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Abstract

Objective: To investigate the clinical features and outcomes of cryptococcal meningitis (CM) in
HIV-negative patients with and without lung infections.

Methods: We retrospectively reviewed the medical records of HIV-negative patients with CM
admitted to two university hospitals in Southwest China over the past 5 years.

Results: Seventy-one patients were included, of whom 35 (49.3%) had lung disease. Compared
with patients without lung infection, CM patients with lung infection tended to be male and
younger (<30 years), experienced more fever, less vomiting and fewer central nervous system
symptoms; more often had low white blood cell (WBC) counts (<20 x 10°/L), and fewer often
had ethmoid sinusitis, maxillary sinusitis, paranasal sinusitis, and otitis media. Cryptococcus neofor-
mans isolates from these patients were sensitive to itraconazole, voriconazole, fluconazole, and
amphotericin B but resistant to flucytosine. CM patients with lung infection had higher mortality
at discharge compared with patients without lung infection (8.6% vs. 0%). Multivariable analyses
showed that a WBC count <20 x 10°/L was significantly associated with poor treatment out-
come (odds ratio 0.01, 95% confidence interval 0-0.83).

Conclusion: HIV-negative CM patients with lung infections tended to be male and younger.
Fever, fewer central nervous system symptoms, and WBC counts <20 x 10%/L were character-
istic of this patient group.
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Introduction

Cryptococcosis is a fungal infection caused
by members of the Cryptococcus gattii-
Cryptococcus neoformans species complex.
The two varieties of C. neoformans have
been raised to species level, as have the
five genotypes within C. gartii."?
Cryptococcal meningitis (CM) caused by
C. neoformans is a common opportunistic
infection and the main cause of mortality
in human immunodeficiency virus (HIV)-
infected patients. Annually more than
200,000 HIV-positive individuals develop
CM with approximately 180,000 die.**
Recently, CM has increasingly been
observed among patients with non-HIV
immunosuppression, and the mortality
of CM in HIV-negative individuals seem
to be no better than in HIV-positive
patients.>’ In immunosuppressed individu-
als, infection begins in the lung following
inhalation of fungal spores and often
spreads to other organs, particularly the
brain.® Many CM patients also have con-
comitant lung involvement, which is often
overlooked or misdiagnosed as tuberculo-
sis.” Lung infection can cause many symp-
toms, such as fever and headache, which
may be confused with central nervous
system (CNS) infection. In addition, the
clinical features and computed tomography
signs associated with pulmonary cryptococ-
cosis are not specific.'” The disease can
mimic bacterial pneumonia, pulmonary
tuberculosis, and lung cancer.''™ "

The clinical characteristics and outcomes
of CM have been shown to vary depending
on the patient’s underlying condition.

Hepatitis B virus (HBV)-positive CM
patients present with lower cerebrospinal
fluid (CSF) white blood cell (WBC)
counts, lower total protein in the CSF
(levels less often exceeding 0.45g/L),
higher glucose levels in the CSF, and a
higher proportion of normal brain images
compared  with  HBV-negative @~ CM
patients.'"* Compared with immunocom-
promised patients, CM presents in a youn-
ger population of immunocompetent
patients with more frequent initial com-
plaints of visual and auditory symptoms,
higher CSF WBC counts, and higher pro-
portions of normal brain images.'> In addi-
tion, elderly patients (>65 years) are more
vulnerable to CM than adults aged <65
years; these patients were more often
women and had higher rates of altered con-
sciousness and recent cerebral infarction.'®
Therefore, we hypothesized that HIV-
negative CM patients with lung infection
may present with atypical features, leading
to significant delays in diagnosis and poorer
outcomes.

