
EVALUATION OF PROCALCITONIN, VITAMIN D AND C-REACTIVE PROTEIN LEVELS IN SEPTIC
PATIENTS WITH POSITIVE EMOCOLTURES. OUR PRELIMINARY EXPERIENCE

FRANCESCA DI SERIO*, ROBERTO LOVERO*, DONATO D’AGOSTINO**, LUCIA NISI*, GIUSEPPE MIRAGLIOTTA***, RENATO CONTINO*,
ADRIAN MAN****, MARCO MATTEO CICCONE*****, LUIGI SANTACROCE******

*Clinical Pathology Service, University Hospital “Policlinico”, Bari, Italy - **Dept. of Emergency and Organ Transplantations, Sect. of
Cardiac Surgery, University of Bari, Italy - ***Interdisciplinary Dept. of Medicine. Sect. of Microbiology and Virology, University of
Bari, Italy - ****Microbiology Lab., University of Medicine and Pharmacy of Tirgu Mures, Tirgu Mures, Romania - *****Dept. of
Emergency and Organ Transplantation, Sect. of Cardiology, University of Bar, Italy - ******Ionian Dept. & Microbiology and Virology
Service, University of Bari, Italy

Introduction

Sepsis is a complex syndrome caused by an
uncontrolled systemic inflammatory response, of
infectious origin, characterized by multiple mani-
festations and which can result in dysfunction or
failure of one or more organs and even death(1).

One factor that may contribute to the progno-
sis of sepsis is vitamin D, that has been recently
identified in functions involving regulation of hor-
mone secretion, immune function, cellular prolif-
eration, and differentiation(2).

Whether vitamin D and its active metabolite
25-hydroxyvitamin D (25OHD) deficiency or their
insufficiency affect the prognosis of sepsis, still
remains controversial(3). 

A study of 3386 patients showed that 25OHD
deficiency prior to hospital admission was a sig-
nificant predictor of sepsis in critically ill
patients(4). Conversely, a study of 170 patients
admitted to intensive care unit (ICU) didn’t show
such association(5).

Blood procalcitonin (PCT), a precursor hor-
mone derived from pre-procalcitonin, is also an

Acta Medica Mediterranea, 2016, 32: 1911

Received May 30, 2016; Accepted September 02, 2016

ABSTRACT

Sepsis, the systemic inflammatory response to infection, is the most common cause of death in people hospitalized in intensive
care units (ICU). Early diagnosis of infection is crucial to the appropriate management of sepsis, with early antibiotic administration
consistently resulting in improved outcomes.

The purpose of this study, although preliminary, was to determine whether vitamin D levels correlate with procalcitonin (PCT)
and C-reactive protein (CRP) levels in 59 septic patients, with positive emocoltures.

This study is also aimed to point out new possible diagnostic protocols identifying potential biomarkers for the diagnosis of
sepsis, defined according to literature data.
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important host response biomarker of infection, and
PCT levels can increase exponentially in sepsis(6).

This increase is largely due to production by
parenchymal cells in organs such as the liver,
lung, kidney, adipose tissue, and muscle(7). The
magnitude of this increase is correlated with the
severity of sepsis and the mortality rate(8).

C-reactive protein (CRP) is an inflammatory
marker that has been used in clinical practice for
decades(9).

Aim of this work was to determine whether
vitamin D levels correlate with PCT and CRP  lev-
els in septic patients with adverse outcomes as
well as blood culture positivity.

Materials and methods

This is a prospective, observational study of
59 septic patients, with positive emocoltures,
admitted to a medical or surgical intensive care
unit (ICU) of the University Hospital of Bari, Italy
from January to June 2014.

All procedures complied with the Declaration
of Helsinki. Informed consent was obtained from
each patient’s legal guardian(s) at the time of ICU
admission.

The criteria used for a diagnosis of sepsis in
the present study were taken from the 2008
Surviving Sepsis Campaign international sepsis
guidelines(10). 

Routine data gathered during hospital stay,
including cause of death (during hospital stay) was
extracted from the hospital’s medical documenta-
tion system. 

The primary endpoint was the evaluation of
the prevalence of vitamin D deficiency and insuf-
ficiency. Secondary endpoints included PCT and
CRP levels, age and gender.

The following baseline data were collected
from patients upon ICU admission: demographics,
Acute Physiology and Chronic Health Evaluation
(APACHE) II score, Sequential Organ Failure
Assessment (SOFA) score, and basic hematologi-
cal and biochemical test results (including culture
results). 

Whole blood was collected within 24 hours
upon ICU admission. The plasma levels of vitamin
D were measured from fresh blood samples on
workdays with enzyme immunoassay (LIAISON;
DiaSorin). 

The serum CRP level was determined by
immunoassay (VISTA; Siemens), and the PCT

level was assayed by double-antibody sandwich
immunochemiluminescence (LIAISON;
DiaSorin). 

