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Abstract: Objective: Procalcitonin (PCT) is considered to be a specific marker for severe bacterial infections and sepsis.
Elevated PCT levels have been reported in active autoimmune diseases without infection.

The aim of this study was to assess the diagnostic value of PCT serum levels in ANCA-associated vasculitis (AAV)
patients with respect to infection, disease activity and drug fever using a high sensitive PCT detection method.

Methods: In 53 AAV patients with elevated C-reactive protein (CRP) PCT was determined by the Thermo Scientific
BRAHMS PCT sensitive KRYPTOR assay. Patients underwent standardized diagnostic procedures for evaluation of
disease activity and infection.

Results: 53 patients with AAV and elevated CRP (7.7+6.9 mg/dl, PCT 0.34+1.02 ng/ml) were assessed, 10 had infection
with elevated CRP levels of 11.2+10.2 mg/dl and PCT levels of 1.06+2.07 ng/dl. 43 patients had no evidence of infection,
36 of them were presented with AAV with normal or only slightly positive PCT levels in active disease (n=36) (PCT
0.06+0.06 ng/ml). 7 patients had increased PCT levels due to azathioprine hypersensitivity (0.76+1.01 ng/ml). For
discrimination between infection and vasculitis activity PCT was more useful than CRP with the best cut-off at 0.1 ng/ml
(sensitivity 60%, specificity 92%).

Conclusion: In contrast to previous studies using semiquantitative PCT assays, the KRYPTOR performs better with
respect to discrimination of infection from active AAV. In all patients assessed with active AAV (and without infection)
PCT levels remained below the PCT reference limit (0.5 ng/ml) for infections. Drug hypersensitivity seems to be an

important differential diagnosis in the setting of elevated CRP and PCT in patients who receive azathioprine.
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INTRODUCTION

Differentiating bacterial infections from disease activity
is crucial in patients with autoimmune disease. Neither the
clinical presentation nor markers such as C-reactive protein
(CRP) or leukocyte count are helpful in distinguishing these
two conditions. PCT, the precursor protein of calcitonin, is
undetectable in healthy individuals (<0.05 ng/ml) and has
been shown to increase rapidly in bacterial infections [1]. It
has been suggested that PCT is not significantly increased in
disease activity in various autoimmune diseases (AID)
including Granulomatosis with Polyangiitis (GPA) and may
therefore help to distinguish between AID activity and
bacterial infections [2]. Other reports showed elevated PCT
levels in active GPA [3, 4], Anti-GBM disease (formerly
Goodpasture's syndrome) [5], adult onset Still's disease [6]
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and Kawasaki disease [7]. So far, only small numbers of
AAV patients (22 to 35 patients) have been studied with
respect to their PCT levels [2-4]. A recent meta-analysis by
Wu et al. [8] pointed out that in most published studies on
PCT in AID a low-sensitive LUMItest was used. In only two
studies, the most precise VIDAS was used and none of the
studies investigated the most advanced assay KRYPTOR [8].
In order to clarify whether PCT has a role in discriminating
between bacterial infection and disease flares in AAV, we
examined PCT levels in AAV patients with elevated CRP
measured by a highly sensitive assay, the Thermo Scientific
BRAHMS PCT sensitive KRYPTOR assay. As elevated
PCT levels have been described in single cases of drug fever
due to carbamezepine [9] and mycophenolate [10], we aimed
to assess PCT levels in the context of drug fever induced by
azathioprine (AZT) which is the most frequently used
maintenance treatment in AAV.

MATERIALS AND METHODS

Sera from 53 patients with biopsy proven generalized
AAYV and elevated CRP (7.7£6.9 mg/dl, normal <0.5 mg/dl)
were analyzed. The diagnosis of GPA (n=48), MPA (n=4) or
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EGPA (n=1) was established according to the definitions of
the Chapel Hill Consensus Conference and/or fulfillment the
classification criteria of the American College of
Rheumatology and/or the EMA algorithm [11]. The
Birmingham Vasculitis Activity Score (BVAS 2003) served
to assess disease activity. Patients with BVAS of zero were
considered to be in complete remission. Infections were
confirmed by the presence of a positive microbial test in
blood, sputum, bronchoalveolar lavage, urine and by
evidence of infection in imaging (Chest X-ray, abdominal
ultrasound, MRI of nasal sinus when clinically indicated). In
this study, we have distinguished between systemic, defined
as detection of pathogens in the blood stream, and local or
organ-limited infections. It needs to be considered that local
infections can be serious (e.g. pneumonia). PCT levels were
measured using a specific ultrasensitive commercial
automated assay (Thermo Scientific BRAHMS PCT
sensitive KRYPTOR assay, Berlin/Germany) with functional
assay sensitivity of 0.06 ng/ml. In order to relate PCT levels
to vasculitis activity, sera of 13 GPA individuals were
analyzed at times of active disease and in remission.

