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a b s t r a c t 

Background: Fever of unknown origin (FUO) in developing countries is an important dilemma and further research 

is needed to elucidate the infectious causes of FUO. 

Methods: A multi-center study for infectious causes of FUO in lower middle-income countries (LMIC) and low- 

income countries (LIC) was conducted between January 1, 2018 and January 1, 2023. In total, 15 participating 

centers from seven different countries provided the data, which were collected through the Infectious Diseases- 

International Research Initiative platform. Only adult patients with confirmed infection as the cause of FUO were 

included in the study. The severity parameters were quick Sequential Organ Failure Assessment (qSOFA) ≥ 2, 

intensive care unit (ICU) admission, vasopressor use, and invasive mechanical ventilation (IMV). 

Results: A total of 160 patients with infectious FUO were included in the study. Overall, 148 (92.5%) patients 

had community-acquired infections and 12 (7.5%) had hospital-acquired infections. The most common infec- 
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tious syndromes were tuberculos  

13.1%), brucellosis ( n = 15, 9.4%)  

losis , Brucellae, Staphylococcus au  

study. A total of 56 (35.0%) cases  

{median (interquartile range [IQ  

and IMV ( n = 10, 6.3%) were not  

The mortality rate was 15 (9.4%)  

patients. 

Conclusions: In LMIC and LIC, tub  

causing FUO. 

I

 

a  

t  

t  

i  

d  

o  

a  

i  

e  

i  

a  

t  

l  

f

T  

i  

t  

t  

e

 

a  

l  

t  

d

M

D

 

3  

(  

t  

w  

i  

m  

d  

w

I

 

(  

o

 

1  

p

D

 

I  

i  

t  

w  

i  

J  

d

r  

s

S

 

t  

n

–  

f  

A  

3  

4

S

 

t  

s  

m  

m  

[  

a

R

 

p  

E  

i  

(  

y  

d  

7  

a

ntroduction 

Fever of unknown origin (FUO) is a major clinical problem

nd refers to patients who continue to have fever with no iden-

ified source despite intensive clinical and diagnostic evalua-

ions. The common causes of FUO can be infectious or non-

nfectious, such as neoplasms, collagen vascular disorders, un-

iagnosed, and miscellaneous disease groups.[ 1 ] Compared with

ther causes of FUO, infections can be treated and resolved if di-

gnosed accurately and promptly. In a systematic review cover-

ng January 1, 1997 to March 31, 2021, FUO patients in South-

ast Asia were more likely to have an infection, stressing the

mportance of changing epidemiology in different geographical

reas.[ 2 ] Conversely, in a recent international FUO study, al-

hough there were significantly more reports of collagen vascu-

ar disorders from richer countries, there was no significant dif-

erence in the context of infection based on economic statuses.[ 3 ] 

here have been multiple studies of FUO globally, but only lim-

ted data are available from developing countries.[ 4 , 5 ] In addi-

ion, the severity of FUO patients with infections in these coun-

ries is a matter of debate and, to our knowledge, no robust data

xist in the literature. 

Therefore, it is important to evaluate the etiology, severity,

nd diagnostic difficulties of FUO originating from infections in

ower middle-income countries (LMIC) and low-income coun-

ries (LIC). Thus, we analyzed the infectious causes of FUO in

eveloping countries in this international study. 

ethods 

efinitions 

FUO was defined as follows: (1) febrile illness of more than

 weeks; (2) fever higher than 38.3 °C on several occasions; and

3) absence of diagnosis after 3 inpatient days or three outpa-

ient visits to a physician. A critical infection was defined as

hen a patient had one of the following parameters: qSOFA ≥ 2,

ntensive care unit (ICU) admission, use of inotropes, or invasive

echanical ventilation (IMV). Sequel was defined as persisting

amage related to infection when the antimicrobial treatment

as finalized. 

nclusion and exclusion criteria 

The inclusion criteria were the following: (1) adult patients;

2) patients ultimately proven to have an infection as the reason

f FUO; and (3) patients followed in centers in LMIC or LIC. 
95
is (TB) ( n = 27, 16.9%), infective endocarditis ( n = 25, 15.6%), malaria ( n = 21,

, and typhoid fever ( n = 9, 5.6%). Plasmodium falciparum, Mycobacterium tubercu-

reus, Salmonella typhi , and Rickettsiae were the leading infectious agents in this

 had invasive procedures for diagnosis. The mean qSOFA score was 0.76 ± 0.94

R]): 0 (0–1)}. ICU admission ( n = 26, 16.2%), vasopressor use ( n = 14, 8.8%),

rare. Overall, 38 (23.8%) patients had at least one of the severity parameters.

