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COVID-19 Pneumonia
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Abstract

Signs and symptoms of atypical pneumonia include fever, shortness
of breath, cough, and chest pain. During the coronavirus disease 2019
(COVID-19) pandemic, identifying other causes of febrile respiratory
illness in patients who tested positive for COVID-19 has been very
challenging. Concerns over infecting healthcare personnel and other
patients can impede further evaluations like bronchial lavage, lung bi-
opsies, and other invasive tests. A very high index of suspicion, perhaps
unreasonably so, is required to perform invasive tests to investigate al-
ternative possible causes of the illness. We present the case of a 63-year-
old man who presented to the hospital with dyspnea. Chest X-ray dem-
onstrated a consolidation in the left lower lobe lung field with a possible
underlying mass, and the patient tested positive for COVID-19. He
received the standard treatment for COVID pneumonia at the time in
our institution (remdesivir and dexamethasone), empiric antibiotics for
community-acquired pneumonia, and was eventually discharged home
with supplemental oxygen. Several days later, the patient returned to
the hospital again with worsening dyspnea and was readmitted. Persis-
tent illness and worsening imaging prompted bronchoscopy. The bron-
choscopy showed narrowing of the airway in the left upper lobe, and
Nocardia asteroides was isolated from bronchial aspirate. The isola-
tion of Nocardia prompted an investigation for central nervous system
involvement with an magnetic resonance imaging (MRI) of the head.
The MRI demonstrated multiple bilateral ring-enhancing lesions in the
brain. To our knowledge, this is the first reported case of disseminated
nocardiosis superimposed on COVID-19 pneumonia.
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Introduction

Since its identification in Wuhan, China, coronavirus disease
2019 (COVID-19) presents with a variable spectrum of disease

Manuscript submitted May 24, 2021, accepted June 10, 2021
Published online July 3, 2021

aRichmond University Medical Center, Staten Island, NY, USA
bCorresponding Author: Francis Atemnkeng, Richmond University Medical

Center, Staten Island, NY, USA. Email: fatemnkeng@rumcsi.org

doi: https://doi.org/10.14740/jmc3716

ranging from asymptomatic to multiple organ failure requiring
prolonged critical care. Common symptoms include shortness
of breath, cough, chest pain, anosmia, anorexia, nausea, di-
arrhea, and can be as severe as multiorgan failure [1]. Most
patients who require hospitalization suffer primarily from res-
piratory symptoms, and frequently demonstrate imaging find-
ings consistent with atypical pneumonia. The most common
imaging findings include patchy ground-glass opacities, with
a peripheral posterior-basilar predilection. However, many
other patterns have also been described [2]. The diversity of
COVID-19 presentation renders identification of other under-
lying pathologies very challenging, as the presenting signs and
symptoms can be linked to COVID-19.

Nocardiosis is a localized or disseminated infection
caused by the actinomycete Nocardia species which primarily
affects immunocompromised patients [3]. Nocardiosis is com-
monly diagnosed in patients afflicted with AIDS, malignan-
cies, as well as organ transplant recipients [3]. It also has a
marked tendency to recur despite appropriate therapy [4, 5].
Nocardia asteroides, and to a lesser extent, Nocardia brasil-
iensis are responsible for most cases of nocardia pneumonia.
Nocardiosis presents as acute, sub-acute, or chronic infection,
and represents a high morbidity and mortality rate, 44% in
disseminated cases [6, 7]. Symptoms include fever, anorexia,
productive cough, and chest pain. Neurologic signs may also
be present when infection involves the central nervous system.
Chest X-ray findings for nocardia pneumonia range from infil-
trates to lobar consolidation, as well as abscesses, cavitation,
and pleural effusion [8].

In this article, we present a case of a patient initially ad-
mitted and treated for COVID pneumonia, discharged home
on supplemental oxygen, and was subsequently readmitted
due to persistent worsening dyspnea. Further evaluation re-
vealed Nocardia asteroides from bronchial washing, and mag-
netic resonance imaging (MRI) of the head confirmed central
nervous system involvement.