A
n=10
CRP 11.2£10.2 mg/d
PCT 1.06£2.07 ng/ml|
systemic* local**

"= n=8
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The analysis were conducted retrospectively from sera of
the respective AAV patients. Statistical analysis was done
using Wilcoxon test for matched pairs to compare active to
inactive disease in 13 sera pairs including Bonferroni
correction for multiple testing. A p-value <0.05 was
considered statistically significant. To examine the
differential diagnostic value ROC analysis was performed
with GraphPad Prism5 between two groups, active AAV
(n=36) and infections (n=10). The Youden-Index was chosen
as cut-off for the ROC analysis.

RESULTS

53 patients with elevated CRP levels (7.746.9 mg/dl)
were studied. These patients had a mean PCT level of
0.34£1.02 ng/ml. In 24 of 53 patients, PCT was increased
(0.71+1.44 ng/ml). These patients were further assessed for
the presence of infection: In 10 patients (CRP 11.2+10.2
mg/dl) an infection was documented, and PCT levels were
elevated (1.06+2.07 mg/dl). Infections were local in 8
patients and systemic in 2 patients; interestingly, patients

active AAV
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Fig. (1). A: Flowchart of analyzed AAV subgroups. CRP and PCT

local systemic reaction
n=8 n=2 n=7

active remission

n=36 n=13

concentrations are represent as mean and standard deviation. Number of

PCT positive samples is given for each subgroup. Additions to infection and causative pathogen: * -recurrent sepsis (blood culture: gram-
negative rod-shaped bacteria; urin culture: klebsiella oxytoca);-respiratory sepsis, in course with multiorgan failure and exitus (bronchial

lavage: multiresistent pseudomonas aeruginosa, candida albicans,
mycobacteriosis (bronchial lavage: M.

aspergillus fumigatus; blood culture: enteroccus faecium) ** -atypical

avium, M. intracellulare complex);-pneumonia (bronchial lavage: staphylococcus aureus,

haemophilus influenzae);-pneumonia (bronchial lavage: haemophilus influenzae); -pneumonia (sputum: escherichia coli, enterococcus
faecalis, pseudomonas aeruginosa); -lacrimal duct abscess (MRSA); -serom of parotid gland (enteroccocus); -superinfection of pulmonal
cavern (actinobacter and aspergillus); -superinfection of skin ulcus with concomitant lymphadenitis (proteus mirabilis, enterococcus faecalis,
stenotrophomonas). B: PCT concentrations in AAV patients. Horizontal line indicates the defined limit for systemic infections at 0.5 ng/ml

and functional assay sensitivity at 0.06 ng/ml. Bars are medians. 13
active disease and remission.

of 36 AAV patients were assessed regarding CRP and PCT levels during
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Table 1. Laboratory and disease activity data of 13 GPA patients with PCT assessment at active and inactive stage of disease
(mean+SD). For ANCA titers medians are given. In 12 patients C-ANCA and in one patient P-ANCA were detected.

Active Remission Adjusted p-Value

BVAS 18.15+£7.2 0+0 0.0018

DEI 7.46£3.2 0.46+0.85 0.0018
VDI 0.62+1.26 1.54+1.39 0.0702; ns

CRP, mg/dl 6.08+6.19 0.92+0.92 0.0063

ESR, mm/h 62431 21+18 0.0045
leukocytes/nl 10.5+£3.3 6.9+2.9 0.081; ns
PCT, ng/ml 0.07+0.07 0.05+0.01 4.5144; ns
creatinine, mg/dl 1.4+1.5 1.1+0.4 3.0024; ns
ANCA 1:1280 1:160 0.0612; ns

with systemic infections showed lower PCT levels than
patients with local infections (Fig. 1). 43 patients had no
evidence of infection, 7 of whom were diagnosed with
azathioprine drug fever which as accompanied by marked
PCT elevation (PCT 0.76£1.01 ng/ml). 36 patients were
diagnosed with active AAV. All of these patients had normal
or slightly elevated PCT levels (0.06+£0.06 ng/ml).

