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ABSTRACT

The aim of this study was to evaluate procalcit@sran adjunct to diagnose bacterial infections in
older patients. One hundred and seventy two patehihitted to an acute-care geriatric unit during
a 6-months period were prospectively included, B&em with an invasive bacterial infection. The
best cutoff value to rule in a bacterial infectiwas 0.51 pg/l: sensitivity 64%, specificity 94%.eTh
best cutoff value to rule out a bacterial infectiwas 0.08 pg/l: sensitivity 97%, specificity 20%.
Procalcitonin was inconclusive (between 0.08 aid (ug/l) for 112 admissions. Procalcitonin over
0.51 pg/l was useless 22 times out of 33 (infectilmeady ruled in on clinical grounds) and
misleading in 8 of the 11 remaining cases (no itndeg. Procalcitonin below 0.08 pg/l was useless
23 times out of 27 (infection already ruled outatinical grounds) and misleading in 1 of the 4
remaining cases (infection). Despite a good oveliafjnostic accuracy, the clinical usefulness of
PCT to diagnose invasive bacterial infections tredly patients hospitalized in an acute geriatric
ward appears to be very limited.
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Introduction

Reaching the diagnosis of bacterial infection fédlilt in elderly patients. Medical history is eft
hard to get and unreliable, due to sensory loggmitiwe impairment, and social isolation.
Comorbidity interferes with physical examinatiordasardinal features of infection, like fever, are
often missing. Microbiological samples are diffictd collect — for example sputum samples — and
may be false positives — for example urine sames. to age-related changes, imaging studies are
not easy to interpret. Underdiagnosis of bactémfaictions leads to therapeutic delay and worse
outcomes. By contrast, overdiagnosis exposes patrath viral infection or non-infectious
inflammatory processes to unnecessary and potigrtemful antibiotics, and increases bacterial
resistance in institutions and geriatric units.

A specific and easy to get biological marker ogutfon would help improving antibiotics
prescription in older patients. Inflammation magesuch as C-reactive protein (CRP) and
procalcitonin (PCT) have been extensively studedhildren and adults, but not in elderly
subjects. Studies in this age group have showonkadbaccuracy when cut-off values determined in
children and younger adults were used [1].

Our aims were (i) to evaluate the overall diagrmoaticuracy of an ultra sensitive PCT assay for
invasive bacterial infections in acutely hospitatizlderly patients, (ii) to find the best cutoff
values to sort low- and high-probability patierasd (iii) to evaluate the added value of PCT over
clinical history and routine biological and radigical studies.

Patients and Methods

Patients

All consecutive admissions in a single 14-bed acare geriatric unit were prospectively
considered for inclusion from 05/15/2007. Patidratd to be 75 years old or over to be admitted in
the geriatric unit. The only exclusion criterionsaantibiotic treatment for more than one day before
admission, since PCT levels rapidly decrease fotigwuccessful antibiotic therapy [2].

Data and biological assays

Clinical data were recorded at admission and btests were performed within 24 hours. The
Charlson score was used to account for comorhbjidjtySamples were collected on heparin lithium
tubes for biochemical tests and EDTA for hemataabjiests (Becton Dickinson, Le Pont de Claix,
France). PCT was measured in the blood sample diavwather biochemical tests; no additional
sample was drawn for this study. All biochemicakseexcept PCT were routinely performed with
Architect ci8000 (Abbott Laboratories, Rungis, Fr@)y) according to the manufacturers’
instructions. CRP assays were determined by an moAwrbidimetric method. For CRP, the
detection limit was 0.02 mg/l, the inter-assay Goets of variation were 1.7 % and 1.3 % for
values varying from 9.1 to 27 mg/l, respectivelgTPwas assayed with an automated Kryptor®
analyzer at ultrasensitive level (B.R.A.H.M.S.,r&&Duen, France) using TRACE technology [4].
The detection limit was 0.02 pg/l, and the intesegscoefficients of variation were 6.0 and 5.5 %
for values ranging from 0.20 to 9.70 pg/l, respesdyi. PCT results were concealed until the end of
study enrollment, data collection and final diaga@ssessment.

