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Abstract

Background Cryptococcal infection has been increasingly reported in patients with COVID-19 infection, but the epidemio-
logical factors, presentation, diagnostic certainty, and outcome have not been well-described.
Methods We reviewed the published cases of COVID-19-associated Cryptococcus infections (CACI) to shed the light on

the burden of this infection.

Results We identified 13 patients with confirmed cryptococcal infection. Cryptococcus infection was primarily seen in
patients with severe COVID-19 disease who received corticosteroids therapy and admitted to the intensive care unit. Pul-
monary CACI was the most common reported infection followed by cryptococcal meningitis.

Conclusion In light of the high mortality rate, clinicians should maintain a high clinical suspicion of CACI in critically ill

patients.
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Introduction

The 2019 Novel Coronavirus Disease (COVID-19) emerged
in Wuhan, China in 2019, and as of September 2021, there
have been 238 million people infected with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) with
4.8 million confirmed deaths worldwide. This pandemic
continues swirling around the globe and has significantly
impacted on the healthcare systems. Several studies reported
the relatively common COVID-19-associated co-infections
whether secondary to bacteria, viruses, or fungal pathogens
[1]. In addition, critically ill patients, who required mechani-
cal ventilation or had prolonged hospital stay, were more
likely to develop fungal co-infections [2]. Severe COVID-
19 disease is associated with increased pro-inflammatory
cytokines, interleukin (IL)-1, IL-6, and tumor necrosis factor
alpha, reduced CD4-interferon-gamma expression, CD4 and
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CD8 T cells, which all increase the susceptibility to fungal
infections [2]. Fungal co-infection secondary to Aspergillus
and Candida species was reported in severely ill COVID-19
patients in up to 5.8% of cases [3]. Similarly, a prospective
study has demonstrated the high incidence of COVID-19-as-
sociated pulmonary aspergillosis (CAPA) among critically
ill COVID-19 patients [4]. In addition, during the severe
surge of COVID-19 infection in India, COVID-19-associ-
ated mucormycosis (CAM) cases were reported and this
opportunistic infection may be due to the alignment of multi-
ple traditional risk factors such as diabetes mellitus (DM) on
top of lung tissue damage induced by SARS-CoV-2 infection
and possibly environmental exposures [5, 6].

More recently, cryptococcal infections have emerged
as a matter of concern following COVID-19 infection and
interestingly, Cryptococcus spores can remain dormant for
many years in human hosts and may lead to invasive cryp-
tococcosis and dissemination in the settings of corticoster-
oids use, immunosuppressive therapy, DM, and malignan-
cies [7, 8]. At present, few cases of Cryptococcus infection
were reported in COVID-19 patients. Herein, we reviewed
all reported cases of CACI and discussed their risk factors,
epidemiology, and clinical outcomes.
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Methods

We searched PubMed until January 21st, 2022 using the
search terms “COVID-19” or “SARS-CoV-2” and “Cryp-
tococcus” or “Cryptococcosis”. We included only cases
which contained adequate data and medical information
about risk factors, clinical presentation, clinical course,
diagnosis, treatment, and outcomes [9-21]. We identified
15 cases of COVID-19-associated cryptococcal infections,
but two patients were excluded, as they were diagnosed
with cryptococcosis prior to COVID-19 infection [22, 23].
Proven cryptococcal infection was defined as per EORTC-
MSG criteria [24]. Confirmed cases have either positive
culture of a sample obtained from a normally sterile site
showing a clinical or radiological findings consistent with
an infectious disease process, positive blood culture, or
positive cryptococcal antigen in cerebrospinal fluid (CSF)
or blood.

