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a b s t r a c t 

Since the start of the COVID-19 pandemic, there has been concern about the concomitant rise of an- 

timicrobial resistance. While bacterial co-infections seem rare in COVID-19 patients admitted to hospital 

wards and intensive care units (ICUs), an increase in empirical antibiotic use has been described. In the 

ICU setting, where antibiotics are already abundantly—and often inappropriately—prescribed, the need for 

an ICU-specific antimicrobial stewardship programme is widely advocated. Apart from essentially warning 

against the use of antibacterial drugs for the treatment of a viral infection, other aspects of ICU antimi- 

crobial stewardship need to be considered in view of the clinical course and characteristics of COVID-19. 

First, the distinction between infectious and non-infectious (inflammatory) causes of respiratory deteri- 

oration during an ICU stay is difficult, and the much-debated relevance of fungal and viral co-infections 

adds to the complexity of empirical antimicrobial prescribing. Biomarkers such as procalcitonin for the 

decision to start antibacterial therapy for ICU nosocomial infections seem to be more promising in COVID- 

19 than non-COVID-19 patients. In COVID-19 patients, cytomegalovirus reactivation is an important fac- 

tor to consider when assessing patients infected with SARS-CoV-2 as it may have a role in modulating 

the patient immune response. The diagnosis of COVID-19-associated invasive aspergillosis is challenging 

because of the lack of sensitivity and specificity of the available tests. Furthermore, altered pharmacoki- 

netic/pharmacodynamic properties need to be taken into account when prescribing antimicrobial therapy. 

Future research should now further explore the ‘known unknowns’, ideally with robust prospective study 

designs. 

© 2021 The Authors. Published by Elsevier Ltd. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Since the start of the COVID-19 (coronavirus disease 2019) pan- 

emic, there has been concern about the concomitant rise of 

nother—equally relevant but more chronic—pandemic, that of an- 

imicrobial resistance [1] . While bacterial co-infections seem rare 

n COVID-19 patients admitted to hospital wards and intensive care 

nits (ICUs) [ 2 , 3 ], an increase in empirical antibiotic use has been

escribed in this group of patients [4] . In the ICU setting, where 
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ntibiotics are already abundantly—and often inappropriately—

rescribed, the need for an ICU-specific antimicrobial stewardship 

AMS) programme has been widely advocated [ 5 , 6 ]. This warn- 

ng should be emphasised during the current COVID-19 pandemic 

7] . Apart from essentially warning against the use of antibac- 

erial drugs for the treatment of a viral infection, relevant as- 

ects of ICU AMS need to be reconsidered in view of the clin- 

cal course and characteristics of patients admitted with COVID- 

9. In this paper, we describe how some of the established princi- 

les of ICU AMS (use of biomarkers, empirical treatment, pharma- 

okinetics/pharmacodynamics and treatment of ICU-acquired in- 

ections) may require adaptation in patients infected with SARS- 
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Table 1 

Antimicrobial recommendations in COVID-19 times 

AMS domain COVID-19 patients 

Empirical therapy on ICU admission (community-acquired) Refrain from empirical antibacterial therapy unless in septic shock 

Empirical therapy during ICU admission (nosocomial) Use PCT to decide upon starting antibacterial therapy. 

Regimen in septic patients to include coverage for Gram-positive 

pathogens and resistant Gram-negative pathogens in the right scenario. 

If Candida auris is identified in the centre, empirical coverage needs to 

be considered if bacterial infection is less likely 

Consider CAPA as nosocomial infection 

Perform appropriate diagnostics to establish CAPA upon clinical findings 

( Fig. 1 ) 

Antimicrobial dosing Consider altered PK/PD due to COVID-19: risk for both underdosing and 

overdosing ( Fig. 2 ) 

Management of CMV reactivation Uncertainty: treatment of CMV reactivation should be considered on a 

case-by-case basis 

Use of antifungals Do not routinely use antifungal prophylaxis. 

Therapy to be started in some patients based on the proposed algorithm 

COVID-19, coronavirus disease 2019; AMS, antimicrobial stewardship; ICU, intensive care unit; PCT, procalcitonin; CAPA, COVID-19-associated invasive pul- 

monary aspergillosis; PK/PD, pharmacokinetics/pharmacodynamics; CMV, cytomegalovirus. 
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oV-2 (severe acute respiratory syndrome coronavirus 2), the virus 

hat causes COVID-19. In this rapidly evolving pandemic, we are 

ware that the available knowledge is still limited. Therefore, in a 

eld with lack of significant evidence for AMS strategies, we point 

o the need for more studies and suggest the direction of such re- 

earch. 