Many HIV-negative CM patients with
and without lung cryptococcosis are seen
in the clinic, but few epidemiological studies
have been conducted on these patients.
Although the long-term risk of CM in
patients with HIV is clear, the same
cannot be said regarding this infection in
HIV-negative patients with lung infection.
Here, we retrospectively reviewed the med-
ical records of HIV-negative patients with
CM who were admitted to two Chinese uni-
versity hospitals in Southwest China over
the past 5 years.
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Patients and methods

Study population and definitions

Inclusion criteria were: (1) hospitalized
in the First Affiliated Hospital of Army
Medical University in Chongqing or the
Affiliated Hospital of North Sichuan
Medical College in Nanchong City of
Sichuan Province, China, from January
2014 to December 2018; (2) an isolate of
C. neoformans detected from CSF culture;
and (3) diagnosis of CM.

Patients with pneumonia and tuberculo-
sis were classified as having lung infection.
Sex, age, length of hospitalization, CSF
profiles, brain images, underlying diseases,
initial presentation, drug resistance of
C. neoformans, antifungal therapies and
outcomes were recorded. Patient outcomes
were classified as “cured”, “improved”,
“other”, ‘“untreated”, “invalid”, and
“death” at discharge and further classified
as either satisfactory (cured or improved)
and unsatisfactory (other) in accordance
with previous studies.'>!”

This study was approved by the Ethics
Committee of the First Affiliated Hospital
of Army Medical University (KY2019132)
and was conducted in accordance with
the principles laid out in the Declaration
of Helsinki. Because the study did not dis-
close the patients’ personal information, an
exemption from informed consent was
obtained from the ethics committee. No
administrative permission was required to
access data.

Detection of C. neoformans and drug
resistance

CSF isolates were identified at the species
level using the Vitek-2 Compact automatic
analyzer (BioMeriéux, Craponne, France).
The minimum inhibitory concentration was
determined in the Clinical & Laboratory

Standards Institute document M44-A2 to
assess in vitro susceptibility of isolates
to systemic antifungal agents. Candida
glabrata (ATCC15126) was used as a con-
trol strain.

Statistical analysis

SPSS version 17.0 (SPSS Inc., Chicago, IL,
USA) was used to analyze the data. Data
were presented as means + standard devia-
tions or medians and ranges. Independent
Student’s t-tests and Mann—Whitney U
tests were used to compare normally-
distributed and non-normally distributed
data, respectively. Categorical variables
were compared using the Chi-squared test
or Fisher’s exact test. Regression equations
for predicting the outcomes of CM were
established. Values of P<0.05 were consid-
ered statistically significant. All tests were
two-sided.

Results

Demographic data

Over the 5 years from January 2014 to
December 2018, 58 patients from
Southwest Hospital were enrolled in the
study. Fourteen (24.1%) patients were
HIV-positive. Forty patients from North
Sichuan Medical College were included in
the study, of whom 13 (32.5%) were HIV-
positive. Among the 71 HIV-negative CM
patients, 35 (49.3%) had lung disease.
Compared with patients without lung
infection, CM occurred more frequently in
male and younger (age <30 years) patients
with lung infection. Compared with CM
patients without lung infection, CM
patients with lung infection more often
had fever (P=0.001), edema of the lower
extremities (P=0.001), and cough and
expectoration (P=0.001). These patients
also experienced less vomiting, fewer CNS
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symptoms, and less ventosity although
these differences were not statistically sig-
nificant. There were no significant differen-
ces in underlying diseases, clinical factors,
or complications between CM patients with
and without lung infections (Table 1).

Laboratory data

The Pandy test of CSF was often positive for
CM patients with and without lung infec-
tion. Chloride ion and glucose levels were
decreased and total protein levels were
increased in both patient groups. However,
the percentage of CM patients with lung
infection who had WBC counts <20 x
10°/L was higher than that of CM patients
without  lung infection  (P=0.036).
Computed tomography or magnetic reso-
nance imaging showed that the frequencies
of ethmoid sinusitis, maxillary sinusitis, par-
anasal sinusitis, and otitis media in CM
patients without lung function were higher
than those of patients with lung infection
(P=0.02, Table 2).

Antifungal therapy and outcome

Most of the C. neoformans isolates from the
CSF of patients with and without lung
infection were sensitive to itraconazole,
voriconazole, fluconazole, and amphoteri-
cin B but resistant to flucytosine (Table 3).
More CM patients with lung infection were
treated with fluconazole +amphotericin B
than patients without Ilung infection
(P=0.035). The symptoms of CM in most
patients with and without lung infection
were improved at discharge (Table 4).