, and the mortality was attributable to the infection causing FUO in 12 (7.5%)

erculosis and cardiac infections were the most severe and the leading infections

The exclusion criteria were the following: (1) patients ≤

5 years of age; (2) non-infectious causes of FUO; and (3) FUO

atients without a diagnosis. 

ata collection and participants 

This study was performed through the Infectious Diseases-

nternational Research Initiative (ID-IRI) platform ( https://

nfectdisiri.com/ ). Demographic parameters, clinical presenta-

ion, laboratory results, and clinical outcomes of the patients

ere retrospectively obtained from hospitals’ electronic med-

cal records. Patients followed between January 1, 2018 and

anuary 1, 2023 were included in the study. Checking of the

atabases of this study and the previous ID-IRI FUO study[ 3 ] 

evealed that there were only five patients submitted to both

tudies by the participant centers. 

tratification of the economic status 

According to the World Bank Atlas method, developing coun-

ries in the world are divided into two groups[ 6 ] : “LIC ” – gross

ational income (GNI) per capita of ≤ US$ 1085, and “LMIC ”

GNI per capita between US$ 1086 and US$ 4255. Centers

rom the following countries were included in this research:

fghanistan (current GNI per capita: US$ 368), Egypt (US$

698), Ghana (US$ 2363), Honduras (US$ 2771), Iran (US$

091), Pakistan (US$ 1505), and Tunisia (US$ 3807). 

tatistical analysis 

Descriptive statistical analysis was performed to describe

he characteristics and outcome of the included patients. Mea-

ured data with a normal distribution were expressed as

ean ± standard deviation, and data not conforming to a nor-

al distribution were expressed as median (interquartile range

IQR]). Numerical data were expressed as numbers (percent-

ge). 

esults 

Fifteen participating centers from seven different countries

rovided the following patient numbers: Afghanistan, ( n = 10),

gypt ( n = 53), Ghana ( n = 5), Honduras ( n = 4), Iran ( n = 8); Pak-

stan ( n = 25), and Tunisia ( n = 55). Of the 160 total patients, 65

40.6%) were female. The median age was 42 (IQR: 30–55)

ears. The median length of hospital stay was 14 (IQR: 8–22)

ays. The median duration of diagnosis after hospitalization was

 (IQR: 2–32) days. The descriptive clinical data of the patients

re presented in Table 1 . 

https://infectdisiri.com/
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Table 1 

Overall characteristics of the included 160 patients with FUO. 

Characteristics Values 

Demographics 

Female 65 (40.6) 

Age (years), median (IQR) 42 (30–55) 

Length of hospital stay (days), median (IQR) 14 (8–22) 

Source of infection 

Community-acquired 148 (92.5) 

Hospital-acquired 12 (7.5) 

Major infections causing FUO 

Zoonotic infections 32 (20) 

Vector-borne diseases 33 (20) 

Cardiac infections 31 (19.4) 

TB 27 (16.9) 

Respiratory tract infections 12 (7.5) 

Abscess 7 (4.4) 

Invasive diagnostic testing 

Lumbar puncture 24 (15) 

Biopsy 21 (13.1) 

Bronchoscopy 6 (3.7) 

Gastroscopy 4 (2.5) 

Peritoneal fluid aspiration 2 (1.2) 

Colonoscopy 1 (0.6) 

Bone marrow biopsy 1 (0.6) 

Outcome 

Discharged with cure 109 (68.1) 

Discharged with sequential therapy 10 (6.2) 

Discharged with sequelae 20 (12.5) 

Transferred to other hospitals 6 (3.7) 

Mortality 15 (9.4) 

Characteristics 

Severity of the illness on admission: qSOFA 0.76 ± 0.94 

Laboratory data 

WBC (cells/mm3 ) 9854.07 ± 12,430.49 

CRP (mg/dL) 74.54 ± 75.55 

Procalcitonin (μg/L) 0.57 ± 0.45 

ESR (mm/h) 71.29 ± 67.93 

Data are expressed as n (%), median (IQR) or mean ± standard deviation. 

CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; FUO: Fever of un- 

known origin; IQR: Interquartile range; qSOFA: Quick Sequential Organ Failure 

Assessment; TB: Tuberculosis; WBC: White blood cell. 
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Figure 1. The most common infectious causes of FUO among the 160 total cases 

included in the study. FUO: fever of unknown origin. 
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ource of infection 

The FUO was attributed to community-acquired infections

n 148 (92.5%) of the patients and hospital-acquired infections

n 12 (7.5%) patients. The hospital-acquired infections com-

rised infective endocarditis ( n = 4), pacemaker (PM) endocardi-

is ( n = 2), typhlitis ( n = 2), human herpesvirus 6 (HHV6) en-

ephalitis ( n = 1), liver abscess ( n = 1), renal abscess ( n = 1), and

ulmonary aspergillosis ( n = 1). 

nfections causing FUO 

The most common infectious syndromes were tuberculo-

is (TB) ( n = 27, 16.9%), infective endocarditis ( n = 25, 15.6%),

alaria ( n = 21, 13.1%), brucellosis ( n = 15, 9.4%), and typhoid

ever ( n = 9, 5.6%) ( Figure 1 ). In patients comprised in the im-

unological compromise subgroup ( n = 23, 14.4%) (neutrope-

ia, malignancy, human immunodeficiency virus [HIV], steroid

se), TB ( n = 5, 21.7%), pulmonary aspergillosis ( n = 3, 13.0%),

alaria ( n = 3, 13.0%), typhlitis ( n = 2, 8.7%), and infective endo-

arditis ( n = 2, 8.7%) were the common causes. The distribution

f infections causing FUO is presented in Table 2 . 

eographical distributions of the patients 

A large percentage of patients were from Egypt and Tunisia

 n = 108, 67.5%). The leading FUO diagnoses in these two coun-
96
ries were TB of all types ( n = 13, 12.0%), brucellosis ( n = 12,

1.1%), native valve endocarditis ( n = 23, 21.3%), and malaria of

ll types ( n = 19, 17.6%). Accordingly, in the rest of the countries

 n = 52, 32.5%), TB of all types ( n = 13, 25.0%), brucellosis ( n = 6,

1.5%), native valve endocarditis ( n = 3, 5.8%), and malaria of

ll types ( n = 3, 5.8%) were the leading infections causing FUO. 

omorbid conditions 

Overall, 86 (53.8%) patients had at least one comorbid

ondition. These included diabetes mellitus ( n = 37), cardio-

ascular diseases ( n = 32), neutropenia ( n = 13), organ malig-

ancy ( n = 13), chronic renal failure ( n = 9), immune suppres-

ion ( n = 8), HIV/acquired immunodeficiency syndrome (AIDS)

 n = 7), chronic respiratory diseases ( n = 6), systemic lupus ery-

hematosus ( n = 2), cerebrovascular disease ( n = 1), major de-

ression ( n = 1), schizophrenia ( n = 1), allergic rhinitis ( n = 1),

pondylodiscitis ( n = 1), non-Hodgkin’s lymphoma ( n = 1), deep

ein thrombosis ( n = 1), polycystic kidney disease ( n = 1), and hy-

othyroidism ( n = 1). 

nflammatory markers on admission 

The means of white blood cell (WBC) count ( n = 155),

-reactive protein (CRP; n = 150), procalcitonin ( n = 34),

nd erythrocyte sedimentation rate (ESR; n = 120) were

854.07 ± 12,430.49 cells/mm3 , 74.54 ± 75.55 mg/dL,

.57 ± 0.45 μg/L, and 71.29 ± 67.93 mm/h, respectively. 

icrobiological diagnosis 

Microbiological tests disclosed infecting pathogens in 129

80.6%) patients. Various microbiological tests were used in

he cases in this study, including blood culture ( n = 137, 85.6%),

rine culture ( n = 104, 65.0%), cerebrospinal fluid culture ( n = 24,

5.0%), sterile body fluids culture ( n = 21, 13.1%), viral poly-

erase chain reaction (PCR) panel ( n = 100, 62.5%), stool cul-

ure ( n = 27, 16.9%), and other tests ( n = 45, 28.1%). The positiv-

ty rates of the microbiological tests were as follows: blood cul-

ures ( n = 39, 28.5%), urine culture ( n = 7, 6.7%), cerebrospinal

uid culture ( n = 3, 12.5%), sterile body fluids culture ( n = 5,

3.8%), viral PCR panel ( n = 15, 15.0%), stool culture ( n = 4,
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Table 2 

The distribution of infections causing FUO. 