In this review, we want to focus on key aspects of AMS that 

re impacted most by COVID-19. This may relate to patient as well 

s organisational factors. These topics were not randomly selected 

ut rather chosen by all authors based on the fact that they ei- 

her lack definitive data and clear evidence or remain controversial. 

e identified the empirical use of antibacterials, pharmacokinetic 

hanges in patients with COVID-19, use of biomarkers and oppor- 

unistic infections as most relevant for the clinician at the bedside 

 Table 1 ). 

mpirical antibacterial therapy for COVID-19 

Empirical antibiotics are often administered in severely-ill pa- 

ients when a bacterial infection is suspected as the primary cause 

f the critical illness. Viral pneumonia can predispose to bacterial 

uperinfections by causing structural damage to the lung tissue 

nd weakening host immunity. In previous influenza pandemics, 

acterial co-infections and superinfections were associated with 

xcess mortality [8] . 

Severe COVID-19 infection presents with clinical, radiological 

nd laboratory signs that mimic those of bacterial pneumonia, 

herefore initiation of empirical antibiotic treatment has been com- 

on practice. At the same time, different from our experience 

ith influenza infection, it is clear that upon initial presentation 

o the hospital, bacterial infection is rarely present. Recent stud- 

es have reported that 60–98% of patients received empirical an- 

ibiotic treatment, whereas the prevalence of documented bacte- 

ial co-infection ranges from 1–8% depending on the setting, with 

igher numbers reported in patients admitted to the ICU [ 2 , 3 , 9 , 10 ].

hus, this widespread empirical antibiotic use is not supported by 

ontemporary data. 

However, it is very challenging to diagnose bacterial superinfec- 

ion in patients with COVID-19 for many reasons. The most preva- 

ent radiological findings in these patients are ground-glass opaci- 

ies, consolidation and a mix of these two features in a predom- 

nantly peripheral distribution [11] . There are no specific radio- 

raphic features that distinguish between viral and bacterial pneu- 

onia, particularly the atypical bacterial pneumonias. As the viral 

nfection progresses, so do the radiological findings, and the dis- 

inction between that and a superimposed infection is often diffi- 

ult [12] . 
2 
Furthermore, severe COVID-19 is accompanied by a profound 

ystemic inflammatory reaction, reflected by elevated inflam- 

atory markers such as C-reactive protein (CRP), ferritin and 

nterleukin-6 (IL-6). Procalcitonin (PCT) is an inflammatory marker 

onsidered to rise more in bacterial compared with viral infections. 

owever, in a recent systematic review and meta-analysis on the 

bility of PCT to distinguish bacterial from non-bacterial causes of 

ommunity-acquired pneumonia, the pooled sensitivity and speci- 

city was only 0.55 and 0.76, respectively, when using a cut-off

alue of 0.5 μg/L, concluding that they are too low to be of real 

linical value [13] . In COVID-19, PCT levels have been shown to 

orrespond to disease severity, with the highest values seen in pa- 

ients requiring ICU care and with elevated values also associated 

ith poor outcome [ 14 , 15 ]. Although the cut-off value of 0.5 μg/L 

oes not seem useful, the specificity of PCT increases with increas- 

ng levels. Thus, in a patient presenting with double-digit PCT lev- 

ls, a bacterial infection should be highly considered and managed 

ccordingly. Further details on the utility of PCT are discussed be- 

ow. 

Therefore, based on the available evidence, we recommend not 

o initiate antimicrobials routinely in patients admitted to the 

mergency department or ICU with proven COVID-19. When super- 

mposed infection is suspected, appropriate microbiological sam- 

ling is highly recommended whenever possible. Whereas one may 

e reluctant to sample intubated COVID-19 patients invasively, tak- 

ng appropriate precautions during endotracheal aspirate sampling 

ill minimise the risk of viral transmission. 

However, for patients developing septic shock, empirical antibi- 

tics are indicated and should be used according to standard an- 

ibiotic guidelines with the aim of providing as optimal antibi- 

tic coverage as possible. The choice of antibiotic should be in- 

uenced by local antimicrobial susceptibility patterns as well as 

atient-related factors and immune status. In view of the emerg- 

ng literature on the predominance of Gram-negative pathogens in 

entilator-associated pneumonia (VAP) in ICU COVID-19 patients 

ncluding multidrug-resistant pathogens, empirical coverage should 

nclude adequate therapy for such pathogens. Also, since cen- 

res have reported an increased incidence of Gram-positive bacter- 

emias with coagulase-negative staphylococci and Enterococcus fae- 

alis , empirical coverage may be recommended in the right clinical 

cenario [16] . Once culture and susceptibility results are available, 

irected therapy with prompt de-escalation to a narrow-spectrum 

ntibiotic, whenever possible, is recommended to complete the re- 

aining duration of treatment. COVID-19 infection often presents 

ith a prolonged state of pro-inflammatory response and it can 

herefore be challenging to assess treatment response based on the 
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ormalisation of laboratory and clinical markers such as leukocyte 

