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Abstract Procalcitonin guidance stimulates a reduction in the duration of antibiotic treatment in critically ill
 patients with a presumed bacterial infection, but its role in infections caused by multidrug-resistant 
bacteria has not been sufficiently explored. In this retrospective observational study, we analyzed procalcitonin 
curves of 32 patients with culture-confirmed ventilation-associated pneumonia (VAP) and catheter-related blood-
stream infections (CRBSI) occurred during the period 11/1/2016 to 7/1/2019. Sixteen infections were caused by 
multidrug-resistant bacteria (10 CRBSI and 6 VAP) and other 16 by sensitive bacteria (10 CRBSI and 6 VAP). 
CRBSI generated by multidrug-resistant bacteria elicited significantly higher procalcitonin levels than CRBSI infec-
tions caused by sensitive bacteria (39 ± 30 μg/l vs. 10.7 ± 11 μg/l, p = 0.02). Patients with VAP caused by sensitive 
and multidrug-resistant bacteria elicited similar procalcitonin levels. The time to a decrease in procalcitonin level 
to less than 80% of the peak value or less than 0.5 μg/l upon effective antibiotic treatment was 7.2 ± 2.9 days 
in multidrug-resistant bacteria vs. 5 ± 1.8 days in sensitive bacteria (p = 0.03). In multidrug-resistant bacteria, 
the inflammatory response measured by procalcitonin is stronger and longer, even with an effective antibiotic 
treatment. However, the decline occurs before the conventional antibiotic scheme is completed. The potential 
application of antibiotic protocols guided by procalcitonin to these groups of patients grants further studies aimed 
to reduce exposure to antibiotics in critical multidrug-resistant infections.
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Resumen Cinética de procalcitonina en infecciones causadas por bacterias multirresistentes. La ciné-
 tica de la procalcitonina es útil para reducir la duración de la antibioticoterapia en pacientes críticos, 
pero no se analizó su rol en infecciones por gérmenes multirresistentes. Se realizó un estudio observacional 
retrospectivo, analizando las curvas de procalcitonina de pacientes con neumonías asociadas a ventilación me-
cánica (NAVM) y bacteriemias asociadas a catéter (BAC) con rescate bacteriano durante el período 1/11/16 a 
1/7/19. Se estudiaron 16 pacientes con infección por gérmenes sensibles (10 BAC y 6 NAVM) y 10 por gérmenes 
multirresistentes (10 BAC y 10 NAVM). Los pacientes con BAC generadas por gérmenes multirresistentes pre-
sentaron valores de procalcitonina mayores que los pacientes con BAC por gérmenes sensibles: (39 ± 30 μg/l 
vs. 10.7 ± 11 μg/l, p = 0.02). Los pacientes con NAVM generada por gérmenes sensibles y multirresistentes 
presentaron valores de procalcitonina similares. El descenso de procalcitonina a niveles 80% menores al valor 
máximo o menores a 0.5 μg/l (con tratamiento antibiótico efectivo) fue más veloz en pacientes con infección por 
gérmenes sensibles (5 ± 1.8 días vs. 7.2 ± 2.9 días, p = 0.03). En las infecciones por gérmenes multirresisten-
tes, la respuesta inflamatoria medida por procalcitonina fue más intensa y prolongada, aun con un tratamiento 
antibiótico efectivo. Sin embargo, el descenso se produjo antes de que finalizaran los esquemas antibióticos 
convencionales. Por este motivo, se considera necesario estudiar la potencial utilidad de protocolos antibióticos 
guiados por procalcitonina en pacientes con infecciones por gérmenes multirresistentes para reducir la exposición 
a antibióticos.
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Multidrug-resistant (MDR) bacteria are selected when 
the patient takes antibiotics in such a way that antibiotic-
sensitive bacteria are overgrown by resistant clones1. The 
longer the exposure to antibiotics the higher the pressure 
to select for antibiotic resistance2-4. Nowadays, the clinical 
threat comes mainly from species such as Escherichia 
coli and the group known as the ESKAPE organisms 
(Enterococcus faecium, Staphylococcus aureus, Klebsi-
ella pneumoniae, Acinetobacter spp, Pseudomonas spp, 
Enterobacter spp), which are found harmlessly in us, on 
us, or in our environment 4, 5.

