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Background
Cryptococcosis is a fungal infectious disease 
caused by the yeast Cryptococcus spp., which is 
ubiquitous in nature and can invade any organ.1 

Traditionally, the risk factors associated with 
their infection are related to an impaired immune 
system including advanced human immunodefi-
ciency virus (HIV)/acquired immunodeficiency 
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Abstract
Background: There is growing evidence of fungal infections associated with COVID-19. The 
development of cryptococcosis in these patients has been infrequently reported. However, it 
can be life-threatening.
Objective: To identify cases of COVID-19 patients who developed cryptococcosis and to 
compare baseline characteristics and management between those who survived and those 
who died.
Methods: We conducted a scoping review using PubMed, Scopus, Web of Science, and Embase 
to identify studies that reported patients with COVID-19 and cryptococcosis. No language 
restriction was applied. Single case reports, case series, and original articles were included. 
It is important to note that ‘n’ refers to the total number of individuals with the specified 
variable.
Results: A total of 58 studies were included. Among these studies, 51 included individual 
patient data, detailing information on a total of 65 patients, whereas eight studies reported 
the proportion of cryptococcosis in COVID-19 patients. One study provided both individual 
and aggregate case information. From individual patient data, the majority were male 
(73.9%; n = 48) with a median age of 60 years (range: 53–70). Severe COVID-19 and multiple 
comorbidities, led by arterial hypertension and diabetes mellitus, were frequently reported, 
but few had classic immunosuppression factors. On the other hand, HIV status, either negative 
or positive, was reported in just over half of the patients (61.5%; n = 40). Most were admitted 
to the intensive care unit (ICU) (58.5%; n = 31), received mechanical ventilation (MV) (50.0%; 
n = 26), and developed disseminated cryptococcosis (55.4%; n = 36). Secondary infection, mainly 
bacterial, was reported in 19 patients (29.2%). Mortality was 47.7% (n = 31). Of the studies that 
reported the proportion of cryptococcosis in COVID-19 cases, the majority were descriptive 
studies published as conference abstracts.
Conclusion: Cryptococcosis in COVID-19 patients has been reported more frequently. 
However, it is still not as common as other fungal infections associated with COVID-19. Few 
patients have some classic immunosuppression factors. The factors associated with mortality 
were male sex, age, ICU admission, MV, secondary infections, and lymphopenia.
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syndrome, solid organ transplant (SOT) recipi-
ents, hematological malignancy, decompensated 
liver cirrhosis, prolonged medication for any ill-
ness, and other disorders which suppress the 
immunity of the individual such as rheumatic 
diseases.1,2

Immune dysregulation caused by the SARS-
CoV-2 virus leads to a series of complex changes 
in both innate and acquired immunity, character-
ized by a cytokine storm, such as tumor necrosis 
factor and interleukins (mainly IL-1 and IL-6), 
that can lead to widespread tissue damage, sec-
ondary to the deregulated inflammatory cascade.3 
The function of Natural Killer (NK) cells is 
reduced in COVID-19, mainly in severe cases, 
which leads to a poor rapid response to infected 
immune cells by this innate response.4 T-cell dys-
function and compromised antiviral immunity 
contribute to impaired viral clearance, while the 
virus may also induce immunosuppression, hin-
dering an effective defense mechanism.5,6 
Subsequently, compromising host immunity in 
COVID-19 patients increases the risk of reacti-
vation of latent diseases or the development of 
new opportunistic infections. Indeed, with the 
use of multiple immune-modulating drugs for 
COVID-19 along with COVID-19-related 
immunosuppression, the risk of fungal infections 
is worryingly growing.7–9 As a result, mortality 
has risen in COVID-19 patients due to fungal 
infections.10,11 The most common COVID-19-
associated fungal infections are candidiasis, 
aspergillosis, and mucormycosis.12,13 None-
theless, Cryptococcus, like all opportunistic fungi, 
is becoming more frequent, especially in patients 
with COVID-19 admitted to the intensive care 
unit (ICU) and with an immunosuppression fac-
tor according to some reports.14–16

This study aimed to conduct a comprehensive 
scoping review through case reports, case series, 
and epidemiological studies to identify research 
gaps in the epidemiology, clinical features, and 
treatment outcomes of patients with COVID-19 
who developed cryptococcosis. A secondary aim 
was to compare patient characteristics between 
those who survived and those who died, as well 
as to determine the feasibility of another form  
of evidence synthesis such as systematic  
reviews based on the currently available scientific 
literature.

Methods
We followed the Preferred Reporting Items  
for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines for scoping reviews 
(PRISMA-ScR) to secure adequate reporting of 
the study.17

Eligibility criteria
Studies that met the following criteria were 
included: (a) patients (⩾18 years old) who 
acquired cryptococcosis concurrently or after 
COVID-19; (b) who had individual patient data 
available including epidemiologic information, 
diagnoses and underlying conditions, medica-
tions, laboratory test results, and disease out-
comes, and (c) any other studies or abstracts that 
reported cryptococcosis in COVID-19 patients. 
Articles were excluded if (a) patients acquired 
COVID-19 after cryptococcosis, (b) did not pro-
vide basic individual patient data such as sex and 
age, or (c) did not provide the total number of 
COVID-19 and cryptococcosis cases. To have 
the largest number of studies, there were no lan-
guage restrictions or full-text availability since the 
conference proceedings were also included.

Epidemiologic information included sex, age, 
and reporting country. Diagnosis of cryptococ-
cosis (histopathology, cultures, and serological 
tests) and related information (site of infection, 
species) as well as COVID-19 severity was  
also collected. Underlying conditions included 
comorbidities such as arterial hypertension 
(HTN), diabetes mellitus (DM), obesity, among 
others; and immunosuppressive factors such as 
HIV, SOT, cirrhosis, autoimmune diseases 
(lupus, rheumatoid arthritis, autoimmune hemo-
lytic anemia, multiple sclerosis), and hemato-
logic malignancies. Information regarding the 
patient’s admission to the ICU, use of mechani-
cal ventilation (MV), and infections during hos-
pitalization was also collected. Treatment for 
COVID-19 included immunosuppressive drugs 
(corticosteroids, tocilizumab) and antivirals 
(remdesivir), while for cryptococcosis included 
antifungals in monotherapy or combination anti-
fungal therapy (CAT). Results of laboratory tests 
included specifically, total lymphocyte count and 
CD4 cells. Finally, the outcome of the disease 
was included, such as those patients who sur-
vived and those who died.

https://journals.sagepub.com/home/tai
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Information sources and search strategy
We performed a comprehensive search in four 
sources (PubMed, Scopus, Web of Science, and 
Embase). Our search strategy included terms 
related to COVID-19 and cryptococcosis. The 
complete and reproducible search strategy for each 
database is available in Supplemental Material 1. 
All searches were performed on 6 August 2023.

Study selection
Documents were exported to Endnote X9 
(Philadelphia, PA, USA) and duplicates were 
removed. Two independent researchers (AQL 
and MP) evaluated whether the retrieved docu-
ments met the eligibility criteria for inclusion or 
not. Any discrepancy was resolved by discussion 
between reviewers. The latter is valid both for the 
review stage of only titles and abstracts and for 
the review stage of the full text.

Data extraction and synthesis
For each study, one researcher independently 
extracted data. Unclear information was discussed 
between two reviewers (AQL and MP) before 
reaching a final decision. For the synthesis, the 
articles were divided into two groups: (1) studies 
with individual patient data and (2) studies with 
the total number of COVID-19 and cryptococco-
sis cases. For the first group, continuous variables 
were presented as median and interquartile range 
(IQR), whereas categorical variables were pre-
sented as frequency and percentage. According to 
the extraction of individual information from the 
included cases, two cohorts were formed to com-
pare patient characteristics and other outcomes of 
interest between those who survived and those 
who died. To compare proportions, the chi-square 
test (X2) and Fisher’s exact test were used, when-
ever appropriate. To compare continuous varia-
bles, the Mann–Whitney U test was used. A p 
value of ⩽0.05 was considered statistically signifi-
cant. All data analyses were conducted on RStudio 
software version 4.3.0 (Boston, MA, USA). In 
addition, the severity of COVID-19 was scored for 
each case based on the patient’s symptoms at the 
time of COVID-19 diagnosis. Thus, patients were 
classified into five categories: an asymptomatic 
status as well as mild, moderate, severe, and criti-
cal illness. The criteria for each category are based 
on the National Institutes of Health (NIH) 

COVID-19 treatment guidelines.18 For the second 
group, a summary of the results of each study was 
presented separately.