ount, CRP, fever, requirement for vasopressors etc. This may be 

ven more difficult when patients are treated with immunomod- 

latory agents such as corticosteroids or tocilizumab. A fixed du- 

ation of therapy is therefore recommended depending on the site 

f infection and should be guided by available evidence indicat- 

ng that a shorter duration of 5–8 days for hospital-acquired pneu- 

onia, for example, is without disadvantages compared with older 

ecommendations of 10–14 days [17] . 

osocomial infections in COVID-19: use of biomarkers as a tool 

n COVID-19 

COVID-19 is characterised by inflammatory damage to endothe- 

ial tissues, particularly in the lung. It is thus logical to expect that 

 wide range of inflammatory markers are elevated in COVID-19 

nd that these parameters correlate with disease severity and out- 

omes [18] . This observation also holds true for PCT [ 14 , 19 ]. Re-

ent evidence has questioned the traditional ‘dogma’ that PCT is 

ble to distinguish between bacterial and viral infections [ 20 , 21 ] 

nd suggests that it may more likely be a ‘host response marker’ 

ather than a specific determinant of the aetiology of infections. 

till, as bacterial superinfections have the potential to complicate 

iral pneumonias and thus increase inflammatory activation, PCT 

ight have a discriminatory potential. 

Originally, the value of PCT in COVID-19 is three-fold. First, as 

iscussed above, PCT may have a decisive role in the identification 

f patients in whom antibiotics may be safely withheld, particu- 

arly in an emergency department setting with non-critically-ill pa- 

ients. This is an established use of PCT that can be ‘applied’ from 

ts use in the management of other respiratory infections [22] . Sec- 

nd, serial measurements of PCT offers insight into the ‘inflamma- 

ory dynamics’ of patients, where secondary increases should trig- 

er a work-up for bacterial superinfection [7] . Third, PCT guidance 

ay be used once antibiotic therapy has been initiated to shorten 

he duration of treatment [23–25] . This is also an established use 

f PCT and may be part of an institutional AMS programme. 

All these aspects of PCT guidance of antibiotic therapy have 

een successfully applied in patients with COVID-19. A study look- 

ng at the effects of an AMS intervention comprising institutional 

reatment guidelines in combination with frequent ‘audit and feed- 

ack’ (called the ‘COVID-19 huddle’) incorporated PCT guidance 

oth for initiation and discontinuation of antibiotics [26] . The in- 

ervention was able to reduce antibiotic prescription significantly. 

n three other studies with similar PCT thresholds to withhold 

herapy, antibiotic use was safely reduced in patients with ‘low’ 

CT values [27–29] . Incorporation of PCT into clinical decision- 

aking might thus help to withhold or rapidly discontinue antibi- 

tics when bacterial infection appears unlikely in the setting of low 

CT values. Evidence for such a strategy was also provided by a 

etrospective multicentre analysis from the Netherlands where the 

ffect of clinical guidelines including a PCT algorithm were exam- 

ned [2] . Despite abundant antibiotic prescriptions on admission to 

he hospital, the duration of treatment was kept relatively short, 

ith a median of 2 days. 

In the ICU, the value of PCT to identify secondary infections was 

emonstrated in an analysis of 66 critically-ill patients [30] . While 

oth CRP and PCT were variably elevated in many patients on ini- 

ial presentation, secondary increases were clearly associated with 

uperinfections complicating COVID-19. This effect was particularly 

istinctive for PCT. 

Taken together, measurement of PCT on diagnosis of COVID-19 

ay influence the decision to initiate or withhold antibiotics. If 

CT is low ( < 0.5 μg/L), it appears safe to not give antibiotics in the

bsence of overt organ failure. In the uncommon situation where 

his is unclear and antibiotics are started, a repeated measurement 
3 
fter 24–48 h is recommended. If PCT remains low, stopping an- 

ibiotics should be highly considered. If a bacterial co-infection is 

ikely or proven and antibiotic therapy is started, repeated mea- 

urements every 48–72 h make sense to guide the duration of 

herapy. If PCT decreases by > 80% from the initial value or falls 

elow 0.5 μg/L, stopping antibiotics is reasonable. 

Secondary increases of PCT during ICU admission should trigger 

 careful evaluation for infectious complications, including extra- 

ulmonary sources (urinary tract, soft tissue and bloodstream in- 

ections). 

