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Fever of unknown origin (FUO) represents a challenge

to clinical medicine, and bacterial cultures have been

considered the gold standard in discriminating between

fevers resulting from bacterial infection and sterile

inflammations. In nuclear medicine, a synthetic

radiolabeled antimicrobial peptide (99mTc-UBI) is

used to image the molecular localization of infectious

micro-organisms.

Objective The aim of this research was to determine

the absolute and relative frequencies of 99mTc-UBI, by

molecular imaging, to detect infection foci in patients

with fever in study or FUO.

Methods Images (207) from 196 patients with FUO

acquired with 99mTc-UBI and a Siemens gammacamera

were read by two nuclear medicine physicians and

classified as positive or negative for infection foci.

The diagnostic value was corroborated with our gold

standard, which comprises bacterial cultures of biopsies,

blood and urine, plus laboratory studies, morphological

images (radiographs, nuclear magnetic resonance,

computed tomography) and the clinical history of

each patient. The absolute and relative frequencies of
99mTc-UBI were calculated from the molecular images

versus the gold standard.

Results The specificity of 99mTc-UBI for localizing

infection foci and for discarding sterile inflammation

was 95.35%, the sensitivity was 97.52%, the positive

predictive value was 96.72%, the negative predictive

value was 96.47%, the accuracy was 96.62%,

and the observed agreement between the bacterial

culture and the molecular image was 96.62%

(P = 0.0001).

Conclusion Considering that the absolute and

relative frequencies are very high, we propose that,

in the future, 99mTc-UBI molecular imaging could

be the gold standard to detect infection sites and to

discard sterile inflammation. Nucl Med Commun
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Introduction
Fever is the most frequent clinical symptom in humans

and is regulated by the anterior hypothalamus and

characterized by a 1–41C rise in body temperature

( > 381C). Fever-producing molecules are mainly lipopro-

teins from bacterial membranes or pyrogens. The most

common causes of fever are of infectious origin, for

example osteomyelitis, prosthesis infections, bacterial

endocarditis, mediastinitis, tuberculosis, salmonellosis,

brucellosis, bacteremia, intrabdominal, pelvic or renal

abscesses, and cholecystitis. Fever of unknown origin

(FUO) is usually accompanied by inflammation and is

generally found as the only or a predominant symptom

of unknown etiology that merits a systemic study [1].

The gold standard for infection has been histopatho-

logy studies and imaging. In addition, imaging studies

are used to localize infection. Morphological imaging

includes radiographs, computed tomography (CT), mag-

netic resonance imaging, and sonography, and detects

anatomic or structural alterations produced by microbial

invasion and host response. Molecular images using

radiolabeled molecules show functional, physiological

and biochemical changes at the molecular level. The

non-specific radiopharmaceuticals that have been used

for imaging infection sites are leukocytes labeled with
99mTc, 111In, 67Cu, 64Cu, and 18F-FDG. In-vitro leukocyte

labeling is labor-intensive, is not always available, and

requires direct handling of blood products. Labeled

leukocytes detect neutrophil accumulation and accumu-

late in uninfected neuropathic joints; therefore, marrow-

scintigraphy may be required to determine whether bone

infection is present. In addition, 99mTc- biotin and 99mTc-

antigranulocyte monoclonal antibodies have been used to

image infection, but none of these radiopharmaceuticals
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specifically bind to viable micro-organisms, and do not

differentiate between infective inflammation and sterile

inflammation [2–9].

Natural antimicrobial agents (NAPs) are a new class of

promising radiopharmaceuticals. NAPs are high-weight

protein segments (oligo or polypeptides) expressed in

defense tissues such as epithelial tissue of the gastro and

pulmonary tracts.

NAPs are located on the bacterial membrane as canal,

barrel or rug forms, and produce a pore that alters

permeability and loss of intracellular components, ions

and metabolites, which finally leads to apoptosis. The

peptide/bacteria bond was thought to be a result of

the electrostatic action of the cationic peptide and the

anionic bacterial surface, but recent studies on the

kinetics of death and membrane depolarization using

different cationic peptides on Staphylococcus aureus have

shown that at an early time intervals membrane

depolarization is incomplete, even when 90% or more of

the bacteria has been eliminated. These investigators

conclude that membrane permeability is a necessary

action for reaching an intracellular target but is not the

killing mechanism by itself. In addition, a number of

cationic peptides can penetrate intact membranes to

interact with intracellular bacterial targets, mainly

proteins needed for the life cycle of bacteria [2,10–16].