Results

Selection
We evaluated 600 references, of which 58 studies 
met the inclusion criteria. The PRISMA-ScR 
flowchart is shown in Figure 1. Of these, 51 stud-
ies contain individual patient data, reporting a 
total of 57 patients. On the other hand, eight 
studies reported the total number of cases of 
COVID-19 and the proportion of patients with 
cryptococcosis. One study provided both individ-
ual and aggregate case information.

Epidemiology of COVID-19 patients with 
cryptococcosis
Table 1 is based on individual patient data. Of the 
total number of patients, the male sex was affected 
in 48 cases while the median age was 60 years, 
with statistically significant differences between 
the two groups: alive versus dead in both variables 
(p value = 0.0203 and 0.0332, respectively). Of 60 
patients with available information, 31 were from 
the United States15,16,19–40 (51.6%), 8 from Peru41 
(13.3%), 7 from Brazil14,42–47 (11.6%), and 2 from 
India48,49 and Italy50,51 (3.3% each), while the rest 
were from Canada,52 Colombia,53 China,54 the 
Czech Republic,55 the UK,56 Uganda,57 Qatar,58 
Lebanon,59 Spain,60 and Germany61 (n = 1; 1.7% 
each).

COVID-19 severity
According to the scale of severity of signs and 
symptoms of COVID-19,18 the majority of the 
cases were severe (n = 23; 52.3%).

Comorbidities, ICU admission, and MV for 
COVID-19
A large percentage of patients had some comor-
bidity (n = 57; 87.7%), the most frequent being 
HTN and DM. Similar mortality rates were 
found in patients with any comorbidity in general 
or specific comorbidities in contrast to those 
without them. Of 36 patients hospitalized when 
the COVID-19 diagnosis occurred, the vast 
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majority were admitted to the ICU (n = 31; 
86.1%) and underwent MV (n = 26; 72.2%). A 
higher mortality rate was reported among those 
admitted to ICU than those who were not (81.5% 
versus 34.6%). Similar results were obtained for 
MV (76.9% versus 23.1%).

History of immunosuppression
In 22 patients (38.8%), some history of immuno-
suppression including SOT, cirrhosis, HIV, auto-
immune diseases (lupus, rheumatoid arthritis, 
autoimmune hemolytic anemia, multiple sclero-
sis), hematologic malignancies, or immunosup-
pressive drugs for any reason other than 
COVID-19 infection was reported. However, no 

mortality differences were found between those 
who died and those who survived, nor when the 
causes of immunosuppression were analyzed 
separately (Table 2).

Treatment for COVID-19 and secondary 
infection/co-infection
According to the treatment indicated for COVID-
19, corticosteroids were used most frequently 
(n = 40; 70.2%), followed by remdesivir (n = 18; 
35.3%) and tocilizumab (n = 6; 11.3%). About 
60% (n = 24) of these patients completed treat-
ment for COVID-19 before the diagnosis of cryp-
tococcosis. However, the time between both 
mentioned events and the doses and duration of 

Figure 1. PRISMA-ScR flowchart of study selection.
PRISMA-ScR, Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines for scoping reviews.

https://journals.sagepub.com/home/tai
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Table 1. Characteristics of COVID-19 patients with 
cryptococcosis.

Variable Valid N Values

Male sex – n (%) 65 48 (73.9)

Age (years) – median  
(IQR 25–75)

65 60 (53–70)

Country of study origin 
– n (%)

60  

 USA 31 (51.6)

 Peru 8 (13.3)

 Brazil 7 (11.6)

 India 2 (3.3)

 Italy 2 (3.3)

 Canada 1 (1.7)

 Colombia 1 (1.7)

 China 1 (1.7)

 Czech Republic 1 (1.7)

 UK 1 (1.7)

 Uganda 1 (1.7)

 Qatar 1 (1.7)

 Lebanon 1 (1.7)

 Spain 1 (1.7)

 Germany 1 (1.7)

COVID-19 severity – n (%) 44  

 Critical 5 (11.4)

 Severe 23 (52.3)

 Moderate 1 (2.3)

 Mild 15 (34.1)

Comorbidities – n (%)  

 HTN 65 28 (43.1)

 DM 65 22 (33.9)

 Obesity 65 7 (10.8)

 SOT 65 9 (13.9)

 Cirrhosis 65 6 (9.2)

Variable Valid N Values

 Autoimmune disease 65 4 (6.2)

  Hematologic 
malignancy

65 2 (3.1)

 HIV 40 3 (7.5)

ICU admission for 
COVID-19 – n (%)

53 31 (58.5)

  MV for COVID-19 –  
n (%)

52 26 (50.0)

 Treatment for 
COVID-19 – n (%)

 

  Corticosteroids 57 40 (70.2)

  TCZ 53 6 (11.3)

  Remdesivir 51 18 (35.3)

Secondary infection/ 
Co-infection – n (%)

65 19 (29.2)

 Bacterial 17 (26.2)

 Fungal 4 (6.2)

 Bacterial and fungal 2 (3.1)

 Site of infection – n (%) 65  

  Disseminated 36 (55.4)

  Blood 35 (53.8)

  CNS 27 (41.5)

  Pulmonary 15 (23.1)

  Skin 4 (6.2)

  Ocular 1 (1.5)

Confirmation of 
cryptococcosis – n (%)

65  

 Blood culture 25 (38.5)

 Serum CrAg 12 (18.5)

 CSF culture 19 (29.2)

 CSF CrAg 20 (30.8)

 Other 17 (26.2)

   BAL/tracheal 
aspirate culture

9 (13.8)

Table 1. (Continued)

(Continued) (Continued)
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most frequent (n = 17; 26.2%), manifesting 
mainly as findings in cultures, bacteremia, or ven-
tilator-associated pneumonia. Although there 
were also a few cases of fungi. Those who devel-
oped secondary infection/co-infections demon-
strated a higher mortality rate in comparison to 
individuals without them (48.4% versus 11.8%). In 
all, 16 patients (84.2%) with secondary infections/
co-infections received corticosteroids. Notably, 
the subgroup of secondary infections/co-infections 
with bacteria also displayed a higher mortality rate 
in contrast to those without such infections (45.2% 
versus 8.8%).

Details of each case are shown in Supplemental 
Material 2.

Cryptococcus site of infection and species
Most cases were disseminated infection (n = 36; 
55.4%) defined as two or more non-adjacent 
organs being simultaneously affected with crypto-
coccosis.62 In some cases of disseminated crypto-
coccosis (n = 17), neurological involvement was 
ruled out with a lumbar puncture before adminis-
tering antifungals (n = 8). Lumbar puncture was 
not performed in 19 patients with disseminated 
disease. In 10 cases, it was made explicit that it was 
not performed due to postmortem cryptococcal 
diagnosis (n = 6) as well as poor prognosis, multi-
ple failed attempts, deferred due to lack of neuro-
logical manifestations, or no patient consent (n = 1, 
each). In the rest (n = 9), all of which were reported 
in conference abstracts, after obtaining blood cul-
tures or serological tests, it was not reported why 
lumbar puncture was not performed. There was 
also involvement of the bloodstream, the central 
nervous system (CNS), pulmonary, cutaneous, 
and ocular. No statistical differences were found in 
any of these cases. The diagnostic methods of 
cryptococcosis are summarized in Table 1 and 
greater detail in Supplemental Material 2. The 
most frequently causing species of cryptococcal 
infection was Cryptococcus neoformans (n = 43; 
66.2%). However, there were also a few cases 
where C. gattii and C. laurentii were identified.