Definitions

Systemic inflammatory response syndrome (SIRS)daagnosed according to the American
College of Chest Physicians/Society of Critical €itedicine consensus classification if two or
more of the following were found: body temperatxr@8°C (100.4°F) or < 36°C (96.8°F), heart
rate > 90/min, respiratory frequency > 20/min, &wkocyte count > 12 G/l or < 4 G/I [5].



At the end of their hospitalization and without knedge of procalcitonin results, patients were
classified as having suffered from an invasive é&x@alt infection at admission or not. For the sake
of clinical relevance, non-invasive bacterial irifeas, such as cystitis or bronchitis, were counted
as non-diseased. Pyelonephritis and prostatitie defined as fever or SIRS with urinary tract
infections (WBC and bacterial CFU >If1) and either (i) blood cultures growing with ts@me
pathogen, (ii) provoked loin or prostate pain,iy o other obvious infection and fast clinical
improvement under antibiotics. Pneumonia was ddfagethe association of fever or SIRS with at
least one acute thoracic physical sign (dyspnaagltachest pain, purulent sputum, lung crackles)
and a new radiographic pulmonary infiltrate on X-oa CT-scan. Peritonitis was defined as fever
or SIRS with acute abdominal pain (or tendernesd)guarding, and an underlying cause
ascertained by radiological imaging or surgicatiméntion. Biliary infection was defined as fever
or SIRS with acute abdominal pain or tenderness$ radiological features of cholecystitis or
cholangitis (ultrasound or CT-scan). Intestinakéotion was defined as fever or SIRS with acute
abdominal pain and either growth of a bacteriahpgén (includingC. difficile) in a stool sample or
features of diverticulitis on CT-scan. Endocarditss defined as fever or SIRS with positive
blood-cultures and evidence of endocardial involeeton transthoracic echocardiography.
Cellulitis was defined as fever or SIRS with acw@ness and tenderness over a skin area.

Outcomes

The primary outcome was the area under the Rege@perator Characteristic (ROC) curve of

PCT for the diagnosis of invasive bacterial infectiSecondary outcomes were the comparisons
between the area under the ROC curve of PCT and @iPthe diagnostic accuracy of these
variables. Since it was unlikely for a single ctitadlue to perfectly distinguish between the
presence and the absence of invasive bacteriaitiofe we chose to define two cutoff values for
each PCT and CRP: a sensitive cutoff to rule ouheasive bacterial infection and a specific cutoff
to rule it in. When a result is in the “gray zoretween these two cutoff values, it does not impact
significantly the probability of invasive bacteriafection [6]. The number of patients in the gray
zone was also considered among secondary outcheem)se the more they are, the less useful the
diagnostic test is.

While making these primary analyses, it appearatidlien when PCT or CRP levels were outside
the gray zone, they were of little added valuéé& tliagnosis of invasive bacterial infection was
already obviously ruled in or ruled out on clinigabunds. Patients with levels of PCT or CRP
below the sensitive cutoff who were obviously ngifering from an invasive bacterial infection

were post hoc identified and counted. Similarlytjgas with levels of PCT or CRP over the

specific cutoff who were obviously suffering from evasive bacterial infection were post hoc
identified and counted. After review of their clsapatients were independently classified by two
physicians as obviously infected, obviously noreatéd or neither one. Disagreements were solved
by consensus.

Statistical methods

Sample size computation was performed in ordechieae a standard error less than 0.05 for the
area under the PCT ROC curve for the diagnosiswatsive bacterial infection, as proposed by
Hanley and McNeil [7]. For this computation, theamwas expected to be about 0.70 [1] and the
first forty included patients were used to evaluhteprevalence of invasive bacterial infection in
the study population.

Descriptive statistics are reported as medianrguiartile range] or number (percentage), as
appropriate, and differences were evaluated bywkwen-Whitney and the Chi-square tests,
respectively. Area under the ROC curve for the nlisgs of invasive bacterial infection were
computed for PCT and CRP and compared as propgsedriiey and McNeil [8].

Sensitivity, specificity, positive and negativediihood ratios, and diagnostic odds ratios were
computed for the chosen cutoff values. The semstutoff was defined in order to rule out an
invasive bacterial infection, as the highest vdbrevhich the negative likelihood ratio was less



than 0.1 or, if this first criterion could not batisfied, for which the sensitivity was over 959%heT
specific cutoff was defined as the lowest valuewbrch the positive likelihood ratio was over 10
or, if this first criterion could no be satisfiddy which the specificity was over 95%. The
specificities of PCT and CRP were compared at énsiive cutoff values and their sensitivities at
the specific cutoff values with the exact McNenest for paired proportions. All statistical
analyses were done with Stata 8.2 (StataCorp, T&k34).