Case Report
Investigations

A 63-year-old morbidly obese man with a past medical his-
tory of type 2 diabetes mellitus was brought in by ambulance
complaining of shortness of breath and productive cough,
which started 1 week prior to presentation. Patient was ini-
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Figure 1. Chest X-ray findings during initial hospital admission. (a) Chest X-ray on day 1 of admission. Black arrow shows con-
solidation of left mid to lower lung field with possibility of an associated underlying mass. (b) Chest X-ray on day 3 of admission.
White arrow shows near-complete opacification of the left hemithorax with minimal sparing of the apical region.

tially treated by his primary care provider with 5-day course
of azithromycin. His symptoms were persistent and progres-
sive, prompting him to seek further medical evaluation. In the
emergency room (ER), patient’s initial oxygen saturation was
77% on room air, improved to 98% on application of a non-
rebreather mask (NRM). Initial physical examination was sig-
nificant for dyspnea and inspiratory crackles on the left lower
lung field.

Diagnosis

Initial chest X-ray demonstrated a consolidation in the left
lower lobe lung field with a possible underlying mass (Fig.
la). Further evaluation revealed infection with COVID-19
based on PCR of nasal swab, as well as elevated inflammatory
markers, as seen in Table 1.

Initial treatment included 10 days of remdesivir, dexa-
methasone, and enoxaparin for COVID pneumonia. Antibi-

Table 1. Laboratory Values on Day 1 of Initial Hospital Admis-
sion

Parameter Value Reference
value
WBC (103/uL) 15.3 4.0-11.2
Erythrocyte sedimentation rate (mm/h) 61 0-15
Ferritin (ng/mL) 20442 22-322
High-sensitivity CRP (mg/dL) > 10 <1.0
Troponin (ng/mL) 0.091 0.000 - 0.045
D-dimer (ug/mL FEU) 4.08 0-0.52
Pro-BNP (pg/mL) 909.0 0-125
Hemoglobin Alc (%) 13.7 <5.7%

WBC: white blood cell count; CRP: C-reactive protein; pro-BNP: pro-b-
type natriuretic peptide.
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otic regimen of ceftriaxone and azithromycin was also ad-
ministered for treatment of community-acquired pneumonia.
Chest computed tomography (CT) demonstrated consolida-
tion involving the left upper lobe, patchy infiltrates in the left
lower lobe, and moderate left pleural effusion. On day 2 of
admission, the patient’s respiratory status worsened, requiring
non-invasive continuous positive airway pressure (CPAP).
The clinical course progressed with respiratory support al-
ternating between CPAP and NRM with FiO, and pressures
titrated as tolerated. Thoracentesis yielded 1,400 mL of ex-
udative fluid demonstrated by an effusion protein to serum
protein ratio of 0.6. Culture of the fluid was negative for any
bacteria, and cytology revealed many macrophages, but no
malignant cells. The clinical course was complicated by sig-
nificantly elevated blood glucose levels, ranging in the high
300s to 400s mg/dL throughout the day, which remained dif-
ficult to control throughout his admission, likely secondary to
the steroids, managed with subcutaneous insulin. Hemoglobin
Alc (HbAlc) on admission was 13.7% implying poorly con-
trolled diabetes mellitus.

On day 14 of admission, the patient was on CPAP with
a pressure of 12 mm Hg and FiO, of 80%. A repeat chest CT
showed a 6.9 x 5.3 cm left upper lobe mass, consolidations
in the left upper and lower lobes with air bronchograms, as
well as vague nodular densities in right upper lobe (Fig. 2).
This prompted a needle biopsy of the left upper lobe mass by
interventional radiology, and pathology demonstrated non-
necrotizing chronic granulomatous inflammatory changes
with crystalloid deposition. There was no evidence of fungal
growth, and iron depositions were present, a finding associat-
ed with COVID-19 pneumonia. A repeat COVID-19 PCR test
was negative on day 20 of admission. The patient tolerated de-
escalation of respiratory support down to supplemental oxygen
through nasal cannula and was discharged home on day 26.