In 11 from 36 patients with active disease PCT was
slightly above the functional assay sensitivity of 0.06 ng/ml
(0.12+0.09 ng/ml), but not over the defined limit for
systemic infections of 0.5 ng/ml.

In 13 of 36 active AAV patients we could also examine
PCT in serum at time of remission. In all samples PCT was
below 0.06 ng/ml. Of the 13 patients listed in Table 1, five
patients presented with a PCT level > 0.06 ng/ml and eight
with a PCT level < 0.06 ng/ml during active disease. See
Table 1 for other clinical and laboratory parameters of these
13 patients at time of relapse and remission.

We also noticed that 16 of 24 PCT positive patients
showed serum levels in the “grey area” between 0.06 and 0.5
ng/ml. These patients had various reasons for a PCT
elevation: two patients were diagnosed with local infection, 3
with AZT drug reaction and the remaining 11 with an AAV
flare.

In the local infections group there were two patients with
pneumonia whose PCT values were within septic range (1.97
and 6.68 ng/ml). In the same group, two patients with proven
pulmonary infection in bronchial lavage (atypical
mycobacteria; staphylococcus aureus) had PCT values below
0.25 ng/ml.

Patients with systemic infections and AAV showed PCT
above 0.5 ng/ml. The highest PCT levels were noted in
patients with infection (n=4) and azathioprine drug reaction
(n=4) (Fig. 1B).

For discrimination between infection and vasculitis
activity PCT was more useful than CRP. Analysis of
discrimination (Fig. 2) suggests that PCT had a greater area
under the ROC curve value (0.75 [95% CI 0.55-0.94],
p=0.017) compared with CRP (0.67 [95% CI 0.46-0.88], p
ns). The best cut-off value to differentiate infection from

AAV flare for PCT (CRP) was 0.1 ng/ml (12.6 mg/dl) with a
sensitivity of 60% (50) and a specificity of 92% (95).
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Fig. (2). Receiver operating characteristics (ROC) curve for CRP
and PCT levels in differentiating bacterial infections (n=10) from
AAV flares (n=36). The area under the curve (AUC) was 0.67 [95%
CI 0.46-0.88, p ns] for CRP and 0.75 [95% CI 0.55-0.94, p=0.017]
for PCT.

Remarkably elevated PCT was also observed as an
inflammatory drug reaction to AZT. Seven vasculitis patients
(five patients with GPA, one patient with EGPA, one with
MPA) were admitted to hospital with fever. All patients had
been receiving AZT as maintenance therapy for three to 20
days before onset of fever (Table 2). The fever (38-40°C)
was accompanied by emesis, conjunctivitis, erythema
nodosum, cough, syncope and pancreatitis. Six of seven had
been classified as being in remission and one patient with
aggravation of polyneuropathia suffered from an AAV
relapse. All patients had high PCT levels (0.76+1.0 ng/ml)
although there was no further clinical or other evidence of
infection by microbial cultures or imaging. Consequently, a
drug fever, which is a rare side effect of AZT, was diagnosed
as all symptoms including fever ceased and laboratory
parameters normalized immediately after stopping AZT.
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Table 2. Characteristics of patients with drug hypersensitivity reaction due to AZT. Organ involvement is given according to
Disease Extent Index nomenclature.: A-joints; B-constitutional symptoms; C-central nervous system; E-ear, nose, throat;
EY-eyes; GI-gastrointestinal; H-heart; K-renal; L-lung; M-muscle; P-peripheral nervous system; S-skin. * Maximal PCT
and CRP values are given in course of drug reaction and not at the screening measurement with Kryptor assay.