Up to 30-50% of the antibiotics administered to hospi-
talized patients may be unnecessary5, 6, and the courses 
of treatment usually exceed the recommended duration7. 
This is particularly critic in intensive care units (ICU) where 
broad-spectrum antibiotic schemes are empirically admin-
istered and, in most cases, it is not possible to de-escalate 
the therapy because the pathogen remains unidentified 
in 40 to 60% of septic patients8, 9.

Therefore, it is interesting to analyse the new ap-
proaches to reduce exposure through a selective starting 
of antibiotics and shortening the duration of treatments10, 4. 
In this sense, biomarkers are being investigated to facili-
tate the diagnosis of infection, to initiate early antimicrobial 
treatment, and to help in decision-making regarding its ter-
mination, to avoid unnecessarily long antibiotic therapies.

Procalcitonin (PCT) is the blood analyte most studied 
as a biomarker of bacterial infection as well as for monitor-
ing and ending antibiotic therapy11. Multiple randomized 
clinical trials (RCTs) have evaluated the usefulness of 
PCT to guide the initiation and completion of antibiotic 
therapy. The results of these studies show that PCT guid-
ance stimulates a reduction in treatment duration and 
daily defined doses of antibiotics in critically ill patients 
with presumed bacterial infections, stopping prescribed 

antibiotics if procalcitonin concentration had decreased 
by 80% or more of its peak value, or when it reached a 
value of 0.5 μg/l or lower. However, the large RCTs that 
evaluated PTC-guided completion of antibiotic courses 
included mostly patients with community infections. This 
is evidenced by the low rate of MDR infections included. 
For example, MDR infections represented only 17% of the 
cases in the PRORATA trial and they were not analyzed 
separately. In fact, most large RCTs were not planned to 
evaluate infections by MDR bacteria12-15.

Patients with MDR infections might not respond in a 
conventional way to antibiotic treatments and we do not 
know if those protocols can be applied to them. Therefore, 
our aim was to investigate PCT kinetics and the time nec-
essary for a decrease to less than 80% of the peak value or 
below 0.5 μg/l in patients with MDR infections compared to 
values observed in patients infected with sensitive bacteria 
(SB). Because ventilation associated pneumonia (VAP) 
and catheter-related bloodstream infections (CRBSI) are 
the infections with the highest incidence of MDR infections 
(30%-50%)16, we studied the kinetics of PCT exclusively in 
these population groups, in order to obtain similar numbers 
of MDR and SB infection episodes17, 18. 

Materials and methods

A retrospective observational study was carried out in a 38-bed 
surgical and medical ICU of our high complexity hospital. All 
patients with bacterial isolates of VAP and CRBSI during the 
period from 11/1/16 to 7/1/19 were analyzed. Patients who 
presented daily measurements of PCT with values higher than 
0.5 μg/l secondary to VAP or CRBSI were selected. Measure-
ments were followed until their decrease to values ≤ 0.5 μg/l 
or lower than 80% of the maximum value. Only the first isolate 
of VAP or CRBSI was analyzed per patient.

Patients were excluded in the following events: an infec-
tious intercurrence during the antibiotic course, death before 
the expected decrease in PCT levels, chronic infections due to 
undrained abscesses, endocarditis, tuberculosis or meningitis, 
and patients already with antibiotics considered effective for 
the bacteria isolated at the time of bacteriological sampling.

The MDR bacteria evaluated were those considered as 
a priority by the World Health Organization19: Carbapenem-
resistant Acinetobacter baumannii, Pseudomonas aeruginosa, 
and Enterobacteriaceae, vancomycin-resistant Enterococcus 
faecium, and methicillin-resistant Staphylococcus sp.

The serum PCT levels were measured by the VIDAS 
BRAHMS PCT assay using the bioMérieux VIDAS analyzer 
(coefficient of variation 3.8%). PCT plasma concentrations 
were expressed in μg/l, and they ranged from 0.05 μg/l to 
200 μg/l. PCT values were evaluated at the time of bacterio-
logical isolation and on consecutive days until the PCT value 
fell below 0.5 μg/l or decreased 80% of the maximum value 
reached. The antibiotic schemes started empirically, and the 
schemes indicated once the specific bacterium was detected, 
were registered.