Risk factors for poor treatment outcomes

We included eight factors potentially
impacting the prognoses of CM patients
in a regression model: lung infection, sex,
age, fever, WBC counts <20 x 10°/L, chlo-
ride ion level, protein level, and glucose
levels. Multiple regression analysis showed

that WBC counts <20 x 10°/L were signifi-
cantly associated with poor treatment out-
come (P=0.041). Lung infection showed a
weak potential association poor with treat-
ment outcome (P =0.06) (Table 5).

Discussion

Lung infection affects many people in
China, and our study revealed a high pro-
portion (49.3%) of CM patients with lung
infection. In the current study, the sex and
age of CM patients with and without lung
infection were not significantly different;
however, CM occurred more frequently in
male and younger patients (aged <30 years)
with lung infection than in patients without
lung infection. Patients with CM presented
with neurological symptoms, most typically
headache and altered mental status, as well
as with fever, nausea and vomiting. In the
current study, patients primarily had neuro-
logical symptoms such as headache, fol-
lowed by fever, vomiting, and dizziness,
and the symptoms of the two patient
groups were similar.

A large proportion of HIV-negative CM
patients may have a marked systemic
inflammatory response and hydrocepha-
lus.'® In our study, CM patients with lung
infection presented more often with fever,
cough and expectoration, less often with
CNS symptoms, and more often WBC
counts in CSF <20 x 10%/L. This may sug-
gest a higher inflammatory response in
the brain in patients with lung infection
than in patients without lung infection. In
addition, patients with lung infection had
less vomiting, ventosity, ethmoid sinusitis,
maxillary sinusitis, paranasal sinusitis,
and otitis media than patients without
lung infection. In addition, 28.6% of
patients had edema of the lower extremities;
clinicians should pay attention to this
symptom.

In contrast to the rare resistance of
C. neoformans to flucytosine (12%)
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Table |I. Demographic and clinical features of HIV-negative CM patients with and without lung diseases.

Without lung With lung
infection infection
(n=36) (n=35) P-value
Sex 0.12
Male 16 (44.4%) 22 (62.9%)
Female 20 (55.6%) 13 (37.1%)
Age (years) 0.30
<30 6 (16.7%) Il (31.4%)
31-60 22 (61.1%) 16 (45.7%)
>60 8 (22.2%) 8 (22.9%)
Length of hospital stay (days) 32.7 (18.6,46.7) 36.2 (22.8,49.7) 0.49
Presenting symptoms and signs
Fever 11 (30.6%) 27 (77.1%) 0.001
Headache 25 (69.4%) 27 (77.1%) 0.46
Dizziness 6 (16.7%) 5 (14.3%) 0.78
Vomiting 9 (25.0%) 5 (14.3%) 0.26
Vague speech, memory deterioration, and walking ability 4 (11.1%) 2 (5.7%) 0.70
Progressive disturbance of consciousness 4 (11.1%) 6 (17.1%) 0.70
No central nervous system symptoms 6 (16.7%) 2 (5.7%) 0.28
Ventosity 6 (16.7%) 2 (5.7%) 0.28
Edema of lower extremities 0 10 (28.6%) 0.001
Cough and expectoration 0 10 (28.6%) 0.001
Underlying diseases, factors or complications
Hepatitis B-related decompensated hepatic cirrhosis 4 (11.1%) 2 (5.7%) 0.70
Severe chronic hepatitis B 2 (5.6%) 0 0.49
Sepsis 4 (11.1%) 5 (14.3%) 0.96
Epilepsy 4 (11.1%) 2 (5.7%) 0.70
Hypertension 4 (11.1%) 3 (8.6%) 1.00
Upper gastrointestinal bleeding 2 (5.6%) 0 0.49
Hypokalemia 3 (8.3%) 2 (5.7%) 1.00
Intracranial infection 6 (16.7%) 6 (17.1%) 0.96
Nephrotic syndrome 2 (5.6%) 5 (14.3%) 0.40
Systemic lupus erythematosus 3 (8.3%) 6 (17.1%) 0.45
Chronic transplantation kidney disease 2 (5.6%) 0 0.49
Cerebral infarction 3 (8.3%) 3 (8.6%) 1.00
Ventriculoperitoneal shunt 3 (8.3%) 2 (5.7%) 1.00
Hypoproteinemia 2 (5.6%) 3 (8.6%) 0.97
Myasthenia gravis 2 (5.6%) 0 0.49
Rheumatic arthritis 2 (5.6%) 0 0.49
Type |l diabetes mellitus 3 (8.3%) 4 (11.4%) 0.97
Thrombocytopenic purpura 2 (5.6%) 0 0.49
Herpes zoster 2 (5.6%) 0 0.49
Gallbladder carcinoma with liver metastasis 0 2 (5.7%) 0.46
Non-Hodgkin’s lymphoma | (2.8%) 0 1.00