It is unclear what effect immunomodulatory therapies (e.g. 

examethasone, but also IL-1- and IL-6-blocking agents) have on 

iomarkers. Such interventions are increasingly advocated for pa- 

ients admitted to the ICU with severe COVID-19 pneumonia [31] . 

arlier studies showed that while induction of CRP may be atten- 

ated by corticosteroids, PCT appears to be unaltered [32] . In one 

tudy on the use of anakinra, an IL-1-blocking agent, in COVID- 

9, the decrease of PCT ( P = 0.001) was more pronounced in the 

nakinra group [33] . Another study showed that tocilizumab treat- 

ent is associated with a reduction of CRP and PCT in COVID-19 

nfection [34] . Whether this reduction reflects the intended atten- 

ation of a dysregulated immune reaction (‘cytokine storm’) or is 

 hallmark of serious immunosuppression is uncertain at this mo- 

ent. It is also not clear whether the dynamics of CRP and PCT are 

uppressed in bacterial superinfections, jeopardising the indicative 

alue of these parameters. 

osocomial infections in COVID-19: invasive pulmonary 

spergillosis 

From early in the course of the COVID-19 pandemic there was 

oncern about the emergence of invasive pulmonary aspergillosis 

IPA), as viral pneumonias are known to increase patients’ suscepti- 

ility to fungal co-infections [35] . Invasive fungal infections includ- 

ng aspergillosis were reported during the SARS-CoV-1 outbreak in 

002 [ 36 , 37 ]. Similarly, aspergillosis is known to complicate the 

ourse of severe influenza pneumonia and to increase morbidity 

nd mortality in this population [ 38 , 39 ]. Following the onset of the

OVID-19 pandemic, several reports emerged on IPA complicating 

evere COVID-19 disease and increasing mortality [40–45] , includ- 

ng reports on azole-resistant aspergillus pneumonia [46] . In addi- 

ion, reports on emerging Candida auris in the time of COVID-19 

ave emerged in countries where this fungus had not been previ- 

usly reported [47] . Overuse and abuse of antifungal agents might 

e partly responsible. 

COVID-19-associated pulmonary aspergillosis (CAPA) was 

oined to refer to invasive aspergillosis that complicates acute 

espiratory distress syndrome (ARDS) in patients with severe 

OVID-19 pneumonia. While bacterial pneumonia may be over- 

iagnosed in critically-ill COVID-19 patients, CAPA poses diagnostic 

hallenges in clinical practice. Therefore, 1 year after the onset of 

he pandemic, it is necessary to address these two questions: how 

o differentiate colonisation from invasive disease in critically-ill 

OVID-19 patients; and what is the true incidence of CAPA? 

The diagnosis of IPA is particularly problematic in COVID-19 as 

videnced by a wide range of reported incidences among ICU pa- 

ients, from 3.3–30% in different case series [ 4 8 , 4 9 ]. IPA is well de-

ned in patients with neutropenia, immunosuppression and organ 

ransplantation using radiological diagnostic criteria (EORTC/MSG 

riteria as either proven, probable or possible) [ 50 , 51 ]. Likewise, 

he AspICU group proposed and validated an algorithm [52] for di- 

gnosing IPA in non-neutropenic ICU patients, and introduced the 

erm putative invasive pulmonary aspergillosis (PIPA) [53] . Apply- 

ng these diagnostic criteria to COVID-19 ARDS may not be valid 

or a number of reasons [54] . First, characteristic radiological fea- 

ures of invasive mould disease (nodular lesions ± halo signs, cav- 
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tation) may not be present in COVID-19 ARDS and findings may 

verlap with superimposed infiltrates from viral or bacterial infec- 

ions. Second, the aspergillus galactomannan (GM) test does not 

ave the same sensitivity as in neutropenic patients; the sensitivity 

f GM in CAPA in one study was approximately 21% [55] . And third,

he gold standard for IPA diagnosis is histopathological diagno- 

is, but lung biopsy has been considered unsafe in this pandemic. 

ronchoscopy and bronchoalveolar lavage are not favoured in this 

opulation because of the risk of viral transmission to healthcare 

orkers and the risk of bronchoscopy leading to intubation. On the 

ther hand, relying on deep tracheal or sputum samples may yield 

alse-positive cultures (confounded by aspergillus environmental 

ontamination). 

