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Abstract

Background Despite advancements in diagnostic technology, pyrexia of unknown origin (PUO) remains a clinical
concern. Insufficient information is available regarding the cost of care for the management of PUQ in the South
Asian Region.

Methods We retrospectively analyzed data of patients with PUO from a tertiary care hospital in Sri Lanka to
determine the clinical course of PUO and the burden of the cost incurred in the treatment of PUO patients. Non-
parametric tests were used for statistical calculations.

Results A total of 100 patients with PUO were selected for the present study. The majority were males (n=55;
55.0%). The mean ages of male and female patients were 49.65 (SD: 15.55) and 46.87 (SD: 16.19) years, respectively.
In the majority, a final diagnosis had been made (n=65; 65%). The mean number of days of hospital stay was 15.16
(SD; 7.81). The mean of the total number of fever days among PUO patients was 44.47 (SD: 37.66). Out of 65 patients
whose aetiology was determined, the majority were diagnosed with an infection (n=47; 72.31%) followed by non-
infectious inflammatory disease (n=13; 20.0%) and malignancies (n=5; 7.7%). Extrapulmonary tuberculosis was

the most common infection detected (n=15; 31.9%). Antibiotics had been prescribed for the majority of the PUO
patients (n=90; 90%). The mean direct cost of care per PUO patient was USD 467.79 (SD: 202.81). The mean costs
of medications & equipment and, investigations per PUO patient were USD 45.33 (SD: 40.13) and USD 230.26 (SD:
114.68) respectively. The cost of investigations made up 49.31% of the direct cost of care per patient.

Conclusion Infections, mainly extrapulmonary tuberculosis was the most common cause of PUO while a third of
patients remained undiagnosed despite a lengthy hospital stay. PUO leads to high antibiotic usage, indicating the
need for proper guidelines for the management of PUO patients in Sri Lanka. The mean direct cost of care per PUO
patient was USD 467.79. The cost of investigations contributed mostly to the direct cost of care for the management
of PUQ patients.
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Background

The syndrome of pyrexia of unknown origin (PUO)
comprises a diverse group of medical conditions that
share the common feature of incessant fever regardless
of basic medical interventions [1]. Many causes of PUO
have been described, including infections, non-infectious
inflammatory diseases (NIID), malignancies, and miscel-
laneous [2]. Literature suggests that the relative promi-
nence of each category changes in different geographical
and income settings [3]. Malignancies and NIID are the
leading contributors to PUO in developed countries [3].
In contrast, infections remain the primary cause of PUO
in developing countries. Tuberculosis has been reported
as the commonest infection leading to PUO in economi-
cally challenging locales [4-7]. Incidentally, a substantial
number of PUO patients remain undiagnosed despite
modern advances in diagnostic technologies. The under-
lying aetiology determines the course of PUO. However,
the majority of cases with incomprehensible PUO even-
tually manifest with the sudden cessation of fever [2].

A strenuous analytical approach demanding nonspe-
cific imaging studies and many investigations are required
before the PUO work-up, which can be ineffective or
misleading; due to the vast aetiology. Failures in diagnosis
occur as a result of the lack of proper criteria in investi-
gating cases with PUO [6]. A patient with PUO who has
been admitted to a hospital often stays for a prolonged
period thus increasing the health care cost. A cost-effec-
tive, personalized approach is critical in assesing PUO
patients since, without an astute investigation, inappro-
priate tests might be performed. Many advanced diag-
nostic technologies such as magnetic resonance imaging,
computer tomography, proton-emission tomography,
sonography, and numerous serological tests hold a diag-
nostic value in PUO [8-12]. Blind usage of these tech-
niques with uncertain background information puts an
extra burden on patients with prolonged hospitalization.
Moreover, it increases the cost of health care, highlight-
ing the importance of proper and validated guidelines
for the evaluation and management of PUO. In-depth
cost analyses of PUO management are hardly discussed
in the literature. In the few studies that have been con-
ducted, PUO management costs have been found to be
relatively higher. In a study conducted in Spain, the total
real cost of PUO management per patient, including hos-
pitalization, outpatient consultations, and investigations,
was 11,167 euros [10]. In Washington, the cost of PUO
management per patient has been reported to be much
higher (USD 40,295 per patient) among the paediatric
group [11].