According to a clinical practice guideline,
vitamin D deficiency was defined as a serum level
of 0.0 to 19.9 ng/mL (0.0 - 49.75 nmol/L, multi-
plied by 2.5), insufficiency as 20.0 to 29.9 ng/mL
(50.0-74.75 nmol/L), and sufficiency as 30.0
ng/mL (75.0 nmol/L). Normal value of CRP and
PCT were considered respectively < 2.90 mg/L
and  0.0-0.5 ng/ml.

Results

The samples analysis was performed in
patients with available blood culture results during
hospital stay.

Among 59 patients presented with sepsis,
mean age (years, ± standard deviation) was 70.86
± 10.85; 38 patients were male and 21 female. 

All enrolled patients was vitamin D deficient
(mean value 13 ng/mL). 

Mean PCT and CRP concentrations were
respectively 10 (ng/mL) and 135 (mg/L).

Discussion and conclusions

Laboratory, or complementary, evaluation is
capable of revealing two distinct aspects of sepsis.
The first is related to the search for the aggressive
agent, by means of microbiological tracking of the
patient; the second relates to the identification of
alterations to metabolism or homeostasis, indica-
tive of systemic compromission or of specific
organ involvement.

In the case of hospitalized patients, the col-
lection of material for culture should include all
devices that breach the host’s protective barriers,
i.e. venous or arterial catheters (blood from the
catheters), urinary catheter, tracheal tube or tra-
cheostoma (tracheal aspirate), and stitches or scars
from recent surgery(11).

Despite the great effort made to isolate
microorganisms, on average, blood cultures are
positive in 34% only of “septic” patients, varying
from 9 to 64%(12).

There are almost 200 so-called sepsis mark-
ers; therefore, discussing the features of those can-
not be integrated into the current study. We will
mainly focus on the three most commonly used
markers: vitamin D, PCT and CRP.
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Despite their popularity, there are still many
pros and cons without clear answers regarding
their usefulness and interpretation in guiding
patient management.

Low vitamin D levels were independently
associated with all-cause hospital mortality and
remained a significant predictor of mortality after
multivariate adjustment for relevant confounders,
confirming previous findings of adequately pow-
ered studies in the critically ill(13,14). 

PCT is detectable in the serum within a few(4-

6) hours after the onset of bacterial infection.
During the “normal” course of an infection it
reaches its peak within 24 hours and then starts its
decline in the case of adequate treatment with lev-
els reducing by roughly 50% daily according to its
half-life(15). 

There is considerable evidence that PCT sup-
ported decision making during antibiotic treatment
has several beneficial effects(16).

In contrast, CRP moves “slowly,” and under
similar circumstances it reaches its maximum
value usually within 48 hours. However, levels are
generally elevated in most ICU patients, making
interpretation of CRP very difficult(7).

The other major problem with CRP on the
ICU is that it is lagging way behind the actual
events of the inflammatory process.

In the present study, concentrations of CRP
are expressed in mg/L. Some authors suggest 50 to
100 mg/L as an optimal serum level to separate
sepsis from systemic inflammatory response syn-
drome (SIRS)(17). 

Povoa(9) evidenced that a cutoff serum level
of 50 mg/L increases the chance of sepsis by four-
fold. Pierrakos,(18) however, did not recommend the
use of CRP to separate sepsis from inflammatory
conditions, deeming it inaccurate for this purpose.
The problem is not only the dynamics of CRP
variations, already mentioned, but also the lack of
a “gold standard” for the diagnosis of sepsis,
which is defined by the association between clini-
cal and laboratory data. In general, this makes the
determination of biomarkers’ sensitivity and speci-
ficity harder in this clinical condition. In fact,
some studies adopt culture-positive results as a
gold standard, which is also questionable, as cases
of culture-negative sepsis are frequent(18).

Fan(19) has recently proposed a multipanel
approach for the diagnosis of sepsis, including
both “new” and well known parameters. But this
approach is not easily available in daily practice

for a large number of hospitals worldwide.
Certain limitations of this study should be

considered. The most important limitation is that it
is a single center study, and selection bias may be
present. Therefore in this study we have a sample
of relatively small size for the detection of less
pronounced effects, so we had insufficient data for
a statistical association in order to detect weak
relationships.

Second, most of the patients who were
assessed for inclusion were excluded before the
enrollement, which might indicate a limitation to
the practical usefulness of the tested protocol.
Regarding this point, most exclusions occurred in
patients who had “more than 48 hours of antibiotic
therapy” as unique criterion.

Finally, for what concern vitamin D levels
reduction in the study population, is not yet com-
pletely clarified the mechanism behind this
decrease. 

