Training

Public Health Communication

One Health Research

One Health Policy and Legislation

Environmental Risk Management

International Cooperation

Monitoring human and animal populations for
zoonotic pathogens that cause AUFIL

Implementing programs to control zoonotic
diseases in animal populations.

Training healthcare professionals, veterinarians,
and environmental scientists in One Health
principles and practices.

Raising awareness among the public about
zoonotic diseases and preventive measures.

Conducting research on zoonotic diseases,
including development of new diagnostics,
vaccines, and treatment interventions.
Developing policies and legislation to promote
One Health approaches and address zoonotic
diseases.

Implementing measures to address
environmental factors that contribute to
zoonotic disease transmission.

Fostering collaboration among countries and
international organizations to address zoonotic
diseases.

Early detection of outbreaks, identification of
disease reservoirs and risk factors, evaluation of
intervention effectiveness.

Reduced risk of zoonotic transmission to
humans, improved animal health and welfare.
Improved awareness and understanding of
zoonotic diseases, enhanced capacity for One
Health collaboration.

Increased public knowledge, adoption of safe
practices, reduced risk of exposure to zoonotic
pathogens.

Improved understanding of disease transmission
and pathogenesis, development of effective tools

for prevention, control, and treatment.
Improved coordination and collaboration across
sectors, allocation of resources, effective legal
framework for disease control.

Reduced risk of emergence and spread of
zoonotic diseases, protection of ecosystems and
biodiversity.

Improved global disease surveillance and
response, facilitated sharing of information and
resources, equitable access to healthcare and
interventions.




muscle pain, which are common features of both influenza and
other febrile illnesses. Influenza is known for causing seasonal
outbreaks, commonly referred to as the flu season. During these
periods, healthcare professionals should particularly vigilant for
cases of acute febrile illnesses that might be attributed to in-
fluenza (Nayak 2014). Secondly, zoonotic coronaviruses such as
COVID-19, caused by the novel coronavirus SARS-CoV-2. It is be-
lieved to have originated in bats and possibly passed to humans
through an intermediate host. Both acute febrile illnesses and
COVID-19 often present with fever as a prominent symptom. Fever
is the body’s response to infections and can be caused by a wide
range of pathogens, including viruses, bacteria, and parasites.
COVID-19 is primarily a respiratory illness and typically presents
with symptoms such as cough, shortness of breath, and chest dis-
comfort. While acute febrile illnesses can have respiratory symp-
toms, they may not always be as prominent as in COVID-19. The
prevalence of COVID-19 in a community and a patient’s exposure
history are important considerations in diagnosing and manag-
ing febrile illnesses. Healthcare providers need to consider the
possibility of COVID-19, especially during the ongoing pandemic
(Alanagreh et al. 2020). Another one is rabies is a viral infection
caused by the rabies virus, which is primarily transmitted through
the saliva of infected animals, usually through bites or scratches.
After being exposed to the rabies virus, a person may experi-
ence symptoms that are not specific to rabies, including fever,
malaise, headache, and discomfort. These symptoms can resem-
ble those of an acute febrile illness (Shepherd et al. 2023). Han-
tavirus Pulmonary Syndrome (HPS) is a severe respiratory illness
caused by the Hantavirus. HPS typically begins with non-specific
symptoms, including fever, muscle aches, fatigue, and sometimes
gastrointestinal symptoms like nausea, vomiting, and abdominal
pain. These symptoms can mimic those of an acute febrile illness
caused by various pathogens. However, HPS is a potentially life-
threatening disease, and its severity sets it apart from most cases
of acute febrile illness. The rapid progression to respiratory failure
and the risk of severe complications makes HPS a critical medical
condition (Ramos 2008). On the other hand, brucellosis and acute
febrile illness are related in the sense that brucellosis is a type
of acute febrile illness characterized by fever, among other symp-
toms. Brucellosis, also known as undulant fever or Malta fever, is
a bacterial infection caused by various species of the genus Bru-
cella. Brucellosis is always considered one of the classic causes
of acute febrile illness, especially in regions where the disease is
endemic. Acute febrile illnesses are characterized by a sudden
onset of fever and often involve non-specific symptoms such as
fatigue, malaise, headache, and muscle aches, all of which can
be present in brucellosis (Saddique et al. 2019). Leptospirosis is
caused by the Leptospira bacteria and can vary in severity from
mild to severe. Leptospirosis is classified as an acute febrile illness,
which means it presents as a sudden and short-term feverish con-
dition. Patients with leptospirosis often experience a rapid onset
of symptoms, including fever, headache, and muscle pain (Haake
and Levett 2015). Diagnosing this zoonotic disease can be chal-
lenging because its symptoms overlap with those of other febrile
illnesses, such as dengue fever or influenza. Laboratory tests, in-
cluding blood cultures and serological tests, are often needed for
confirmation.