In a prospective Italian cohort, 30-day mortality was higher in 

atients with suspected CAPA [48] . Another prospective study from 

he UK revealed a trend towards lower mortality with antifun- 

al therapy [49] . Hence, it is essential to establish the diagnosis 

nd expedite treatment to reduce mortality. An expert panel pro- 

osed consensus criteria for a case definition of CAPA and provided 

p-to-date management recommendations for diagnosis and treat- 

ent [56] . They recommend to consider investigations for CAPA 

ith any of the following clinical findings in COVID-19 patients 

ith refractory respiratory failure for more than 5–14 days who 

re critically ill: refractory fever for > 3 days or a new fever af- 

er a period of defervescence of longer than 48 h while on ap- 

ropriate antibiotic therapy, in the absence of any other obvious 

auses; worsening respiratory status (e.g. tachypnoea or increas- 

ng oxygen requirement); haemoptysis; and pleural friction rub or 

hest pain. Imaging will not differentiate CAPA from ARDS compli- 

ating COVID-19. However, IPA should be highly considered when 

odularities or lung cavitations are noted on lung computed to- 

ography (CT). The panel recommend to collect lower respiratory 

ract samples for microbiological cultures in addition to the use of 

erum and/or bronchoalveolar lavage GM and PCR as well as 1-3 

- d -glucan if available. The latter tests have a low sensitivity but 

igh specificity in non-neutropenic patients. We suggest a diagnos- 

ic and treatment algorithm as depicted in Fig. 1 . 

As mentioned earlier, the literature abounds with reports of 

ase series and cohorts of patients with CAPA. Two prospective co- 

orts found the incidence of CAPA to be 14.1% and 27.7%, respec- 

ively, after a median of 4 (2–8) days from ICU admission [ 55 , 57 ].

 systematic review summarising 85 published cases found that 

he mean age at the time of presentation was 67 years and 

hat the vast majority of patients were male (75.4%) and had no 

re-existing immunocompromising conditions [58] . However, co- 

orbidities such as type 2 diabetes mellitus, obesity, hyperten- 

ion and chronic obstructive pulmonary disease (COPD) were fairly 

ommon. Leukopenia is another risk factor. White et al. found that 

se of corticosteroids and COPD were important for the develop- 

ent of CAPA in addition to mechanical ventilation [57] . One study 

ound an increased risk with the use of azithromycin prior to ICU 

dmission [59] . This needs to be verified in future studies. In a 

ohort from France where the AspICU algorithm was used, there 

ere fewer cases of putative aspergillosis in COVID-19 ARDS pa- 

ients compared with non-COVID-19 ARDS patients, but there was 

o difference in aspergillus colonisation between the two groups 

60] . 

Therefore, it may be legitimate to ask whether CAPA really ex- 

sts. How does CAPA differ from IPA generally described in ICU pa- 

ients? How does it differ from influenza-associated invasive as- 

ergillosis? After all, all share similar risk factors, contribute alike 

o mortality and morbidity, and deserve the same treatment. The 

ifference lies in the diagnosis and the difficulty applying those 

riteria to CAPA. While more research is needed to define the real 

ncidence of CAPA, to understand the risk factors in order to miti- 

ate them, and to study treatment and outcomes, it is essential to 
4 
urther develop diagnostic criteria specific to COVID-19-associated 

nvasive aspergillosis. 

ytomegalovirus (CMV) reactivation during COVID-19: should it 

e treated? 

Severe COVID-19 manifests as viral pneumonia causing ARDS 

nd as a heightened immune activation resulting in a ‘cytokine 

torm’ potentially leading to multiorgan failure. Elderly patients 

ppear to be significantly more susceptible to complications of 

OVID-19 [61] . According to some observations, mortality from 

OVID-19 was greatest in cities and regions with a large propor- 

ion of elderly among their populations. Immunosenescence, which 

s a gradual decline in innate and acquired immunity seen in the 

lderly, could be contributing to the inability to control initial in- 

ection with SARS-CoV-2, resulting in severe disease and death 

 62 , 63 ]. 

There may be an association between latent CMV infection and 

mmunosenescence. The prevalence of latent CMV infection in- 

reases with age and in itself could be a major driver of immune 

enescence and inflammation [ 62 , 64 , 65 ]. Indeed, chronic CMV in-

ection triggers an increase in CD8 differentiated T-cells accompa- 

ied by a decrease in naïve T-cells, potentially leading to immune 

odulation and immune deficiency seen with older age [66–68] . 

his may result in a decreased ability to fight other viruses, such 

s SARS-CoV-2 [62] . On another hand, CMV infection and reactiva- 

ion is also accompanied by a rise in inflammatory markers, which 

ay predict an increased vulnerability of the elderly population to 

he cytokine storm associated with COVID-19 [62] . 