There is a deficit in research all over the world on this
topic, particularly in Sri Lanka. Add to that insufficient
data are available regarding the cost of care of PUO
in the South Asian region. Therefore, we conducted a
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retrospective analysis of patients with PUO from a ter-
tiary care institute in Sri Lanka to describe the nature of
PUO and the burden of the costs incurred in the manage-
ment of PUO patients.

Methods

We conducted a retrospective analysis of the records
of patients who had been diagnosed with classic PUO
between January 2015 and January 2020 at Colombo-
North Teaching Hospital (CNTH), Ragama, the largest
hospital in the Gampaha district with a bed strength of
1500. PUO was defined as prolonged unexplained fever
lasting more than 3 weeks with axillary temperature
exceeding 38.3 °C on several occasions without a diagno-
sis despite three days of inpatient investigation or three
outpatient visits [13]. Patients aged 18 years and above
were included in the present study. Children, less than
18 years of age, patients with neutropaenia, nosocomial
PUO, HIV/AIDS, and on long-term immunosuppressive
therapy were excluded from the study.

Demographic & clinical data collection

Data were extracted from the hospital records archive
including the details of subsequent admissions using a
data extraction sheet and investigation summary chart.
Demographic data included age, gender, and type of
occupation. Moreover, details of the patient’s clinical his-
tory with co-morbidities, duration of the fever, the pat-
tern of fever, grade of fever, usage of medication, usage
of supportive devices & special therapeutic procedures,
details of investigations, duration of hospital stay, and
final diagnosis were collected. Grades of fever by rectal
temperature were defined as described by Ogoina (2011):
mild/low-grade fever (38.1-39.0 ° C), moderate-grade
fever (39.1-40.0 ° C), high-grade fever (40.1-41.1 ° C),
hyperpyrexia (>41.1 ° C) [14]. Corresponding rectal tem-
perature was determined by always adding 1 ° C to the
axillary temperature as described by Shann and Macken-
zie [15].

Direct cost of care calculation

A micro-costing approach, as practised by Ekanayake
et al. was adopted to calculate the direct cost of care for
patient management [16]. The main cost categories of the
direct cost of care were expenses for medications & other
medical items, equipment costs, investigation costs, cost
of utilities, and labour costs.

Medications and equipment cost

The cost of drugs, other medical items, and equipment
was calculated based on the details acquired from the
medical supplies division of the Ministry of Health, Sri
Lanka [17].
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Table 1 Descriptive characteristics of PUO patients based on the diagnosis
Diagnosed Undiagnosed pValuet
Gender (n)
Male 38 17 0.343
Female 27 18
Mean Age (Y)/SD 48.27 (14.94) 4860 (18.23) 0.703
Male 50.32(13.62) 48.18(20.28) 0.695
Female 4544 (16.42) 49.00 (16.64) 0.485
Mean Hospital Stay per admission (D)/SD 16.28 (8.52) 13.09 (5.83) 0.114
Male 16.80 (8.63) 11.4 (5.06) 0.024*
Female 15.56 (8.48) 1467 (6.19) 0.687
Mean duration of fever — total (D)/SD 4243 (36.89) 4257 (43.56 0.595
Male 41.47 (32.00) 2(52.07) 0.750
Female 4378 (44.91) 38.28 (34.68) 0676
Mean duration of fever before admission (D)/SD 30.11 (35.37) 32.91 (45.50) 0463
Male 28.39(27.59) 38.82 (54.95) 0.971
Female 32.52 (44.56) 2733 (35.09) 0.358

*level of significance was taken as 0.05 for the Chi-square test and Mann-Whitney U test.

Investigation cost

The cost of the investigations included; the cost of labo-
ratory investigations, imaging, and other medical proce-
dures. Investigation costs were calculated using the rates
obtained by the Ministry of Health, Sri Lanka [18]. The
cost for a particular investigation included the equipment
cost, reagent cost, and labour cost.

Utility cost

Costs of utilities were calculated per patient per day for
space, electricity, water, telephone, security, adminis-
trative, and cleaning services. Space rental value was
obtained from the National Housing Authority. The costs
of other utilities were computed using the correspond-
ing monthly bills divided by the average midnight total
of patients to derive the cost for a particular utility per
patient per day.