Results

We identified 13 patients with confirmed cryptococcal
infection. Patients’ characteristics and infections details
are summarized in Tables 1 and 2. Ten patients (76.9%)
were males with a median age of 73 years [interquartile
(IQR), 24-78]. Out of 13 patients, 5 (38.4%) were diabetic
and 9 (69.2%) had hypertension. Twelve patients (92.3%)
had severe COVID-19 disease and one had mild infec-
tion. Eleven patients (84.6%) presented with shortness of
breath, 6 patients (46.1%) had fever, 13 patients (100%)
required ICU admission during their hospital stays and
12 patients (92.3%) required mechanical ventilation. Six
patients (46.1%) received remdesivir and 3 patients (23%)
received tocilizumab. Twelve patients (92.3%) received
corticosteroids equivalent to prednisone 10 mg/day for
more than 7 days. In 11 patients, the median time dura-
tion between COVID-19 diagnosis and Cryptococcus
infection was 13 days (IQR, 5-49) and 2 patients (15.3%)
were diagnosed postmortem. Seven patients (53.8%) had
new fever at the time of cryptococcal infection, whereas
4 patients (30.7%) had respiratory insufficiency, and 2
patients (15.3%) developed septic shock. Four patients
(30.7%) had also neurologic symptoms at the time of
Cryptococcus infection. Of interest, 8 patients (61.5%)
had positive blood culture for Cryptococcus, where six
(46.1%) patients had positive CSF cultures for Crypto-
coccus and 3 patients (23%) had positive bronchoalveolar
lavage fluid (BAL) culture. Pulmonary cryptococcal infec-
tion was seen in 7 patients (53.8%), whereas cryptococcal
meningitis was seen in 4 patients (30.7%). Disseminated
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cryptococcosis with lung and meningeal involvement was
seen in 2 patients (15.3%). Among the 6 patients who had
cryptococcal meningitis, CSF culture was positive for
Cryptococcus in all 6 patients (100%), whereas crypto-
coccal antigen test was done only in 3 patients. Out of 13
patients, cryptococcal serology was done in only 2 patients
(serum antigen), which was positive in one patient. Eleven
patients (84.6%) received antifungal treatment; 9 were
treated with liposomal amphotericin B (L-AmB) and flu-
cytosine; one patient was initially treated with L-AmB
but later changed to isavuconazole due to acute kidney
injury. One patient treated only with L-AmB. In-hospital
mortality was observed in 7 patients (53.8%) and one
patient remains comatose at the time of publication. Post-
mortem diagnosis was made in 2 patients (15.3%). The
mean time duration between cryptococcal diagnosis and
death was 23 days. Five patients (38.4%) were successfully
discharged. For instance, mortality among patients who
received antifungal treatment was seen in 5/11 patients
(45.4%).

Discussion

Although our review is subject to publication biases, sev-
eral observations emerged. First, we have only 13 cases of
CACI who were initially diagnosed with COVID-19 and
subsequently developed cryptococcal infection. Our analy-
sis showed that most patients were elderly with median age
of 73 years and presented with severe COVID-19 infec-
tion required mechanical ventilation and ICU admissions.
Up to 92.3% of patients received corticosteroids and three
patients received tocilizumab. Importantly, cryptococcal
infection occurred relatively early after COVID-19 diagnosis
(13 days, median). Most of the patients had pulmonary cryp-
tococcal infection and their course were complicated with
prolonged hospital stays. In contrast to COVID-19 patients,
the common underlying conditions that have been relayed
to increased risk of pulmonary cryptococcosis include HIV
infection, malignancies, stem cell and solid organ transplan-
tation, liver cirrhosis, renal failure with proteinuria and treat-
ment with glucocorticoids or tumor necrosis factor-alpha
antagonists [25].

The increase risk of fungal infections in COVID-19
patients are often related to high doses and prolonged ther-
apy of corticosteroids [26]. The Infectious Diseases Society
of America (IDSA) COVID-19 guidelines currently recom-
mend use of dexamethasone 6 mg IV or PO for 10 days or
until discharge, whichever is sooner. The benefits from using
dexamethasone in COVID-19 include 34% reduction of mor-
tality at 28 days among hospitalized, critically ill patients
compared to those not treated with glucocorticoids, as well
as patients receiving dexamethasone were more likely to
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Table 2 Features of cryptococcal infections

Ref Sx at Crypto Dg Positive Diagnostic Organ/site Co-infection Anti-fungal Tx  Clinical out- Timing of death
Bex for culture site affected come after Crypto Dg
Crypto (D)
[9] Fever, SOB Yes Bcex Lung MRSA None Dead N/A
[10] Fever, hypoten- No Resp Cx Lung Leclercia ade-  L-AmB,flu Alive N/A
sion carboxylata
bacteremia
[11] Unsteady gait, No CSF Cx and Meninges None L-AmB,flu Alive N/A
aphasia CSF antigen
[12] Septic shock Yes Bex Lung Candidemia L-AmB.flu Dead D10
(Candida
parapsilosis)
[13] Agitation, som- No CSF Cx and Meninges None L-AmB,flu Alive N/A
nolence CSF antigen
(1:8192)
[14] Septic shock Yes Bex Lung None None Dead N/A
[15] Fever, respira- No Resp Cx Lung MDR Entero-  L-AmB then Dead D17
tory insuffi- bacteriaceae Isa
ciency
[16] Fever, encepha- Yes Bcex and CSF Meninges None L-AmB,flu Worsening N/A
lopathy Cx
[17] Fever Yes Bcx, Serum Lung, meninges None L-Amb,Flu Dead D70
cryptococ-
cal antigen
(titers 1/152),
CSF Cx and
cryptococ-
cal antigen
(1/1024)
[18] SOB No Resp Cx Lung Aspergillus L-Amb,Flu Dead D12
fumigatus
[19] Confusion, Yes Bcex, CSF Cx Meninges No L-Amb,Flu Alive N/A
fever and crypto-
coccal antigen
(> 1/2560)
[20] Hypoxic Yes Bcex, CSF Cx Lung, meninges No L-Amb,Flu Dead D6
and crypto-
coccal antigen
(1/256)
[21] Fever Yes Bex Lung No L-Amb, Alive N/A

