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Summary
Background Antimicrobial stewardship is crucial to
avoid antimicrobial resistance in microbes and ad-
verse drug effects in patients. In respiratory infec-
tions, however, viral pneumonia is difficult to distin-
guish from bacterial pneumonia, which explains the
overuse of antibiotic therapy in this indication.
Cases Five cases of lung consolidation are presented.
Lung ultrasound, in conjunction with procalcitonin
levels, were used to exclude or corroborate bacterial
pneumonia.
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Conclusion Lung ultrasound is easy to learn and per-
form and is helpful in guiding diagnosis in unclear
cases of pneumonia and may also offer new insights
into the spectrum of certain virus diseases. The use
of lung ultrasound can raise awareness in clinicians of
the need for antimicrobial stewardship and may help
to avoid the unnecessary use of antibiotics.
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Abbreviations
ABS Antimicrobial stewardship
COVID 19 Coronavirus disease 2019
CT Computed tomography
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LUS Lung ultrasound
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coronavirus 2

Introduction

Antibiotics should be limited to the treatment of in-
fections caused by bacteria in community-acquired
[1–8] and nosocomial infections [9, 10], and thus, to
lower the risk of bacterial resistance [11–14], e.g., by
antimicrobial stewardship (ABS) [15]. In acute respi-
ratory infections, however, it can be difficult to distin-
guish between bacterial and viral causes [16], which
is also relevant in nosocomial infections [17–30]. An-
tibiotic therapy in the absence of bacterial infection
may worsen the outcome in viral infections [31].

Procalcitonin (PCT)-guided therapymay reduce an-
tibiotic consumption while lowering mortality in res-
piratory infections [32–35]. In viral respiratory infec-
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tions diagnosed by multiplex polymerase chain reac-
tion (PCR), bacterial superinfection can be ruled out
by a low PCT level [36, 37]; however, conflicting data
and low adherence to PCT-guided therapy has been
shown in clinical practice [38] and the detection rate
of PCR for virus infection can be low [16, 36].

Lung ultrasound (LUS) [39] and computed tomog-
raphy (CT) are more sensitive than X-ray films for the
detection of the signs of pneumonia [16] and have
been used to distinguish viral from bacterial pneumo-
nia [40, 41]. LUS is easy to learn [42], widely available,
and has shown to be indicative of viral infection [43,
44], as has CT even in the absence of positive PCR
[45].

Methods

To distinguish viral from bacterial infection, the fol-
lowing LUS signs were used: multiple small shred
signs <2cm and pleural irregularities were indicative
of viral disease, whereas shred signs >3cm and hepati-
zation of lung tissue were indicative of bacterial infec-
tion [39–44]. ABS advice, i.e. to stop antibiotic therapy
in the absence of bacterial pneumonia, was given as
appropriate (see supplementary material).

Results

Case 1: Infection of lungs and intestines

A 66-year-old female with a history of hypertension,
cholecystectomy, struma nodosa and diverticulosis,
presented with fever and dry cough; COVID-19 PCR
as well as PCT were negative (Table 1). Ampicillin/
sulbactam was started. Because of left lower abdomi-
nal pain and diarrhea, an ultrasound examination re-
vealed intestinal wall thickening and diverticulosis,
but no surrounding inflammation or abscess. For

Table 1 Relevant laboratory results during the disease course; see text and supplementary material. With procalcitonin,
different cut-off values have been given in the literature [32, 33, 35, 36]. In our institution, 0.5ng/ml is used, as recommended
by our Department of Laboratory Medicine

Reference val-
ues

Case 1 Case 2 Case 3 Case 4 Case 5

White blood cell count 3.6–10.5G/L 8.7G/L 8.1G/L 10.5G/L Left shift (1.4%)a 2.15G/L

Lymphocytes 1.1–4G/L 0.6G/L 0.6G/L 0.9G/L 0.38G/L 0.96G/L

C-reactive Protein 0–0.5mg/dl 17.4mg/dL 10.1mg/dl 28.5mg/dl 38mg/dl 16.1mg/dl

Procalcitonin 0–0.5ng/mL 0.2ng/ml <0.25ng/ml 0.2ng/ml 31.7ng/ml 0.3ng/ml

D-dimer <0.5µg/ml – 5.0µg/ml – – –

Lactate dehydrogenase 20–250U/L – 315U/L – – –

Nasopharyngeal swab (multi-
plex PCR)