CMV reactivation in COVID-19 may result from stress and from 

he use of IL-1 inhibitors, IL-6 inhibitors, glucocorticoids and other 

mmunobiological therapies [69–71] . We reviewed the potential 

oles and interactions between CMV infection and/or reactivation 

nd SARS-CoV-2 in critically-ill non-neutropenic patients. CMV re- 

ctivation is common in critically-ill ICU patients; it is usually as- 

ociated with poor outcomes as well as increased morbidity and 

ortality [72–77] . CMV reactivation can present as viraemia and 

ould include end-organ damage such as colitis and pneumonitis. 

At this stage of the pandemic, very few studies have evalu- 

ted the incidence of CMV reactivation in COVID-19 patients, both 

n serum and the lungs. One study conducted by Le Balc’h et al. 

howed an incidence of CMV reactivation alone in 2 of 38 COVID- 

9 patients and of CMV co-reactivation with other herpesviruses in 

 of 38 patients [78] . A study by Paolucci et al. included 104 SARS-

oV-2-infected patients in ICUs and subintensive care units (sub- 

CUs), of which 96.2% (100/104) were CMV-seropositive at the time 

f hospitalisation, but none had CMV reactivation [79] . However, 

he incidence of Epstein–Barr virus reactivation in this study was 

ignificant with an incidence of 95.2% in ICU patients and 83.6% 

n sub-ICU patients [79] . We found only one report of SARS-CoV- 

 and CMV co-infection in a 93-year-old woman who had bilat- 

ral pneumonia and lymphocytopenia. The patient had CMV vi- 

aemia with elevated levels of CMV IgG ( > 180 U/mL) and IgM (38.7 

/mL). She received lopinavir/ritonavir and hydroxychloroquine but 

assed away 6 days after her admission, secondary to ARDS. A few 

eports described CMV end-organ damage in critically-ill COVID- 

9 patients, specifically colitis and other gastrointestinal involve- 

ent [ 70 , 80 , 81 ]. All three case reports describe patients who were

reated with ganciclovir. Two of the patients were successfully 

reated and fully recovered from the infection, while one patient 

ad partial resolution of symptoms with residual gastrointestinal 

nflammation after treatment [ 70 , 80 , 81 ]. 

CMV reactivation is well known in neutropenic patients and 

aematopoietic stem cell transplant recipients where treatment is 

ighly recommended. However, despite the negative outcomes as- 

ociated with CMV reactivation in non-neutropenic critical care pa- 
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Fig. 1. Flowchart depicting a diagnostic and therapeutic algorithm (taken from Dutch SWAB Guideline addendum, unpublished data, reprinted with permission). @ This does 

not mean that lung CT should be standard of care for all ICU patients with COVID-19. Instead, the flow diagram is meant to be used when a CT is done during routine 

patient care and shows cavitating or well-described nodular lung lesions. ∗ The standard of care of COVID-19 is likely to change in the future but for now it includes 

thromboembolic prophylaxis, therapy with dexamethasone and exclusion of pulmonary embolism by CT. Other causes of clinical respiratory deterioration may also need to 

be have been excluded (pneumothorax, atelectasis, progressive pulmonary fibrosis). $ If there is growth of Aspergillus , phenotypic resistance testing can be used, e.g. with 

VIPcheck TM on site or at a mycology reference laboratory. In culture-negative but GM-positive BAL samples, CYP51A Aspergillus PCR can be used to exclude the presence of 

the two most frequent resistance mutations conferring azole resistance (TR 34 /TR 46 pattern). # Formally, only when septate hyphae of 2.5–4.5 μm in diameter are seen AND 

the presence of Aspergillus DNA is also documented, the infection is classified as proven CAPA. However, the presence of hyphae compatible with Aspergillus suffices to start 

antifungal therapy. † Serum GM is generally negative but increases the probability of CAPA if positive in combination with positive BAL GM. & It is recommended to start 

antifungal therapy as early as possible. If BAL test results are available the same day, these can be awaited before antifungal therapy is started. If not immediately available, it 

is recommended to consider starting antifungal therapy pre-emptively while awaiting test results. CT, computed tomography, ICU, intensive care unit; COVID-19, coronavirus 

disease 2019; GM, galactomannan; BAL, bronchoalveolar lavage; CAPA, coronavirus-associated pulmonary aspergillosis. 
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ients, there seems to be little data about the benefit of treating 

MV reactivation in these patients, especially in light of the ad- 

erse events associated with the treatment options. 