Febrile illnesses may be treated with antimicrobial agents,
and the misuse of antibiotics refers to situations where antibi-
otics are used inappropriately or unnecessarily. This can include
taking antibiotics for viral infections (common cold or flu), us-
ing antibiotics without a prescription, not completing the full
course of prescribed antibiotics, or using antibiotics in animal
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agriculture for growth promotion rather than disease treatment
(Haake and Levett 2015). By promoting responsible antimicrobial
use in both healthcare sectors and by addressing AMR through
a One Health approach, it is possible to mitigate the develop-
ment and spread of antimicrobial resistance, ensuring that an-
tibiotics remain effective for treating bacterial infections in the
future. One Health can help improve disease surveillance in-
volves the coordinated collection, analysis, and interpretation of
health data from multiple sources, including human health, an-
imal health, and environmental data, prevention, and control
strategies for AUFI, ultimately benefiting both human and ani-
mal populations and the environment (Nadjm et al. 2012, Ajuwon
et al. 2021, Blair et al. 2022, Grundy and Houpt 2022, Raab et al.
2022).

Emerging Zoonotic Risks and Ongoing Outbreaks

The threat of novel zoonotic diseases and ongoing outbreaks
COVID-19 and its potential evolution towards endemicity, due to
overlapping symptoms and difficulty in rapid diagnosis, this adds
a complex layer to the already challenging landscape of AUFIL The
emerging zoonotic risks are due to increased human encroach-
ment on wildlife habitats and deforestation heighten the risk of
zoonotic pathogens jumping from animals to humans (Meurens
et al. 2021). New viral strains, bacterial zoonoses, and even fun-
gal infections could present as AUFI, posing diagnostic challenges
(Bardhan et al. 2023). In addition, Climate change is one of the
greatest threats to human health in the 21st century. Shifting
temperature and precipitation patterns can alter the geographic
distribution of vector-borne diseases like arboviruses, expanding
their reach and contributing to AUFI cases in previously unaf-
fected regions (Caminade et al. 2019). Lastly, the intensification of
animal agriculture and close contact with domesticated animals
create additional pathways for zoonotic transmission. Emerging
pathogens originating in livestock may manifest as AUFI in hu-
man populations (Jones et al. 2013). On top of that, the emer-
gence of antimicrobial resistance in pathogens causing common
AUFI-associated diseases like leptospirosis and enteric fever can
complicate treatment and lead to prolonged illness, contributing
to undiagnosed or misdiagnosed cases. In addition, incomplete
or insufficient vaccine coverage for established zoonotic diseases
like influenza and rabies can leave populations vulnerable to out-
breaks, leading to an upsurge in AUFI cases with similar presen-
tations (Trott et al. 2018).

Emerging coronaviruses is one the example of zoonotic dis-
ease including SARS-CoV-2, can jump from animals to humans
through various contacts and adapt to human transmission.
SARS-CoV-2 is a novel coronavirus that was identified as the cause
of the COVID-19 pandemic, which began in late 2019 (Haider et
al. 2020). SARS-CoV-2 has demonstrated the ability to mutate and
develop new variants, some of which may impact transmissibil-
ity, severity, or immune evasion. Continuous monitoring of vari-
ants is crucial for understanding their potential impact on pub-
lic health. Another example, enterohemorrhagic Escherichia coli (E.
coli) O157:H7 is a strain of E. coli bacteria that can cause severe
illness, particularly through foodborne transmission. It stands out
due to its association with severe complications such as hemolytic
uremic syndrome, renal failure, and a significant contribution to
foodborne outbreaks worldwide. Outbreaks associated with this
strain have been reported worldwide, often linked to consump-
tion of contaminated food, including leafy greens like spinach or
lettuce. The bacteria can contaminate these foods during produc-
tion, processing, or handling (Lim et al. 2010). Rickettsia is a genus
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Figure 1. AUFI: A complex clinical presentation.

