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The latest developments on severe infections in the ICU 
could be summarized as the changed epidemiology of 
infections and pathogens, the emerging appearance of 
new resistant strains especially in war-ridden conditions, 
the upcoming new antibiotics, the use of alternative 
routes for antibiotics administration and the prolonged 
infusion of antibiotics.

A significant change of patterns in acute infections has 
emerged in Europe recently as a result of various factors. 
In the large number of refugees from the Middle East, 
Africa and elsewhere, multidrug-resistant (MDR) tuber-
culosis, MDR Gram-negative bacterial infections includ-
ing those with Acinetobacter, enterics and MRSA have 
been reported in surveillance studies throughout Europe 
[1]. War-ridden conditions led to re-emerge of some 
vaccine-preventable diseases such as measles and polio-
myelitis, as well [1]. Crimean Congo haemorrhagic fever, 
a tick-borne viral infection with a case-fatality ratio of 
5–30% is widespread in the Balkan region and autochtho-
nous cases were recently reported from Spain [2]. Only 
a few Middle East respiratory syndrome-coronavirus 
(MERS CoV) infections have been imported to Europe, 
but mortality could be up to 36% [3]. Travel-associated 
Zika virus infections were detected in 19 EU countries 
and in 92 pregnant women [3]. Severe influenza has 
been reported as a risk factor for invasive pulmonary 
aspergillosis even in non-immunocompromised patients 
[4]. Although Candida albicans is still the single most 
frequent cause of fungaemia in the ICU, non-albicans 
Candida are responsible for remarkable epidemiological 
differences in Europe with C. parapsilosis being more fre-
quent in Southern Europe and C.  glabrata in Northern 

Europe; in the latter, acquired echinocandin resistance is 
emerging [5]. Among MDR bacterial infections, Escheri-
chia coli has the highest resistance rates (up to 38.1%) 
against broad-spectrum cephalosporins in Southern and 
Eastern Europe via extended-spectrum beta-lactamases 
[6]. For Klebsiella pneumoniae, the highest figures come 
from Greece (70.1%) and Serbia (88%). Carbapenem 
resistance in E.  coli is rare in Europe, but has become 
prevalent in K.  pneumoniae (59.4% in Greece, 34.3% in 
Italy, 20.5% in Romania, and less than 2% in other EU 
countries) [6]. Three main carbapenemases are respon-
sible for this resistance (Fig.  1) [7]. These isolates are 
usually sensitive to colistin, fosfomycin and tigecycline 
although resistance to these antibiotics is also rapidly 
emerging [7]. The recently described plasmid-mediated 
colistin resistance gene (mcr-1) has been rarely found 
in human isolates in Europe and its clinical significance 
is currently unknown [8]. Carbapenem resistance was 
reported in more than 50% of isolates of Acinetobacter 
baumannii in Portugal, Greece, Italy, Cyprus, Romania 
and Bulgaria. These isolates are usually co-resistant to 
aminoglycosides and quinolones. Colistin resistance in 
A.  baumannii is rare. Tigecycline resistance may occur 
after a brief exposure to the drug during therapy [6]. 
Rapid detection of resistant strains is essential for effec-
tive treatment, and several phenotypic and genotypic 
tests have recently been described. Among these are 
multiplex and/or real-time PCR assays, DNA microarray, 
whole genome sequencing, MALDI-TOF mass spectrom-
etry and a batch of biochemical tests which can provide 
results within minutes to a couple of hours with high sen-
sitivity and specificity. Biochemical tests would require 
bacteria to be cultured first from clinical specimens [7, 9]. 
Genotypic methods may be even more rapid and one can 
use them both on clinical specimens and cultures and not 
only for identifying bacteria but also detecting the genes 
of antibiotic resistance.
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Several new antibiotics are available or under devel-
opment including β-lactamase inhibitor combinations 
(ceftolozane/tazobactam, ceftazidime/avibactam, cef-
taroline/avibactam, aztreonam/avibactam, imipenem/
relebactam), eravacycline (a novel broad-spectrum fluo-
rocycline with broad-spectrum activity), plazomicin (a 
next-generation aminoglycoside with activity against 
many MDR bacteria), new quinolones (finafloxacin, ava-
rofloxacin, zabofloxacin, nemonoxacin and delafloxacin), 
new lipo-glycopeptides (dalbavancin and oritavancin) and 
a new oxazolidinone (tedizolid) with more potent in vitro 
activity than linezolid [10]. The revival of old antibiotics 
(fosfomycin, colistin, trimethoprim/sulfamethoxazole 
combination, tetracycline) against extended-spectrum 
β-lactamase (ESBL)-producing and MDR Gram-negative 
pathogens, MRSA and VRE is already a reality in daily 
clinical practice (Table 1) [11]. Nebulized antibiotics are 
used as an adjunctive treatment to IV route in MDR/
ventilator-associated pneumonia (VAP) or ventilator-
associated tracheobronchitis (VAT) aiming to increase 

the antibiotic efficacy by delivering high doses to the 
lung, to reduce drug toxicity and to minimize the risk 
of resistance [12]. Currently available devices (jet, ultra-
sonic and vibrating mesh nebulizers) deliver to the lung 
parenchyma 15–60% of the antibiotic dose placed in the 
chamber. Several other factors (physicochemical/phar-
macologic antibiotic properties, patient’s parameters and 
variability, ventilator and circuit parameters) are impor-
tant in order to maximize antibiotic delivery and reduce 
residual loss of the drug [13]. Currently, two randomised 
clinical trials on MDR/VAP treatment with nebulized 
antibiotics are ongoing: the amikacin inhale program 
(BAYER®) and the IASIS program (Cardeas Pharma®). 
The former program in the USA and Europe includes two 
identical, superiority phase III, prospective, randomized, 
double blind, placebo-controlled safety and efficacy tri-
als. A specially formulated amikacin inhalation solution 
is used in combination with IV therapy, powered to dem-
onstrate superiority over standard IV therapy through 
an on-ventilator or hand-held pulmonary drug delivery 

Fig. 1  Epidemiological characteristics of carbapenemases produced by Klebsiella pneumoniae in Europe (the data produced in part from Ref. [7])
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system (PDDS). The IASIS program (Cardeas Pharma®) 
includes a randomized placebo-controlled study adjunc-
tive to IV antibiotics using a specially formulated ami-
kacin (300 mg)–fosfomycin (120 mg) inhalation solution 
through an eFlow Inline Nebulizer system (PARI eFlow 
techology) aiming to improve the outcome of MDR/
VAP and to shorten ventilator days [14]. However, in this 
study the adjunctive aerosol therapy compared to stand-
ard of care IV antibiotics in patients with Gram-negative 
VAP was ineffective to improve clinical outcomes despite 
reducing bacterial burden. Today, a modern approach of 
treatment with antibiotics in critically ill patients is based 
on adequate exposure according to PK/PD properties 
aimed at a more personalized dosing and on prolonged 
or continuous infusion mainly of various beta-lactams. 
This treatment approach aims to reduce the mortality of 
infected patients, to increase the efficacy of antibiotics, 
to overcome the potential resistance and to minimize the 
toxicity associated with antibiotics [15, 16].

In conclusion, although several new, emerging and re-
emerging infections pose threats to ICU patients, there 
are new diagnostic and therapeutic options available to 
counter them. However, we are yet to see their impact 
and are eagerly awaiting the results of ongoing trials.
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