One week after discharge, the patient was again brought
in by ambulance from home with worsening shortness of
breath. Chest X-ray showed near-total opacification of the left
hemithorax, which had progressed from the imaging studies
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Figure 2. Results of chest computed tomography with contrast. Black arrowhead shows left upper lobe mass extending from
chest wall to the mediastinum. Black arrow shows consolidation with air bronchograms. Red arrow shows left pleural effusion.

prior to discharge (Fig. 3). Repeat chest CT did not demon-
strate any significant changes from the previous study and
COVID-19 PCR by nasal swab was negative. The patient was
empirically started on linezolid and piperacillin/tazobactam.
Considering worsening clinical condition, it was decided to
perform bronchoscopy with bronchoalveolar lavage to further
evaluate the left upper lobe consolidation, which did not dem-
onstrate an endobronchial mass or lesion. There were diffuse
polypoid mucosal lesions with severe airway narrowing (Fig.
4). Samples were sent for bacterial, mycobacterial, fungal
cultures, and cytology, including COVID-19 testing by PCR.
The patient completed 10 days of linezolid and piperacillin/
tazobactam and clinically improved, with respiratory support
deescalated to 5 L of nasal cannula (NC). Preliminary report
of the bronchial washing showed no growth of Mycobacteria,
no organism on gram stain, no yeast isolated on fungal culture,
and negative for COVID-19. The cytology report was negative
for malignant cells but did demonstrate the presence of many
neutrophils and sparse foamy macrophages. On day 13 of
this admission, the patient was discharged home on NC while
awaiting final culture results.

On outpatient follow-up with the pulmonologist 2 weeks

post-discharge, the patient continued to complain of dyspnea
and associated chest pain. Subsequent chest X-ray demon-
strated progression of the opacification of the left lung with
minimal sparing of the extreme apex (Fig. 3). COVID-19 PCR
nasal swab was again negative. Results of the cultures from the
bronchial lavage now showed Nocardia species.

Treatment

With the worsening of dyspnea and chest X-ray findings,
and the new diagnosis of Nocardia species, the decision was
made to readmit the patient to the hospital. He was started on
meropenem and trimethoprim/sulfamethoxazole (TPM/SMX),
pending sensitivities and speciation of the organism. An MRI
of the head during this third admission revealed multiple ring-
enhancing lesions bilaterally in the cerebral and cerebellar cor-
texes with restricted diffusion (Fig. 5). At this time, the patient
did not have any neurologic symptoms. Due to continuous
dense consolidation and severe airway narrowing, there was a
consideration for stenting in the left lung as seen on the bron-
choscopy that was performed in the previous admission, so the

Figure 3. Chest X-ray findings during readmissions. (a) Chest X-ray on day of first readmission. Black arrow shows diffuse dense
opacification of the left hemithorax with minimal sparing of the extreme apex. (b) Chest X-ray on day of second readmission. Red
arrow shows opacification of left hemithorax with minimal sparing of the apex.
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Figure 4. Images of bronchoscopy showing severe airway narrowing of left bronchi. (a) Left upper lobe (apical posterior). Arrow-
head shows narrowing of the airway. (b) Left upper lobe (carina and lingula). Black star shows diffuse polypoid mucosal findings

with irregular contours.

patient was transferred to a tertiary care center capable of stent
placement on day 4 of the third admission.

Follow-up and outcomes

While in the tertiary hospital, the finalized culture and sensi-
tivity studies from prior bronchoscopy revealed Nocardia as-
teroides which was resistant to Carbapenems, so meropenem
was discontinued, and the patient was started on linezolid.
He received linezolid and TMP/SMX via intravenous route
for an additional 36 days before being discharged home on an
oral form of linezolid and TMP/SMX for a total of 12 months
and to follow up as an outpatient. The patient was reported
to have neurologic deficits while in the tertiary center, but
resolved as soon as meropenem was changed to linezolid.
On subsequent follow-up as an outpatient 1 month later, he

was seen by the infectious disease doctor and the pulmonolo-
gist, who noted improvement in clinical state and chest X-ray
findings.