One anti-microbial natural peptide, found in the cytosolic

fraction of all mammal tissues, is ubiquicidin, with 72 amino

acids (6654 Da). The synthetic fragment comprising amino

acids 29–41 (1693 Da) retains the membrane-binding

property of ubiquicidin and is known as UBI 29–42 (UBI).

The technetium-99m labeling of UBI has been a research

project of Leiden University in Holland [17–21]. Molecular

mechanical studies and quantum mechanical estimates

showed that the 99mTc coordination site is the UBI amino

groups of arginine and lysine. The UBI kit is easily labeled in

a hospital radiopharmacy and is stable for several months.

The 99mTc-UBI radiopharmaceutical is stable in human

serum up to 24 h and binds to viable bacteria and not to

cancer cells or dead-bacteria, thus retaining the binding

characteristics of unlabeled ubiquicidin [22–25]. 99mTc-UBI

specifically binds to S. aureus and the binding is directly

proportional to the number of microorganisms in the

infection foci. In addition, its specificity for Candida albicans
and Aspergillus fumigatus has been reported [26–30].

Considering that infection is usually accompanied by

inflammation, it is of the utmost importance to differenti-

ate infection from sterile inflammation. In Mexico there are

several nuclear medicine departments that routinely use
99mTc-UBI for this purpose. However, the aim of this

research was to determine by molecular images the

specificity, sensitivity, accuracy, positive predictive value

(PPV), negative predictive value (NPV) and biopsy-image

agreement of 99mTc-UBI.

Methods
The observational and transversal study carried out

during June 2007 and July 2009 includes 207 molecular
99mTc-UBI scans of 198 consecutive Mexican patients

from the Instituto Nacional de Ciencias Médicas y

Nutrición Salvador Zubirán. The diagnosis sent to the

Nuclear Medicine Department for the routine scan was

fever in study or FUO. All the patients consented to be

part of the study.

Radiofarmaceutical (99mTc-UBI)

A kit of freeze-dried reagents (Instituto Nacional de

Investigaciones Nucleares) was used for each patient.

The sterile kit contained 25 micrograms of the UBI

peptide and 10 micrograms of stannous chloride. For the

labelling, 370–740 MBq alkaline technetium-99m was

added to the reagent vial. The incubation period was

15 min at room temperature. The final pH was 6–7 [24].

Molecular images

For the anterior and posterior whole-body 99mTc-UBI

scans a Siemens model E-Cam gammacamera coupled to a

computer with acquisition and processing software and

a high-resolution collimator was used. A technetium-99m

photopeak at 142 ± 15% keV was set. A normal 99mTc-

UBI distribution was observed in both 2 and 6 h images

with kidney and bladder, liver, spleen and lung uptake,

and rapid background clearance. Bladder accumulation

showed renal elimination.

All of the routine molecular images were read by two

nuclear medicine physicians without knowledge or clinical

data. The images were considered negative when there was

normal 99mTc-UBI biodistribution and positive when there

was abnormal uptake in other non-target tissues.

Gold standard

The final scan report was corroborated with our gold

standard: bacterial cultures of biopsies, blood or urine,

laboratory studies and the results of morphological images

(radiographs, MRI, CT) and the clinical history. The

images were classified as true positive (TP), true negative

(TN), false positive (FP) or false negative (FN). The

absolute and relative frequencies were calculated as

follows: specificity (TN/TN + FP), sensitivity (TP/TP +

FN), PPV (TP/TP + FP), NPV (TN/TN + FN), accuracy

(TP + TN/n) and prevalence (TP + FN/n).

Statistics

The respective confidence interval (95%) was calculated

and the agreement of the image with the gold standard

was calculated with the k index (P < 0.05).