Data are shown as n (%) or median (range).
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Table 2. Cerebrospinal fluid characteristics and brain images of patients with cryptococcal meningitis in
HIV-negative cryptococcal meningitis patients with and without lung diseases.

Without lung With lung

infection infection

(n=236) (n=235) P-value

Cerebrospinal fluid profile
Pandy test (positive) 26 (72.2%) 27 (77.1%) 0.63
WBC counts (x 10°/L) 0.12 (0.05, 0.18) 0.105 (—0.001, 0.211) 0.30
WBC counts 20 x 10%/L 8 (22.2%) 16 (45.7%) 0.036
Chloride ion (120-130 mmol/L) 115.6+5.5 118.1+5.4 0.19
Protein (0.15-0.45 g/L) 1.17 (0.55, 1.78) 1.04 (0.39, 1.69) 0.71
>0.45 g/L 28 (77.8%) 22 (62.9%) 0.17
Glucose (2.5-4.5 mmol/L) 1.74£1.09 1.72+1.27 0.66
2.5 mmol/L 30 (83.3%) 28 (80.0%) 0.72
Adenylate deaminase (0-15 U/L) 2.31 (1.34, 3.28) 2.18 (1.58, 2.78) 0.63
Brain images (CT/MRI)
Cerebral ischemia/infarction 16 (44.4%) 14 (40.0%) 0.71
Meningeal enhancement 3 (8.3%) 0 0.25
Hydrocephalus 5 (13.9%) 2 (5.7%) 0.45
Ethmoid sinusitis, maxillary sinusitis, Il (30.6%) 3 (8.6) 0.02
paranasal sinusitis, otitis media

Normal 8 (22.2%) 7 (20.0%) 0.82

WABC, white blood cell; CT, computed tomography; MRI, magnetic resonance imaging.

Data are shown as n (%) or median (range).

Table 3. Drug resistance of Cryptococcus neoformans isolates.

Without lung infection (n = 36)

With lung infection (n = 35)

Antifungal Not

agent Sensitive  Intermediate Resistant available

Not
Sensitive  Intermediate Resistant available  P-value

Itraconazole |1 (30.6%) | (2.8%) 0

Voriconazole 12 (33.3%) 0 0

Fluconazole 11 (30.6%) | (2.8%) 0

Flucytosine 4 (11.1%) 3 (8.3%) 7

Amphotericin 12 (33.3%) 0 0
B

24 (66.7%) 12 (34.3%) 0
24 (66.7%) 12 (34.3%) 0
24 (66.7%) 14 (40.0%) 0
(19.4%) 22 (61.1%) 5 (143%) 0
24 (66.7%) 11 (31.4%) 0

0 23 (65.7%) 0.59
0 23 (65.7%) 0.93
0 21 (60.0%) 0.46
9 (25.7%) 21 (60.0%) 0.34
0 24 (68.6%) 0.86

Data are shown as n (%).

observed in previous studies,'”° our results

showed that C. neoformans isolates from
CSF were sensitive to fluconazole but
often resistant to flucytosine (22.5%).
Most of the recommendations for the man-
agement of non-HIV CM patients have
been extrapolated from studies of HIV
patients receiving combination therapy

with amphotericin B and flucytosine.?"*

However, only 11.3% of CM patients were
treated with amphotericin B + flucytosine in
our study; most (62.0%) patients received
fluconazole + amphotericin B because of
C. neoformans resistance to flucytosine.
Assessment of outcomes in patients with
HIV-associated CM in Africa suggested a



Yang et al.

