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We report a previously healthy 82-year-old male with cryptococcal meningitis (CM) who
represented neurological deterioration due to post-infectious inflammatory response
syndrome (PIIRS) occurring in 4 months after initial antifungal therapy. He was treated
with corticosteroids for 2 months and recovered clinically. However, the clinical
manifestation, cerebrospinal fluid (CSF), and brain magnetic resonance imaging (MRI)
results got worse again on the next day after corticosteroid withdrawal. The analysis of
inflammatory cytokines and culture on CSF, as well as brain MRI, still suggested a
diagnosis of PIIRS. Therefore, corticosteroid therapy was used again and he subsequently
obtained a complete resolution of symptoms.

Keywords: corticosteroids, cryptococcal meningitis (CM), elderly patients, post-infectious inflammatory response
syndrome, cerebrospinal fluid, brain MRI
INTRODUCTION

Cryptococcal meningitis (CM) is the most common adult fungal meningitis in large parts of the
world with high morbidity and mortality (1–3). An exaggerated immunological response after
starting antiretroviral therapy (ART) treatment was initially observed in HIV-infected patients with
CM and termed as immune reconstitution inflammatory syndrome (IRIS) (4). In the HIV-negative
CM patients, neurological deterioration is not due to antifungal treatment failure but due to the
enhancement of immune response, which is called post-infectious inflammatory response
syndrome (PIIRS) (5, 6). Here, we report an 82-year-old male patient with CM who developed
Abbreviations: CM, cryptococcal meningitis; PIIRS, post-infectious inflammatory response syndrome; ART, antiretroviral
therapy; IRIS, immune reconstitution inflammatory syndrome; GCS, Glasgow Coma Scale; CSF, cerebrospinal fluid; OP,
opening pressure; WCC, white cell count; CRAG, cryptococcal antigen titer; LP, lumbar puncture; CST, corticosteroid
salvage therapy.
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PIIRS after initial antifungal therapy. To the best of our
knowledge, CM-PIIRS had not been reported at such an old age.

Case Presentation
An 82-year-old man sought treatment for a 1-month history of
headache and a 1-day history of altered mental status. He had a
10-year history of hypertension with irregular medication and no
histories of head trauma, or surgery. Moreover, he had no
histories of contacting with pigeons and other birds. On
admission, his temperature was 36.5°C. Physical examination
showed drowsiness, Glasgow score of 12, neck stiffness, and
positive Kernig’s sign. Furthermore, he did not have gait
abnormalities, cranial nerve deficits, or visual or hearing
deficits. Serum HIV antibody was negative. Lumbar puncture
(LP) (see Figure 1) showed a high opening pressure (OP) of 33
cm H2O, protein of 0.85 g/l, glucose of 2.64 mmol/l, and white
blood cell (WBC) counts of 60 × 106/l (with 30% neutrophils and
70% lymphocytes). Cerebrospinal fluid (CSF) India ink stain
and culture were positive for Cryptococcus neoformans, and
cryptococcal antigen titer (CRAG) in CSF was 1:2,560.
Frontiers in Immunology | www.frontiersin.org 2
Therefore, he was diagnosed with CM and treated immediately
with amphotericin B deoxycholate plus 5-flucytosine. Due to the
high intracranial pressure, a ventriculoperitoneal shunt (VPS)
was placed on day 4 (note: day 1 represented admission day).
After VPS, his CSF OP returned to 208 mmH2O and mental
status improved (GCS score of 15). Three weeks after the initial
antifungal therapy, his headache and neck stiffness disappeared,
CSF culture was sterile, and CSF CRAG decreased to 1:160.
Moreover, he was discharged with oral voriconazole and 5-
flucytosine on day 26.