Results

Admissions features

The prevalence of invasive bacterial infection aghthre first forty admissions was 25%.
Accordingly, a total number of 168 admissions wezeded to ensure a standard error less than
0.05 for the area under the PCT ROC curve for thgrabsis of invasive bacterial infection,
assuming an area of 0.70 at least. Recruitmergddsdm 05/15/2007 to 11/16/2007 in order to
achieve the required sample size. No viral epidédmftuenza, rotavirus, ...) occurred during this
time period.

There were 195 admissions during the enrolimenogdyut 23 of them were excluded because of
antibiotics use for more than 24 hours. Featurébefl72 included admissions are reported in
Table 1. Eight patients were admitted twice dutimgstudy period. Thirty-nine admissions (23%)
were related to an invasive bacterial infection{48%) pneumonia, 13 (33%) pyelonephritis or
prostatitis, 3 cellulitis (8%), 1 diverticulitis ¥8), 1 cholecystitis (3%), 1 angiocholitis (3%), 1
endocarditis (3%), and 1 peritonitis without etgittal diagnosis (3%). The main other reasons for
admission were: falls 25 (14%), left ventriculaifdee 16 (9%), cancer complications 16 (9%) and
stroke 9 (5%). No etiological diagnosis was readieedwo patients admitted for acute fever that
resolved quickly without antibiotics. These patgewere classified in the group without invasive
bacterial infection. Twenty-four hospitalizatiorigtfs) ended with the death of the patient.

Diagnostic accuracy

ROC curves of PCT and CRP for the diagnosis ofdsedtinfection are displayed in Figure 1. The
areas under the ROC curve were 0.85 [95% confideterval: 0.77-0.92] for PCT and 0.84 [0.77-
0.91] for CRP. These areas did not differ signiftba(p = 0.89).

The best cutoff values to exclude bacterial intettvere 0.08 pg/l for PCT and 10 mg/l for CRP
(Table 2). By construction, PCT and CRP had sinstarsitivities for these cutoff values and the
specificity of CRP was not significantly better£®.09).

The best cutoff values to affirm bacterial infeatere 0.51 pg/l for PCT and 175 mg/l for CRP
(Table 2). By construction, PCT and CRP had singfscificities for these cutoff values, but the
sensitivity of PCT was significantly better (p 906).

Diagnostic gain

The number of patients in the gray zone was 1120§66r PCT, whereas 27 (16%) patients were
below the sensitive cutoff (0.08 pug/l) and 33 (1%%dve the specific cutoff (0.51 pg/l). PCT
below 0.08 pg/l was useless 23 out of 27 timeg¢indn already ruled out on clinical grounds) and
misleading in 1 of the 4 remaining cases (invasiection: pyelonephritis). Likewise, PCT over
0.51 pg/l was useless 22 out of 33 times (infectilmeady ruled in on clinical grounds) and
misleading in 8 of the 11 remaining cases (no imeasfection: trauma 4, cancer 3, and self-
resolving fever 1). Overall, PCT was uninformat{geay zone or clinical examination already
conclusive) for 157/172 (91%) patients and mislegdin 9 (60%) of the 15 remaining.

For CRP, the number of patients in the gray zone 12 (65%), whereas 40 (23%) patients were
below the sensitive cutoff (10 mg/l) and 20 (12%@ee the specific cutoff (175 mg/l). CRP below
10 mg/l was useless 36 out of 40 times (infectiosaay ruled out on clinical grounds) and
misleading in 1 of the 4 remaining cases (invasifection: pneumonia). Likewise, CRP over 175
mg/l was useless 13 out of 20 times (infectionaageruled in on clinical grounds) and misleading



in 5 of the 7 remaining cases (no invasive infectmancer 3, trauma 2). Overall, CRP was
uninformative (gray zone or clinical examinatiorealdy conclusive) for 161/172 (94%) patients
and misleading in 6 (55%) of the 11 remaining.