Bcx blood culture, Crypto cryptococcosis, CSF Cx cerebrospinal fluid culture, Dg diagnosis, D days, Flu flucytosine, L-AmB liposomal ampho-
tericin B, MDR multi-drug resistant, MRSA methicillin resistant Staphylococcus aureus, Sx symptoms, SOB shortness of breath, Ref reference,

Resp Cx respiratory culture, Tx treatment

be discharged from the hospital at 28 days [27]. It is vital,
however, to balance risks versus benefits by avoiding unnec-
essary large doses or prolonged duration of corticosteroids
therapy.

In addition, the Food and Drug Administration (FDA)
authorized the use of tocilizumab in June 2021 to serve
as another layer of fighting against COVID-19 infection.
This emergency use authorization (EUA) contains a warn-
ing of an increased risk of serious infections, including
active tuberculosis and invasive fungal, bacterial, and other
opportunistic infections, primarily when tocilizumab is
concomitantly used with other immunosuppressive drugs,

@ Springer

including corticosteroids. However, under the EUA in the
setting of COVID-19, tocilizumab is indicated for patients
that are also receiving systemic corticosteroids and requir-
ing supplemental oxygen, therefore increasing the patient’s
risk of serious infection [28, 29]. Historically tocilizumab
has mostly been used for rheumatoid arthritis, and there
are select case reports detailing cryptococcal infection
resulting from tocilizumab use in this setting. It has been
reported that the incidence rate of cryptococcosis in patients
receiving tocilizumab is around 0.04%. The significant risk
factors for serious infection in patients who are receiving
tocilizumab include age > 65 years, respiratory disease, and
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corticosteroid use with prednisone equivalent > 35 mg/day
[30].

More recently, Baricitinib has also been approved for
COVID-109 treatment [31]. It is a janus kinase (JAK) inhibi-
tor, inhibiting cytokines such as IL-2, IL-6, IL-10, and inter-
feron-gamma and halt the exaggerated immune response.
However, another infectious concern has been raised, such
as reactivation of latent viruses (herpes simplex virus) fol-
lowing the treatment with JAK inhibitors. Winthrop and
colleagues mentioned reactivation of several cases of cyto-
megalovirus, with less frequent reports of reactivation of
latent tuberculosis [32]. Although, Kalil et al. concluded that
the addition of baricitinib to remdesivir was not associated
with a significantly higher incidence of adverse events [33].

Extrapolating from influenza A virus infection, it has
been purported based on experimental murine model that
influenza viral infection itself may be a predisposing factor
for cryptococcosis by causing immune dysregulation, lung
tissue damage, and disruption of phagocytosis leading to
further fungal proliferation and severe disease [34]. Few
case reports have been published on severe influenza and
cryptococcal infections [35]. In addition, SARS-CoV-2 can
affect the JAK/STAT pathway and renders the infected cells
resistant to type I interferon which can further contribute to
increased risk of opportunistic infection, such as cryptococ-
cosis [36]. All in all, taking into consideration the immuno-
suppressed status resulted from the SARS-CoV-2 infection
and add on the effects of immunomodulating and immuno-
suppressed drugs that are given for severely ill COVID-19
patients, opportunistic infections (Ols) will continue on the
rise and clinicians should be aware of these OIs by keeping
a low threshold for an early diagnosis and prompt therapy to
reduce the morbidity and mortality rate related to COVID-
19 infection.

Conclusions

While the pathogenesis of cryptococcal infection follow-
ing COVID-19 remains under investigation, SARS-CoV-
2-driven etiology intertwined with glucocorticoid therapy,
mechanical ventilation, critical illness appeared as risk fac-
tors. Clinicians should maintain a high index of suspicion
and keep CACI in the differential diagnosis of severely ill
patients with COVID-19 infection, especially in case of
clinical deterioration and worsening respiratory status.
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