American Journal of Infectious Diseases 5 (4): 282; 2009
ISSN 1553-6203
© 2009 Science Publications

C-Reactive Protein and Serum Procalcitonin Levelsas M arker s of
Bacterial Upper Respiratory Tract I nfections

!Diamantis P. Kofteridis\George SamonidAlexander D. Karatzanis,
“Georgios M. FragiadakiéConstantinos A. BouroliadSofia Maraki,
John A. Papadakis adGeorge A. Velegrakis
1Department of Internal Medicine,
“Department of Otorhinolaryngology,
*Department of Clinical Bacteriology,
University Hospital of Heraklion, P.O. Box 1352-21T1 Heraklion Crete, Greece

Abstract: Problem statement: Upper Respiratory Tract Infections (URTIS) are thest frequent of
the community with major social and financial impadence, early and proper diagnosis is of utmost
importance. Biomarkers such as the circulating Ilfewé Procalcitonin (PCT) have been shown to be
elevated in systemic bacterial infections, but rennalatively low in viral infections and inflamnaty
diseases and have been suggested as signals forittatton of antimicrobial therapy. Experience
evaluating the value of PCT as a marker of URTIgn#ted. Approach: Forty patients with bacterial
URTIs were studied in order to assess the roleQif,neasured by using the semi-quantitative test, a
bacterial inflammation marker and to compare wittreo markers, such as C-Reactive Protein (CRP),
White Blood Cell (WBC) counts and Polymorphonuclé@aMN) cell countsResults: In all cases, 22
with tonsillopharyngitis, 10 with peritonsillar atess and 8 with rhinosinusitis, PCT levels remained
below detection limits. On the other hand, serunPQ&els strongly correlated with body temperature,
WBC and PMN cell counts. Patients with rhinosirigsitere older than those with peritonsillar abscess
had lower body temperature than those with torngiboyngitis and had lower serum CRP levels than
patients with either peritonsillar abscess or topgharyngitis. Conclusion: Therefore CRP could be
used as a marker to predict the severity of URTHdeMPCT, although promising in cases of other
severe bacterial infections, did not prove to biable for patients with less severe or localized
infections, such as URTIs.
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INTRODUCTION number of infections of bacterial origin. The diagis is
mainly based on clinical criteria, especially in BNT
Upper Respiratory Tract Infections (URTIS) are theoutpatient office. The most precise way to diagnase
most frequent infections of the community, with oraj bacterial infection is by culture of the causatgent™.
social and financial impa® They represent a However, a novel approach for confirmation of the
heterogeneous group of diseases ranging from commdracterial origin of infections and proper selectioh
cold to complicated rhinosinusitis and acute otitisantimicrobial therapy is based on the level of adkers,
media. The main challenge for the physician is tospecifically Procalcitonin (PC¥)*!.
distinguish the uncomplicated cold from cases of Circulating levels of PCT are elevated in systemic
streptococcal pharyngitis and secondary bacteridbacterial infections but remain relatively low iiral
sinusitis and otitis media in order to avoid infections and inflammatory disea$es.
overprescribing of antibiotics, limit complications Hence, the aim of the current study was to assess
costs and selection of resistant microorganismss It the role of PCT as a bacterial inflammation mairiker
estimated that physicians in such cases overpbescri patients with tonsillopharyngitis, rhinosinusitisnda
antibiotics by 509%™, peritonsillar abscess and compare it with otherkera
Among URTIs tonsillopharyngitis, peritonsillar such as CRP, White Blood Cells (WBC) and
abscess and rhinosinusitis account for a significanPolymorphonuclear (PMN) cell counts.
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MATERIALSAND METHODS atmosphere at 36°C. Additionally, one CDC-anaerobic
blood agar plate (bioMérieux, Marcy L' Etoile, Fra)

The study was performed prospectively at thewas inoculated and incubated anaerobically at 36rC
University Hospital of Heraklion Crete, Greece, was48 h. The identification of pathogens was perforrogd
approved by the Ethics Committee, while consent wastandard microbiological methods and the API system
obtained by all patients. Subjects were first seethe  (bioMerieux, Marcy L’ Etoile, France). Susceptibyjli
ENT outpatient clinic and were treated either asasu to antimicrobial agents was determined by the disk
inpatients according to standard protocols. diffusion method recommended by the Clinical and

A total of 40 individuals were enrolled, divided Laboratory Standards Institute (CLSI).
into three groups according to clinical diagnosis: Blood samples were obtained from all patients for
Tonsillopharyngitis (n = 22), peritonsillarabscess complete blood count, CRP and PCT. PCT
(n = 10) and bacterial rhinosinusitis (n = 8). measurement was based on the BRAHMS PCT-Q test,

Diagnosis of tonsillopharyngitis was based on painvhich is an immunochromatografic test for the semi-
and difficulty in swallowing, otalgia, fever (>386)  quantitative detection of PCT for diagnosis andtizgin
accompanied by rigor, change in voice, tender caltvi of therapeutic results in cases of microbial irfett
lymph nodes and swollen reddish tonsils with whitis and sepsis.
exudate.