Cryptococcus therapy, the time between 
COVID-19 and cryptococcosis diagnoses, and 
laboratory exams
Individually, of 56 patients, antifungal therapy 
consisted of polyenes (amphotericin B) in 47 cases 
(83.9%), azoles (fluconazole, isavuconazole, and 

Variable Valid N Values

  Pleural biopsy 1 (1.5)

  Lung biopsy 2 (3.1)

  Skin culture 4 (6.2)

  Vitreous culture 1 (1.5)

  Unclear* 3 (4.6)

Cryptococcus species –  
n (%)

65  

 neoformans 43 (66.2)

 gattii 1 (1.5)

 laurentii 2 (3.1)

 spp. 19 (29.2)

CAT – n (%) 56 44 (78.6)

Days from COVID-19 
diagnosis to 
cryptococcosis – median 
(IQR 25–75)

43 32 
(13.5–54)

CD4+ (cells/μL) – median 
(IQR 25–75)

23 207 
(98–300)

Lymphocyte (cells/μL) – 
median (IQR 25–75)

16 615 
(375–985)

Outcome – n (%) 65  

 Alive 34 (52.3)

 Dead 31 (47.7)

*Unclear regarding the method of diagnosis of pulmonary 
cryptococcosis.
BAL, bronchoalveolar lavage; CAT, combination antifungal 
therapy; CNS, central nervous system; CrAg, cryptococcal 
antigen; CSF, cerebrospinal fluid; DM, diabetes mellitus; 
HIV, human immunodeficiency virus; HTN, arterial 
hypertension; ICU, intensive care unit; IQR, interquartile 
range; MV, mechanical ventilation; SOT, solid organ 
transplant; TCZ, tocilizumab; UK, United Kingdom; USA, 
United States of America.

Table 1. (Continued)

treatment were poorly characterized in the origi-
nal reports. Individuals who received any medica-
tion for COVID-19 showed a greater mortality 
rate compared to those who did not receive such 
drugs (77.4% versus 47.1%). However, this dif-
ference disappeared when analyzing each treat-
ment individually (see Table 2). Secondary 
infection/co-infections with bacteria were the 
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Table 2. Risk factors associated with death in patients with COVID-19 and cryptococcosis.

Characteristic Total (n = 65) Alive (n = 34) Dead (n = 31) p Value

Male sex – n (%) 48/65 (73.85) 21/34 (61.76) 27/31 (87.10) 0.0203

Age (years) – median (IQR 25–75) 60 (53–70) 57.5 (50–64.5) 66 (56.5–74.5) 0.0332

Any comorbidity – n (%) 57/65 (87.69) 28/34 (82.35) 29/31 (93.55) 0.2617

 HTN – n (%) 28/65 (43.08) 14/34 (41.18) 14/31 (41.17) 0.7459

 DM – n (%) 22/65 (33.85) 11/34 (32.35) 11/31 (35.48) 0.7899

 Obesity – n (%) 7/65 (10.77) 3/34 (8.82) 4/31 (12.90) 0.7006

History of immunosuppression* – n (%) 22/65 (33.84) 13/34 (38.24) 9/31 (29.03) 0.4335

 HIV – n (%) 3/40 (7.50) 2/21 (9.52) 1/19 (5.26) 1

 SOT – n (%) 9/65 (13.85) 5/34 (14.71) 4/31 (12.90) 1

 Cirrhosis – n (%) 6/65 (9.23) 2/34 (5.88) 4/31 (12.90) 0.4133

 Autoimmune diseases – n (%) 4/65 (6.15) 3/34 (8.82) 1/31 (3.23) 0.6147

ICU admission for COVID-19 – n (%) 31/53 (58.49) 9/26 (34.62) 22/27 (81.48) 0.0005

MV for COVID-19 – n (%) 26/52 (50.00) 6/26 (23.08) 20/26 (76.92) <0.0001

Drugs for COVID-19 – n (%) 40/65 (61.54) 16/34 (47.06) 24/31 (77.42) 0.0119

 Corticosteroids – n (%) 40/57 (70.18) 16/27 (59.26) 24/30 (80.00) 0.0874

 TCZ – n (%) 6/53 (11.32) 3/25 (12.00) 3/28 (10.71) 1

 Remdesivir – n (%) 18/51 (35.29) 7/24 (29.17) 11/27 (40.74) 0.3879

Secondary infection/co-infection – n (%) 19/65 (29.23) 4/34 (11.76) 15/31 (48.39) 0.0012

 Bacteria – n (%) 17/65 (26.15) 3/34 (8.82) 14/31 (45.16) 0.0009

 Fungi – n (%) 4/65 (6.15) 1/34 (2.94) 3/31 (9.68) 0.3407

Disseminated cryptococcosis – n (%) 36/65 (55.38) 17/34 (50.00) 19/31 (61.29) 0.3604

Bloodstream infection – n (%) 35/65 (53.85) 16/34 (47.06) 19/31 (61.29) 0.2503

CNS infection – n (%) 27/65 (41.54) 14/34 (41.18) 13/31 (41.94) 0.9505

Pulmonary infection – n (%) 15/65 (23.08) 8/34 (23.53) 7/31 (22.58) 0.9277

CAT – n (%) 44/56 (78.57) 26/31 (83.87) 18/25 (72.00) 0.2818

Days from COVID-19 diagnosis to cryptococcosis – 
median (IQR 25–75)

32 (13.5–54) 39.5 (14–88.5) 30 (12.5–39.5) 0.3063

CD4+ (cells/μL) – median (IQR 25–75) 207 (98–300) 278.5 (114.5–333.8) 165 (58.5–240) 0.2421

Lymphocyte (cells/μL) – median (IQR 25–75) 615 (375–985) 990 (625–1581) 400 (200–577.5) 0.0307

*Including SOT, cirrhosis, HIV, autoimmune diseases (lupus, rheumatoid arthritis, autoimmune hemolytic anemia, multiple sclerosis), hematologic 
malignancies, or immunosuppressive drugs for any reason other than COVID-19 infection.
CAT, combination antifungal therapy; CNS, central nervous system; DM, diabetes mellitus; HIV, human immunodeficiency virus; HTN, arterial 
hypertension; ICU, intensive care unit; IQR, interquartile range; MV, mechanical ventilation; SOT, solid organ transplant; TCZ, tocilizumab.
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intravitreal voriconazole) in 40 cases (71.4%), 
and flucytosine in 24 cases (42.9%). CAT was 
observed in 44 cases (78.6%) while the rest 
received antifungal monotherapy (n = 12; 
21.4%). Of the latter, 3 (25%) received polyenes 
while 9 (75%) azoles. Mortality rates were  
similar among those who received CAT com-
pared to those who did not (72.0% versus 83.9%). 
The median time from diagnosis of COVID-19 
to cryptococcosis was 32 days. The median and 
IQR for CD4+ and lymphocytes were 207 (98–
300) cells/μL and 615 (375–985) cells/μL, 
respectively. The lymphocyte count was lower 
among those who died than those who were alive 
(400 versus 990 cells/μL).

Mortality
Based on the individual data available for 65 
patients, 47.7% (n = 31) of the patients died while 
52.3% survived (n = 34). Further details of all 
studies with individual patient data are shown in 
Supplemental Material 2.