Labour cost

Labour cost per minute for each category of staff was
calculated by adopting a time-driven, activity-based
costing method. All the costs are reported in USD. Aver-
age exchange rates for USD to LKR in 2015-2020 were
obtained from Central Bank Sri Lanka (SLR/USD: 2015—
135.94; 2016—145.60; 2017-152.46; 2018—162.54; 2019—
178.78; 2020-185.52) [19].

Statistical analyses were performed by Statistical
Package for Social Sciences (SPSS) version 26.0. Non-
parametric tests were used for statistical calculations.
Ethical approval for the study was obtained from the Eth-
ics Review Committee of the Faculty of Medicine, Uni-
versity of Kelaniya, Sri Lanka (P/42/07/2020).

Results

154 cases of PUO had been recorded during the period
of data collection from which only 100 patients fulfilled
the inclusion criteria and were recruited for the pres-
ent study. There were 55 males (55.0%). The ages of the
patients ranged from 18 to 77 years with mean ages fall-
ing at 49.65 (SD: 15.55) and 46.87 (SD: 16.19) years for
male and female patients respectively (Only 99 out of 100
participants had age information available). The major-
ity of the participants were unemployed (76.0%; n=76).
Out of the 100 PUO patients, a final diagnosis has been
made in 65 patients (65.0%). Thirty-five patients (35.0%)
remained undiagnosed despite extensive investigations.
Hospital stays varied widely between 7 and 44 days
(mean 15.16, SD: 7.81 days). Interestingly, the mean hos-
pital stay of undiagnosed males was significantly shorter
than the diagnosed male patients (p=0.024). Basic demo-
graphic characteristics and details of hospital stays are
described in Table 1.

Duration of fever before hospital admission ranged
widely (7-240 days) with a mean of 31.13 (SD: 38.67)
days. Likewise, wide variation was also observed in the
total duration of fever (21-244 days) which had a mean
of 44.47 days (SD: 37.66). Out of 65 patients whose aeti-
ology was identified, the majority were diagnosed with
an infection (n=47; 72.31%) (Fig. 1). Further 12 (18.46%)
patients were diagnosed with NIID. Five patients (7.69%)
had a malignancy while one (1.54%) was diagnosed with
Methotrexate-induced pneumonitis. Extra-pulmonary
tuberculosis was the commonest infection (n=15) diag-
nosed followed by infective endocarditis (n=7). Final
diagnoses of the detected PUO cases are given in addi-
tional file 1. The mean number of days taken to reach a
diagnosis after hospital admission was 12.95 (SD: 6.26).
In thirty-five patients with PUO, a reason could not be
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identified. The majority of them (54.3%; n=19) did not
have any co-morbidities at the time of hospital admis-
sion. Diabetes mellitus (32.0%; n=32) was the most com-
mon co-morbidity detected among all the PUO patients,
followed by hypertension (24.0%; n=24). Frequencies of
different co-morbidities detected among both diagnosed
and undiagnosed patients with PUO are given in addi-
tional file 2.

Patterns of the fever were also analyzed. Intermittent
fever (n=79; 79.0%) was the commonest pattern followed
by ‘a very occasional fever’ (n=15; 15.0%), relapsing fever
(n=4; 4.0%) and, remittent fever (n=2; 2.0%). Inter-
mittent fever was significantly more common among
diagnosed PUO patients than undiagnosed patients
(¢.=0.291; p<0.005). The fever pattern of the majority
of the patients was persistent during the hospital stay
with only four (4.0%) recorded instances of fever pattern
change. After admission, 38 (38.0%) patients had “mod-
erate grade” fever, 36 (36.0%) patients had “high grade”
fever; 22 (22.0%) had “low grade” fever and one patient
had “hyperpyrexia’”

Investigations/procedures resulting in the final diag-
nosis of PUO patients were also analyzed. Contrast-
enhanced computed tomography (CECT) of chest/
abdomen/pelvis (n=15) was found to be the common-
est investigation followed by blood culture (n=12) which
lead to the final diagnosis. A complete list of investiga-
tions that lead to the final diagnosis is given in additional
file 3 with frequencies.