Table 4. Antifungal therapies and outcomes.

Without lung With lung
Treatment infection (n=36) infection (n=35) P-value
Fluconazole alone 4 (11.1%) 4 (11.4%) 1.00
Amphotericin B alone 10 (27.8%) 4 (11.4%) 0.08
Fluconazole + amphotericin B 18 (50.0%) 26 (74.3%) 0.035
Amphotericin B + flucytosine 6 (16.7%) 2 (5.7%) 0.28
Fluconazole + flucytosine | (2.8%) 0 1.00
Did not receive antifungal therapy 12 (33.3%) 10 (28.6%) 0.66
Outcome
Improved 19 (52.8%) 21 (60.0%) 0.54
Cured 3 (8.3%) 2 (5.7%) 1.00
Invalid 6 (16.7%) 4 (11.4%) 0.77
Others* 8 (22.2%) 5 (14.3%) 0.39
Death 0 3 (8.6%) 0.12
Others* include discharged and lost to follow-up.
Data are shown as n (%).
Table 5. Factors associated with poor prognosis in HIV-negative CM patients.
QOdds ratio 95% Cl P-value
Lung infection 0.026 0.001-1.173 0.06
Male 4939 0.368-66.343 0.228
Age 0.922 0.841-1.01 0.081
Fever 3.663 0.26-51.674 0.336
WBC counts >20 x 10%/L 0.0l 0-0.833 0.041
Chloride ion 1.266 0.888-1.806 0.193
Protein 0.946 0.345-2.593 0915
Glucose 0.395 0.096-1.633 0.2

WBC, white blood cell; 95% Cl, 95% confidence interval.

3-month mortality of 70%.* In prospective
studies, the mortality of patients treated
with fluconazole at 10 weeks was 50% to
60%.%*** In the current study, 67.6% of
patients had satisfactory results of treatment
at discharge, consistent with previous stud-
ies. In HIV-negative individuals, altered
mental status, markers of poor inflammato-
ry response, and low CSF WBC counts have
been linked with poor prognosis.>
According to our results, the mortality of
CM patients with lung infection group was
elevated, consistent with their reduced CSF
white cell counts. Furthermore, multivari-
able analyses showed that a WBC count

<20 x 10°/L was associated with poor treat-
ment outcome.

Our study had some limitations. First,
the study was performed in only two hospi-
tals in Southwest China, we only investigat-
ed the past 5 years of clinical records of
CM npatients, and the number of patients
enrolled was relatively small. Second,
C. neoformans can be divided into three
genotypes: AFLPI/VNI, AFLPIA/VNB/
VNII and AFLP1B/VNIL*?® Some C. neo-

formans isolates with unique genotypes

have higher virulence or rates of azole resis-
tance. This investigation was a retrospective
study, so we could not provide genotype
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data for related C. neoformans isolates, and
we could not assess the long-term outcomes
of patients. Further multicenter studies are
needed to confirm our results and to inves-
tigate the factors contributing to improved
diagnosis and treatment of CM patients
with lung infection. Third, the mechanisms
through which patients develop CM with
CNS involvement without developing
cryptococcosis in the lung prior to dissemi-
nation are unclear, and need further
investigation.

In conclusion, we found that compared
with CM patients without lung infection,
patients with lung infection tended to be
male and younger. These patients more
often experience fever, edema of the lower
extremities, and cough and expectoration,
less often experienced CNS symptoms, vom-
iting and ventosity. More often had WBC
counts <20 x 10°/L, and less often had eth-
moid sinusitis, maxillary sinusitis, paranasal
sinusitis, and otitis media. Understanding
the roles of these factors in the diagnosis of
CM in patients with lung infection is impor-
tant for clinical decision making.
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