Infection Number of patients Percentage (%) 

Zoonotic infections 32 20.0 

Brucellosis 15 9.4 

Typhoid fever 9 5.6 

Q-fever 3 1.9 

Toxoplasmosis 2 1.2 

Visceral toxocariasis 2 1.2 

Vector-borne diseases 32 20.0 

Malaria 21 13.1 

Rickettsiosis 7 4.4 

Visceral leishmaniasis 3 1.9 

West Nile fever 1 0.6 

Cardiac infections 31 19.4 

Infective endocarditis 25 15.6 

Prosthetic valve endocarditis 2 1.2 

PM endocarditis 2 1.2 

Acute pericarditis 1 0.6 

Myocarditis 1 0.6 

TB 27 16.9 

Pulmonary TB 9 5.6 

Tuberculous lymphadenitis 7 4.4 

Tuberculous meningitis 5 3.1 

Disseminated TB 3 1.9 

Hepatic TB 2 1.2 

Psoas abscess 1 0.6 

Respiratory tract infections 12 7.5 

Pneumonia 6 3.8 

Aspergillosis 3 1.9 

Sinusitis 2 1.2 

P. jirovecii pneumonia 1 0.6 

Abscess 7 4.4 

Liver abscess 4 2.5 

Pelvic abscess 1 0.6 

Renal abscess 1 0.6 

Amebic liver abscess 1 0.6 

Major viral syndromes 4 2.5 

Cytomegalovirus infection 3 1.9 

SARS-CoV-2 (variant strain) 1 0.6 

Urinary tract infections 4 2.5 

Pyelonephritis 2 1.2 

Urinary tract infection 2 1.2 

Intra-abdominal infection 3 1.9 

Typhlitis 2 1.2 

Abdominal infection (gastric leak) 1 0.6 

Central nervous system infection 2 1.2 

HHV6 encephalitis 1 0.6 

Meningitis 1 0.6 

Others 6 3.8 

Sepsis of unidentified origin 2 1.2 

Spondylodiscitis 2 1.2 

Chronic lymphadenitis 1 0.6 

Periodontitis 1 0.6 

FUO: Fever of unknown origin; HHV6: Human herpesvirus 6; P. jirovecii : Pneu- 

mocystis jirovecii ; PM: Pacemaker; SARS-CoV-2: Severe acute respiratory syn- 

drome coronavirus 2; TB: Tuberculosis. 
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Table 3 

Microbiologically identified pathogens. 

Pathogens Culture Serology 

Molecular 

tests 

Direct 

smear/ 

staining 

Fungi 

Aspergillus spp. ( n = 2) 2 2 

Candida albicans ( n = 1) 1 

Pneumocystis jirovecii ( n = 1) 1 

Viruses 

Cytomegalovirus ( n = 3) 3 1 

West Nile Virus ( n = 1) 1 

SARS-CoV-2 ( n = 1) 1 

Herpes Virus Type-6 ( n = 1) 1 

Bacteria 

Brucellae ( n = 17) 17 

Mycobacterium tuberculosis ( n = 17) 5 4 7 6 

Rickettsia spp. ( n = 7) 6 

Coxiella burnetii ( n = 3) 3 

Escherichia coli ( n = 6) 6 

Enterobacter cloacae ( n = 1) 1 

Enterococcus faecalis ( n = 5) 5 

Klebsiella pneumoniae ( n = 5) 5 

Klebsiella oxytoca ( n = 1) 1 

Staphylococcus aureus ( n = 9) 9 

Staphylococcus epidermidis ( n = 1) 1 

Streptococcus pneumoniae ( n = 2) 1 1 

Staphylococcus saprophyticus 

( n = 1) 