of bacteria that includes several species responsible for causing
diseases in humans, such as Rocky Mountain spotted fever, ty-
phus, and rickettsial pox. Changes in climate patterns, including
temperature, humidity, and precipitation, can influence the dis-
tribution and behavior of vectors like ticks, fleas, and mites that
transmit Rickettsia bacteria. These alterations in environmental
conditions might expand the geographical range of these vec-
tors, potentially increasing the incidence of Rickettsia-related dis-
eases in new areas or elevations where they were previously un-
common (Blanton 2019). Meanwhile, Henipavirus: belongs to the
Henipavirus genus, also responsible for Nipah and Hendra viruses
known for their high mortality rates. Recent cases in China sug-
gest animal-to-human transmission, with shrews identified as po-
tential reservoirs. The virus is newly discovered, and much re-
mains unknown about its transmission dynamics, pathogenic-

ity, and long-term consequences (Quarleri et al. 2022). The out-
break of monkeypox outside its usual endemic regions in Africa
during 2022-2023 indeed raised significant concerns in the public
health sphere. Monkeypox is a rare viral zoonotic disease that is
primarily found in Central and West African countries. The out-
break outside of these regions alerted health authorities globally
about the potential for the disease to spread beyond its endemic
area. The outbreak highlighted the possibility of zoonotic spillover
events, where the virus can jump from animals to humans, po-
tentially through contact with infected animals or contaminated
animal products (Antunes and Virgolino 2022). During the COVID-
19 pandemic, mucormycosis, a rare but severe fungal infection
primarily affecting immunocompromised individuals, witnessed
a concerning surge, notably among COVID-19 patients. The in-
fection’s escalation was attributed to compromised immune sys-
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I. Categorization of Potential Causes:
A. Infectious:

« Viral: Dengue fever, influenza, COVID-19, Zika virus, chikungunya virus,
Epstein-Barr virus (EBV), cytomegalovirus (CMV), etc.

« Bacterial: Typhoid fever, leptospirosis, brucellosis, rickettsiosis, pneumonia,
urinary tract infections (UTls), etc.

« Parasitic: Malaria, babesiosis, toxoplasmosis, etc.

B. Non-Infectious:

« Autoimmune: Systemic lupus erythematosus (SLE), rheumatoid arthritis,
inflammatory bowel disease (IBD), etc.

« Inflammatory: Kawasaki disease, vasculitis, drug reactions, etc.

« Malignancies: Leukemia, lymphoma, solid tumors, etc.

« Metabolic: Thyroiditis, drug-induced fever, etc.

Il. Diagnostic Pathways:
A. Initial Evaluation:

« Detailed history: Travel history, occupational exposures, recent illnesses,
contact with sick individuals, medications, allergies, vaccinations, etc.

« Physical examination: Vital signs, general appearance, specific signs
suggestive of certain illnesses (e.g., rash for dengue, jaundice for
leptospirosis), etc.

B. Laboratory Tests:

+« Complete blood count (CBC): To assess for signs of infection (e.g.,
elevated white blood cell count) and anemia.

« C-reactive protein (CRP) and erythrocyte sedimentation rate
(ESR): Inflammatory markers, elevated in various conditions.

« Electrolytes and renal function tests: To assess for dehydration and
potential organ dysfunction.

« Liver function tests: To assess for liver involvement in certain infections or
other causes.

« Blood cultures: To identify bacterial pathogens if suspected.

« Serological tests: To detect specific antibodies against various viruses,
bacteria, or other pathogens.

« Rapid diagnostic tests (RDTs): Point-of-care tests for rapid diagnosis of
specific infections like malaria or dengue fever (availability varies depending
on region and resources).

C. Imaging Studies:
« Chest X-ray: To assess for pneumonia or other lung involvement.

« Ultrasound: May be used to examine specific organs or detect abscesses.
« CT scan or MRI: May be indicated in specific cases for further investigation.

Figure 2. This flowchart provides a structured approach to diagnosing AUFI by considering various potential causes and guiding clinicians through the
diagnostic process based on clinical presentation, epidemiological factors, and laboratory findings.

tems due to COVID-19 severity, corticosteroid treatments, and var-
ious medical interventions, emphasizing the susceptibility to op-
portunistic infections. Heightened awareness among healthcare
providers became crucial for early identification of mucormycosis
symptoms—facial swelling, nasal congestion, and black lesions—
and prompt initiation of appropriate antifungal therapies and, if
necessary, surgical interventions (Dam et al. 2023). Meanwhile,
melioidosis is a soil- and water-borne bacterium is causing in-
creasing infections in Southeast Asia and Northern Australia,
causing pneumonia, abscesses, and even death. Brucellosis bac-
terial disease transmitted through contact with livestock (mainly
cattle) can cause chronic fatigue, fever, and joint pain. Stronger
public health measures and livestock vaccination programs are

necessary for control (Boone et al. 2017). Figure 1 displays AUFI
complex clinical presentation.