During the 3 months after discharge, he was asymptomatic.
However, on day 118, he developed an unbearable headache.
Physical examination revealed no neurological abnormalities.
The laboratory results showed an elevated C-reactive protein of
14 mg/l (normal value <6 mg/l). LP (see Figure 1) showed OP of
65 mmH20, WBC counts of 72 × 106/l (67% lymphocytes),
glucose of 1.70 mmol/l, protein of 5.62 g/l, and CRAG of 1:40.
CSF India ink stain and culture were negative for Cryptococcus
neoformans. Chest CT was unremarkable. Brain MRI on day 123
revealed meningeal enhancement, and new lesions in the
A

B

FIGURE 1 | (A) Chronologic representation of serial cerebrospinal fluid (CSF) measurements obtained from lumbar puncture with CSF opening pressure and CSF
white blood cell (WBC) count on the left axis and CSF protein, CSF glucose on the right axis. (B) Chronologic representation of serial CSF measurements obtained
from lumbar puncture with CSF cryptococcus count on the left axis and CSF 1/CRAG on the right axis.
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bilateral occipital lobe, insular lobe, hippocampus, and
paraventricular appeared (see Figures 2A–C). The PIIRS was
considered, then he received intravenous dexamethasone (15
mg/day, 7 days) followed by oral methylprednisolone 28 mg
daily (tapered by 4 mg every week). His headache disappeared on
day 124, and repeated CSF examination on day 130 showed that
the WBC count decreased to 8 × 106/l, CSF India ink stain and
cultures still were negative, and CSF CRAG was 1:40. Then, he
was discharged with voriconazole and oral methylprednisolone.

Two months later (day 205), his methylprednisolone tablets
reduced to 4 mg per day and he was asymptomatic, and the
repeated brain MRI improved significantly (see Figures 2C–E).
Therefore, corticosteroids were discontinued on day 206.
However, only one day later, he developed headache, dizziness,
and fever. Then, he was treated with antipyretic in the local
hospital, but his symptoms did not improve.

Thirteen days later (day 219), he was readmitted to our
hospital for intractable headache and fatigue. A repeated LP
Frontiers in Immunology | www.frontiersin.org 3
showed OP of 100 mmH2O, negative CSF India ink stain,
culture, and CRAG. Moreover, the CSF tests for inflammatory
cytokines demonstrated elevated levels of IL-6 (1,378.72 pg/ml,
normal range: ≤18.6 pg/ml). Repeated brain MRI (day 221)
showed the lesions that disappeared after corticosteroid
treatment reappeared (see Figure 2F). PIIRS was still
considered. To reduce robust inflammation, corticosteroid
therapy was given again with 7 days of 20 mg intravenous
dexamethasone which was slowly tapered. One week later (day
228), his clinical symptoms were relieved, CSF IL-6 level (8.12
pg/ml, normal range: ≤18.6 pg/ml) decreased, and brain MRI
improved (see Figure 2G).
DISCUSSION

To the best of our knowledge, this is the oldest patient reported
for CM-PIIRS. He developed PIIRS in 4 months after initial
A

B

D

E

F

G

C

FIGURE 2 | Serial axial brain MR imaging of the patient. (A, B) Imaging on Day 9 and Day 95 showed enlarged ventricles and widened brain fissure; T1+C showed
no abnormal enhancement. (C) Imaging on Day 123 showed new lesions in bilateral occipital lobe, insular lobe, hippocampus, and paraventricular (T2 Flair); T1+C
showed meningeal enhancement and ependymitis/choroiditis after effective antifungal therapy. (D, E) Imaging on Day 160 and Day 205 showed marked
improvement of the lesions on day 123 after corticosteroid treatment. (F) Imaging on Day 221 showed that the lesions reappeared after discontinuing corticosteroid.
(G) Imaging on Day 228 showed that the lesions decreased after reusing corticosteroid.
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antifungal therapy. Then, he was treated with corticosteroids for
2 months and recovered clinically. However, the clinical
manifestation, CSF, and brain MRI results got worse again on
the next day after corticosteroid withdrawal. He received
corticosteroids again and subsequently obtained a complete
resolution of symptoms.

PIIRS is defined as a deterioration in neurological status in a
previously healthy patient with CM after CSF fungal culture
converting to negative following optimal therapy (7, 8). Unlike
IRIS where immune reconstitution occurs after the initiation of
ART, PIIRS may be a response to released fungal antigens during
therapy and reductions in immunomodulatory components
including capsular fragments (9). Although the exact reason
for CM-PIIRS remains unclear, some studies have also been
carried out. Our previous study indicated that baseline hearing
impairment and high CSF pressure (>230 mmH2O) may be
predictors of PIIRS in HIV-negative immunocompetent CM
patients (10, 11), and a prospective study including 25 patients
showed that 88% of non-HIV CM patients developed PIIRS after
Frontiers in Immunology | www.frontiersin.org 4
VPS (10, 11). As some literature reported (5, 6, 11–20), our case
got initial neurological improvement after the use of
corticosteroids. However, this case developed PIIRS again on
the next day after 2 months of corticosteroid treatment
withdrawal, and we have to think about the question: what
dose of corticosteroids should we use and how long should we
use corticosteroids in CM-PIIRS?