Previous Organmani- . Body . Additional Symptoms
Patient | Gender | Age AAV Festation and Activity ]Z;r;t}l;)el‘l,;: Temperature, M(?lm/ﬁ?l/l:ncp/réggp Caused by AZT Drug
Status of AAV °C 8 g Reaction
1 m 61 GPA E,L,K,A,P remission 12 40.0 1.1/22.3 arthralgia
2 m 73 MPA .L’B’P’A . 10 39.0 12.6/11.4 emesis
partial remission
3 w 70 GPA .E’L’A’B . 12 41.0 2.1/10
partial remission
E,L,S,P,C,
4 m 32 EGPA A,BM 6 38.6 0.4/17.5 erythema nodosum
remission
5 m 65 GPA E’L’I.(’I.)’A’B 10 39.5 0.5/15.1 emesis, syncope
remission P
6 m 49 | GpA ELK.PEY, 3 39.9 0.4/19.4
S,A partial remission
ESB.P Rhinitis, cought,
7 m 65 GPA rer’ni,ss i,on 20 40.0 5.1/12.2 conjunc-tivitis, erythema
nodosum, lipase 1516 U/l
Activity of AZT degrading enzyme thiopurin-s- DISCUSSION

methyltransferase (TPMT) was determined in 4/7 patients
before AZT, but no gene mutations were detected. All
patients were treated with paracetamol i.v., and some
received i.v. rehydration. All recovered fast after stopping
AZT.

One patient re-exposed himself accidentally to AZT after
discontinuation of the treatment for two days and was
hospitalized on the day of reexposure. Reexposure to AZT
augmented PCT levels even further (Fig. 3).

emperature,

Fig. (3). Course of CRP, PCT and body temperature after stopping
of AZT at day 12 and re-exposure at day 15 in one of the patients
with AZT drug reaction.

PCT is regarded to be a specific marker of severe
systemic bacterial and fungal infections and sepsis. The
value of PCT measurement in AID is unclear as previous
studies and case reports are heterogenous regarding methods
and results [8, 12]. Most studies used PCT LUMItest, a
semiquantitative test with a measurement range of 0.3-500
ng/ml. Therefore today, LUMItest is recommended only for
diagnosis and monitoring of sepsis and not for mild
infections [13].

This study assessed PCT in the context of infection, AID
and drug hypersensitivity with the high sensitive generation
PCT assay (KRYPTOR). We showed PCT elevation in AAV
patients with mild local and systemic infections, which is in
contrast to our previous report on LUMItest that detected
PCT only in severe systemic infections [3]. The reason for its
superiority is KRYPTOR’s functional assay sensitivity of
0.06 ng/ml with a measurement range of 0.06-1000 ng/ml
[14].

Previous studies found increased PCT levels in patients
with vasculitis without evidence of infection [12], especially
during severe vasculitis relapses such as renal or pulmonary
involvement. Zycinska et al. [4] reported a mean PCT in
active GPA of 0.58+0.85 ng/ml. Moosig et al. [3] have
shown that PCT levels rose to 0.8-3.3 ng/ml in highly active
GPA (n=3 patients), although it was also reported that in the
vast majority of patients (23 of 26) PCT levels were within
the normal range both in active and inactive disease. In our
AAV cohort assessed by KRYPTOR we did not observe any
PCT elevation above 0.5 ng/ml in non-infected active AAV
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patients. This applied even to the most severe vasculitis
manifestations where only slightly elevated PCT with a
mean 0.12+0.09 ng/ml were seen (3 severe pulmorenal
syndrome, 2 nephrotic syndrome, 4 acute glomerulonephritides,
1 alveolar haemorrhage, 1 destructive ENT involvement with
saddle nose formation). We cannot definitely rule out that
marked PCT elevations may occur in some patients with
very active GPA, yet we confirm our previous report [3] that
in the majority of active GPA patients, a significant elevation
of PCT does not seem to occur.

Joo et al. [15] demonstrated that PCT may be useful to
differentiate between AID activity and bacterial infections
using an enzyme-linked fluorescent assay VIDAS
(bioMérieux): At a cut-off value for PCT of 0.09 ng/ml, the
assay had a sensitivity of 81.3% and a specificity of 78.7%
for distinguishing flares from bacterial infections. Our results
revealed a higher specificity of 92% and an expected lower
sensitivity of only 60% at the optimum cut-off for PCT of
0.1 ng/ml which is lined up with other studies. The VIDAS
assay used by Joo et al. [15] and KRYPTOR correlated
remarkably well (r=0.962) with an overall concordance of
84.6% [16]. Joo et al. [15] studied a heterogeneous
population with AID (only 2/79 with AAV) and infection
was merely diagnosed on clinical grounds (only 14/32 with
cultural evidence of bacterial infection).