Moreover, there is an unclear benefit from treating this condi- 

ion on mortality and morbidity in the ICU [82] . Adverse events 

f CMV treatment include acute kidney injury and bone marrow 
5 
uppression, among others. In the setting of COVID-19, it is not yet 

lear whether CMV reactivation is widely prevalent and whether 

t might contribute to the severity of disease. Unfortunately, treat- 

ent of CMV reactivation in critically-ill COVID-19 patients may 

ead to further complications, especially in the context of existing 

ymphopenia and sepsis. Therefore, treatment of CMV reactivation 
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Fig. 2. Pharmacokinetics/pharmacodynamic (PK/PD) alterations in COVID-19 patients. AKI, acute kidney injury; ARDS, acute respiratory distress syndrome; DM, diabetes mel- 

litus; ECMO, extracorporeal membrane oxygenation; eGFR, estimated glomerular filtration rate; HT, hypertension; RRT, renal replacement therapy; Vd, volume of distribution. 
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hould be considered on a case-by-case basis weighing the risks 

ersus benefits of therapy. 

CMV reactivation might be an important factor to consider in 

OVID-19 patients as it may have a role in modulating the patient 

mmune response and therefore increasing the risk of other oppor- 

unistic pathogens, as well as a potential effect on COVID-19 viral 

limination and response to the cytokine storm. Data are currently 

carce and further research is needed to assess the incidence and 

utcomes of CMV reactivation on morbidity and mortality in the 

ontext of COVID-19 to help guide recommendations for therapy 

nd follow-up. 

harmacokinetic/pharmacodynamic (PK/PD) alterations in 

OVID-19 patients 

Just like other patients in the ICU, the PKs of multiple drugs 

ay be severely affected in patients with COVID-19. The most 

mportant contributors to PK changes in critically-ill patients are 

hanges in the volume of distribution ( V d ), protein binding and 

rug clearance ( Fig. 2 ) [83–97] . 

Increases in the V d have been described in small patient series 

eporting on the PKs of antivirals and other drugs and it can be 

xpected that this is also the case for many antibiotics. Use of ex- 

racorporeal techniques may add to this risk, as well as obesity, 

hich is a common feature of patients with severe COVID-19 dis- 

ase [87] . On the other hand, fluid administration in patients with 

OVID-19 may be less aggressive compared with sepsis and septic 

hock, resulting in smaller changes in V d . 

Protein binding of antimicrobials is also affected. Hypoalbu- 

inaemia is a common finding in patients with COVID-19. In a 

arge series of ICU patients, hypoalbuminaemia was very com- 

on in patients who did not survive [88] and has been identi- 

ed as a risk factor for mortality in a study from China [85] . Re-

al clearance is the main route of elimination for many antibi- 

tics used in the ICU. In COVID-19 patients, kidney function may 

e altered for many reasons. Patients with COVID-19 often have 

o-morbidities; a large study from Italy found that hypertension 

nd cardiovascular disease were most common, with chronic kid- 

ey disease (CKD) only present in 3% of patients. On the other 

and, a Spanish study reported CKD in 6.7% of patients (9.7% in 
6 
he > 65 years age cohort), while another study from the UK re- 

orted end-stage renal failure in 13% of COVID-19 ICU admissions 

 86 , 91 ]. Acute kidney injury (AKI) has been widely reported in hos-

italised patients with COVID-19 and seems to be multifactorial, 

ut its pathophysiology is not fully elucidated. It typically devel- 

ps throughout the hospital stay and is most frequently reported 

n patients with severe disease and in those with lower estimated 

lomerular filtration rate (eGFR) at presentation [90] . Reported in- 

idences are variable [91] , but an AKI incidence of up to 76% in ICU

atients has been reported as well as the need for renal replace- 

ent therapy (RRT) for as high as more than one-quarter of ICU 

atients [ 89 , 92 ]. 

Augmented renal clearance (ARC), on the other hand, has been 

dentified as a cause of increased elimination of antibiotics, lead- 

ng to subtherapeutic concentrations [93] . Patients presenting with 

OVID-19 have some clinical features that could be linked to ARC, 

uch as fever and hyperinflammation. At this moment, published 

ata on the incidence of ARC in COVID-19 patients are scarce. A 

ecent study by Tomasa-Irriguible et al. documented ARC in nearly 

0% of a small group of COVID-19 patients admitted to the ICU 

94] ; unfortunately, no details on the clinical characteristics related 

o ARC were reported. ARC was an uncommon finding in a small 

eries of 20 patients in whom therapeutic drug monitoring (TDM) 

f β-lactam antibiotics was reported [95] ; the median measured 

reatinine clearance was 98 mL/min. It should be taken into con- 

ideration that ARC might not be that prominent in COVID-19 co- 

orts as a high percentage of patients are elderly and, apart from 

he effect of possible co-morbidities, the aging process itself may 

ause a decline in renal function [ 96 , 97 ]. Finally, use of extracor-

oreal techniques is often required, with continuous renal replace- 

ent therapy (CRRT) and extracorporeal membrane oxygenation 

ECMO) as primary techniques [87] , both of which are known to 

mpact the PKs of antibiotics. ECMO poses particular challenges 

uch as drug sequestration and hypoalbuminemia, all resulting in 

n increased V d for many antibiotics. 