US guidelines suggested that 0.5–1.0 mg/kg per day of
prednisone equivalent and 2–6 weeks of corticosteroid
treatment were a reasonable method for patients with severe
CM-IRIS (21), while in CM-PIIRS, there were no clinical
guidelines to instruct clinicians how to use corticosteroids. As
shown in Table 1, there are currently two common methods of
using corticosteroids for treating CM-PIIRS: (1) pulse
methylprednisolone (1 g IV daily for 5–7 days) taper therapy
(6) and (2) a lower dose of corticosteroid (dexamethasone 10–20
mg/day IV or prednisolone 1 mg/kg/day PO) taper therapy. In a
recent prospective study (6), CM-PIIRS patients received pulse
methylprednisolone 1 g IV daily for 7 days followed by 1 mg/kg/
TABLE 1 | The course and dosage of corticosteroids for CM-PIIRS.

Reference N The course and dosage of corticosteroids Outcome Type of study

Romani et al. (13) 1 6 days of 1 g IV methylprednisolone, then corticosteroids (30 mg
PO prednisone bid) were tapered over 6 months reducing 5 mg
every week.

After 1 year of follow-up, no neurological sequelae
were observed or reported.

Case report

Cheng et al. (15) 1 Dexamethasone was initiated at 0.3 mg/kg/day and tapered over a
2-week period with transition to oral steroids (totally 4 weeks) and
restarted higher doses of steroids with a slower wean over the
next 8 months (totally 8 months) and a short course of higher dose
steroids followed by a prolonged taper (totally 9 months).

He was asymptomatic with normal MRI. Case report

Yang et al. (11) 22 9 patients were injected with prednisone (0.75–1.5 mg/kg/day) or
dexamethasone (10–20 mg/day) for 7–10 days and then gradually
reduced oral low-dose prednisone for 7 days. 2 patients received
prolonged prednisone treatment, which were 22 and 4 months,
respectively.

7 patients improved only after receiving
corticosteroids therapy.

Prospective and
observational study

Anjum et al. (6) 15 Methylprednisolone 1 g IV daily for 7 days followed by 1 mg/kg/
day prednisone for 1 month and were then tapered by 5 mg every
month based on their clinical response and magnetic resonance
imaging (MRI) brain findings.

All patients demonstrated significant
improvements in MOCA and Karnofsky scores at
1 month, which was accompanied by
improvements in CSF glucose, white blood cell
count, protein, and cellular and soluble
inflammatory markers 1 week after receiving
corticosteroids.

Prospective,
observational study

Liu et al. (10) 23 Intravenous dexamethasone (10–20 mg daily), then oral
prednisone (30–40 mg/day) and then tapered off by time. Steroid
therapy duration was 1–12 months (median 4 months).

Receipt of corticosteroid therapy was associated
with lower rates of fever and better modified
Rankin Score scores at 1 month after treatment.

Case–control study

Kathiresu et al. (17) 1 High-dose intravenous corticosteroids, followed by an oral course
that was tapered over 6 months

The patient remarkably improved within the next
week and returned to the ward for continuation of
rehabilitation.

Case report

Tanu et al. (16) 1 Steroids (dexamethasone 12 mg/day) were initiated and tapered
gradually for a total of 6 weeks. Prednisolone 20 mg/day) was
given for another 2 weeks and slowly tapered over the next 3
months.

He got clinical improvement. Case report

Kulkarni et al. (18) 1 Oral prednisolone (1 mg/kg/day) in tapering dosage continued for
period of 2 months.

Defervescence of headache and significant
neurological improvement was observed over a
period of 7 days after commencing steroids.

Case report

Mehta et al. (19) 8 4 patients received IV methylprednisolone (1 g daily) or
dexamethasone (12–15 mg daily), followed by maintenance
therapy using oral prednisone (20 mg daily). In the 4 remaining
patients, oral prednisone was used for both induction (60–90 mg
daily) and maintenance therapy (20 mg daily). Corticosteroid
therapy duration was 1–27 months (median 8 months).