Antibiotics had been prescribed for 90 out of 100
patients after admission. Further, antacids, analgesics,
anti-tuberculosis therapy, steroids, non-steroidal anti-
inflammatory drugs, immunosuppressants, and deep
vein thrombosis— prophylactic drugs have also been pre-
scribed for 73, 69, 10, 10, 5, 4, and 2 patients respectively.
Ceftriaxone (n=47) was the commonest first-line anti-
biotic prescribed, followed by co-amoxiclav (n=11) and
meropenem (n=9). Strong significant positive correla-
tions (p<0.001) were observed between the total hospi-
tal stay of the PUO patients and duration of fever after
admission; total duration of antibiotic usage; duration of
antibiotic usage after admission; days taken to final diag-
nosis respectively. Ninety-eight PUO patients (98%) were
discharged from the hospital. Two patients (2%) left the
hospital against medical advice. Sixteen of the 35 undiag-
nosed patients (45.7%) had been readmitted to the hospi-
tal. Upon later inquiry over the phone, complete recovery
was noted among 82 patients (55 diagnosed; 27 undiag-
nosed patients). Four deaths were also noted in the undi-
agnosed category. The cause of death in all four cases was
sepsis. Nevertheless, we were unable to verify the status
of recovery in 14 patients (10-diagnosed; 4 undiagnosed
patients) (14%) due to the unresponsiveness and unavail-
ability of contact details (Fig. 1).
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Details of expenses of management of PUO were avail-
able for only 64 patients in the present study. The mean
direct cost of care per PUO patient during the study
period (2015-2020) was USD 467.79 (SD: USD 202.81).
The mean direct cost of care per PUO patient per day
was USD 28.84 (SD: USD 9.91) whereas the cost of care
including only the cost of labour and utilities per PUO
patient per day was USD 11.46 (SD: USD 2.86). Even
though the mean direct cost of care in diagnosed PUO
patients (USD 492.91; SD: 202.83) was higher than that
of undiagnosed PUO patients (USD 435.49; SD: 201.79),
the Mann-Whitney U test was unable to demonstrate
any significant difference between groups (p =0.279). Of
the different categories, the cost of investigations (Labo-
ratory, imaging, and clinical) contributed mostly to the
direct cost of care for the management of PUO patients
(Table 2).

The mean direct cost of care was higher among patients
who had been diagnosed with an infection (USD 497.15)
than those with NIID, malignancies, and who had not
been diagnosed. However, the Kruskal-Wallis H test
was unable to find any significant difference in the mean
ranks of the direct cost of care between the etiological
categories of PUO in the present study (Table 3). Fur-
thermore, a significant positive correlation (Spearman’s
p=0.607; p<0.001) was observed between the hospital
stay and the direct cost of care of PUO management.

Discussion

Pyrexia of Unknown origin continues to be a diagnos-
tic and management challenge for clinicians around the
globe. Diverse aetiology further complicates the diagno-
sis of PUO. Clinicians must have an idea of the probable
diagnosis even if the exact aetiology may not be known
for a long time. Most of the diagnosed PUO cases in the
present study were caused by infectious diseases (n=47;
72.3%) with tuberculosis being the commonest infection
(n=15; 31.91%). Given its commonness, it is no surprise
that tuberculosis accounted for many PUO cases in Sri
Lanka. Similar findings have been reported from Kolkata,
Chandigarh (India), Karachi (Pakistan), Ahvaz (Iran), and
Dhaka (Bangladesh) in which 41.6%, 45.3%, 65.2%, 70%,
31.9%, and 25.0% of infectious causes of PUO were due
to tuberculosis respectively [4—7, 20, 21]. In the present
study, the diagnosis of tuberculosis had been made with
evidence of chest X-ray, biopsy examination, tuberculo-
sis culture, and nucleic acid amplification (X Pert-MTB/
RIF) [22]. The average time taken to reach a final diagno-
sis in PUO varies widely in different reports. In the pres-
ent study, it was 12.95 days. Shorter time durations than
the present study have been reported in Kolkata (5.64
days; SD: 3.2 days) and Dhaka (8.2 days) [6, 20]. Inciden-
tally, the average time duration taken to reach a diagnosis
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Fig. 1 Status of diagnosis and recovery of PUO patients