– Negative Negative – – –

Nasopharyngeal swab
(COVID-19-PCR)

– Negative Negative Negative Negative Negative

COVID-19 Antibodies – – Negative IgM+ IgG Negative –

Miscellaneous (see text) – Astrovirus-Antigen
(Stool/ELISA)

Pyuria
(500 cells/µl)

– Pneumococcal urinary antigen
Enterovirus IgM

Norovirus
(Stool/PCR)

a1.4% immature neutrophils as a sign of bacterial infection

nonetheless suspected diverticulitis the therapy was
changed to ciprofloxacin.

LUS revealed shred signs below 1cm in diam-
eter with focal B-lines in the right upper and left
lower lung. Meanwhile, the patient complained of
night sweats and diarrhea, but no longer of cough
or fever. Therefore, the withdrawal of antibiotics was
suggested, but the treating physicians decided to con-
tinue ciprofloxacin for a total of 10 days and added
metronidazole. Soon thereafter, a positive stool test
for astrovirus became available.

Case 1—Discussion
Gastroenteritis is the most often recognized manifes-
tation of astrovirus infection; however, extraintestinal
manifestations include a rare case of respiratory infec-
tion [46]. Considering diverticulitis as a differential di-
agnosis (despite only diverticulosis being evident), an-
tibiotic therapy nonetheless can be avoided in uncom-
plicated cases, especially with a low PCT level [47]. Al-
beit the proof of the causative pathogen was available
only retrospectively, LUS pointed toward a viral cause
of infection and management without antibiotic ther-
apy would have been appropriate.

Case 2: Chronic lung pathology with viral infection

An 84-year-oldmale with a history of smoking (70 pack
years), surgical resection of bladder cancer, aortic
stent graft, and transient ischemic attack was evalu-
ated due to unsteady behavior for 1 week. No rele-
vant neurologic signs were observed, but fever and
polyuria were noticed. A chest film revealed right-
sided patchy infiltrates. The patient was discharged
with oral amoxicillin/clavulanic acid.

About 10 days later, he was admitted due to ongo-
ing cough, fever, and rising CRP levels. Intravenous
ampicillin/sulbactam was initiated, while the PCT
level remained below 0.25ng/ml (Table 1).
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Fig. 1 Case 3: a X-ray
film shows bilateral, almost
symmetrical subpleural in-
filtrates; b CT-Scan shows
bilateral, almost symmetri-
cal consolidation and some
ground-glass infiltrates in
the lung periphery in this
case of COVID-19 pneumo-
nia a few days later

a b

LUS revealed numerous small shred signs all over
the lungs, without hepatization. Thus, viral pneu-
monia was indicated, and withdrawal of antibiotics
recommended. The latter, however, were still contin-
ued. Tests for SARS-CoV-2 were negative. A chest CT
showed signs of bronchiolitis and pulmonary nodules
suspicious for lung cancer. Due to (viral) infectious
exacerbation of underlying COPD, the patients clin-
ical condition worsened and he died 4 weeks after
admission.

Case 3: SARS-CoV-2

In a 67-year-old patient with fever, cough for about 2
weeks and a negative COVID-19-PCR, a chest film
showed bilateral infiltrates (Fig. 1a). Ampicillin/
sulbactam was started.

LUS revealed small shred signs and focal B-lines all
over the lung (Fig. 2a–c), consistent with viral pneu-
monia. Thus, antibiotic therapy was withdrawn and
a CT scan for correlation was suggested; however,
another chest film (not shown) was carried out in-
stead, which showed the same infiltrates as before,
and ampicillin/sulbactam was again prescribed. A CT
scan 4 days later revealed signs suggestive for COVID-
19 (Fig. 1b). Antibodies against SARS-CoV-2 (Table 1)
were detected and the patient was isolated. Despite
falling CRP levels and the negative PCT, levofloxacin
was added to ampicillin/sulbactam. Finally, the pa-

a b c

Fig. 2 Case 3: Lung sonography shows a a small shred sign with B-line in the right upper lobe (white arrow); b another shred
sign (white arrows) with several B-lines; and c a small shred sign with a broad B-line (waterfall sign) in the right lower lobe

tient’s clinical condition improved and he could be
transferred to the regular ward.