Diagnosis of peritonsillar abscess was based otatistical analysis and presentation of results:
pus, located deep into the tonsillar capsule batwke Values are expressed as median and range. All p
tonsil and the superior constrictor muscle, deviatdf values are two-tailed. Correlation was assessed by
the tonsil and uvula, swelling of the soft palatssmus  Spearman's correlationgfr Results between groups
and drooling. Diagnosis was established by culafre were assessed by Mann-Whitney tests. Frequency
aspiration specimen. analysis was assessed by’ test, with Yate’s

Diagnosis of rhinosinusitis was based on thecorrection. A p-value less than 0.05 was regarded a
presence of at least two symptoms, such as nasstatistically significant.
blockage or congestion, anterior discharge or post
nasal drip, facial pain or pressure and reductiologs RESULTS
of smell accompanied by endoscopic signs and/or
relevant computed tomography findings, according to  The study comprised of 40 patients, 24 male
the criteria. of the European rhinosinusitis (60%) and 16 female (40%) with a median age of 25
Committed®!, (range: 16-56) years. Fever upon admission was seen

All patients were interviewed and a detailedin 34 patients (85%). Among the 40 patients, 10425
medical history was obtained, including demographiovere diagnosed with peritonsillar abscess, all of
data (age, sex, occupation, residence), medictiritis whom had positive cultures, while 80% of them had
symptoms and use of medication with focus on use ofieen taking antibiotics for at least one day ptimr
antimicrobials. Body temperature was recorded at thfirst examination.Streptococcus spp. were isolated in
time of initial examination. A full and thoroughd® 4 patients, Fusobacterium necrophorum in 3
and neck physical examination was performed angbatients, while Arcanobacterium haemoliticus,
recorded. Patients were treated as out or in-gatienPrevotela loescheii and Haemophilus influenzae were
according to the severity of the infection. All jesits  the strains isolated from each of the rest patiwiitis
were immunocompetent, with no concurrent diseasegeritonsilar abscesses.

except for one with bronchial asthma. Antimicrobial Eight out of 40 patients (20%) were diagnosed with
treatment was initiated or continued in all patieatter  rhinosinusitis. Among them 2 (25%) were alreadyrtak
the first examination. antimicrobial treatment at the time of first exaation.

Specimens were cultured from all patients,Only 3 out of 8 patients with rhinosinusitis (37.bb@ad
including tonsillar swabs from those with a positive culture. The organisms isolated were
tonsillopharyngitis, aspirated pus from those withEscherichia coli, Sreptococcus pneumoniae and
peritonsillar abscess and secretions from middlatuse  Staphylococcus epidermidis. The remaining 22 patients
from those with rhinosinusitis. All samples were (55%) had tonsillopharyngitis. Among them, 10
inoculated onto Columbia blood agar, chocolate ,agan45.5%) had a positive cultur&reptococcus pyogenes
MacConkey agar and Sabouraud’s agar plates (ajrew in all of them. Eight patients with
media products of Becton Dickinson Diagnostics,tonsillopharyngitis (36.4%) were taking antimicrabi
Heidelberg, Germany) and incubated in aerobiaherapy at the time of first examination.
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Table 1: Patient’s characteristics

Peritonsillar abscess  Rhinosinusitis Tonsillophaitys
(n=10) (n=28) (n=22)
Age (years) 22 31 24
Range (16-33) (23-42) (17-56)
Men 6 5 13
Percent -60 -62.50 -59.10
Body temperature 38.2 37.6 38.5*
(°C range) (36.8-39.2) (36.4-38.7) (36.5-39.6)
Positive culture 10** 3 10
Percent -100 -37.50 -45.50
Already 8* 2 8
Receiving -80 -25 -36
antibiotics (%)
CRP (mgmCY) 13.9 1.77* 8.52
range (1.20-24.10) (0.12-9.80) (0.31-22.60)
WBC (uL™) 17150 11900* 14500
range (7700-23500) (8000-13400) (7900-25000)
PMN (uL™) 13969 8418* 11427
range (5159-19270) (5200-11500) (5336-21500)

CRP: C-Reactive Protein; WBC: White Blood Cell cguRMN:

Polymorphonuclear cell count; *: p<0.05; **: p<0;0all values are
expressed as number (%) or median (range). Betgemip results
were compared by Mann-Whitney test or 4y test with Yate’s
correction, as appropriate

CRP could be used as a marker of severity of ttygme
of infections.