The presence of acute renal failure was evaluated with 
the Acute Kidney Injury Network (AKIN) classification20, the 
urinary output, and the serum creatinine concentrations were 
assessed in the peak of PCT. Creatinine concentrations were 
compared with baseline concentrations; the baseline creatinine 

KEY POINTS
Current knowledge

 • Procalcitonin kinetics in septic patients at intensive care 
units is well known. However, procalcitonin levels and 
dynamics in critically ill patients suffering from infections 
due to multidrug-resistant bacteria have not been stud-
ied. In fact, several publications excluded this population 
from their analysis. 

Article´s contribution to knowledge

 • We compared procalcitonin levels and clearance rates 
induced by sensitive and multidrug-resistant bacteria in 
patients with catheter-related bloodstream infections and 
ventilation-associated pneumonia. We found higher procal-
citonin levels and a slower descent in multidrug-resistant 
infections, suggesting that this kind of infection elicits stron-
ger inflammatory responses. As the decline of PCT levels 
occurred well before the completion of antibiotic treatment, 
PCT guidance could help to shorten antibiotic treatment 
courses of multidrug-resistant infections.
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was considered the value before admission (if it had been 
determined less than 3 months before) or the first value after 
hospital admission. Creatinine concentrations were measured 
using the compensated kinetic Jaffé method (coefficient of 
variation: 3.4%). 

The Charlson and SOFA scores were evaluated in the 
ICU admission, the days of permanence in ICU and hospital 
were also registered.

Statistical analyses were performed with the program 
“STATA 13”. The distribution of numerical results was calcu-
lated using the Kolmogorov-Smirnoff normality test. Normally 
distributed data were presented as mean ± standard deviation 
(SD) and the comparisons between two groups were carried 
out with the two-sample t-test. Data following a non normal 
distribution were presented as median and interquartile range 
(IQR) and comparisons between groups were made with 
Mann-Whitney U test. Differences between proportions were 
evaluated using chi-squared test. A p <0.05 (2-tailed tests) 
was considered significant.

Results

During the study period, bacterial isolates obtained from 
103 patients were associated to VAP or CRBSI in ICU. 
A total of 71 patients did not meet inclusion criteria (Fig-
ure 1). Finally, 16 patients with SB and 16 patients with 
MDR bacterial infections were selected for the analysis.

Patients with SB isolates had a mean age of 54 
(SD ± 20) years and those with MDR isolates 45 (SD ± 16) 
years. Charlson median was 2 (IQR 1-4.5) in patients with 
SB infection and 1 (IQR 1-4) in patients with MDR infec-
tion. Three patients with CRBSI were administered inef-
fective antibiotics for 48 hours: (a) in one patient initially 
treated with meropenem and colistin, ertapenem and 
tigecycline were added upon isolation of carbapenem-
resistant K. pneumoniae; (b) the second patient was 
empirically treated with vancomycin but upon isolation 

of vancomycin-resistant E. faecium the treatment was 
switched to linezolid; (c) the third patient was empirically 
treated with ceftriaxone and the antibiotic was changed 
to vancomycin upon isolation of methicillin-resistant S. 
epidermidis. These 6 treatment days represented 6% 
of the total days of antibiotics received by patients with 
MDR infections. The characteristics of the population are 
described in Table 1.

In patients with CRBSI secondary to SB, the species 
most frequently isolated was K. pneumoniae. In patients 
with MDR CRBSI, the germs most frequently isolated 
were carbapenemase-producing Enterobacteriaceae. In 
VAP generated by SB, the most frequent species was S. 
aureus whereas in VAP generated by MDR bacteria, the 
predominant germ was carbapenemase-producing P. 
aeruginosa (Table 2).

The maximum values of PCT in patients with CRBSI 
were significantly higher in MDR than in SB infections 
(mean ± SD 39 ± 30 μg/l vs. 10.7 ± 11, p = 0.02), Fig-
ure 2A. In VAP, patients with MDR infections had a mean 
± SD PCT value of 3.2 ± 2 μg/l and patients with SB 
infections a mean ± SD PCT value of 5.0 ± 6 μg/l with no 
significant difference. The average time  ± SD elapsed 
from the first sampling to the maximum PCT value was 
24 ± 9 hours in MDR infections and 26±11 hours in SB 
infections. This difference was not statistically significant 
(Fig. 2).