Other studies
Half (n = 4; 50%) of these studies were conducted 
in the United States,63–66 while the rest were con-
ducted in Mexico,67 Brazil,14 China,68 and the 
UK.69 Interestingly, only three of these studies 
(37.5%) were published in their final version in a 
journal14,63,68 since the rest were conference abstr
acts64–67,69; two case series,14,69 four descriptive 
studies,64,65,67,68 and two retrospective cohort 
studies63,66 were identified. Overall, they had an 
inclusion interval from February 2020 to April 
2022. Although the majority had a population 
with hospitalized COVID-19, there were two 
studies with a specific population, only ICU 
admissions67 and only people living with HIV 
(PLWHIV).69

A descriptive study by Bojorges-Aguilar et al. only 
included critically ill COVID-19 patients admit-
ted to the ICU, finding that out of 743 only 67 
(9%) had an invasive fungal infection, mainly 
aspergillosis and candidiasis. There were three 
cases of cryptococcosis, and although a mortality 
of 48% was reported, it was unknown if it included 
any of the cases of cryptococcosis.67 Jewsbury 
et al. reported a case series of 16 PLWHIV who 
were mostly controlled (viral load < 200). 
However, a quarter of these patients died, 

including the only case of cryptococcal meningitis 
in this series.69 Kaleekal et al. reported a descrip-
tive study that included 7508 patients with 
COVID-19, of which 82 (1.1%) acquired fungal 
infections, only two due to Cryptococcus. These 
infections were more frequent in the ICU than in 
non-ICU and were associated with the use of MV 
and corticosteroids.64 Along the same lines, 
another descriptive study by Swaney et al. whose 
objective was to report fungal infections in 
COVID-19 patients, obtained 45 cases (1.7%) of 
a total of 2639 patients, with only one case of 
cryptococcosis. Aspergillosis and candidiasis were 
the most frequent diagnoses, with a mortality rate 
reaching 60%. The need for MV and ICU admis-
sion COVID-19 therapeutics (corticosteroids, 
remdesivir) was not significantly different among 
those who survived and expired.65 A single-center 
retrospective cohort study by Zahra et al. reported 
25 cases of fungemia out of a total of 1398 
COVID-19 patients in a period of 3 months, with 
only one case of cryptococcosis, the rest being 
Candida species. The fungemia cohort is more 
likely to require ICU and MV compared to those 
without fungemia. In the former, mortality was 
double that of the latter.66 Martins et al. reported 
a case series of eight invasive fungal infections 
from a total of 716 patients with COVID-19. All 
eight patients died, including the only case of 
cryptococcosis whose data were included in our 
bivariate analysis since it also had individual 
information available. The rest of the cases were 
candidiasis and aspergillosis.14 A descriptive study 
conducted by Zhu et al. that looked for co-infec-
tions with respiratory pathogens among COVID-
19 cases reported that there was a high percentage 
of co-infection (94.2%; 242) out of a total of 257 
cases. Although the main co-infections were bac-
terial, there was also a single case of co-infection 
with Cryptococcus.68 Unlike the rest of the studies 
that were more general and included all patients 
with fungal infections, the cohort study by 
Chastain et al. was the only one that evaluated the 
development of cryptococcosis among hospital-
ized patients with COVID-19. Among 212,479 
hospitalized patients with COVID-19, 65 devel-
oped cryptococcosis, reporting an incidence of 
0.022%. The patient population was divided into 
two cohorts based on the presence or absence of a 
diagnosis of cryptococcosis after 3 months of 
COVID-19 diagnosis. Patients with cryptococco-
sis were more likely to have received tocilizumab 
(p < 0.0001) but not dexamethasone (p = 0.0840). 

https://journals.sagepub.com/home/tai


A Quincho-Lopez, N Poma et al.

journals.sagepub.com/home/tai 9

MV and mortality were significantly higher 
among patients with cryptococcosis.63

Discussion
In the present study, we sought to describe the 
epidemiology as well as clinical and treatment 
outcomes of patients with COVID-19 associated 
with cryptococcosis. Overall, cryptococcosis in 
COVID-19 patients is not as frequent compared 
to other fungal infections such as mucormycosis70 
and aspergillosis,71 widely reported in the litera-
ture, in COVID-19 patients, although it can still 
be life-threatening in light of the high mortality, 
ranging between 50% and 65%.23,50,72,73 Our 
analysis showed that the majority of patients were 
men and around 60 years of age, and in addition, 
it was determined that both male sex and age are 
risk factors associated with mortality. The male 
sex is related to the incidence, severity, and mor-
tality of COVID-19.74 However, this is also in line 
with a large cohort study of cryptococcosis among 
hospitalized patients with COVID-19 where men 
were mostly affected.63 In fact, these differences 
may be related to the protective role of circulating 
estrogen-mediated hormone levels in adaptive 
immunomodulation in female patients.75

Previously, ICU admission and MV were reported 
as important risk factors in literature reviews on 
the subject.50,72 Our findings were similar for both 
variables; in addition to these, we also found that 
secondary infections/co-infections (the majority 
being bacterial infections) turned out to be a risk 
factor associated with mortality. It should be 
noted that it was difficult to distinguish between 
both according to the information provided by 
the papers, thus for the patients in the present 
review it would be an additional infection to cryp-
tococcosis and COVID-19 and could be either a 
co-infection or secondary infection. In a recently 
published systematic review, they consider that 
there was no clear definition between co-infection 
and secondary infection; however, a percentage of 
up to 26% and 19% was found, respectively.76 
What there is greater consensus on is that they 
increase the mortality rate in COVID-19 
patients.77 Another recent study identified risk 
factors for bloodstream infections in COVID-19 
patients, highlighting in its results the consump-
tion of interleukin inhibitors (i.e. tocilizumab or 
anakinra) and dexamethasone, among others.78 
Of interest, a high percentage (16/19; 84.2%) of 

patients with secondary infections/co-infections 
in our review received corticosteroids.

The role of immunosuppressive therapy as a 
source of increased susceptibility of COVID-19 
patients to opportunistic infections is still contro-
versial. On the one hand, corticosteroids and 
TCZ demonstrate important improvements in 
mortality and the need for MV in patients with 
COVID-19 for specific conditions in regulated 
doses.7,9 However, corticosteroids showed worse 
clinical outcomes in fungal diseases according to 
a recent study carried out by Li et al.8 Likewise, a 
systematic review concluded that tocilizumab 
therapy significantly increased the risk of fungal 
co-infections in COVID-19 patients, according to 
data from eight observational studies (OR = 2.02, 
95% CI = 1.05–3.90, p = 0.036).79 Although our 
analysis showed that COVID-19 immunosup-
pressive drugs together were associated with  
mortality, this difference disappeared when phar-
macological therapies were analyzed separately, 
probably due to the heterogeneity of type of 
administration (different doses, duration of ther-
apy, time of diseases at start medication, among 
others). The ideal would be to standardize the 
dose and duration of these drugs in those who 
require them, to improve the balance between 
survival and side effects.

The low proportion of HIV-positive patients in our 
study (3/40; 7.5%) is consistent with its global 
reduction in HIV-associated cryptococcal infec-
tion likely to be due to antiretroviral therapy expan-
sion.80 However, the low proportion of patients 
with immunodeficiencies (22/65; 33.84%) in our 
review still draws attention, as it differs from mod-
ern cryptococcosis cohorts without HIV, in which 
patients with some immunocompromising condi-
tions are the majority, reaching up to 82.8% in the 
United States and 60.8% in Australia and New 
Zealand according to large multicenter studies.81,82 
Among previous cases of cryptococcosis in patients 
with COVID-19 summarized in a literature review, 
it was reported that 56% of the patients did not 
have traditional risk factors associated with crypto-
coccosis.23 So far, data from a multicenter research 
network found that cryptococcosis occurred most 
often in hospitalized patients with COVID-19 who 
had traditional risk factors, observing a mortality of 
36%, which was significantly higher than those 
with COVID-19 but without cryptococcosis.63  
A recent study that included 69 patients with 
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cryptococcosis following COVID-19 compared 
the groups of immunocompetent (n = 36) versus 
immunocompromised (n = 33) observing that the 
former had a very high mortality at 72%, signifi-
cantly higher than the 48% mortality observed in 
the latter (p value = 0.045).83 In fact, cryptococco-
sis in COVID-19 patients appears to be a distinct 
entity, which resembles that of non-HIV patients, 
in which mortality is much higher than those cases 
of HIV-associated cryptococcosis.84,85 Interestingly, 
it would seem that COVID-19 would be a condi-
tion that would allow cryptococcal infection as 
opportunistic, although it is unknown if it is due to 
the disease itself or due to other factors such as 
comorbidities or medications. To test the hypoth-
esis that there could be a difference between 
patients with cryptococcosis with and without 
COVID-19, a multicenter research network was 
carried out and found that significantly more 
patients with COVID-19 had a history of SOT or 
malignancy compared to non-COVID-19 con-
trols, but not for HIV.86 Other comorbidities 
(autoimmune and inflammatory diseases and 
DM), some of which are risk factors for crypto-
coccosis as well as corticosteroid use, were also 
more common among patients with COVID-19 
compared to non-COVID-19 controls. Despite 
this, no differences were noted in terms of ICU 
admissions and mortality between both groups 
(with and without COVID-19).86 Further studies 
are warranted.