Results
99mTc-UBI consistently showed > 97% radiochemical label-

ing and has been well characterized [22–26]. Consecutive
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patients (198) with the common diagnosis of FUO were

referred to the Nuclear Medicine Department for a

routine whole-body scan to detect infection sites. There

were 124 women (63%) and 74 men (37%). The age

interval was 18–88 years (mean 55 years) and 62% of the

patients were in the age interval of 40–69 years (42%

women, 20% men). The high-resolution molecular images

were obtained from 198 patients and the scan was

repeated in six patients for infection follow-up. The

normal biodistribution of 99mTc-UBI showed uptake in

liver, kidneys, spleen, lungs and bladder accumulation

secondary to renal elimination. There was high uptake in

the lungs of patients with bronchopneumonia and at

times there was uptake in the breast and nipples.

The routine images (207) were of high resolution and

quality. The 2 h images gave better information for the

localization of the infective foci, but the 6 h images

confirmed the uptake in those sites. All of the patients

were referred with the definite diagnosis of fever in study

and at times one or more presumptive diagnoses were

mentioned, such as osteomyelitis (69%), diabetic foot

(16%), infected knee, hip or elbow prosthesis (14%),

infectious cellulitis (11%), bacterial endocarditis (1%) or

other septic conditions (8%). The battery of antibiotics

administered blindly to the patients before scanning was

mainly aminoglycosides, macrolids or betalactamics. The

most common isolated microorganisms were S. aureus (MR)

(B30%), Escherichia coli (B21%), Klebsiella sp. (B5%),

Pseudomonas aeruginosa (B4%), C. albicans (B21%), Alkaligenes
faecalis, Citrobacter sp. and Aspergillus sp. (B1–3%).

The two nuclear medicine physicians corroborated the

molecular images as TPs and TNs when there was cor-

relation with our gold standard (bacterial cultures plus

clinical studies and data). Images were labeled FPs and

FNs when there was no correlation with the gold stan-

dard. Under these premises, 118 images were reported as

TP and 82 as TN. In four images, there was intense

uptake of the radiopharmaceutical in other than normal

organs, but the bacterial cultures, laboratory work and

clinical data were negative for infection and therefore

were labeled FPs:

(1) A 13-year-old boy with a diagnosis of FUO. The

biopsy, blood and urine bacterial cultures were

negative. Leukocyte count 42 000, positive IgG

antibodies. The CT image showed splenohepatome-

galia and a superior yugulogastric node. There was a

negative laparatomy and the final diagnosis was

Still’s disease. The false-positive 99mTc-UBI scan

showed prominent right hemithorax uptake.

(2) A 43-year-old woman with a diagnosis of generalized

sepsis and gastric fibrosis. Morbid obesity with

several bariatric surgeries. Negative blood culture,

normal laboratory tests, negative CT and negative
99mTc-ABP three-phase bone scan. The patient

underwent antibiotic therapy and chemotherapy.

The final diagnosis was resolved abdominal sepsis.

The 99mTc-UBI scan was positive with definite

lumbar vertebrae and epigastric uptake.

(3) An obese 62-year-old woman, with a 13-day FUO.

Negative bacterial blood cultures but positive for

parvovirus. Negative laboratory tests, CT and MR.

The image showed intense 99mTc-UBI lung uptake.

(4) A 69-year-old man with diagnosis of FUO and arterial

hypertension. Negative bacterial cultures, negative

laboratory tests, CT and MR. The molecular image

showed intense uptake in the base of the left lung

and was considered FP.

The FN images showed a normal biodistribution of
99mTc-UBI, but the patients had proven infection and

positive response to antibiotic therapy, and therefore

these negative scans were labeled FNs. The clinical data

for the three infected patients were as follows:

(1) A 32-year-old woman with a diagnosis of fever in

study, infected ulcers in both legs and dermatomyo-

sitis. The blood cultures were positive and S. aureus,
Alkaligenes fecalis and Citrobacter were isolated. Radio-

graph and MR images were positive for ulcerative

processes in both legs. A 99mTc-UBI scan showed a

normal biodistribution with no uptake in other sites,

and it was therefore labeled FN.

