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a b s t r a c t
The surge of COVID-19 associated Mucormycosis (CAM) in India during the second wave of COVID-19 led
to lack of availability of amphotericin B(AmB). We retrospectively evaluated the outcome in 28 consecutive patients with CAM who received posaconazole (PCZ) or isavuconazole (ISVCZ) as sole or predominant
therapy, based on factors like availability, affordability, site of infection or lack of treatment response.
Therapeutic drug monitoring was used for PCZ in all cases & for ISVCZ in some cases. Higher trough
levels were aimed to ensure therapeutic effect. Overall, 16 patients were cured, 5 patients improved, 6
patients died, of which 2 deaths were attributable to mucormycosis and 1 patient was lost to follow-up.
The outcomes and survival were comparable to those reported in the literature. Although wider applicability of these results cannot be assumed, it leads to a speculation that treatment of mucormycosis with
PCZ or ISVCZ, without AmB, is possible.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

During the second wave of COVID-19 in India, there was a surge
of COVID-19–associated mucormycosis (CAM). This led to unavailability of amphotericin B (AmB), which has been considered as
the drug of choice for mucormycosis. This situation resulted in
an opportunity to treat with posaconazole (PCZ) or isavuconazole
(ISVCZ) without AmB. Whether either of them can take the place
of AmB in primary or salvage treatment has been the subject of
clinical investigation in noninferiority trials (Marty et al., 2016;
Maertens et al., 2016; Salmanton-García et al., 2019). Whether an
incremental beneﬁt of AmB over azoles exists at all (Durand et al.,
2021) and whether it is counterbalanced by the greater diﬃculties
in drug administration, toxicity, prolonged hospitalization, and cost
needs further consideration.
We retrospectively analyzed 28 consecutive cases of CAM. The
extent of involvement was as follows: rhinosinusitis alone in 4 patients; rhinosinusitis and palate involvement in 1 patient; rhinosinusitis, palate, and skull base involvement in 1 patient; rhinosinusitis and skull base involvement in 5 patients; rhinosinusitis
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and orbit involvement in 4 patients; rhinosinusitis, orbit, and brain
involvement in 2 patients; rhinosinusitis, orbit, brain, and skull
base involvement in 1 patient; rhinosinusitis, orbit, brain, and ophthalmic involvement in 1 patient; rhinosinusitis, orbit, ophthalmic,
and skull base involvement in 2 patients; rhinosinusitis and brain
involvement in 1 patient; pulmonary involvement in 5 patients;
pulmonary, orbit, and ophthalmic involvement in 1 patient. Underlying comorbidities were diabetes mellitus, hypertension, chronic
kidney disease, receipt of steroids, and other immunomodulators.
Proven CAM was deﬁned as clinical and radiologic features of rhinosinusitis, orbital, skull base, central nervous system, and pulmonary involvement in various combinations with histopathology
showing tissue invasion with hyphae consistent with Mucorales
and/or culture. Possible CAM was deﬁned as clinical and radiologic features with smear from relevant specimens obtained from a
nonsterile site, showing hyphae consistent with Mucorales and/or
culture. Possible CAM was deﬁned as clinical and radiologic features in the absence of histopathology and smear positivity when
alternative causes are ruled out. There were 25 cases of proven, 1
case of probable, and 2 cases of possible CAM. Patients were given
PCZ or ISVCZ on the basis of factors such as availability, affordability, site of infection, or lack of treatment response. Posaconazole
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was initiated with IV formulation at a dose of 300 mg twice a day,
followed by 300 mg gastro-resistant posaconazole tablet once per
day. ISVCZ was initiated with IV formulation at a dose of 200 mg 3
times a day for 2 days, followed by 200 mg ISVCZ tablet once per
day. Some patients received AmB elsewhere but had disease progression or brieﬂy received additional AmB when it was available.
Patients underwent surgical debridement in 1 or more sessions as
was necessary and feasible, along with supportive treatment. They
were monitored for interactions, adverse drug reactions, and clinical response. Therapeutic drug monitoring (TDM) was used for PCZ
in all cases and for ISVCZ in some cases. The commonly recommended therapeutic level is >1.2 mg/L for PCZ, and TDM for ISVCZ
is usually not recommended but the trough level is thought to
be 3 mg/L with usual doses. PCZ levels between 2.5–3 mg/L and
ISVCZ levels between 5–7 mg/L were aimed for assurance of adequate penetration to the sites of infection. Depending on the factors that were mentioned previously, 4 patients were treated with
ISVCZ alone (initial IV loading dose followed by tablet ISVCZ), 3 patients were treated with PCZ alone (initial IV loading dose followed
by gastro-resistant [GR] PCZ tablet), 2 patients were treated with
ISVCZ followed by GR PCZ (as ISVCZ was not available), 2 patients
were treated with GR PCZ followed by ISVCZ (in view of bony involvement), 9 patients were treated with IV PCZ and AmB (in perioperative period ranging from 4–13 days) followed by GR PCZ, 4
patients were treated with IV PCZ and AmB (in perioperative period ranging from 8–11 days) followed by ISVCZ (in view of intra cranial extension, orbital, or bony involvement), and 4 patients
were treated with AmB and PCZ elsewhere (ranging from 28–52
days) followed by GR PCZ. Treatment duration was based on clinical, radiological, and microbiological stability and improvement.
This needed a prolonged period of treatment for some patients, as
has been reported in the literature (Cornely et al., 2019). A total
of 16 patients were cured with treatment, the duration of which
ranged from 65–219 days and remained well during a follow-up,
which ranged from 154–290 days. A total of 5 patients improved
and are still on treatment as of February 23, 2022, the duration of
which has ranged from 238–309 days. A total of 6 patients died,
of which 2 deaths were attributable to mucormycosis and had received treatment, the duration of which ranged from 4–24 days.
Furthermore, 1 critically ill patient left the hospital because relatives had decided to limit treatment. Hence, he is presumed to
have died soon afterwards. These outcomes and survival compare
favorably with those reported in the literature. Crude mortality
in this series was 25% compared with reported mortality, which
ranges from 19%–45.7% in various publications (Marty et al., 2016;
Maertens et al., 2016; Patel et al., 2021; Salmanton-García et al.,
2019). Although wider applicability of these results cannot be assumed, it leads to a speculation that treatment of mucormycosis
with PCZ or ISVCZ, without AmB, is possible.
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