Challenges in resource-limited settings handling
AUFI

Resource-limited settings grapple with multifaceted challenges in
dealing with emerging zoonotic diseases, significantly impeding
effective healthcare access, diagnosis, treatment, public health
interventions, and overall disease management. The dearth of
healthcare infrastructure, scarcity of medical facilities, and a crit-
ical shortage of healthcare personnel hinder timely diagnosis and
provision of care, exacerbating the challenges faced by patients
seeking essential healthcare services (Shiferaw et al. 2017). Di-
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D. Additional Tests:

« Lumbar puncture: To analyze cerebrospinal fluid for meningitis or

encephalitis.

« Bone marrow aspiration: May be necessary in specific cases like susp

malignancies.
E. Consultation with Specialists
e Infectious disease specialist

¢ Rheumatologist
¢ Oncologist

F. Consideration of Epidemiological Factors

e Seasonality of certain diseases (e.g., influenza)

e Travel history to endemic regions

e Exposure to vectors (mosquitoes, ticks)

G. Reassessment and Follow-Up

¢ Monitoring of clinical response to treatment

¢ Repeat testing if necessary

« Referral for further evaluation if symptoms persist or worsen

lll. Importance of One Health Approach:

« Considering the zoonotic potential of many AUFI| causes, collaboration
between human and animal health sectors is crucial.

« Sharing information about animal diseases and potential zoonotic risks ¢
aid in earlier diagnosis and outbreak prevention.

IV. Conclusion:

This structured approach provides a framework for healthcare professionals to
consider potential causes and guide diagnostic pathways for AUFI. Early diagn:
and appropriate management are crucial for improving patient outcomes and
preventing complications. The One Health approach plays a vital role in addres
zoonotic AUF| and promoting global health security.

Note: This is a general overview, and specific investigations may vary dependil
the individual patient's presentation and local resources. It is important to const
with a healthcare professional for proper diagnosis and management of AUFI.

Figure 2. continued.

agnostic difficulties arise from the absence of advanced labora-
tory facilities and rapid tests, compounded by limited awareness
among healthcare workers about emerging zoonotic diseases and
overlapping symptoms with more common ailments, leading to
misdiagnoses and delayed treatments. Compounding this issue,
limited access to specific antiviral, antibacterial, or antiparasitic
medications and inadequate supportive care due to financial con-
straints significantly hamper effective treatment, leaving many
patients untreated or facing suboptimal therapeutic options (John
et al. 2008). Weak disease surveillance systems, coupled with in-
sufficient public awareness and education about zoonotic dis-
eases, impede early detection, outbreak control, and preventive
measures, allowing these diseases to spread undetected (Villar-
roel et al. 2023). Moreover, fragmented communication and col-
laboration between human and animal health sectors hinder the
implementation of effective One Health strategies, limiting pre-

ventive measures and exacerbating disease transmission. These
challenges result in undiagnosed cases, delayed treatments, in-
creased disease transmission, and overwhelming strain on al-
ready overburdened healthcare systems, ultimately impacting pa-
tient outcomes and escalating mortality rates (Ghai et al. 2022).
Addressing these complex challenges demands a concerted ef-
fort toward bolstering healthcare infrastructure, enhancing diag-
nostic capabilities, expanding healthcare workforce, ensuring ac-
cess to affordable medications and supportive care, strengthening
disease surveillance, conducting robust public awareness cam-
paigns, and fostering effective collaboration between human and
animal health sectors through a comprehensive One Health ap-
proach, crucial for mitigating the devastating impact of emerging
zoonotic diseases in resource-limited settings and curbing their
widespread transmission. Figure 2 provides the overall flowchart
on a structured approach to diagnosing AUFI by considering vari-



ous potential causes and guiding clinicians through the diagnos-
tic process based on clinical presentation, epidemiological factors,
and laboratory findings.