Therefore, it is helpful the administration of
vitamin D in these patients in order to reduce the
negative effects of that deficiency. Further studies
are necessary to confirm our findings, to better
define the mechanisms by which vitamin D is
implicated in the immune response and understand
the cause of its decrease in patients with sepsis.

References

1) Hotchkiss RS, Karl IE. The pathophysiology and treat-
ment of sepsis. N Eng J Med 2003; 348: 138-50.

2) Holick MF. Vitamin D deficiency. N Engl J Med. 2007;
357: 266-281.

3) Provvedini DM, Tsoukas CD, Deftos LJ, Manolagas
SC. 1,25-Dihydroxyvitamin D3 receptors in human
leukocytes. Science. 1983; 221: 1181-1183.

4) Moromizato T, Litonjua AA, Braun AB, Gibbons FK,
Giovannucci E, Christopher KB. Association of low
serum 25-hydroxyvitamin D levels and sepsis in the
critically ill. Crit Care Med. 2014; 42: 97-107.

5) Cecchi A, Bonizzoli M, Douar S, et al. Vitamin D defi-
ciency in septic patients at ICU admission is not a mor-
tality predictor. Minerva Anestesiol. 2011; 77: 1184 -
1189.

6) Assicot M, Gendrel D, Carsin H, Raymond J, Guilbaud
J, Bohuon C. High serum procalcitonin concentrations
in patients with sepsis and infection. Lancet. 1993; 341:
515-518.

7) Linscheid P, Seboek D, Nylen ES, Langer I, Schlatter
M, Becker KL, Keller U, Müller B. In vitro and in vivo
calcitonin I gene expression in parenchymal cells: a
novel product of human adipose tissue. Endocrinology.
2003; 144: 5578-5584.

8) Müller B, Becker KL, Schächinger H, Rickenbacher
PR, Huber PR, Zimmerli W, Ritz R. Calcitonin precur-

Evaluation of procalcinin, vitamin D and C-reactive protein levels in septic patients with positive emocoltures... 1913



sors are reliable markers of sepsis in a medical inten-
sive care unit. Crit Care Med. 2000; 28: 977-983.

9) Póvoa P. C-reactive protein: a valuable marker of sep-
sis. Intensive Care Med. 2002; 28: 235-43.

10) Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach
H, Opal SM, Sevransky JE, Sprung CL, Douglas IS,
Jaeschke R, Osborn TM, Nunnally ME, Townsend SR,
Reinhart K, Kleinpell RM, Angus DC, Deutschman CS,
Machado FR, Rubenfeld GD, Webb S, Beale RJ,
Vincent JL, Moreno R; Surviving Sepsis Campaign
Guidelines Committee including The Pediatric
Subgroup. Surviving Sepsis Campaign: international
guidelines for management of severe sepsis and septic
shock, 2012. Intensive Care Med. 2013; 39: 165-228.

11) Mitaka C. Clinical laboratory differentiation of infec-
tious versus non-infectious systemic inflammatory
response syndrome. Clin Chim Acta. 2005; 351: 17-29.

12) Bochud PY, Glauser MP, Calandra T. Antibiotics in sep-
sis. Intens Care Med 2001; 27 Suppl: 33-48. 

13) Braun AB, Gibbons FK, Litonjua AA, Giovannucci E,
Christopher KB. Low serum 25-hydroxyvitamin D at
critical care initiation is associated with increased
mortality. Crit Care Med. 2012; 40: 63-72

14) Bikle D. Nonclassic actions of vitamin D. J Clin
Endocrinol Metab. 2009; 94: 26-34. 

15) Simon L, Gauvin F, Amre DK, Saint-Louis P, Lacroix
J. Serum procalcitonin and C-reactive protein levels as
markers of bacterial infection: a systematic review and
meta-analysis. Clinical Infectious Diseases, 2004; 39:
206-217.

16) Christ-Crain M, Jaccard-Stolz D, Bingisser R, Gencay
MM, Huber PR, Tamm M, Müller B. Effect of procalci-
tonin-guided treatment on antibiotic use and outcome
in lower respiratory tract infections: cluster-ran-
domised, single-blinded intervention trial. Lancet.
2004; 363: 600-7.

17) Mitaka C. Clinical laboratory differentiation of infec-
tious versus non-infectious systemic inflammatory
response syndrome. Clin Chim Acta. 2005; 351: 17-29.

18) Pierrakos C, Vincent JL. Sepsis biomarkers: a review.
Crit Care. 2010; 14: R15.

19) Fan SL, Miller NS, Lee J, Remick DG. Diagnosing
sepsis - The role of laboratory medicine. Clin Chim
Acta. 2016 Sep 1; 460: 203-10.

_______
Corresponding author
Prof. DONATO D’AGOSTINO
Corso Vittorio Emanuele, 143
70122 - Bari
d.dagostino@live.it 
(Italy)

1914 Francesca Di Serio, Roberto Lovero et Al