Table 2 Different categories of expenses during the study
period (2015-2020) for the management of PUO patients

One admission
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54 Patients excluded as
they did not met the
inclusion criteria

Undiagnosed
(n=35)

Readmissions
(n=16)

Recovery
Unknown
(n=4)

Complete
Recovery
(n=12)

Category of expenses Mean cost per  Percent-
PUO patient age contri-
(USD) (SD) bution per

patient

Cost of medications and equipment 4533 (40.13) 8.03%

Cost of investigations (Lab and clinical)  230.26 (114.68)  49.31%

Cost of labour 4568 (22.32) 9.94%

Cost of utilities (Water, electricity, 147.23 (72.89) 31.99%

telephone, security, administration,

cleaning, and space)

Mean direct cost of care per patient 467.79 (202.81)

(2015-2020)

of PUO was 19 days (SD: 14 days) and 53.54 days (SD:
152.24 days) in Karachi and Saudi Arabia [4, 23].

More than one-third of the PUO patients in the pres-
ent study (n=35;35%) remained undiagnosed during hos-
pitalization which is higher than that (0-27.4%) reported
from previous South Asian studies [4, 24]. Interestingly,
the majority (54.3%; n=19) of the undiagnosed PUO
patients in the present study did not show any underly-
ing pathologies apart from fever during hospital admis-
sion. Fever in the undiagnosed patients in the present
study had ceased while under investigation prompting
the early discharge before arriving at a diagnosis. It has
led to a shorter mean hospital stay in the undiagnosed
group than that of the diagnosed group in the pres-
ent study. The proportion of PUO patients who remain
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Table 3 Direct cost of care of PUO across different etiological
categories and undiagnosed cases

Infection NIID Malig- Undiag- p-
(n=25) (n=8) nancy nosed Val-
(n=3) (n=28) ue*
Mean cost of care 48.88 3447 4797 44.96 0.721
for medications (39.50) (41.11) (43.62) (41.83)
and equipment in
usD (SD)
Mean cost of care  234.84 259.88 22441 21833 0.875
for investigations (117.11)  (141.33)  (29.23) (113.24)
(lab and clinical) in
UsD (SD)
Mean cost of care 5049 47.69 43.81 41.01 0.671
for labour in USD (26.90) (21.87) (1852) (17.99)
(SD)
Mean cost of care  162.94 151.12 140.78 132.79 0.673
for utilities (Water,  (88.02) (68.67) (60.01) (59.72)
electricity, tele-
phone, security,
administration,
cleaning, and
space) in USD (SD)
Mean direct cost of 497.15 493.15 456.98 43549 0.735
care in USD (SD) (223.73)  (166.08)  (143.50) (201.80)

*p<0.05 of the Kruskal-Wallis H test was taken as significant

undiagnosed has increased in the Western hemisphere
despite increasing advances in technology [25]. How-
ever, recent evidence suggests that the prognosis of these
undiagnosed PUO patients is likely to be good despite
the continuance of symptoms [26]. The proportions of
PUO cases caused by NIID and malignancies in the pres-
ent study were 12% (n=12) and 5% (n=5) respectively.
South Asian reports have shown comparatively higher
proportions of PUO caused by NIID (11.0-20.1%) and
malignancies (9.0-21.5%) than in the present study [4, 7,
24]. Interestingly, the present study identified only three
(4.6%) cases of PUO caused by connective tissue disor-
ders. Similar findings have been observed in Dhaka and
northern India, where the contributions of connective
tissue disorders to the aetiology of PUO were 3.0% (n=1)
and 3.9% (n=6) [7, 20]. However, the contributions of
connective tissue disorders to the aetiology of PUO were
higher in studies done in Saudi Arabia (14.3%; n=14) and
Karachi (12.7%; n=27) [4, 23].

The contribution of imaging techniques to diagnose the
causes of PUO was higher than any other investigation
in the present study with CECT chest/abdomen/pelvis
(n=15; 23.1%) being the commonest investigation that
led to a diagnosis. Similar observations have also been
reported in studies from Saudi Arabia and India [23, 27].
Recent developments in imaging techniques have permit-
ted the early detection of multiple diseases and condi-
tions which were previously hard to diagnose. Usage and
availability of positron emission tomography-computed
tomography (PET-CT) has increased as of late and is
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often used to detect the metabolically active center of
inflammation, infection, or malignancy, as likely causes
of PUO [24]. However, the limited availability and het-
erogeneous accessibility of PET-CT in an economically
challenging set-up like Sri Lanka has hindered the utility
of PET-CT in diagnosing PUO.