The time elapsed from the detection of the bacteria to 
a decrease  > 80% of the maximum PCT value or less 
than 0.5 μg/l was 7.2 ± 2.9 days in MDR vs. 5 ± 1.8 days 
in SB (p = 0.03) (Figure 2B). This analysis was carried out 
only with patients who received effective antibiotic therapy 
including both infections, VAP and CRBSI. As for the three 
patients who had initially received an ineffective antibi-

Fig. 1.– Patients and bacterial isolates included in the study

SB: sensitive bacteria; MDR: multidrug-resistant bacteria; PCT: procalcitonin
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otic scheme, the analysis was started when an effective 
scheme was initiated. In both groups, the mean duration 
of antibiotic therapy was 13 ± 4.3 days, significantly longer 
than the 7.2 ± 2.9 days required for the decrease in PCT 
(p < 0.001). Changes in the decreasing tendency were 
not observed in 9 patients with SB infection and 7 patients 
with MDR infections who had acute kidney injury (Table 1).

The PCT decrease had an exponential trend line in both 
groups, responding to the following formula: 

PCTt = PCT0 e
–k t

PCTt: value of PCT at any time “t” (measured in days); 
PCT0: value at the initial moment; k: time constant of 

the exponential; t: time measured in days.

The time constant k represents the velocity of PCT 
reduction. With higher k values, PCT will decline faster. 
The k value for PCT was significantly lower in infections 
(VAP plus CRBSI) produced by MDR bacteria than in 

those produced by SB (mean ± SD 0.38 ± 0.15 1/days 
vs. 0.58 ± 0.2 1/days, p = 0.04), as shown in Figure 2C.

Discussion
 

Serum PCT levels were found to increase markedly be-
tween 6 to 12 hours after the onset of the inflammatory 
stimulus in sepsis, systemic infection, and severe inflam-
mation21. Also, elevated levels of PCT are correlated with 
the severity of the condition in humans and experimental 
animals22. 

We found that patients with CRBSI generated by 
MDR germs showed significantly higher PCT values than 
CRBSI generated by SB, reflecting a greater inflammatory 
response in MDR infections. This could be attributed to a 
greater virulence of MDR germs. Virulence and resistance 
are adaptive mechanisms in response to stressors such 
as host defence mechanisms and antibiotic pressure. 
Plasmids are possibly the main vehicles for the trans-

TABLE 1.– Population characteristics

 Patients with sensitive Patients with multidrug-resistant
 bacteria isolate (n = 16) bacteria isolate (n = 16)

Reason for admission Polytrauma (4) Polytrauma (4)
to ICU, (n) Neurocritical (2) Neurocritical (4)
 Postoperative elective surgery (2) Postoperative elective surgery (2)
 Diarrhea by Clostridium sp (1) Postoperative emergency surgery (2)
 Pancreatitis (1) COPD exacerbation (1)
 Sepsis respiratory focus (3) Cystic fibrosis exacerbation (1)
 Hypereosinophilic syndrome (1) Acute hepatic failure (1)
 Lung transplant (1) Sepsis skin and soft tissue focus (1)
 Hyperammonemic encephalopathy (1) 
Cumulative length 68 (± 64) 61 (± 28)
of ICU stay in days,
mean (± SD) 
Deaths, n (%) 3 (25) 5 (35)
SOFA at ICU admission,  6 (± 4) 7.5 (± 4)
mean (± SD)
Age, mean (± SD) 54 (± 20) 45 (± 16)
Sex, M/F 7 / 5  9 / 5
Charlson, median (IQR) 2 (1-4.5) 1.5 (1-4)
Patients/day with non-effective 0 3
treatment, n 
Acute renal failure by AKIN 
Without renal failure 7 (44) 9 (56)
AKIN 1, n (%) 1 (6) 1 (6)
AKIN 2, n (%) 2 (12) –
AKIN 3, n (%) 6 (38) 6 (38)

AKIN: acute kidney injury network; ICU: Intensive Care Unit; IQR: Interquartile range; SD: Standard deviation; SOFA: Score Organ Failure 
Assessment; COPD: chronic obstructive pulmonary disease
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TABLE 2.– Bacterial species isolates in 20 episodes of catheter-related infection and 12 episodes
of ventilation associated pneumonia

 Catheter-related bloodstream infections  Ventilation-associated pneumonia 
 Sensitive bacteria Multidrug-resistant bacteria  Sensitive bacteria  Multidrug-resistant bacteria
 (10 episodes)  (10 episodes)  (6 episodes) (6 episodes) 
Species n Species n Species n Species n