Conclusion

The challenge of Acute Undifferentiated Febrile Illness (AUFI)
encompasses a complex landscape of diverse causes, diagnos-
tic hurdles, and treatment intricacies, particularly accentuated in
resource-limited settings. This condition, characterized by fever
and nonspecific symptoms, presents a diagnostic puzzle often
compounded by limited healthcare access, inadequate diagnostic
tools, and overlapping disease manifestations. The multifaceted
subtypes within AUFI demand tailored approaches for Diagnosed
AFI, Non-Malarial AFI, and Undiagnosed AFI, emphasizing the
critical need for improved diagnostics and ongoing research. Mit-
igating AUFI's impact requires a multifaceted strategy incorpo-
rating preventive measures, enhanced healthcare infrastructure,
heightened disease surveillance, interdisciplinary collaboration
under the One Health framework, and a concerted effort to ad-
dress emerging zoonotic risks and ongoing outbreaks. A compre-
hensive approach is vital for effectively managing AUFI, ensur-
ing timely diagnosis, appropriate treatment, and preventive mea-
sures, especially crucial in resource-limited regions where health-
care challenges are most pronounced.

Ethics declarations
Not applicable.

Consent for publication
Not applicable.

Availability of data and materials
Not applicable.

Author contributions

Muttiah Barathan (conceptualization, investigation, methodology,
writing - original draft, writing — review & editing)

Conflict of interest: The authors of this manuscript, declare that there
are no potential conflicts of interest.

Funding

There is no funding to be acknowledged in this work

References

Ajuwon BI, Roper K, Richardson A et al. One health approach: a
data-driven priority for mitigating outbreaks of emerging and re-
emerging zoonotic infectious diseases. Tropical Med 2021;7:4.

Alanagreh L, Alzoughool F, Atoum M. The Human coronavirus dis-
ease COVID-19: its origin, characteristics, and insights into poten-
tial drugs and its mechanisms. Pathogens 2020;9:331.

Alexander KA, Carzolio M, Goodin D et al. Climate change is likely to
worsen the public health threat of diarrheal disease in Botswana.
Int J Environ Res Public Health 2013;10:1202-30.

Antunes F, Virgolino A. Monkeypox mysteries of the new outbreak in
non-endemic areas. Int ] Environ Res Public Health 2022;19:14881.

Barathan | 9

Aufi IM, Khudhair AM, Ghaeb Al-Saadi L et al. Epidemiology and
molecular characterization of seasonal influenza viruses in Iraq.
Arch Razi Inst 2021;76:871-7.

Bardhan M, Ray I, Roy S et al Emerging zoonotic dis-
eases and COVID-19 pandemic: global  Perspective
and Indian Scenario. Ann Med Surg (Lond) 2023;85:

3997-4004.

Bhaskaran D, Chadha SS, Sarin S et al. Diagnostic tools used in the
evaluation of acute febrile illness in South India: a scoping review.
BMC Infect Dis 2019;19:970.

Blair PW, Kobba K, Kakooza F et al. Aetiology of hospitalized fever
and risk of death at Arua and Mubende tertiary care hospi-
tals in Uganda from August 2019 to August 2020. BMC Infect Dis
2022;22:869.

Blanton LS. The Rickettsioses: a practical update. Infect Dis Clin North
Am 2019;33:213-29.

Boone I, Henning K, Hilbert A et al. Are brucellosis, Q fever and me-
lioidosis potential causes of febrile illness in Madagascar?. Acta
Trop 2017;172:255-62.

Brook I. Microbiology and management of peritonsillar, retropha-
ryngeal, and parapharyngeal abscesses. ] Oral Maxillofac Surg
2004;62:1545-50. PMID: 15573356. (2 December 2023, date last ac-
cessed).

Brown GW, Shirai A, Jegathesan M et al. Febrile illness in Malaysia—
an analysis of 1,629 hospitalized patients. Am J Trop Med Hyg
1984;33:311-5.

Caminade C, McIntyre KM, Jones AE. Impact of recent and fu-
ture climate change on vector-borne diseases. Ann NY Acad Sci
2019;1436:157-73.

Dam P, Cardoso MH, Mandal S et al. Surge of mucormycosis during
the COVID-19 pandemic. Travel Med Infect Dis 2023;52:102557.
Elven ], Dahal P, Ashley EA et al. Non-malarial febrile illness: a sys-
tematic review of published aetiological studies and case reports

from Africa, 1980-2015. BMC Med 2020;18:279.