(2) A 56-year-old woman with fever in study, diabetes

mellitus type II, arterial hypertension and vertebral

osteomyelitis. Bacterial culture of a vertebral biopsy

was positive for oxalino-resistant S. aureus. P. aeruginosa
was isolated from the blood culture, and E. coli was

isolated from the urine culture. Abdominal CT

showed metallic material with higher density in the

para-vertebral tissue. Two three-phase bone scans

(2006 and 2007) revealed 99mTc-ABP vertebral

uptake (T8 and T10). A gallium scan was positive

for inflammation. The final diagnosis was chronic

vertebral osteomyelitis but the 99mTc-UBI image was

negative, with normal biodistribution.

(3) A 47-year-old man with a diagnosis of fever in study,

meningoencephalitis, intra-hospital pneumonia, dia-

betes mellitus type II and plantar melanoma. E. coli
was isolated from the bacterial blood cultures, and

Proteus mirabilis, Citrobacter graaki, E. coli and Klebssiella
pneumonie were isolated from a sacrum ulcer. The

leukocyte count was 30 900. Treatment with wide-

spectrum antibiotics was started and the out-going

diagnosis was osteomyelitis of the sacrum secondary

to a pressure-infected ulcer. The 99mTc-UBI scan was

FN.

The data for the absolute and relative frequencies of
99mTc-UBI in terms of efficiency, sensitivity, PPVs, NPVs,

accuracy and biopsy agreement with their respective

confidence intervals are shown in Table 1.
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The normal biodistribution of 99mTc-UBI in liver,

kidneys, bladder, spleen and lungs is shown in Fig. 1. In

the posterior images taken 2 and 6 h after administration

of the radiopharmaceutical, a small infected focus

corroborated by bacterial blood cultures (S. aureus) was

observed in the left lung Fig. 2. Vertebral osteomyelitis

corroborating with a negative three-phase bone scan is

shown in Fig. 3. Infection processes in the legs such as

infected knee peri-prosthesis, femur osteomyelitis and

infected cellulites are shown in Fig. 4AQ2 .

Discussion
According to the Mexican Pharmacopeia (2009), a drug

has to have a minimum of reactants in minimum con-

centrations; therefore, the 99mTc-UBI routinely used in

this study has only 0.025 mg of the UBI peptide and

0.010 mg of stannous chloride, and the 99mTc labeling is

easily and rapidly carried out. 99mTc-UBI is a non-toxic

radiopharmaceutical with adequate physicochemical and

radiopharmaceutical characteristics that binds to viable

microorganisms and discriminates between infection and

sterile inflammation.

The 99mTc-UBI radiopharmaceutical reported by Akhtar

et al. [31] is more concentrated and contains 0.4 mg of the

UBI peptide and 0.025 mg of stannous chloride plus

sodium pyrophosphate and acetic acid [32]. 99mTc-PN-

(2)S-PEG-UBI or 99mTc/Tricine/HYNIC-UBI 29–41

[33–35] is cumbersome to prepare but chemically well

characterized.

Radiolabeled antibiotics could be accurate and specific

for the localization of infection foci because they would

be incorporated into and metabolized by bacteria.

Ciprofloxacin, a wide-spectrum 99mTc-labeled antibiotic,

Table 1 Absolute and relative frequencies from 207 molecular
99mTc-UBI imagesa

Parameter % Confidence interval (95.0%)

Specificity 95.35 88.52–98.72
Sensitivity 97.52 92.93–99.49
PPV 96.72 91.82–99.10
NVP 96.47 90.03–99.27
Accuracy 96.62 94.2–99
Prevalence 58.45 51.42–65.24
Biopsy-agreementa 96.62 (observed) 51.51 (expected)

198 patients with the diagnosis of fever of unknown origin.
NPV, negative predictive value; PPV, positive predictive value.
ak index 93% P = 0.0001.

Fig. 1

Normal distribution of 99mTc-UBI. Anterior and posterior images of a
patient without infection. Uptake in the kidneys, liver and bladder is
clearly shown.

Fig. 2

(b)(a)

P
osterior

P
osterior

(a) Posterior image of normal biodistribution of 99mTc-UBI with small
infection site in left lung (2 h). (b) Posterior image taken 6 h after
administration of 99mTc-UBI. Small infection site was corroborated by
bacterial blood cultures (S. aureus).
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was reported to have 37.5% specificity, 100% sensitivity,

and 63% accuracy, and does not distinguish between

infection and sterile inflammationAQ3 [36–38].