Cases 2 and 3—Discussion
Both cases, confirmed by negative PCT and suggestive
radiologic findings, are examples of a viral respiratory
infection that should be managed without antibiotics.

Case 4: Bacterial superinfection of viral pneumonia
complicating breast cancer

A 74-year-old woman was started on piperacillin/
tazobactam because of chills, fever, and coughing
with purulent bloody sputum. Furthermore, a re-
tracted left mammilla was noted. A chest film showed
patchy infiltrates and some pleural effusion (Fig. 3a).
See Table 1 for laboratory results.

LUS revealed pleural irregularities in the right up-
per field, a small shred sign in the apical left upper
field, and hepatization of the lung in the left middle
and lower field, with a 2cm pleural effusion on the
left side (Fig. 4a–c); in addition, a node suspicious for
breast cancer was detected.

CRP fell slowly and the patient met the criteria
for stability (see supplementary material). There-
fore, therapy was de-escalated to penicillin p.o. after
day three of treatment. Therapy was switched back
to piperacillin/tazobactam 2 days later without new
symptoms, due to concerns by another physician
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a b c

Fig. 3 Case 4: a Infiltrative changes in the left lower lung,
atelectasis, and some pleural effusion on the left side. Patchy
changes in the upper left lung. Alveolar infiltrates in the right

lung; b extensive left-sided pleural effusion; c CT shows nu-
merous subpleural consolidation areas and signs of bronchi-
olitis. Furthermore, a right-sided breast tumor was detected

a b c

Fig. 4 Case 4: a Lung sonography of the right upper lobe
shows a pleural irregularity (white arrow); b lung sonography
of the left upper lobe shows a small shred sign (white arrow)

with a B-wave; c lung sonography of the left lower lobe shows
hepatization of the lung tissue (white arrows)

regarding the initially high CRP level. Finally, the
patient was transferred to a physiotherapy depart-
ment with oral amoxicillin/clavulanic acid. There,
she suffered from respiratory distress and weakness.
Rising CRP and lymphopenia were noticed and a chest
film revealed an increasing pleural effusion (Fig. 3b).
The effusion was withdrawn by puncture and pleu-
ral empyema was ruled out by chemical analysis.
She was readmitted and the therapy was switched to
cefuroxime.

LUS again revealed shred signs, and the hepatiza-
tion showed regression. Serologic studies of antibod-
ies against several viral agents were carried out twice;
enterovirus tested positive for IgM and negative for
IgG.

A chest CT (Fig. 3c) showed signs of breast cancer,
enlarged lymph nodes in the right axilla, and a con-
solidation in the left lower lung; moreover, numerous
small consolidation areas and signs of bronchiolitis
were detected, consistent with viral pneumonia with
bacterial superinfection. The patient was discharged
1 week later.

Case 4—Discussion
Streptococcal superinfection of underlying enterovirus
pneumonia represents two of the most common res-
piratory pathogens [48]. Antibiotic de-escalation is

recommended in pneumococcal pneumonia [49];
however, a senior doctor not familiar with this prac-
tice revoked this step. Neither fever nor cough was
noticed, pleural empyema was ruled out, and no
rise of PCT or left shift was documented. Thus, the
effusion could reflect an immunologic reaction, or
cardiac decompensation rather than a flare-up of the
bacterial infection. Moreover, viral infection itself has
been shown to cause a parapneumonic effusion [50].

Case 5: Norovirus and viral pneumonia in an
immunocompromised patient

A 56-year-old woman with a history of Crohn’s disease
and common variable immune deficiency (CVID) pre-
sented with fever, dry cough, weakness, sweats, loose
stools, and dysuria, of a few days duration. Tests for
SARS-CoV-2 were negative (see Table 1 for laboratory
results). A chest film showed infiltrates in the right
lower lobe. Pneumococcal urinary antigen was posi-
tive and ampicillin/sulbactam was started. Thereafter,
she suffered from profuse watery stools; thus, antibi-
otic therapy was withdrawn.