Lymphopenia associated with COVID-19 occurs 
as a consequence of a redistribution of peripheral 
T lymphocytes to the lungs, the main target of the 
SARS-CoV-2 virus.87 In addition, in the event of 
failure to control the virus at the site of infection, 
functionally exhausted T lymphocytes undergo 
cell death. Although this effect is temporary, the 
process of restoration to normal levels in the con-
valescent period takes several months.6 In this 
interval, hosts with depleted T lymphocytes are 
more vulnerable to cryptococcosis since the fun-
gicidal effect of macrophages promoted by these 
lymphocytes is lost.88 Our analysis shows that 
lymphopenia is associated with mortality in 
patients who developed cryptococcosis after 
COVID-19. The review by Pipitone et  al.50 
reported that inadequate cryptococcal treatment 
(non-CAT) and mortality were associated, unlike 
a meta-analysis in which the duration and type of 
antifungal therapy (CAT versus monotherapy) 
were not associated with all-cause mortality in 

patients with COVID-19 and fungal secondary 
infections.89 The latter is similar to what we found 
in our analysis. Importantly, cryptococcal infec-
tion occurred relatively late after COVID-19 
diagnosis (32 days, median), which was longer 
than other studies (10–13 days, median).63,72 This 
difference may be attributable to delays in the 
diagnosis or initiation of antifungal therapy for 
cryptococcosis. The theory in this condition is 
that Cryptococcus is behaving as an opportunistic 
infection and has likely been reactivated following 
lymphopenia or immune compromise at that level 
due to COVID-19. In this context, symptoms 
would probably present late.

The fact that only slightly more than half (n = 40; 
61.5%) of the included case reports have 
described the HIV infection status of the patients 
before suspicion or even after confirming the 
diagnosis of cryptococcosis is in line with the 
overall mean completeness of reporting score of 
54.4% described by Scaffidi et al.90 according to 
the CARE checklist items for COVID-19 case 
reports. This is even more alarming if one consid-
ers that cryptococcal infection is one of the main 
causes of morbidity and mortality in HIV-positive 
patients.1

A scoping review aims to identify and map the 
available evidence regarding a topic. While it uses 
a methodology involving a systematic search that 
is explicit and transparent, it should not be con-
fused with a systematic review which is a study 
design that also synthesizes the evidence but 
answers a specific question, whereas the scoping 
review can be more flexible and open.91 Definitely, 
carrying out a systematic review is not feasible for 
now since few studies do not provide information 
on a single patient and are published in full text in 
a journal.

The limitations of the present study include the 
omission of important data such as the temporal-
ity in days of the onset of symptoms, hospital 
admission, or diagnosis until an outcome 
occurred, whether it was the patient’s discharge, 
transfer, or death in the reported clinical cases. 
One significant limitation of this research is the 
inherent challenge of obtaining real-time and 
comprehensive data on the impact of emerging 
variants of COVID-19 due to the dynamic nature 
of the pandemic and the evolving landscape of 
viral mutations. This limitation hinders the ability 
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to make conclusions regarding vaccination status 
and the saturation of health services. Moreover, 
many studies were only available as conference 
abstracts, which limited them to details of rele-
vant clinical data. However, this type of scientific 
communication becomes important in a relatively 
recent topic such as the COVID-19 pandemic.

Conclusion
Cryptococcosis in COVID-19 patients has been 
reported more frequently. However, it is still not as 
common as other fungal infections associated with 
COVID-19. There were few patients with any clas-
sic immunosuppression factor. Despite this, it was 
reported that the majority received corticosteroids, 
although there was poor characterization of the 
doses and duration of treatment. The high mortal-
ity rate (47.7%) was similar to that of cryptococ-
cosis in patients without HIV. The factors that have 
demonstrated the strongest association with mor-
tality were ICU admission, MV, and secondary 
infections/co-infections. Studies should adapt to 
existing reporting guidelines to avoid omissions or 
improve the quality of the information presented 
that may be useful for future reviews.
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Abstracto

Antecedentes: Los aneurismas intracraneales complejos (AIC) comprenden un subconjunto de
lesiones con una arquitectura vascular desafiante, un acceso difícil y un tratamiento previo. El
tratamiento quirúrgico de los AIC suele ser complicado y exige una evaluación caso por caso. La
evolución generacional de la cirugía de bypass ha ofrecido un potencial duradero para la
revascularización cerebral eficaz. En este artículo, pretendemos ilustrar la experiencia de un solo
centro en el tratamiento de los AIC.

Métodos: Los autores realizaron un análisis retrospectivo de las historias clínicas de pacientes
tratados con técnicas de revascularización cerebral en el Hospital Nacional Dos de Mayo, Lima, Perú,
durante el período 2018-2022. Se recopilaron datos relevantes, incluidos los antecedentes del
paciente, las características del aneurisma en las imágenes, las complicaciones preoperatorias, el curso
intraoperatorio, las tasas de oclusión del aneurisma, la permeabilidad del bypass, la función
neurológica y las complicaciones posoperatorias.

Resultados: Se incluyeron 17 pacientes (70,59% mujeres; edad media: 53 años) con 17 AIC (64,7%
saculares; 76,5% rotos). La presentación clínica más frecuente incluyó pérdida de conciencia (70,6%) y
cefaleas (58,8%). El tratamiento microquirúrgico incluyó bypass de primera, segunda y tercera
generación. En el 47,1% de los casos se utilizó predominantemente una anastomosis entre la arteria
temporal superficial y el segmento M3, seguido de un bypass A3-A3 (29,4%), un bypass arteria
temporal superficial-M2 (17,6%) y un bypass arteria carótida externa a M2 (5,9%). La tasa de rotura
intraoperatoria de aneurisma fue del 11,8%. Las complicaciones postoperatorias incluyeron isquemia
(40%), fístulas de líquido cefalorraquídeo (26,7%) y neumonía (20%). Al momento del alta hospitalaria,
la mediana de la puntuación en la Escala de Coma de Glasgow fue de 14 (rango: 10-15). En el
seguimiento a los 6 meses, el 82,4% de los pacientes tenían una puntuación en la Escala de Rankin
modificada ≤2, la derivación tenía permeabilidad en todos los casos y la tasa de morbilidad fue del
17,6%.

Conclusiones: Las CIA representan un espectro de lesiones vasculares desafiantes con una mala
historia natural. La cirugía de bypass ofrece la posibilidad de un tratamiento definitivo. Nuestra serie
de casos ilustró el papel predominante de la revascularización cerebral de las CIA con un enfoque
crítico caso por caso para proporcionar resultados óptimos en un entorno de recursos limitados.

Palabras clave: Aneurisma cerebral; Bypass; Revascularización cerebral; Aneurismas intracraneales
complejos; Microcirugía.
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Abstracto 
Antecedentes Las malformaciones arteriovenosas cerebrales (MAV) son lesiones complejas 
que pueden causar un accidente cerebrovascular hemorrágico y una discapacidad neurológica 
significativa. La adenosina induce paro cardíaco e hipotensión, que se cree que son útiles durante 
la embolización de las MAV cerebrales. En este trabajo, realizamos una revisión sistemática y 
un metanálisis de la seguridad de la técnica. 