URTIs are common with substantial financial and
social costd. Though mainly viral in origin, their
etiologic diagnosis is seldom and the pathogen isna
unidentified in many cas&g. The clinical diagnosis of
a bacterial URTI is a challenge even for the most
experienced physician. Hence, several diagnostic
markers have been tested for their efficacy to ately
distinguish bacterial from non-bacterial diseaskese
markers include WBC count and other biomarkers such
as troponin, B-type Natriuretic Peptide (BNP), N-
terminal proBNP, CRP, PCT, cholesterol and
coagulation related marké&& The goal is to limit the
use of antimicrobials and the concurrent develogmen
of bacterial resistance. Additionally there is ajwa
need for the physician to predict whether a URTlma
become complicated, especially in susceptible
populations, such as children and the elderly.

Among the proposed markers for rapid distinction

Patients with rhinosinusitis were older than those,qtveen bacterial and non-bacterial etiology, PET i
with peritonsillar abscess (p = 0.01), had lowedyoo 5,4t 10 be the most promising for infectionstiug

temperature than those with tonsillopharyngitis
(p<0.05) and had lower serum CRP levels than patien
with  either peritonsillar abscess (p<0.01)
tonsillopharyngitis (p<0.01). There was no differerin
the sex distribution between the 3 groups (Table 1)
Overall 22 patients (55%) was not under
antimicrobial treatment on initial examination, wéas
11 (27.5%) and 7 (17.5%) had received antibiotas f
one and two days prior to examination, respectiviely

23 patients (57.5%) a causative microorganism greVh olecular

from specimens sent for culture. Patients with
rhinosinusitis had lower WBC (p<0.05) and PMN

(p<0.05) counts and CRP serum levels (p<0.01) thaﬂ1

both other groups (Table 1).

Serum CRP levels were significantly correlated
with body temperature (= 0.553; p<0.001), WBC
(rs = 0.560; p<0.001), PMN {F 0.594; p<0.001). Body
temperature was correlated with WBG, & 0.339;
p<0.05) and PMN (r= 0.367; p<0.05). In all cases
measurement of PCT yielded levels below 0.5 ng'mL
which is the detectable limit. All patients receive
antimicrobial therapy after initial examination.

On follow up, performed 1-3 weeks after initial

upper respiratory traét™. There are four available
commercial kits for the measurement of PETThe

Orsemi-quantitative test (BRAHMS PCT-Q), was used in

the present study because it is cheap, easy, kufab
office procedures and fast, since results are abailin
less than an hour. The BRAHMS PCT-Q test has 90-
92% sensitivity and 92-98% specificity and detects
PCT levels above 0.5 ng mif*®.

PCT is a protein of 116 amino-acids, with
weight of 13 KDa, discovered in 1975 by
Moyaet al."® as a prohormone of calcitonin, produced
by C-cells of the thyroid. Experimental data frowttb
vivo andin vitro studies have shown that not only
bacterial endotoxins, but also various other medsat
such as TNE&, IL-2, IL-6 and phytohemagglutinin
induce PCT productiét?®®. After administration of
endotoxin, TNF rises first, reaching its peak inrih,
followed by IL-6 with its peak at 180 min, while FC
reacts only after 3-6 h lat&¥. Due to their long half-
life, PCT levels culminate 12-48 h after the
administration of endotoxin. The probable site®GT
production in inflammation are the neuroendocrieksc
in the lungs or intestine, when stimulated by eogiot

examination, no sequelae were noted and all patient, jygammatory cytokines. Once induced, PCT asts a

were free of any clinical signs and symptoms of

infection.

DISCUSSION

In the present study we have shown that PCT was

not proven to be a marker of bacterial URTIs while,

a chemokine in the area of production, attractingher
monocytes, lasting for a few hours. Later on,
parenchymatous cells are a major source for PCT
during sepsis, but only when they come in contdtt w
activated monocyt&d!.