Discussion

COVID-19 presents with variable spectrum of disease rang-
ing from asymptomatic to multiple organ failure resulting in a
clinical course requiring prolonged critical care [1]. Treatment
options are currently limited, and research is still ongoing on
pharmacologic agents that can reduce morbidity and mortality
in these patients. Currently, remdesivir, dexamethasone, and
baricitinib have been shown to have some benefits in decreas-
ing the mortality in patients with severe disease requiring criti-
cal care [9-11]. Our patient presented with dyspnea, which re-
quired NRM, so he was started on a combination of remdesivir

MRIHEAD WWO
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Figure 5. Magnetic resonance imaging of head with gadolinium showing central nervous system involvement of Nocardia. Black
arrows show multiple ring-enhancing lesions in the cerebral and cerebellar hemispheres bilaterally.
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and dexamethasone for 10 days as the standard of care in our
institution. It remains unclear if the patient had pre-existing
nocardiosis, or was predisposed due to COVID-19 pneumonia,
or was especially susceptible secondary to immunosuppressive
agents commonly used as part of the treatment regimen for
COVID-19 infection.

Nocardia usually causes infections in immunosuppressed
patients, but about a third of the patients infected are immu-
nocompetent [6, 12]. Predisposing factors may have caused
him to be infected by Nocardia species including uncontrolled
diabetes mellitus with HbAlc of 13.7% and less likely the use
of dexamethasone for the treatment of COVID-19. Given the
nearly opacified lung on chest X-ray and dissemination to the
brain seen on MRI, it is likely the patient had nocardiosis prior
to initial presentation to the hospital. Under this assumption,
the patient would be among the rare immunocompetent indi-
viduals who develop disseminated nocardia infection.

The presentation of febrile respiratory illness and isolation
of COVID-19 initially overshadowed a concomitant underly-
ing nocardiosis. In the era of the COVID-19 pandemic, signifi-
cant concern exists regarding performing routine procedures
that may cause aerosolization and increase infectivity, such as
bronchoscopy. These procedures are commonly necessary to
evaluate lung pathology, and deferment of invasive evaluation
likely delayed the diagnosis of nocardia in this patient, which
requires the isolation of the bacteria [12]. Due to the persis-
tence of symptoms, a needle biopsy was performed, which
showed findings still consistent with COVID-19. Finally, a
bronchoscopy isolated Nocardia asteroides. This complexity
of the diagnosis is what renders the case very unique. To date,
no case has been reported showing isolation of Nocardia spe-
cies in a patient infected with COVID-19.

Upon isolation of the Nocardia species, it is usually rec-
ommended to treat with two or three intravenous agents while
awaiting antibiotic sensitivities. Empiric treatment usually
contains TMP/SMX with either amikacin, imipenem, or a
third-generation cephalosporin [6]. Our patient was empiri-
cally started on TMP/SMX and meropenem while awaiting the
final sensitivity profile, which showed resistance to imipenem,
prompting a change in therapy to linezolid to which the patho-
gen was sensitive. The length of treatment of patients with as-
sociated central nervous system (CNS) involvement can be as
long as 12 months. Our patient received short courses of cef-
triaxone and linezolid during subsequent readmissions, which
might have caused his temporary clinical improvement during
his hospital stay, but discontinuation of the treatment resulted
in relapse upon discharge. Once the organism was identified
and long-term treatment initiated, our patient did not have any
further relapse of symptoms.

Nocardia species can disseminate to any organ and the re-
silience of the pathogen results in a high rate of relapse, despite
appropriate therapy. The delay in diagnosis and treatment may
have possibly allowed for progression from nocardia pneumo-
nia to disseminated nocardiosis involving the central nervous
system. Due to the association between nocardia infection and
CNS involvement, a brain MRI was done with gadolinium that
confirmed multiple ring-enhancing lesions in the brain. This
MRI result was critical in definitive diagnosis of the extent of
this patient’s disease burden and greatly influenced the deci-
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sion of the length of therapy required to appropriately treat our
patient, as well as necessitate outpatient follow-up.

Conclusion

We presented the case of a 63-year-old man who presented with
dyspnea, initially treated for COVID pneumonia, and discharged
home on 3 L NC. He later returned with progressive symptoma-
tology and ultimately diagnosed with disseminated nocardiosis
on further assessment. This case highlights the needs to maintain
a high index of suspicion in COVID-19 patients who fail to im-
prove despite current goal-directed therapies.
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