Métodos Siguiendo las directrices PRISMA, se consultaron cuatro bases de datos en busca de 
estudios que describieran el uso de embolización asistida por adenosina de MAV cerebrales. Las 
complicaciones intraoperatorias relacionadas con la adenosina, los resultados neurológicos 
permanentes, la morbilidad y la mortalidad evaluaron la seguridad de la técnica. Se realizó un 
análisis de proporción única bajo un modelo de efectos aleatorios. La heterogeneidad se evaluó 
mediante estadísticas I² y el sesgo de publicación se evaluó mediante análisis de gráficos en 
embudo y prueba de regresión de Egger. 

Resultados Se incluyeron diez estudios que involucraron a 79 pacientes (55,7% hombres) con 
79 MAV (54,4% no rotas y 70,9% grado III-V de Spetzler-Martin) que se sometieron a 123 
embolizaciones (80,4% y 5,9% bajo abordajes transarteriales y transvenosos, respectivamente) 
con cianoacrilato de n-butilo (80,4%), alcohol vinílico de etileno (14,4%) o ambos (5,2%). La 
incidencia de complicaciones intraoperatorias transitorias relacionadas con la adenosina fue del 
0% (IC del 95%: 0% a 3%, I 2 = 24%). Además, la incidencia de morbilidad, mortalidad y 
resultados permanentes relacionados con la adenosina fue del 0% (IC del 95%: 0% a 3%, I 2 = 
0%). Durante el seguimiento, se informaron buenos resultados funcionales para 64 pacientes 
(81%). 

Conclusiones Los efectos de la adenosina sobre el control del flujo sanguíneo pueden facilitar 
la embolización y mitigar el riesgo de rotura de MAV y migración del agente embólico. Aunque la 
evidencia actual proviene de estudios observacionales, los resultados de este metaanálisis 
sugieren un perfil de fármaco seguro debido a una mínima morbilidad y mortalidad asociadas. 
Se justifica realizar más investigaciones a partir de estudios aleatorios y controlados más amplios 
para alcanzar un mayor nivel de evidencia. 
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Abstracto

Presentamos el caso de un varón de 58 años con historia de 3 días de cefalea de inicio súbito, pérdida
de conciencia y vómitos incontrolados. El paciente tenía cuadriparesia 3/5 y una puntuación en la
escala de coma de Glasgow (GCS) de 8, lo que ameritaba cuidados intensivos neurocríticos. Las
imágenes cerebrales sugirieron la presencia de dos lesiones: (i) un aneurisma fusiforme de 12 × 7 mm
en una arteria accesoria A2 de la arteria cerebral anterior y (ii) un aneurisma sacular no roto de 3,3 ×
2,8 mm en el segmento distal de la arteria basilar. Se consideró candidato a manejo microquirúrgico.
En el postoperatorio, tenía cuadriparesia 4/5, paresia del nervio motor ocular común derecho y una
puntuación en la escala de coma de Glasgow de 13. Un seguimiento de 3 meses mostró una mejoría
significativa en la función neurológica con una puntuación de 2 en la escala de Rankin modificada. El
caso presentado ilustra la relevancia de un conocimiento matizado para operar en variantes
anatómicas enfermas y patologías complejas de corredores estrechos.

Palabras clave: arteria accesoria A2; arteria basilar; aneurisma cerebral; arteria media del cuerpo
calloso; microcirugía; vídeo quirúrgico.
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sin contraste muestra…

 

Figura 2
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Case Report: Disseminated Paracoccidioidomycosis and Strongyloides Hyperinfection in a
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Abstract. Co-occurrence of paracoccidioidomycosis and strongyloidiasis in immunosuppressed patients, particularly
those infected with human T-lymphotropic virus type 1/2, is infrequent. We describe the case of a Peruvian farmer from
the central jungle with human T-lymphotropic virus type 1/2 infection, with 2 months of illness characterized by respira-
tory and gastrointestinal symptoms associated with fever, weight loss, and enlarged lymph nodes. Strongyloides stercor-
alis and Paracoccidioides brasiliensis were isolated in sputum and bronchoalveolar lavage samples, respectively. The
clinical evolution was favorable after the patient received ivermectin and amphotericin B. We hypothesize that autoinfes-
tation by S. stercoralis in human T-lymphotropic virus type 1/2–infected patients may contribute to the disseminated pre-
sentation of Paracoccidioides spp. Understanding epidemiological context is crucial for suspecting opportunistic regional
infections, particularly those that may coexist in immunosuppressed patients.

INTRODUCTION

Paracoccidioidomycosis (PCM) is an endemic fungal
infection in tropical/subtropical regions of Central and South
America, with Brazil reporting the highest number of cases
in the region.1,2 The disease is predominantly caused by
Paracoccidioides brasiliensis and to a lesser extent by Para-
coccidioides lutzii. It commonly affects farmers and is more
prevalent in men, with a male-to-female ratio of 9:1, likely
due to the protective estrogenic effect in women, which has
demonstrated in vitro antifungal activity.1,2 In Per�u, the prev-
alence of PCM is uncertain owing to outdated national
reports; however, it is considered a public health concern,
with a higher number of cases in the tropical jungle and fre-
quent skin and mucosal involvement.
Strongyloides stercoralis is an endemic geohelminth dis-

tributed throughout Per�u, with higher concentrations in the
jungle. Its association with aggressive clinical forms, such
as S. stercoralis hyperinfection syndrome (SHS), is widely
described in patients with human T-lymphotropic virus type
1/2 (HTLV-1/2) infection. The SHS is due to autoinfestation, an
event in which the parasite reinfects the individual from the
intestine without being expelled, perpetuating the life cycle
and exacerbating clinical manifestations. This phenomenon is
related to the cellular functional immunosuppression associ-
ated with HTLV-1/2. Disseminated PCM involvement in HTLV-
1/2 patients with SHS is uncommon.3–5 In this report, we
describe the case of a 41-year-old male from the jungle of
Per�u with the coexistence of these three pathogens.

CASE REPORT

A 41-year-old male, previously healthy, originally from the
central Peruvian jungle (Jun�ın), worked as a coffee farmer
6 years before admission and later as a cow breeder on the
south coast of Lima (Ca~nete). He presented with a 2-month
history of involuntary weight loss (approximately 10% of

previous body weight), dyspnea, and a nonproductive
cough, which progressed to include fever, intense and dif-
fuse abdominal pain, nausea, vomiting, and exacerbation of
dyspnea over the last month. He was initially admitted to a
regional hospital where he underwent abdominal surgery
(laparotomy) because of peritonitis, but no specific cause
was identified. The main intraoperative findings were 200mL
of inflammatory peritoneal fluid and dilated intestinal loops.
Owing to clinical deterioration, he was immediately referred
to a hospital in Lima and admitted to the intensive care unit
(ICU) upon arrival. He had a fever (38.8�C), was in a stupor,
had tachypnea (37 bpm), tachycardia (110 bpm), accessory
breathing, crackling in the right hemithorax, and respiratory
insufficiency (Oxygen saturation 90%), requiring mechanical
ventilation and the initiation of broad-spectrum antibiotics
(meropenem plus vancomycin). Upon physical examination,
the patient presented enlarged, tender lymph nodes on the
inguinal area. Despite this, there was no clinical improve-
ment, and symptoms persisted. Laboratory analyses
showed hemoglobin: 5.5g/dL (13–17g/dL), white blood cell
count: 13,608cells/mL (4,000–10,000 mm3) with hyper-
eosinophilia: 4,215cells/mm3 (20–500 mm3), platelets:
329,000/mm3 (150,000–450,000 mm3), albumin: 1.83 g/dL
(3.5–5g/dL), C-reactive protein: 249mg/L (0–10mg/L); eryth-
rocyte sedimentation rate: 80mm/hour (,25mm/hour), and
lactate dehydrogenase: 3,050U/L (313–618U/L). Bilirubin,
transaminases, and alkaline phosphatase values were within
normal ranges. HIV, hepatitis B and C virus, and rapid plasma
reagin serology were nonreactive, but HTLV-1/2 serology
(ELISA) was reactive (161.72). Sputum, urine, and stool smears
were negative for acid-fast bacilli, and Xpert MTB-RIF and
mycobacterial culture were also negative. Strongyloides spp.
larvae were identified in the sputum smear (Figure 1), so iver-
mectin 200mg/kg/day was started by enteral catheter. Chest
tomography showed bilateral diffuse miliary infiltrates, paren-
chymal consolidations, cavitary lesions (apical predominance),
and “crazy paving” basal images, with paratracheal and para-
aortic lymphadenopathies (1.5cm) (Figure 2A and B). The
bronchoalveolar lavage direct smear with potassium hydroxide
staining identified yeasts with multiple peripheral budding
(Figure 3), confirmed later with the growth of P. brasiliensis on
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Sabouraud dextrose agar culture. Bronchoalveolar lavage
cytology did not show malignant cells. Based on these find-
ings, amphotericin B deoxycholate was started until reaching a
cumulative dose of 1.5g, with a change to oral
trimethoprim/sulfamethoxazole 160/800mg twice daily for
maintenance therapy, and the patient showing clinical
improvement, extubation, fever remission, and discharge from
the ICU 20days after admission.