1 

Streptococcus viridans ( n = 4) 4 

Salmonella typhi ( n = 9) 6 3 

Serratia marcescens ( n = 1) 1 

Parasites 

Plasmodium falciparum ( n = 18) 15 11 

Plasmodium vivax ( n = 3) 1 2 

Plasmodium , untyped ( n = 1) 1 

Entamoeba histolytica ( n = 1) 1 

Leishmania spp. ( n = 3) 3 

Toxoplasma gondii ( n = 3) 3 

Toxacara spp. ( n = 2) 2 

SARS-CoV-2: Severe acute respiratory syndrome Coronavirus 2. 
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4.8%), serology ( n = 56, 35%), and other tests ( n = 31, 19.4%)

 Table 3 ). 

adiological diagnosis 

Computerized tomography (CT; n = 53, 33.1%), ultrasonogra-

hy (USG; n = 34, 21.2%), transthoracic echocardiogram (TTE;

 = 34, 21.3%), transesophageal echocardiogram (TEE; n = 25,

5.6%), magnetic resonance imaging (MRI; n = 14, 8.8%),

ositron emission tomography (PET-CT; n = 2, 1.3%), and

cintigraphy ( n = 1, 0.6%) were employed for radiological diag-

oses. In 66 (41.3%) patients, none of these radiological tests

ere applied. 
97
nvasive diagnostic testing 

Overall, 56 (35.0%) patients had an invasive diagnostic pro-

edure. These procedures included lumbar puncture ( n = 24,

5.0%), biopsy ( n = 21, 13.1%), bronchoscopy ( n = 6, 3.8%), gas-

roscopy ( n = 4, 2.5%), peritoneal fluid aspiration ( n = 2, 1.3%),

olonoscopy ( n = 1, 0.6%), and other invasive procedures ( n = 6,

.7%, which comprised abscess drainage [ n = 4, 2.5%], abdom-

nal exploration [ n = 1, 0.6%], and bone marrow biopsy [ n = 1,

.6%]). 

everity of the illness on admission 

A total of 38 (23.7%) patients had at least one of the sever-

ty parameters (qSOFA ≥ 2, ICU admission, vasopressor use, or

MV) ( Table 4 ). The mean qSOFA score was 0.76 ± 0.94 (me-

ian [IQR]: 0 [0–1]), and the numbers of patients requiring ICU

dmission, vasopressor use, and/or IMV were 26 (16.3%), 14

8.8%), and 10 (6.3%), respectively. 

utcomes 

Of the 160 patients included in the study, 109 were dis-

harged with a cure (68.1%). 

Ten patients (6.2%) were discharged with sequential ther-

py, and the dominant infection in this group was TB (5 [3.1%]
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Table 4 

Critical status of the patients. 

Item qSOFA > 2 ICU admission Inotrope use IMV Overall∗ 

Infective endocarditis ( n = 25) 14 (56.0) 10 (40.0) 11 (44.0) 7 (28.0) 15 (60.0) 

P. falciparum malaria ( n = 21) 5 (24.8) 6 (28.6) 0 0 6 (28.6) 

Brucellosis ( n = 15) 2 (13.3) 1 (6.7) 0 0 2 (13.3) 

Pulmonary TB ( n = 9) 2 (22.2) 1 (11.1) 0 0 2 (22.2) 

Abdominal infection ( n = 3) 1 (33.3) 2 (66.7) 1 (33.3) 1 (33.3) 2 (66.7) 

Pneumonia ( n = 6) 2 (33.3) 1 (33.3) 0 1 (33.3) 2 (66.7) 

TB meningitis ( n = 5) 5 (100) 4 (80.0) 0 0 5 (100) 

Liver abscess ( n = 4) 0 1 (25.0) 1 (25.0) 1 (25.0) 1 (25.0) 

Disseminated TB ( n = 3) 1 (33.3) 0 0 0 1 (33.3) 

Sepsis, unidentified ( n = 2) 1 (50.0) 0 0 0 1 (50.0) 

PM endocarditis ( n = 2) 0 0 1 (50.0) 0 1 (50.0) 

TB, all forms ( n = 27) 9 (33.3) 5 (18.5) 0 0 8 (29.6) 

Total ( n = 160) 33 (20.6) 26 (16.2) 14 (8.7) 10 (6.2) 38 (23.7) 

Data are expressed as n (%). 
∗ Positive for one of the critical status parameters (qSOFA > 2, ICU admission, inotrope use, or IMV). 