At 1 month of corticosteroid therapy initiation,
objective neurological improvements were noted in
five patients (63%). No corticosteroid-related
adverse events were noted.

Retrospective study
February 2022 | Volume
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day prednisone for 1 month and then tapered by 5 mg every
month based on their clinical response and brain MRI findings.
Romani et al. (13) described a CM-PIIRS patient with X-linked
Hyper IgM syndrome who received 6 days of high-dose
methylprednisolone (1 g) which was slowly tapered over 6
months. However, we treat CM-PIIRS patients with low-dose
corticosteroid taper therapy in our department. As shown in our
previous published study (14), CM-PIIRS patients were treated
with intravenous dexamethasone (10–20 mg daily), then oral
prednisone (30–40 mg/day), and tapered off by time. There are
other reports on the use of low-dose corticosteroid taper therapy
in CM-PIIRS (14–16, 18). For instance, Kulkarni et al. (18)
reported a CM-PIIRS patient who received oral prednisolone (1
mg/kg/day) for 1 week and then tapered over 2 months, and this
patient had significant clinical improvement and was discharged
in a stable condition. The above two methods of using
corticosteroids seem to be effective for CM-PIIRS, but further
research is needed to evaluate which method is better.

Our case showed the CM-PIIRS patient who got worse in
clinical manifestation and brain imaging again just one day after
corticosteroid withdrawal. The phenomenon seen in our case was
also similar to previous studies (16, 20). One report (16) showed an
immunocompetent 34-year-old CM patient who developed PIIRS.
Dexamethasone 12 mg/day was initiated and tapered gradually and
eventually stopped in 1 month. However, the patient experienced
headache 4 days after corticosteroid withdrawal. Therefore,
prednisolone (20 mg/day) was given for another 2 weeks and
slowly tapered over the next 3 months with sustained clinical
improvement. Moreover, another report (20) showed that CM-
PIIRS occurred in a 46-year-old female when the steroids were
discontinued; she received corticosteroids for more than 10 months
in total. Therefore, how long should we use corticosteroids in CM-
PIIRS? Our previous report (14) showed that the corticosteroid
therapy median duration was 4 months and Mehta et al. (19)
reported corticosteroid salvage therapy (CST), followed by
maintenance therapy using oral prednisone (20 mg daily); the
median duration was 8 months. In addition, Cheng et al. (15)
reported a CM-PIIRS patient who received corticosteroids for more
than 1 year and Kathiresu et al. (17) reported a CM-PIIRS patient
who received corticosteroids for more than 6 months. Moreover,
there were other reports that showed a more than 2-month (10, 6, 5
months, respectively) course of corticosteroids in CM-PIIRS
patients (6, 13, 16). According to the above literature summary
and our own clinical experience, we consider that a 2-month course
may not be enough to treat CM-PIIRS, especially severe cases.
Moreover, the course of corticosteroids in CM-PIIRS should be
based on clinical, CSF, and brain MRI results.

Due to the decline of immune function, the elderly
individuals are often more susceptible to infectious diseases
including central nervous system (CNS) infections (22–24). In
a study including 99 CM patients, 38.4% (38/99) were elderly
CM patients (age >65 years old) which had a high mortality rate
(36.8%, 14/38) (25). Therefore, we should pay attention to the
treatment of elderly CM patients. In our case, he developed
PIIRS and got significant improvement in clinical manifestation
Frontiers in Immunology | www.frontiersin.org 5
and brain MRI after receiving corticosteroids. However, as far as
we know, we should use corticosteroids with caution for elderly
patients because corticosteroids have some adverse events such
as osteopenia and fracture (26, 27). Fortunately, no severe
steroid-induced adverse events occurred in this case. In
general, the use of corticosteroids in elderly CM-PIIRS patients
is probably not only effective but also safe if we closely monitor
patients’ conditions.
CONCLUSION

PIIRS is an important cause of poor outcome in CM patients.
Therefore, it is very important to recognize and actively treat in
these patients. Even in elderly patients, corticosteroid treatment
is still beneficial. Moreover, 2 months of corticosteroid treatment
may be not enough to treat CM-PIIRS.
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