Ghai RR, Wallace RM, Kile JC et al. A generalizable one health
framework for the control of zoonotic diseases. Sci Rep 2022;12:
8588.

Grundy BS, Houpt ER. Opportunities and challenges to ac-
curate diagnosis and management of acute febrile illness
in adults and adolescents: a review. Acta Trop 2022;227:
106286.

Gupta N, Nischal N. Management of acute febrile diseases in limited
resource settings: a case-based approach. Infez Med 2020;28:11-
16.

Haake DA, Levett PN. Leptospirosis in humans. Curr Top Microbiol Im-
munol 2015;387:65-97.

Haider N, Rothman-Ostrow P, Osman AY et al. COVID-19-zoonosis or
emerging infectious disease?. Front Public Health 2020;8:596944.

Holgersson J, Ceric A, Sethi N et al. Fever therapy in febrile adults:
systematic review with meta-analyses and trial sequential anal-
yses. BMJ 2022;378:€069620.

John K, Kazwala R, Mfinanga GS. Knowledge of causes, clinical fea-
tures and diagnosis of common zoonoses among medical practi-
tioners in Tanzania. BMC Infect Dis 2008;8:162.

Jones BA, Grace D, Kock R et al. Zoonosis emergence linked to agri-
cultural intensification and environmental change. P Natl Acad Sci
USA 2013;110:8399-404.

Keesing F, Ostfeld RS. Impacts of biodiversity and biodiversity loss
on zoonotic diseases. P Natl Acad Sci USA 2021;118:€2023540118.

Khirikoekkong N, Asarath SA, Munruchaitrakun M et al. Fever
and health-seeking behaviour among migrants living along the
Thai-Myanmar border: a mixed-methods study. BMC Infect Dis
2023;23:501.



10 | Pathogens and Disease, 2024, Vol. 82

Kullberg RFJ, Wiersinga WJ. Good bug, bad bug: what is influencing
the fever response during infection?. Am J Respir Crit Care Med
2023;207:967-9.

Leal Filho W, Ternova L, Parasnis SA et al. Climate Change and
zoonoses: a review of concepts, definitions, and bibliometrics. Int
J Environ Res Public Health 2022;19:893.

Le-Viet N, Le VN, Chung H et al. Prospective case-control analysis of
the aetiologies of acute undifferentiated fever in Vietnam. Emerg
Microbes Infect 2019;8:339-52.

Lim JY, Yoon J, Hovde CJ. A brief overview of Escherichia coli 0157:H7
and its plasmid O157.] Microbiol Biotechnol 2010;20:5-14.

Lokida D, Hadi U, Lau CY et al. Underdiagnoses of rickettsia in pa-
tients hospitalized with acute fever in Indonesia: observational
study results. BMC Infect Dis 2020;20:364.

Mackenzie JS, Jeggo M. The one health approach-why is it so impor-
tant?. TropicalMed 2019;4:88.

Meurens F, Dunoyer C, Fourichon C et al. Animal board invited re-
view: risks of zoonotic disease emergence at the interface of
wildlife and livestock systems. Animal 2021;15:100241.

Mgrch K, Manoharan A, Chandy S et al. Acute undifferentiated fever
in India: a multicentre study of aetiology and diagnostic accuracy.
BMC Infect Dis 2017;17:665.

Mgrch K, Manoharan A, Chandy S et al. Clinical features and risk fac-
tors for death in acute undifferentiated fever: a prospective ob-
servational study in rural community hospitals in six states of
India. Trans R Soc Trop Med Hyg 2023;117:91-101.

Nadjm B, Mtove G, Amos B et al. Severe febrileillness in adult hospital
admissions in Tanzania: a prospective study in an area of high
malaria transmission. Trans R Soc Trop Med Hyg 2012;106:688-95.

Nayak D. Influenza virus infections. Reference Module in Biomedical Sci-
ences 2014, https://doi.org/10.1016/B978-0-12-801238-3.00084-2,
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7173425/.

Ouédraogo M, Kangoye DT, Samadoulougou S et al. Malaria case fa-
tality rate among children under five in Burkina Faso: an assess-
ment of the spatiotemporal trends following the implementation
of control programs. Int J Environ Res Public Health 2020;17:1840.

Ovtcharenko N, Oczkowski S. In hospitalized adults with fever, fever
therapy does not reduce mortality or serious adverse events. Ann
Intern Med 2022;175:JC127.