ICU: Intensive care unit; IMV: Invasive mechanical ventilation; P. falciparum : Plasmodium falciparum ; PM: Pacemaker; qSOFA: Quick Sequential Organ Failure 

Assessment; TB: Tuberculosis. 
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atients), comprising pulmonary TB ( n = 2, one with HIV), lymph

ode TB ( n = 2), and tuberculous psoas abscess ( n = 1). The

ther infections included liver abscess ( n = 1), brucellosis ( n = 1),

hronic lymphadenitis ( n = 1), infective endocarditis ( n = 1), and

rosthetic valve endocarditis ( n = 1). 

There were 20 patients (12.5%) discharged with seque-

ae. The dominant infection in this group was TB ( n = 7,

.4%). The total infections in this group comprised infec-

ive endocarditis ( n = 6), tuberculous meningitis ( n = 5), tox-

plasmosis ( n = 2), disseminated TB ( n = 1), pulmonary TB

 n = 1), amebic liver abscess ( n = 1), brucellosis ( n = 1), en-

ephalitis ( n = 1), falciparum malaria ( n = 1), and pneumonia

 n = 1). 

Six patients (3.8%) were transferred to other hospitals. The

ost common infectious syndromes resulting in transfer to other

ospitals were cardiac infections ( n = 3, 1.9%). Overall, the in-

ectious syndromes present in the transferred patients were in-

ective endocarditis ( n = 1), myocarditis ( n = 1), prosthetic valve

ndocarditis ( n = 1), sepsis of unidentified origin ( n = 1), brucel-

osis ( n = 1), and pelvic abscess ( n = 1). 

Fifteen patients in the study died, equating to a mortality rate

f 9.4%. Death was attributable to the infection causing FUO in

2 (7.5%) patients, and the leading infectious syndromes were

ardiac infections ( n = 7). Overall, the infectious syndromes lead-

ng to death comprised infective endocarditis ( n = 6), pulmonary

B ( n = 2), PM endocarditis ( n = 1), liver abscess ( n = 1), pneumo-

ia ( n = 1), and sepsis of unidentified origin ( n = 1). 

iscussion 

In this study, we evaluated infectious causes of FUO in LMIC

nd LIC. The most common infectious syndrome was TB in one-

ixth of the patients, followed by infective endocarditis, malaria,

rucellosis, and typhoid fever in descending order. Plasmodium

alciparum, Mycobacterium tuberculosis , Brucellae, Staphylococcus

ureus, Salmonella typhi , and Rickettsiae were the dominant in-

ectious agents causing FUO. In addition, the most severe in-

ection was TB, particularly TB meningitis, followed by infec-

ive endocarditis and falciparum malaria. Two-third of the in-

ectious FUO patients were relatively stable and were catego-

ized as non-critical. One-tenth of the patients died, with an at-
98
ributable mortality of 7.5%, which was predominantly related

o cardiac infections. 

It is unsurprising that TB was the leading infectious etiol-

gy among patients with FUO. Previous studies showed that TB

as the most common cause of FUO, particularly in developing

ountries.[ 1–3 , 7–9 ] Furthermore, TB can have a long presentation

efore an actual diagnosis is reached. Protean manifestations are

specially common with extrapulmonary disease or when the

isease occurs in individuals with underlying pulmonary or im-

unosuppressive conditions. Indeed, two-thirds of the patients

ith TB in this study had an extrapulmonary disease like lym-

hadenitis, meningitis, disseminated disease, liver involvement,

nd psoas abscess in descending order. Relatively low diagnostic

ensitivity is another contributing factor for delayed TB diagno-

is. Thus, a combination of diagnostic tests, such as TB culture

Lowenstein Jensen media), automated TB cultures, Ehrlich–

iehl–Neelsen staining, interferon-gamma release assay, adeno-

ine deaminase (ADA), and PCR, is needed to establish diagnosis

s early as possible.[ 10 , 11 ] Although the number of patients with

IV in our study is low, it is important to note that TB was the

eported cause of FUO in approximately half of the cases in this

ubset in one study.[ 7 ] 

The second most common infectious cause of FUO in this

tudy was infective endocarditis. Endocarditis is a multisystem

isorder with numerous complications and a high mortality

ate.[ 12 ] It is one of the most common causes of FUO across

ultiple geographic locations,[ 13 ] and constituted 7.5% of cases,

ith variability in different regions, such as 4.5% in the Western

acific region and 14% in the Eastern Mediterranean region.[ 2 ] 

ndocarditis has particular importance in FUO given that a pro-

ortion of cases are culture-negative and additional tests such as

n echocardiogram may be needed for diagnosis. However, the

ore sensitive modality is TEE, which might not be available in

MIC or LIC. 