A few studies have reported on antibiotic concentrations in 

atients with COVID-19. One small study from France described 

igh inter-individual variability of β-lactam antibiotic concentra- 

ions despite similarities in clinical features [95] . The authors also 

eported a high risk of toxicity and recommend using TDM. Toxi- 
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ity was a particular concern in patients at the later stages of an- 

imicrobial therapy. 

The question then is how can we improve dosing? Basic prin- 

iples of antimicrobial dosing remain the same in patients with 

nfections complicating COVID-19, and both the pathogen and the 

ost should be considered important when selecting the appropri- 

te dose. As explained above, the V d may be higher and drug clear- 

nce variable, putting patients at risk both for underdosing and 

verdosing, and strategies should be aligned to this risk profile. 

In order to increase target attainment, a variety of strategies 

ncluding extended and continuous infusion of selected antibacte- 

ials as well as use of a loading dose is mandatory when using 

hese infusion strategies. Renal function should be closely moni- 

ored to early identify impairment. Monitoring should not only in- 

lude creatinine levels/clearance or urine volume, but also other 

actors such as the presence of haematuria and proteinuria; in a 

ery recent meta-analysis, although two-thirds of patients with se- 

ere COVID-19 had laboratory finding of renal damage (increased 

reatinine, haematuria, proteinuria), the majority did not fulfil AKI 

riteria [ 98 , 99 ]. Also, where available, TDM is recommended to op- 

imise dosing, both to monitor toxicity and the efficacy of drugs. 

s reduced kidney function and AKI may be more prevalent in 

atients with COVID-19 compared with sepsis from other causes, 

DM is of particular relevance for antibiotics with potential toxic- 

ty such as vancomycin or aminoglycosides. 

Considering that COVID-19 patients might typically develop se- 

ere nosocomial infections such as VAP and bacteraemia, the im- 

ortance of antimicrobial dosing cannot be overestimated. More- 

ver, the involved pathogens may have limited susceptibility to 

ommonly used antimicrobials. Several reports have pointed to- 

ards an increased risk of multidrug-resistant infections [7] . This 

s partly due to increased antibiotic use as well as compromised 

nfection prevention strategies during the COVID-19 pandemic. 

In summary, COVID-19 patients are at high risk for PK changes, 

nd while inadequate concentrations may be encountered, some 

ave a risk for higher concentrations and associated toxicity. Also 

onsidering that nosocomial pathogens with higher minimum in- 

ibitory concentrations (MICs) may be more often encountered 

ith VAP as a typical complicating infection, leniency towards 

igher concentrations for many antimicrobials is justified. When 

RT is required, antibiotic dosing strategies should be adapted 

o the RRT modality, duration and membrane used. This often 

oses challenges, particularly when intermittent or sustained low- 

fficiency daily dialysis (SLEDD) techniques are used, as PKs vary 

onsiderably during episodes of on and off RRT. Finally, TDM is 

f particular importance, while development of population PK and 

K/PD models specifically dedicated to COVID-19 patients might be 

seful [100] . 

onclusions 

During the current COVID-19 pandemic, AMS in the ICU setting 

s challenging. Distinction between infectious and non-infectious 

inflammatory) causes of respiratory deterioration during the ICU 

tay is difficult, and the much-debated relevance of fungal and vi- 

al co-infections adds to the complexity. Apart from general rec- 

mmendations to withhold antibacterial therapy for COVID-19 pa- 

ients on admission unless patients are haemodynamically unsta- 

le, general AMS principles regarding starting, adapting and stop- 

ing antimicrobial treatment remain relevant. However, circum- 

tances specific to COVID-19 patients need to be taken into ac- 

ount, especially related to altered PK/PD properties in these pa- 

ients. Finally, the value of biomarkers such as PCT for the decision 

o start antibacterial therapy for nosocomial infections later on in 

he course of the ICU stay seems to be more promising in COVID- 

9 than in non-COVID-19 patients. Co-infections with fungi and re- 
7 
ctivation of other viruses warrant attention, although the implica- 

ions for therapy are not clear at this stage. Overuse of antifungal 

gents is discouraged in an era of emerging antifungal resistance 

xcept in scenarios where invasive infections are likely. Future re- 

earch should now further explore these ‘known unknowns’, ide- 

lly with robust prospective study designs. 
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