Klebsiella pneumoniae 3 Carbapenem-resistant 5 Staphylococcus aureus 2 Carbapenem-resistant 3
  Klebsiella pneumoniae    Pseudomona aeruginosa 

Proteus mirabilis 2 Methicillin-resistant 2 Pseudomonas 1 Carbapenem-resistant 1
  Staphylococcus  aeruginosa  Klebsiella pneumoniae
  epidermidis     

Klebsiella pneumoniae, 1 Carbapenem-resistant 1 Citrobacter freundii 1 Carbapenem-resistant 1
Pseudomonas aeruginosa*  Acinetobacter baumannii    Acinetobacter baumannii

Acinetobacter baumannii 1 Vancomycin-resistant 1 Klebsiella pneumoniae 1 Carbapenem-resistant 1
Pseudomonas aeruginosa*  Enterococcus faecium  Staphylococcus aureus,  Klebsiella pneumoniae,
    Proteus mirabilis* 1 Acinetobacter baumannii,  
      Pseudomonas aeruginosa*

Enterobacter cloacae 1 Carbapenem-resistant 1
  Enterobacter cloacae 

Enterobacter aerogenes 1   Enterobacter aerogenes 1

Citrobacter freundii 1

*Two or more species isolated in the same episode

mission of genetic elements that encode virulence and 
resistance factors23. This has been clearly described, for 
example, for plasmid pRSB107, located in certain E. coli 
strains, which expresses resistance to at least ten dif-
ferent antimicrobials and at the same time encodes four 
virulence factors24. Carrying simultaneously plasmids that 
codify determinants of resistance and virulence enables 
the bacteria under antibiotic pressure to select the virulent 
ones and under conditions of infection, to select those 
resistant to antimicrobials25. 

In VAP, PCT values were similarly low in both groups, 
what agrees with the results of the meta-analysis by 
Hoeber et al., which associates bacteraemia with signifi-
cantly higher values of PCT26. However, we cannot reach 
any conclusions regarding this point because of the low 
number of VAP specimens.

We observed that PCT values decreased exponen-
tially in both groups. In patients with SB infections, the 
decreasing constant of PCT was significantly higher than 
in MDR infections (a mean of 5 days in SB against 7.2 
days in MDR). This might be ascribed to two causes. First, 
a higher virulence could trigger a more intense and pro-
longed inflammatory response in MDR infections. Second, 
the effective antibiotic treatment could be not as efficient 
against MDR organisms as are first-line antibiotics against 

sensitive bacteria. For example, carbapenems-resistant 
Enterobacteriaceae with MIC at meropenem ≥8-16 mcg/
ml present a lower response to combined therapies with 
carbapenems compared to microorganisms with lower 
MIC levels27, 28..

Additionally, the PCT decline occurred before the 
completion of antibiotic treatments in both MDR and SB 
infections (the mean duration of antibiotic therapy was 13 
days in both groups). The time course of PCT provides in-
formation on the resolution of severe bacterial infections14. 
We observed in our study that the duration of the antibiotic 
treatment may be reduced by PCT-guided protocols, even 
in infections caused by MDR bacteria. However, this was 
just a retrospective observational study and further stud-
ies are necessary to determine the safety of PCT-guided 
protocols in MDR infections.

The main limitation of our study is the low size of the 
sample. Indeed, 69% of the patients did not meet the 
inclusion criteria. Our primary objective was a descriptive 
study of PCT kinetics, therefore we only included patients 
with complete PCT curves.

In sum, we found that the inflammatory response mea-
sured by PCT was stronger and more prolonged in MDR 
bacteraemia, which may be ascribed to a higher virulence 
of MDR bacteria. However, even in MDR infections, the 
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decline of PCT levels occurred well before completion of 
antibiotic courses. Therefore, it is necessary to study the 
potential application of antibiotic protocols guided by PCT 
in MDR infections to reduce the antibiotics exposure in 
this population.
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[…] Objectivity cannot be equated with mental blankness; rather, 
objectivity resides in recognizing your preferences and then subjecting 
them to especially harsh scrutiny– and also in a willingness to revise or 
abandon your theories when the tests fail (as they usually do).

[…] La objetividad no puede igualarse a una mente en blanco, más 
bien reside en reconocer vuestras preferencias y someterlas a un duro 
escrutinio– y también a una buena voluntad de revisar y abandonar sus 
teorías cuando las pruebas fallan (cómo usualmente ocurre).

Stephen Jay Gould (1941-2002)
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