LUS indicated signs of viral pneumonia. In addi-
tion, stool tests were positive for norovirus-confirmed
gastroenteritis. She recovered with supportive therapy
and was discharged.
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Case 5—Discussion
Pneumococcal antigens can represent colonization
without infection [51] and chest films may not reli-
ably distinguish between viral and bacterial pneumo-
nia [16]. LUS indicated viral pneumonia in the context
of viral gastroenteritis. The patient herself wished to
withdraw antibiotic therapy after 2 days, which was
the correct decision from an antibiotic stewardship
perspective.

The spectrum of norovirus disease in immunocom-
promised patients is not well defined. Extraintestinal
spread and replication, including viremia, as well as
infection by inhalation of aerosolized vomitus parti-
cles, have been described [52]. Moreover, norovirus
has been recovered from nasopharyngeal swabs [53].
Therefore, the consolidation may represent either
an extraintestinal manifestation of norovirus disease
or another undetected pathogen.; however, bacterial
pneumonia was excluded given the recovery with
insufficient antibiotic therapy in an immunocompro-
mised patient.

Discussion

Main discussion and review of literature

Delayed treatment of bacterial pneumonia results in
high mortality and morbidity; however, viral respira-
tory infections, including pneumonia, are increasingly
recognized, and clinical investigation or x-ray to dis-
tinguish them from bacterial pneumonia seems to be
inappropriate [16].

Antibiotics, the “drugs of fear,” are overused in
a “better safe than sorry” approach [1], which con-
tributes to antimicrobial resistance [1–15]. This is
all the more relevant in respiratory infections, since
viral infections seem to enhance the dynamics of an-
tibiotic-resistant gene expression in bacteria located
in the airways [54] in which the colonic resistance
is disturbed by antibiotics [55]. The disturbance of
the human microbiome has been shown to increase
viral titers in the case of influenza and decrease sur-
vival in mice infected with Streptococcus- if they were
pretreated with antibiotics [31].

Furthermore, undetected viral infection and thus,
the failure to isolate patients, can lead to outbreaks in
healthcare systems with significant morbidity, mortal-
ity, and costs [17–30]. This is also true for the ongoing
COVID-19 pandemic [56].

The understanding of pneumonia has changed
from a picture of sterile lungs attacked by pathogens,
to a complex microbial ecosystem [55], where out-
growth of a bacterial pathogen is the result of a dis-
turbing event of homeostasis and not the cause [55,
57, 58]. Viral infection represents such an event; how-
ever, antibiotics should be avoided before a bacterial
superinfection has been established.

Therefore, PCT levels were extensively studied as
a biomarker in respiratory infections. PCT-guided

therapy has been shown to spare antibiotics while
decreasing mortality and morbidity [32, 33], reflect-
ing the negative influence of antibiotics in pure viral
disease. It is worth pointing out here that elevated
C-reactive protein levels have been reported in viral
infections [59–62]; therefore, the value of these levels
to corroborate bacterial superinfection is doubtful.

LUS can confirm a diagnosis of viral pneumonia
in case of low PCT levels. Both LUS and PCT can
repeatedly be used to detect bacterial superinfection
over the course of the disease. Thus, antibiotics may
be avoided in patients with results of chest films or
CRP values indicative of bacterial infection. Clearly,
further studies are needed to confirm this hypothesis,
as our data consists of case descriptions.

Some viruses may have been neglected as a cause
of severe airway diseases in the past [48, 63] and the
recognition of severe viral pulmonary disease with-
out bacterial superinfection is increasing [16, 27, 48,
59, 63]. While the significance of respiratory viruses
in patients without typical respiratory infection is un-
der discussion [64], pulmonary disease in the course
of viral gastroenteritis has been rarely documented
[46] and nasopharyngeal detection of gastroenteritis
viruses is of unknown significance [53]. Here, LUS
raises the possibility of documented lung involvement
in case of a viral infection, such as in cases 1 and 5
(astrovirus and norovirus, respectively).

Conclusion

Antimicrobial stewardship is crucial to preserve the
efficacy of existing antibiotics in patients with antimi-
crobial-resistant micro-organisms. In unclear cases
of lung infection, LUS, in combination with PCT,
seems to be a more accurate method with which to
discriminate between viral and bacterial pneumonia.
Avoidance of unnecessary antibiotic therapy in viral
infection may improve the outcome of the individual
patient. This will also contribute to lowering the rate
of antimicrobial-resistance. Furthermore, insights
into the spectrum of viral disease, with regard to lung
involvement in the case of certain viruses, may be
gained as well.
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