According to our data, zoonotic and vector-borne infections

onstituted 20% each as the etiologies of FUO. The leading

nfectious syndromes were malaria, brucellosis, typhoid fever,

nd rickettsiosis. In a study from Tanzania, dengue, malaria,

ickettsiosis, brucellosis, and salmonellosis were the most com-

on etiologies,[ 14 ] whereas malaria accounted for 7% of cases

f FUO.[ 14 , 15 ] These diagnoses are of particular importance
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n LMIC and LIC are based on the local epidemiology, and

lso should be considered in travelers returning from these

egions.[ 16 ] 

In this study, 7.5% of the patients had hospital-acquired in-

ections – mostly cardiac infections – as the causes of FUO. This

s an important consideration when evaluating hospitalized pa-

ients with FUO. In an FUO study analyzing hospitalized pa-

ients, there was an increased risk for sinusitis, which was the

ole cause of FUO in 16.2% of the cases, and the contributing

actor in 13.8% of the cases.[ 17 ] 

Different radiographic and laboratory tests are needed for

efinitive diagnosis of patients with FUO. Although advanced

adiological imaging is central to FUO diagnosis, advanced

maging techniques like CT, USG, TTE, TEE, MRI, PET-CT,

nd scintigraphy were not applied to 41% of the patients in

his study, indicating the limited resources of the countries in-

olved. However, various invasive diagnostic procedures were

mployed, with 35% of the patients undergoing lumbar punc-

ure, tissue biopsy followed by bronchoscopy, gastroscopy, peri-

oneal fluid aspiration, colonoscopy, abscess drainage, abdom-

nal exploration, or bone marrow biopsy. Some updated guide-

ines indicated that appropriate lymph node and liver biop-

ies would provide added value in the appropriate patients.[ 18 ] 

ne study reported the benefit of ESR, CRP, MRI, bone scan,

nd echocardiography for the diagnosis of FUO.[ 19 ] In our

tudy, the mean levels of CRP, procalcitonin, and ESR were

4.54 ± 75.55 mg/dL, 0.57 ± 0.45 μg/L, and 71.29 ± 67.93 mm/h,

espectively. As a general understanding, the levels of CRP

ere thought to be specific for patients with infectious etiol-

gy. However, one prospective study showed no associations

etween CRP level and the category of FUO, and the util-

ty of procalcitonin levels in determining the FUO category

ould not be established.[ 20 ] An international study showed

hat inflammatory markers were homogeneous among FUO

ategories, but for the group without a confirmed diagnosis

nly.[ 3 ] 

The attributed mortality of infectious causes of FUO in this

tudy was 7.5%. Previous studies have reported varied mortal-

ty rates that ranged from 2% to 35%.[ 21–24 ] The difference in

he mortality rates among various FUO studies is likely to be re-

ated to differences in underlying comorbid conditions and the

ltimate diagnosis of FUO. The availability of effective antimi-

robial agents is of paramount importance for the therapeutic

uccess of FUO-related infections in LMIC and LIC. 

This study is an important addition to understanding in-

ectious causes of FUO in LMIC and LIC. A strength of the

tudy is the inclusion of infectious FUO patients followed over

 years in different countries. However, there are a few lim-

tations to this study. One limitation is the retrospective na-

ure of the study, which means the analyses and conclusions

re dependent on data extracted from the available medical

ecords rather than employing a systematic prospective ap-

roach to data collection. The descriptive nature of the study

lso makes it difficult to establish a firm hypothesis for testing

r comparing it to another group. Second, although the study

nvolved multiple institutes from different countries, the diag-

ostic capabilities of these institutions are variable. Third, the

eported mortality rate might have been affected by the un-

vailability of required antimicrobial medications in different

articipating institutions in different developing countries. A
99
ourth limitation of the study is that a large percentage of pa-

ients were from Egypt and Tunisia, which may have resulted

n an imbalance; however, the predominant infectious syn-

romes in the other countries were similar to those of Egypt and

unisia. 

In conclusion, although the epidemiology of FUO appears to

iffer in different geographical areas, TB and cardiac infections

re the most severe infections and the leading infectious diag-

oses causing FUO. 
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