99mTc-UBI and functional imaging tests reflect the

physiological changes of infection at the molecular level.

Earlier studies have shown that the normal biodistribu-

tion of 99mTc-UBI used in this study is 4.54% of the

injected activity (IA) uptake in the kidneys, 3.17%IA

in the liver and spleen, 0.7%IA in the lungs, approxi-

mately 0.31%IA soft tissue and approximately 23%IA

accumulation in the bladder two hours after the

administration with 85% of the activity eliminated in

the urine at 24 h [39–40]. The activity ratio in infected

tissue against non-infected tissue (I/NI) was 2.18 ± 0.74

and 2.04 ± 1.01, respectively, at 2 h [40].

Another biodistribution study showed a gradual decline

in liver activity values of 5.43% ± 0.76% at 30 min and

3.17% ± 0.25% at 120 min percentage of administered dose.

The kidneys showed a similar trend, with values of

6.53% ± 0.58% at 30 min to 4.54% ± 0.57% at 120 min.

The radioactivity accumulated gradually in the bladder,

with values of 4.60% ± 0.92% at 30 min and 23.00% ±

2.32% at 120 min [29].

Bone scintigraphy is typically used as a screening test or

in conjunction with other radionuclide studies for

identifying the failed joint replacement, but combined

with bone gallium imaging with an accuracy of 65–80%

offers only modest improvement over bone scintigraphy

alone [41–44].

The diagnosis of musculoskeletal infection and osteo-

myelitis can be clinically challenging. Infected foot ulcers

in the diabetic patient can lead to up to 90% of diabetic

pedal osteomyelitis cases and 99mTc-UBI imaging has

proven to be useful for the diagnosis [45]. Three-phase

bone scintigraphy is sensitive and specific for osteomye-

litis, but in patients with underlying osseous abnormal-

ities the specificity of the study is decreased.

It has been reported that gallium might improve the

specificity of the bone scan because it detects accom-

panying soft tissue infection, and it may be more sensitive

in elderly patients.

99mTc-UBI imaging is improved using morphological and

functional fused images obtained simultaneously with

SPECT and CT.

At the National Institute of Cancerology, 72 patients with

biopsy bacterial cultures have had tri-dimension SPECT-

CT scans of excellent quality. The specificity reported for
99mTc-UBI was 90%, sensitivity was 92%, agreement with

the biopsy was 82%, and PPV and NPV were 86% and

67%, respectively (personal communication).

Using the same 99mTc-UBI radiopharmaceutical in

another study at the National Cardiology Institute [46]

with 13 patients suspected of having mediastinitis after

cardiac surgery, the ratio of 99mTc-UBI uptake in infected

tissue compared with liver tissue was 1.58 and the

specificity and PPV were 100%, but the sensitivity was

83%. In addition, the reported data for the Christus

Mugerza Hospital at Monterrey (n = 39) were specificity

87%, NPV 87%, sensitivity and PPV 94%, and biopsy

agreement 92% (personal communication). At the Centro

Médico Xalapa, 18 patients had 99mTc-UBI-positive scans

for infection with confirmed osteomyelitis and infected

prosthesis of 62 routine studies referred from several

regional hospitals in the state of Veracruz (personal

communication).

The results reported in patients with fever in study from

the above Mexican Hospitals using the same 99mTc-UBI

radiopharmaceutical are satisfactory and reliable for

Fig. 3

P
osterior

R
.C

.E
.

9
9mTc-U

B
I

A
nterior

2
h

Posterior and anterior images (2 h). Negative three-phase bone scan
with 99mTc-ABP. Diagnosis: osteomyelitis in lumbar vertebra.

Specificity of 99mTC-UBI for infection Sepúlveda-Méndez et al. 5



infection site detection and for discarding sterile inflam-

mation, despite the blindly administered antibiotics

before diagnosis.

This study is statistically valid with 206 images from 198

patients and excellent absolute and relative frequencies:

specificity was 95.35%, sensitivity was 97.52%, PPV was

96.72%, NPV was 96.47%, and observed agreement

between the image and the bacterial cultures was

96.62%. These results suggest that the molecular
99mTc-UBI image could be considered, in the future, as

the gold standard and substitute the bacterial cultures to

differentiate infection from sterile inflammation.
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