Discussion

Principal findings

In this study, PCT had a high overall accuracytiierdiagnosis of invasive bacterial sepsis.
However, when PCT was sufficiently high or low @ d¢onclusive, infection could often be ruled in
or out on clinical grounds alone. In a significandportion of the remaining cases, procalcitonin
results were misleading.

Strengths and weaknesses of the study

There were no other exclusion criteria than previantibiotic treatment for more than 24 hours.
The study population is therefore representativia@feveryday recruitment of a geriatric unit.
However, internal validity is hindered by some noelblogical limitations. First, there is no gold
standard for the diagnosis of invasive bacteridtion and the definition of each type of invasive
bacterial infection is controversial [9]. Nonethsdginitial and follow-up findings allow a robust
diagnosis in most cases. Second, the classificafipatients as obviously infected or obviously
non-infected at their admission was done retrosgagt We tried to minimize the risk of bias by
making two clinicians independently look at thedilto classify patients and then resolve their
disagreements by consensus.

Comparison with previous studies

PCT is a marker of severe bacterial but not viteddtions [10]. Localized and non-severe bacterial
infections fail to induce important increases offHévels [11,12]. Since PCT assays are not
standardized, it is difficult to compare resul@nfr different studies. Two tests have been
extensively assessed: the LUMItest® and the marenteKryptor® assay. We used the latter,
which belongs to the ultrasensitive assays [13].

Only three studies assessed the diagnostic valBE®fin older patients (Table 3). All these studies
assessed a cutoff level of 0.5 pg/l but none usadteasensitive assay as we did. Two of these
studies included patients hospitalized in geriatrdzds [1,14]. The first one found a similar
specificity of PCT (94%) in patients with no bacémfection but sensitivity was much lower
(24%) [1]. This lower sensitivity may be due to #esay that was used, since the proportion, site
and severity of infections were very close to thiegand in our study. The second study found a
similar sensitivity of PCT (63%) in patients hogfized for acute bacterial infections, but
specificity was not reported [14]. The last studysvdone in an emergency department and assessed
the accuracy of PCT to distinguish bacteremic fram-infected patients over 65 years old in
whom blood culture were ordered [15]. Despite thasgor design differences with our work, the
reported sensitivity and specificity were quitesgoOverall, the authors of these three studies are
very cautious and warn against reliance on PCTlteeguestablish or exclude invasive bacterial
infections in older patients.

We found two other studies assessing the diagnesiie of PCT for bacterial infections in
hospitalized adults outside intensive care unitduiding some elderly patients [16,17]. The first
one was done in an internal medicine departmepéaiients with fever or biological inflammation
[16]. Mean age of the patients was 68 years andMItest® assay was assessed with a 0.5 pgl/l
cutoff to distinguish bacterial infections from nmfiectious inflammatory processes. The reported
sensitivity and specificity were 65 and 96% respety, very close to our findings. The second
study was done in younger patients (mean age G28)yeaspitalized in an infectious diseases
department [17]. A LUMItest® assay was used withlp g/l cutoff to diagnose bacterial infection
in febrile patients. The sensitivity of PCT in @atis with documented bacterial infections was only
54% and the specificity in non-infected patientswa%. Why PCT performed so poorly in this



study is not clear. However, this is in keepingwatlimited clinical usefulness of this test in
patients hospitalized outside intensive care units.

Conclusion

Despite a good overall accuracy, when PCT wasaeiffily high or low to be conclusive, infection

could often be ruled in or out on clinical grouradsne. In a significant proportion of the remaining
cases, PCT results were misleading. The clinicafulisess of PCT to diagnose invasive bacterial

infections in elderly patients hospitalized in @ute geriatric ward appears to be very limited.
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Table 1. Features of the included 172 admissiotisaracute-care geriatric unit.