DISCUSSION

Disseminated PCM is an opportunistic infection that
commonly affects immunocompromised patients.4–6 It can
present as acute or subacute fever, compromised lungs,
lymphadenopathies, hepatosplenomegaly, peritoneal involve-
ment, or fungemia, which can mimic other systemic infections
such as tuberculosis or other endemic fungal infections. The
disseminated form is often seen in individuals with HIV
infection, transplant recipients, patients with neoplasms,

intravenous drug users, or those with a compromised immune
system and carries a mortality rate of approximately 30%.1,5–7

Severe disseminated PCM is defined as the presence of
three or more of the following criteria: 1) weight loss greater
than 10% of the normal weight; 2) intense pulmonary
involvement; 3) involvement of other systems such as bone
or adrenal glands; 4) presence of lymph nodes affected in
multiple chains, superficial or deep; and 5) high antibody
titers.8 Our patient met criteria 1, 2, and 3. However, this
patient did not show signs of multisystem organ failure, and
an unfortunate lack of resources meant we were not able to
quantify the antibody titers. Despite this, our patient met the
criteria for severe disseminated PCM.
Human T-lymphotropic virus type 1/2 is a viral infection

associated with functional immunosuppression due to the
immature proliferation of T-lymphocytes. In addition, the
presence of this virus is a risk factor for aggressive clinical
presentations of certain infections such as pulmonary tuber-
culosis, scabies, and hyperinfection syndrome caused by
Strongyloides spp., which may involve multiple organs such
as the respiratory, abdominal, blood, and nervous sys-
tems.7–11 The aggressive presentation is due to the autoin-
fection phenomenon that perpetuates the life cycle, resulting
in a greater parasite load and greater disruption of the
mucosal barriers of the digestive and respiratory tracts.
Eosinophilia is frequently associated with the life cycle.10,11

The patient described in this case presented with both
digestive and pulmonary compromise associated with
hyper-eosinophilia, indicating that hyperinfection syndrome
caused by Strongyloides spp. may have contributed to the
symptoms described. However, it is also possible that it may
have favored the dissemination of PCM, which commonly
colonizes the epithelia of both systems in individuals living in
endemic areas. We postulate that disseminated PCM is a
possibility in patients with HTLV-1/2 infection complicated
by hyperinfection syndrome, which may present with pulmo-
nary and peritoneal involvement, as was seen in this patient.
The main pathophysiological mechanisms underlying

HTLV-1/2 infection and S. stercoralis hyperinfection syn-
drome have been described. Both pathogens act in synergy
to favor each other’s infection, and higher HTLV-1/2 viral
loads are usually associated with higher risk of

FIGURE 1. Microscopy of sputum smear with Strongyloides spp.
filariform larvae. This figure appears in color at www.ajtmh.org.

FIGURE 2. (A) Lung tomography (axial and coronal projections) with (B) bilateral cavities and diffuse pneumonic and interstitial infiltrates. This
figure appears in color at www.ajtmh.org.
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hyperinfection syndrome. Human T-lymphotropic virus type
1/2 infection creates a cytokine dysregulation with an upre-
gulation of the T helper cell 1 (Th1) response (including
higher function of interferon [IFN]-g) and a downregulation of
the T helper cell 2 (Th2) response (including lower levels of
interleukin [IL]-4 and IL-5), leading to chronic inflammation
and immunodeficiency. Similarly, S. stercoralis infection sti-
mulates the proliferation of HTLV-1/2–infected noncompe-
tent CD4 lymphocytes.12 Despite this, at least one Brazilian
study showed an upregulation of Th2 response in the patient
cohort, with low IFN-g activity. This study also showed an
inverse association between HTLV viral load and hyperinfec-
tion syndrome.13 Which phenotype a patient will express is
not yet known. We believe our patient showed the second
phenotype, with an upregulated Th2 response and an impor-
tant deficit in macrophage-mediated immunity, which led to
a higher susceptibility to severe disseminated PCM.
Coinfection of PCM and HTLV-1/2 is rarely reported in

Per�u, and this potentially lethal association has been
described in only four cases from the Peruvian jungle.7,9

Hyperinfection syndrome has also been described in other
cases of immunosuppression with a relevant epidemiological
background.10,11 The abdominal and respiratory involvement
presented by this patient could have been caused by both
PCM and hyperinfection syndrome in the context of previ-
ously unidentified immunological dysfunction. The respira-
tory involvement likely corresponded to a superposition of
strongyloidiasis and PCM infection, with the development of
bilateral consolidations with necrotizing zones and cavities,
in addition to interstitial lung involvement requiring mechani-
cal ventilation. Early treatment and systemic support
(mechanical ventilation, peritonitis control, hemodynamic
management) were necessary to ensure clinical improve-
ment and avoid a fatal outcome.

CONCLUSION

In conclusion, patients with HTLV-1/2 infection who pre-
sent with hyperinfection syndrome and who come from trop-
ical endemic areas of South America, and are therefore at
risk of colonization by tropical mycoses, have a high risk of
endemic fungi dissemination, including Paracoccidioides
spp. To facilitate rapid diagnosis and timely specific treat-
ment, these entities should be considered in patients immu-
nosuppressed by HTLV-1/2 who are natives of the jungle
of South American countries such as Per�u and who
present with nonspecific systemic symptoms with pulmo-
nary, abdominal, and/or skin involvement.
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Abstract 
Giant fusiform aneurysms of the middle cerebral artery (MCA) are complex and rare vascular lesions with a poor natural history 
and challenging treatment decision-making. We report the case of a 46-year-old male with a history of chronic hypertension and 
a transient ischemic attack who presented with left-sided hemiparesis. A cerebral angiotomography revealed an unruptured giant 
fusiform aneurysm in the M2 segment of the right MCA. After carefully evaluating the procedure’s risks and benefits with the patient, 
he underwent a low-flow bypass surgery. An anastomosis between the superficial temporal artery and the M3 segment was performed 
with proximal clipping of the M2 segment. The postoperative course was uneventful, with preserved bypass patency. At follow-up, the 
patient was neurologically intact. This report illustrates the nuances and operative techniques for treating a giant fusiform aneurysm 
of the M2 segment that accounted for a preserved bypass patency and optimal patient neurological recovery. 

Keywords: giant fusiform aneurysm; cerebral bypass; cerebral revascularization; microsurgery; STA-MCA 

Introduction 
Fusiform aneurysms are elongated and spindle-like-shaped 
lesions involving a large segment of an affected artery [1]. When 
a marked concentric dilation of the vessel is greater than 2.5 cm, 
it constitutes a giant-sized fusiform aneurysm [2]. These vascular 
lesions are rare and represent ∼5%–17.6% of giant aneurysms 
[3]. Although commonly reported in the vertebrobasilar system, 
autopsy studies suggest a similar prevalence in the anterior 
circulation, including the middle cerebral artery (MCA) territory 
[2, 4, 5]. 