Supportive management is recommended for PUO
until the cause has been determined. Regimens of ste-
roids and antibiotics are not advised as they can mask the
signs and symptoms of the underlying disease condition.
Empirical therapy in PUO is advised as appropriate only
in three instances: antimicrobials for patients with signs
of sepsis and infective endocarditis, regimens of steroids
for suspected temporal arteritis, and anti-tuberculous
therapy for suspected miliary tuberculosis or central
nervous system tuberculosis [26]. Even though, bacte-
rial infections were identified only in 47% (n=47) of PUO
patients, antibiotics had been prescribed for 90% (n=90)
patients in the present study. We were unable to ascer-
tain the rationale for the excess use of antibiotics from
the available records. The outcome of the PUO and the
status of recovery could not be ascertained in fourteen
patients (14%) in the present study due to the unavailabil-
ity of records and unresponsiveness of patients highlight-
ing the dire need for a thorough documentation system.

The present study explored only the direct cost of care
for PUO patients. Indirect costs such as out-of-pocket
payments, productivity losses, cost of the career, and
travel costs have not been considered when computing
the cost of care of PUO which we believe is a limitation of
the study. The mean direct cost of care per PUO patient
in the present study was USD 467.79 with no significant
difference between diagnosed (USD 492.91) and undi-
agnosed PUO patients (USD 435.49). The mean direct
cost of care per PUO patient in the present study (USD
467.79) was almost thrice the per capita health expen-
diture of Sri Lanka (USD 157.47) in 2018 [28]. Also, the
direct cost of care per PUO patient per day in the pres-
ent study (USD 28.84) was higher than the cost per inpa-
tient bed day in World Health Organization (WHO)
— CHOICE model (USD 23.31) for Sri Lanka [29]. Inci-
dentally, WHO - CHOICE model for inpatient care
was developed in 2007 and based on the type of hospi-
tal, ownership, bed occupancy rate, the total number
of inpatient admissions, and, the average length of stay.
However, in the present study, the direct cost of care was
estimated based on the micro-costing of expenses for
medications & other medical items, equipment, investi-
gations, utility, and labour. Hospital stay is a major deter-
minant of the direct cost of care for PUO management.
In the present study, we observed a significant posi-
tive correlation between the hospital stay and the direct
cost of care for PUO management (Spearman’s p=0.607;
p<0.001). It highlights the fact that the implementation
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of an effective management strategy and reducing hospi-
tal stays could potentially reduce the direct cost of care
for PUO management.

There is a dearth of information on the cost of care
in PUO globally. A much higher direct cost of care has
been reported in a study conducted by a Spanish group
in which the average direct cost of care was EUR 11,016
(USD 12,997) [10]. The large difference in “direct cost
of care” between the present and the Spanish studies
could be due to the higher utility costs in Western coun-
tries than in Sri Lanka. Incidentally, in the present study,
49.31% of the average direct cost of care was determined
by the cost of investigations whereas it was only 12.7% in
the Spanish study [10]. The paucity of information on the
cost of care of PUO in the South Asian region precluded
us from effectively analyzing the findings of the present
study concerning the regional data. The inclusion of fluo-
rodeoxyglucose (FDG)-PET/CT in the diagnostic workup
of PUO has been studied and if conducted early found to
be effective in reducing the cost of care on several occa-
sions. However, the present study was unable to examine
this hypothesis due to the inaccessibility and unavailabil-
ity of (FDG)-PET/CT.

Conclusion

Infections accounted for most of the cases of PUO with
extrapulmonary tuberculosis leading the list. PUO leads
to high antibiotic usage, stressing the need for evidence-
based guidelines including a meticulous diagnostic
approach for the management of PUO patients in Sri
Lanka. The cost of investigations contributed mostly
to the direct cost of care for the management of PUO
patients.
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NIID Non-infectious inflammatory disease
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EUR Euro
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