Without invasive bacterial With invasive bacterial
infection (n = 133) infection (n = 39) p

Age (years) 86 [82-92] 85 [81-90] 0.58
Females 90 (68%) 20 (51%) 0.06
Charlson score 6 [5-8] 7 [6-8] 0.65
Dementia 55 (41%) 19 (49%) 0.41
Body temperature (degrees Celsius) 37.0[36.7-37.2] 37.7 [37.0-38.1] <0.001
Systolic blood pressure (mmHg) 139 [120-158] 1300FL50] 0.03
Heart rate (/min) 80 [70-91] 84 [73-92] 0.33
Respiratory rate (/min) 20 [18-24] 24 [20-30] <@10
Total hemoglobin (g/l) 116 [104-125] 109 [102-123] 0.17
Blood white blood cell count (G/1) 7.9 6.1-10.4] 0.9 [10.2-12.3] 0.005
Plasma sodium (mmol/l) 140 [137-142] 140 [136-144] 0.88
Plasma urea nitrogen (mmol/l) 7 [6-11] 9 [6-14] D.1
Plasma creatinine (pumol/l) 91 [76-119] 99 [79-200] 0.05
Estimated GFR (ml/min/1.76m3) 60 [46-71] 53 [28-72] 0.19
Total proteins (g/l) 65 [59-71] 66 [61-69] 0.48
C-reactive protein (mg/l) 22 [8-61] 123 [84-272] 0001
Procalcitonin (ug/l) 0.12 [0.08-0.19] 1.01 [0.238] < 0.001

Values are given as median [interquartile rangejumber of admissions (percentage), as appropft®&;: glomerular filtration rate estimated by the
simplified MDRD formula; there were no missing dataept for respiratory rate in one patient. Mediaere compared with the Mann-Whitney test
and proportion with the Chi-square test.



Table 2. Diagnostic properties of C-reactive prmo{g&RP) and procalcitonin (PCT) for invasive baelanfection at their sensitive and specific ctitof
values, along with the diagnostic properties ofgixgtemic inflammatory response syndrome (SIRS)itarmbmponents.

TP FP FN TN Sensitivity  Specificity NLR PLR DOR

PCT >0.08 pg/l 38 107 1 26 97[87-100] 20[13-27]  0.13[0.02-0.94]  1.211D-1.34] 9.23 [1.53-inf]
CRP_>10 mg/l 38 94 1 39 97[87-100] 29[22-38] 0.0DD0.62]  1.38[1.22-1.56]  15.77 [2.64-inf]
PCT > 0.51 pg/l 25 8 14 12564[47-79] 94[89-97]  0.38[0.25-0.58]  10.66 [5.2B71] 27.90 [10.72-72.53]
CRP > 175 mg/| 15 5 24 12839[23-55] 96[91-99]  0.64[0.50-0.82]  10.23[3.26:38] 16.00 [5.48-46.39]
SIRS 21 36 18 102 54[37-70] 74[66-81]  0.62[0.44-0.89]  2.06 [1.3®9]  3.31[1.60-6.85]
Body temperature < 36°C or >38°C 12 16 27 1221[17-48] 88[82-93] 0.78[0.63-0.97]  2.65[1.323]  3.39 [1.46-7.89]
Heart rate > 90/min 13 34 26 10433[19-50] 75[67-82] 0.88[0.69-1.13]  1.35[0.8B@  1.53[0.72-3.28]
Respiratory rate > 20/min 27 58 11 80 71[54-85] [&B66] 0.50[0.30-0.84]  1.69[1.28-2.24]  3.3951-7.28]
Blood WBC < 4 G/l or >12 G/ 16 33 23 10541[26-58] 76[68-83] 0.78[0.59-1.02]  1.72[1.06°7]  2.21[1.06-4.65]

TP: true positives, FP: false positives, FN: falsgatives, TN: true negatives, NLR: negative liketid ratio, PLR: positive likelihood ratio, DOR:
diagnostic odds ratio.
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Table 3. Diagnostic value of PCT in elderly patgent
Number of patients

Reference (mean age in years)  Clinical settings PCT assay faoaad groups Cutoff (pg/l) Sensitivity (%)  Spedtfiq%)
Stucker [1] 218 (85.4) geriatric unit LIAISON Bhb Bl 0.5 24 94
Dwolatzky [14] 80 (82.3) geriatric unit LUMItest Bino BI 0.5 63 not reported
2.0 30 not reported
Caterino [15] 108 (77) emergency dep. LUMItest beania / no infection 0.2 93 57
0.5 57 83

Bl: bacterial infection
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Figure 1. Receiver Operating Characteristics (RQ€Yes of CRP and PCT for the diagnosis of invabaterial infection in acutely hospitalized

elderly.
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