The natural history of giant fusiform aneurysms is often poor 
and can be characterized by thrombosis, growth, and catastrophic 
rupture [5]. Furthermore, aneurysms associated with intracranial 
atherosclerosis present with a worse prognosis [6]. According 
to Seo et al., patients with fusiform aneurysms and segmental 
ectasia located in the post-bifurcation of the MCA are more 
likely to present with hemorrhagic symptoms [7]. Hence, in this 
morphological type, the authors suggested that blood pressure 
control is paramount if observation without surgical intervention 
is considered [7]. 

Treatment decision-making of giant MCA fusiform aneurysms 
is challenging, given a complex, diseased architecture that could 
compromise vital arterial branches and perforators. Evolving 
strategies, including endovascular and microsurgical approaches, 

have been proposed; the latter, exemplified by aneurysm clipping 
and cerebral revascularization techniques, demands thoughtful 
contemplation of the aneurysm morphology, compromised MCA 
segment, and the patient’s history and comorbidities [8, 9]. 

In this case, we illustrate the technical nuances that accounted 
for cerebral revascularization of the MCA through a first-
generation bypass with preserved patency and optimal patient 
neurological recovery, thus supporting the technique’s viability 
and long-standing potential for select giant MCA fusiform 
aneurysms. 

Case presentation 
A 46-year-old male with a past medical history of arterial hyper-
tension presented with a 4-month history of recurrent and spo-
radic headaches, transient ischemic stroke, and a recent 3-day 
course of left hemiparesis. Neurological examination showed mild 
4/5 left-sided hemiparesis and a Glasgow coma scale (GCS) score 
of 15. A subsequent cerebral angiotomography revealed an unrup-
tured 25 × 10 mm fusiform aneurysm in the superior M2 segment 
of the MCA (Fig. 1). After discussing potential risks, benefits, and 
natural history with the patient, we decided to perform a superfi-
cial temporal artery (STA) to M3 bypass with proximal occlusion 
of the giant fusiform aneurysm.
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Figure 1. Cerebral Angiotomography. (A) Posterior view depicts an unruptured giant fusiform aneurysm in the M2 segment of the right MCA; (B) 
Anterior view reveals a close aneurysm proximity to the M1 segment of 3 mm; (C) Complex architecture of the giant fusiform aneurysm is shown with 
adjacent M2 and M3 branches. MCA: middle cerebral artery 

Figure 2. Intraoperative Course. (A) Harvesting of the STA; (B) Distal dissection of the Sylvian fissure to expose the M2 segment; (C) Proximal dissection 
of the Sylvian fissure exposed the M1 segment, M2 bifurcation and the giant fusiform aneurysm; (D) and (E) M3 segment arteriotomy and end-to-side 
anastomosis between the STA and MCA; (F) and (G) Intraoperative fluorescein imaging and Doppler utilization to corroborate bypass patency; (H) 
Permanent clipping and exclusion of the giant fusiform aneurysm of the superior M2 segment. MCA: middle cerebral artery, STA: superficial temporal 
artery. 

Operative note 
The patient was placed supine, with table elevation at 20◦ and 
head rotation at 30◦. Graft harvesting was achieved by fine dis-
section of the right STA from the zygomatic arch level until its 
frontal and parietal branches, averaging 8 cm in length (Video S1 
and Fig. 2). The graft was then clipped proximally and washed 
with a heparinized solution in preparation for anastomosis. Scalp 
dissection was continued with diligent preservation of facial nerve 
branches, followed by a pterional craniotomy (not shown in the 
video). Distal Sylvian fissure dissection exposed the M2 and M3 
segments and the distal portion of the giant fusiform aneurysm. 
Then, we dissected the Sylvian fissure proximally to reveal the 
carotid cistern and identified the internal carotid artery at the 
A1-M1 bifurcation and the M1 segment course. Once the proximal 
M2 segment was found, we visualized the origin of the aneurysm 
(Video S1 and Fig. 2). 

Upon complete exposure of the Sylvian fissure, we applied 
temporal clips at the distal M2 segment. Careful arteriotomy 
of the M3 segment was done. Next, an end-to-side anastomosis 
was performed between the STA and M3 segment. Proximal and 
distal temporary clips were removed to evaluate the patency of 
the STA-MCA bypass, which was later corroborated by the use 
of fluorescein angiography and intraoperative Doppler. Finally, 
the giant fusiform aneurysm was excluded from circulation by 
placing a permanent clip at the proximal M2 segment (Video S1 
and Fig. 2). 

Postoperative course 
Postoperative brain imaging showed adequate bypass patency 
with aneurysm exclusion from the circulation (Video S1 and 
Fig. 3). The patient was discharged 13 days later with a GCS 
score of 15 and a modified Rankin Score (mRS) of 1. At 
the 6-month follow-up, the patient was neurologically intact 
(mRS: 0). 

Discussion 
Giant MCA fusiform aneurysms are complex vascular lesions that 
could be further complicated by the presence of intraluminal 
thrombi, atherosclerotic plaques, mural calcifications, and 
the involvement of branches arising from the aneurysm sac 
[10]. 

Treatment decision demands careful preoperative planning 
and study of the affected vessel, the patient’s clinical history, and 
comorbidities [10, 11]. Surgical management, including clipping 
and revascularization techniques, offers durable and effective 
treatment. For instance, the STA-MCA bypass has been a long-
standing resource with high patency rates (86.7–97%) and opti-
mal clinical outcomes [11–17]. Although emerging endovascu-
lar procedures (i.e. flow diversion) and combined microsurgical 
and endovascular approaches have been proposed, some authors 
argue microsurgical intervention is amenable for MCA aneurysms 
and superior to endovascular treatment [18–21]. On the other
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Figure 3. Postoperative Imaging. (A) 3-Dimensional image reconstruction shows the craniotomy with the entrance of the STA into the skull; (B) 
Coronal view of a maximum intensity projected multislice spiral CT shows the permanent clip placed with the exclusion of the fusiform aneurysm; 
(C)–(F) Cranial views depict patency of the STA-MCA bypass (green arrow) and clipping of the M2 proximal segment (red arrow). CT: computed 
tomography, MCA: middle cerebral artery, STA: superficial temporal artery. 

hand, no Class 1 evidence compares endovascular treatment 
with surgical treatment for giant/fusiform aneurysms that could 
guide better decision-making [ 22]. A notable algorithm for cere-
bral revascularization of MCA aneurysms has been proposed by 
Tayebi Meybodi et al., which suggests treatment according to 
the location of the aneurysm in the MCA (i.e. pre-bifurcation, 
bifurcation, and post-bifurcation areas), lenticulostriate anatomy, 
and rupture status. For aneurysms located in the post-bifurcation 
and close to the insular recess—like in our case—the authors 
suggest revascularization with an STA-MCA bypass and proximal 
occlusion instead of trapping/excision to preserve the efferent 
arteries buried in the insular recess [21]. 

In the presented case, the preoperative study of the intricated 
vessel anatomy was deemed favorable for microsurgical inter-
vention. By using a low-flow extracranial-to-intracranial bypass 
and proximal occlusion, this technique was able to exclude the 
aneurysm from circulation and preserve the efferent arteries from 
the territory contiguous to the fusiform aneurysm, which were 
difficult to visualize in the operative field. Consequently, these 
technical nuances ensured the optimal neurological recovery of 
the patient. 

Conclusion 
Giant MCA fusiform aneurysms are rare and complex lesions 
demanding a comprehensive appraisal of the diseased vessel, 
branches, and patient’s clinical history. In the evolving landscape 
of treatment strategies, first-generation bypass surgery has been 
a long-standing resource to offer revascularization of the affected 
brain territory with high patency rates and good clinical results. 
This report illustrated the nuances and operative techniques 
for treating a giant fusiform aneurysm of the M2 segment that 
accounted for a preserved bypass patency and optimal patient 
neurological recovery at follow-up. 
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