Quarleri], Galvan V, Delpino MV. Henipaviruses: an expanding global
public health concern?. GeroScience 2022;44:2447-59.

Raab M, Pfadenhauer LM, Doumbouya D et al. Clinical presenta-
tions, diagnostics, treatments and treatment costs of children
and adults with febrile illness in a tertiary referral hospital in
south-eastern Guinea: a retrospective longitudinal cohort study.
PLoS One 2022;17:€0262084.

Ramos C. Los hantavirus causantes de la fiebre hemorragica con sin-
drome renal y del sindrome pulmonar. [The hantaviruses caus-

ing hemorrhagic fever with renal syndrome and pulmonary syn-
drome]. Salud Publica Méx 2008;50:334-40.

Rao PN, van Eijk AM, Choubey S et al. Dengue, chikungunya, and
scrub typhus are important etiologies of non-malarial febrile ill-
ness in Rourkela, Odisha, India. BMC Infect Dis 2019;19:572.

Saddique A, Ali S, Akhter S et al. Acute febrile illness caused by bru-
cella abortus infection in humans in Pakistan. Int ] Environ Res Public
Health 2019;16:4071.

Shepherd JG, Davis C, Streicker DG et al. Emerging rhabdoviruses and
Human infection. Biology 2023;12:878.

Shiferaw ML, Doty JB, Maghlakelidze G et al. Frameworks for prevent-
ing, detecting, and controlling zoonotic diseases. Emerg Infect Dis
2017;23:571-6.

Shrestha P, Dahal P, Ogbonnaa-Njoku C et al. Non-malarial febrile

illness: a systematic review of published aetiological studies and
case reports from Southern Asia and South-eastern Asia, 1980-

2015. BMC Med 2020;18:299.

Shrestha P, Roberts T, Homsana A et al. Febrile illness in Asia: gaps
in epidemiology, diagnosis and management for informing health
policy. Clin Microbiol Infect 2018;24:815-26.

Susilawati TN, McBride WJ. Undiagnosed undifferentiated fever in
Far North Queensland, Australia: a retrospective study. Interna-
tional journal of infectious diseases : [JID : official publication of
the International Society for Infectious Diseases. Int J Infect Dis
2014;27:59-64.

Trott DJ, Abraham S, Adler B. Antimicrobial resistance in Leptospira,
Brucella, and other rarely investigated veterinary and zoonotic
pathogens. Microbiol Spectr 2018;6. https://doi.org/10.1128/microb
iolspec.ARBA-0029-2017.

Vanderschueren S, Knockaert D, Adriaenssens T et al. From pro-
longed febrile illness to fever of unknown origin: the challenge
continues. Arch Intern Med 2003;163:1033-41.

Villarroel S, M. P, Gumpangseth N et al. Emerging and re-emerging
zoonotic viral diseases in Southeast Asia: one health challenge.
Front Public Health 2023;11:1141483.

Wainaina M, Vey da Silva DA, Dohoo I et al. A systematic review and
meta-analysis of the aetiological agents of non-malarial febrile
illnesses in Africa. PLoS Negl Trop Dis 2022;16:€0010144.

Wangdi K, Kasturiaratchi K, Nery SV et al. Diversity of infectious ae-
tiologies of acute undifferentiated febrile illnesses in south and
Southeast Asia: a systematic review. BMC Infect Dis 2019;19:577.

Wiemer D, Frickmann H, Kriiger A. Denguefieber : klinik, epidemi-
ologie, entomologie, erregerdiagnostik und Pravention. [Dengue
fever : symptoms, epidemiology, entomology, pathogen diagnosis
and prevention.]. Hautarzt 2017;68:1011-20.

Yuhana MY, Hanboonkunupakarn B, Tanganuchitcharnchai A et al.
Rickettsial infections are neglected causes of acute febrile illness
in Teluk Intan, peninsular Malaysia. TropicalMed 2022;7:77.

Received 10 January 2024; revised 6 March 2024; accepted 12 April 2024

© The Author(s) 2024. Published by Oxford University Press on behalf of FEMS. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original

work is properly cited.


https://doi.org/10.1016/B978-0-12-801238-3.00084-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7173425/
https://doi.org/10.1128/microbiolspec.ARBA-0029-2017
https://creativecommons.org/licenses/by/4.0/

	Acute undifferentiated febrile illness (AUFI)
	Conclusion
	Ethics declarations
	Consent for publication
	Availability of data and materials
	Author contributions
	Funding
	References