Our results suggest that PCT has a greater area under the
ROC curve value (0.75 [95% CI 0.55-0.94], p=0.017)
compared with CRP (0.67 [95% CI 0.46-0.88], p n.s.). This
data need to be interpreted with caution due to the small
sample size, the heterogeneity of the study cohort and the
fact that patients were selected on the basis of an elevated
CRP value.

In our study, 6/10 infected AAV patients had positive
PCT levels (1.74+2.5 ng/ml). For discrimination between
infection and vasculitis activity, the best cut-off in this study
is at 0.1 ng/ml (sensitivity 60%, specificity 92%).

Interpretation of borderline PCT levels between 0.06
ng/ml and 0.5 ng/ml, remains difficult in the immunocomp-
romised patient, as it cannot be distinguished if the
inflammatory activity is due to AID or is due to concomitant
infection.

Furthermore the immunosuppressive treatment might
inhibit PCT elevation. Although the production of PCT was
not attenuated by corticosteroids in one study [17], the
influence of other immunosuppressive drugs has not been
investigated.

Moreover one has to consider that in immunosuppressed
patients, the acute phase reaction might be downregulated
and therefore PCT might be false negative in mild infections
[18]. This might also explain why our four patients with
local infections such as lacrimal duct abscess (MRSA),
serom of parotid gland (enteroccocus), superinfection with
actinobacter/aspergillus of pulmonal cavern and superinfect-
ion of a skin ulcus with concomitant lymphadenitis (proteus
mirabilis, enterococcus faecalis, stenotrophomonas) showed
no elevated PCT.

From the observations in this study, PCT values above
0.5 ng/ml indicate the presence of infection. In accordance
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with other studies, we confirm that PCT values above 0.5
ng/ml indicate the presence of infection.

Whether or not a different cut-off level of PCT for
invasive infections in AAV patients (i.e., > 1 ng/ml, as
proposed by Schwenger, reviewed in [12]) should be used
which remains unproven and needs further study. In our
study, we did not have enough patients with invasive
infections, to verify this statement. In non-infectious
conditions elevated PCT levels (“false positive PCT”) can be
found in various conditions [19-26], including severe drug
reactions such as the drug reaction with hypereosinophilia
syndrome (DRESS) due to carbamazepine [9, 27] and to
mycophenolate [15].

We show for the first time that AZT drug fever is
associated with high PCT levels. In these patients the highest
PCT levels could be measured. Therefore, we conclude that
PCT is not as specific for bacterial infections as previously
thought. The presence of AZT hypersensitivity in older
studies on RA patients was between <1% and 5% [28]. The
exact pathophysiological mechanisms of this idiosyncratic
hypersensitivity reaction are unknown, but cytokine release,
especially of TNFa, which stimulates PCT induction, has
been proposed [29]. Davis et al., cited in [28], have
suggested that imidazole moiety of AZT causes the allergic
symptoms and the 6-mercaptopurine moiety the liver injury.
Reintroduction of AZT should be avoided as this may lead to
more serious reactions within hours of the re-challenge [30].
In summary, increased PCT may be induced by AZT-
associated hypersensitivity and complicates the differential
diagnosis of AAV flare versus infection.

CONCLUSION

In summary, our results from a cohort of 53 AAV
patients demonstrate that the highly sensitive PCT assay
(Thermo Scientific BRAHMS PCT sensitive KRYPTOR
assay) is at a limit of >0.1 ng/ml specific enough to reliably
differentiate infection from vasculitis activity. PCT levels of
active AAV patients in this cohort did not reach the
reference limit defining systemic infections. The assay is
even more sensitive in diagnosing local or mild systemic
infections than the older assay generation (LUMItest).
However, the clinician should be aware of the following
hazards: 1) We presented cases with vasculitis and elevated
PCT in the absence of infection due to a drug hyper-
sensitivity reaction to AZT. 2) In the immunosuppressed
patient PCT might be “false negative” despite infection due
to a suppressed acute phase reaction which makes
interpretation of borderline PCT (0.06-0.5 ng/ml) levels
difficult without considering the clinical context.

The strength of the study lies in its standardized approach
regarding assessment of disease activity and infection in our
patients. However, the study has methodological limitations
due to its retrospective approach and limited number of
patients and the fact that we did not include patients with
normal CRP levels. Nevertheless, the results with respect to
the performance of the KRYPTOR assay are encouraging
and should be validated in a larger and prospective cohort.
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