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Critically ill patients with severe hypoxemic res-
piratory failure due to coronavirus disease 2019 (COVID-
19) can develop severe secondary bacterial infections, that
might contribute to unfavorably influencing their prog-
nosis [1, 2]. A peculiar aspect of critically ill patients
with COVID-19 is that almost all of them receive dex-
amethasone and some of them also receive interleukin-6
(IL-6) receptor antagonists (tocilizumab or sarilumab) or
interleukin-1 receptor antagonists (anakinra). This practice
is supported by the favorable results observed in random-
ized controlled trials (RCTs), in either the entire study pop-
ulation or specific subgroups, and is motivated by the con-
tribution of an excessive host response to the organ damage
in COVID-19 patients [3–8].

Besides their now established favorable effect on
the course of the viral disease, the use of anti-inflammatory
and immunomodulatory agents in critically ill patients with
COVID-19 may nonetheless have some other relevant con-
sequences: (i) an increased risk of bacterial infections [9];
(ii) a reduced ability of clinicians to promptly recognize
these infections. While the first point is inherently accept-
able in balance with the favorable effect on the viral dis-
ease if pragmatically considering the overall favorable re-
sults observed in RCTs [3–5], the second, i.e., reduced abil-
ity of clinicians to promptly recognize such infections, de-
serves a more in-depth discussion. For example, while it

has been long known among immunologists and rheuma-
tologists that patients treated with IL-6 receptor antagonists
could develop bacterial infections without or with only mild
increases in classical inflammatory markers [10], the use of
such agents in critically ill patients was extremely rare be-
fore the COVID-19 era. Thus, an excess in the confidence
on the reliability of inflammatory markers may slow down
the recognition of possible secondary bacterial infections,
with perilous delays in diagnosis and treatment.

Against this background, some published experi-
ences have already highlighted the reduced value of serum
C-reactive protein (CRP) and procalcitonin (PCT) for sug-
gesting the presence of bacterial infections in critically
ill patients with COVID-19. In a single center study in
2 intensive care units we observed that among 78 criti-
cally ill patients with COVID-19 who developed blood-
stream infection, the median serum CRP values on the
day the first positive blood culture was drawn was 169.0
mg/L (interquartile range [IQR] 70.4–194.0), 105.2 mg/L
(IQR 54.0–164.0), 20.6 mg/L (IQR 8.4–33.6), and 44.6
mg/L (IQR 11.3–137.0) in patients who did not receive nei-
ther steroids nor tocilizumab, patients treated with steroids
and not tocilizumab, patients treated with tocilizumab and
not steroids, and patients treated with both steroids and
tocilizumab, respectively [11]. The same was observed for
PCT, with median values>1 ng/mL being observed only in
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Fig. 1. Complex balance between the effects of anti-inflammatory/immunomodulatory agents for the treatment of COVID-19 and the possible
unfavorable impact of bacterial infections.

patients who did not receive steroids nor tocilizumab [11].
These results are in line both with subsequently updated
data from our center and with a large multicenter study con-
ducted by Kooistra and colleagues in a cohort of 123 crit-
ically ill patients with COVID-19, of whom 71 developed
bacterial infection (pulmonary infection or bloodstream in-
fection) [12, 13]. In patients treated with dexamethasone
and tocilizumab in the study by Kooistra and colleagues,
CRP and PCT values were similar between those who de-
veloped bacterial infection and those who did not, after ad-
justment for intensive care unit exposure up to development
of infection. For PCT (but not for CRP) a statistically sig-
nificant increase was observed by day 2 of infection in pa-
tients treated with dexamethasone and tocilizumab who de-
veloped bacterial infection, that, although remaining useful
for identifying a previously undetected infection, may still
imply perilous delays in diagnosis and treatment [12]. In
this context, it is of note that serial PCTmeasurements have
been proposed by some authors, although still without solid
supporting evidence and deserving further investigation es-
pecially in patients treated with anti-inflammatory and/or
immunomodulatory agents [14–16].

The interpretation of these results in the context of
clinical practice is not easy. Indeed, on the surface, there
could be the temptation to disregard the results of CRP and
PCT assays, deeming them as useless for identifying bacte-
rial infections in critically ill patients with COVID-19 (ow-
ing to the nonnegligible risk of false negative results). On
the other hand, this would likely lead to a widespread use
of empirical antibacterials guided only by clinical or radi-
ological signs of infection, that are shared with the base-
line viral disease. In turn, this could unacceptably increase
both the rate of misdiagnosis and the selective pressure for
antibacterial resistance. For this reason, we feel an alter-
native view of the results of the studies discussed above
may be more appropriate from a clinical standpoint. First,
the fact that CRP and PCT were low or negative at the
onset of bacterial infection in many patients treated with
steroids/tocilizumab does not mean that they were nega-
tive in all patients, as appreciable by carefully analyzing
the results of the studies discussed above. We think this
could be sufficient to continue measuring CRP and PCT in
critically ill patients with COVID-19 and a clinical suspi-
cion of bacterial infection, since in some patients their in-
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creased values may still be very useful for increasing the
post-test probability, prompting a reasonable early use of
empirical antibacterials while waiting for microbiological
results. Of course, the core problem lies in the fact that
many other critically ill COVID-19 patients with bacterial
infection will have low/negative CRP and PCT values, at
least at the onset of infection. In such cases, given the
similarity of clinical and radiological signs of infection be-
tween worsening of COVID-19 and bacterial infections, we
strongly believe themost appropriate solution would be that
of potentiating our ability to rapidly obtain an etiological
diagnosis. The proper use of rapid molecular or phenotyp-
ical tests for identifying bacteria (and some resistance de-
terminants) in the blood and respiratory tract has the po-
tential to provide valuable insights for distinguishing the
worsening of the viral disease from a bacterial infection
in critically ill patients with COVID-19 treated with anti-
inflammatory and immunomodulatory agents [17, 18]. In
turn, this would allow either a more targeted antibacterial
treatment or the early discontinuation of broad-spectrum
empirical antibiotics when a secondary infection is rapidly
excluded. Furthermore, the importance of obtaining lower
respiratory tract specimens for the microbiological diagno-
sis of ventilator-associated bacterial pneumonia should be
stressed [19]. A putative role for biomarkers of bacterial in-
fections in the complex context influencing the overall out-
come of critically ill patients with COVID-19 is displayed
in Fig. 1 [20–23]. Finally, although they were not the topic
of the present editorial (focused on the role of biomarkers
in bacterial infections), it should be reminded that critically
ill patients with COVID-19 may also be at increased risk of
fungal infections, and the use of tocilizumab has been re-
cently recognized as an independent risk factor for COVID-
19-associated pulmonary aspergillosis (CAPA) [24].

In summary, during these almost two years of
COVID-19 pandemic we have been forced on several occa-
sions to rely only on very aspecific clinical and radiological
signs for the diagnosis of bacterial infections in critically
ill patients with COVID-19 treated with anti-inflammatory
and immunosuppressive agents, due to the reduced value of
CRP and PCT in this peculiar context. We firmly believe
their use should be coupled with improved etiological di-
agnosis of bacterial infection if we were to follow the core
principles of antimicrobial stewardship also in this complex
new scenario.
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