The biological activity of PCT has significant
influence on the course of systemic inflammationd an
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sepsis. The mortality of hamsters decreased whebeen taken later than the peak of PCT, which ish6-8
calcitonin precursors were neutraliZéd On the other after the onset of infection, while 48 h later P&lls
hand sepsis, infections, prolonged ICU treatment anbelow 1 ng mL', especially when antibiotics have
poor outcome were more frequent in patients withalready been administered, as in many of our céses
initially high PCT (>1 ng mL). Higher PCT out of 237%. Second, sensitivity of the PCT-Q test in
concentrations correlate with severe trauma and bkcalized infections of moderate severity such as
higher frequency of complications, whereas increaseURTIs is usually lower, compared to patients with
of CRP showed no positive correlation in traumageneralised infections and positive blood cultures.
patient§?. Long before PCT, WBC count has beenTherefore, subtle elevations of circulating PCTe ar
used as an indicator of both infection and its gnue  not detecteld.

WBC elevation, while worrisome, is neither sensitiv It is of interest that even in peritonsillar absse
nor specific indicator of bacteremia and other@esi cases, a most severe infection compared to
bacterial infectio®. PMN cell count is a fraction of tonsillopharyngitis and rhinosinusitis, PCT levalsre
WBC's and is considered to be a more accurate markédelow detection limit. On the other hand, WBC, PMN,
of bacterial infection. CRP and body temperature were more elevated in

CRP is an acute phase protein that quickly rises ithis group than in the others. The fact that us¢hef
the face of infection. First was discovered by &till semi-quantitative method of PCT measurement in
and Francis in 1930, in patients infectedth  URTI's in the office setting did not prove useful,
S pneumoniad®. It appears to be produced by comes in agreement with the conclusion of the study
hepatocytes within 4-6 h after onset of tissuerinjor  of Korppi et al.*¥ who measured PCT using the LUMI
inflammation, doubling every 8 h, before peaking attest procalcitonin kit in children with Community
around 36 h. Its half-life is short (4-8f®. CRP is  Acquired Pneumonia (CAP).
synthesized in response to IL-6, which is producet We found a correlation of CRP with body
only in infection, but also in other types of temperature, with higher fever resulting in higl@RP
inflammatio®®”. It binds to polysaccharides in levels. There was also a strong correlation between
pathogens, thus activating the classical complemer@RP and WBC and PMN counts, which was
pathway. anticipated. CRP was found to be more elevated in

PCT and CRP have been used as markers farases of peritonsillar abscess (p<0.01), rangiogn fr
distinguishing bacterial from viral infectidf$'??2  1.2-24.1 mg m[', whereas in tonsillopharyngitis CRP
Based on data from a meta-analysis Simrepal.?® levels were somewhat lower. Therefore CRP could be
have found that PCT as a marker has a sensitifity cused as a marker to predict the severity as wedngs
92% and specificity of 73%, whereas CRP asequelae of URTI’s, although a double blind stusly i
sensitivity of 86% and specificity of 70%. This mea needed to confirm this finding. Stokt al.*! have
that when a bacterial infection is suspectedfound that when the cutoff value of CRP for bagteri
measurement of PCT would be the most accurate waygwer respiratory tract infections was set to 50m‘[g_l
of verification. sensitivity was 94% and specificity 72%.

In the present study patients with bacterial URTIs A limitation of the present study was that the
were enrolled. Usual clinical criteria were usedtfte  bacterial origin of URTIs, although clinically strgly
diagnosis. In all cases measurement of PCT yieldeduspected, was proven only in 57.5% of patients
levels below 0.5 ng ml, which is the lowest studied. The main reason which explains why a
concentration that can be traced. negative culture was obtained in nearly half of our

Few studies exist in the literature regarding URTI patients is that 45% of them had already been vigcpi
and PCT levels. Elsammak al.”” studied PCT and antibiotics on the day of the initial examination.

CRP in children with tonsillopharyngitis, using tRET

LUMItest. They found that median levels of PCT in CONCLUSION

children  with  Streptococcal tonsillopharyngitis

compared to non bacterial tonsillopharyngitis were  PCT, although promising in cases of critically ill
0.374 and 0.105 ng mt respectively PCT also had a patients, did not prove to be diagnostic for thage
greater sprcificity than CRP for detection of baele less severe or localized infections, such as URTis
tonsillopharyngitis. contrast, CRP levels were much more accurate nerker

All patients in our series had PCT levels belowfor bacterial URTIs. It is clear that further intigstion
0.5 ng mL™. The low levels of PCT could be attributed is needed to determine the usefulness of PCT in the
to two main reasons. First, blood samples mightehavfield of infectious diseases.
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