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Abstract

Drug-drug interaction is a public health problem that constitutes one of the leading causes
of morbidity and mortality worldwide. In India, only a few studies reported drug-drug
interactions occurring while using Amphotericin-B in patients with mucormycosis-induced
drug interactions. The objectives of the present study were to assess the drug interactions
occurring due to polytherapy and the frequency, severity, and preventability of the ADRs
occurring because of drug-drug interactions. Drug-drug interaction checking, a multimodal
approach for the treatment of mucor patients, involves highly complex regimens and hence
accounts for a high susceptibility towards adverse drug reactions (ADRs). The present study
aims to determine the prevalence of adverse events in patients treated with amphotericin-b.
Drug interaction-related ADRs among mucor patients are worrisome. It has a worse impact
on patient quality of life and, in addition, increases the cost of therapy along with the loss of
lives or body organs. It is found that timely reporting of drug interaction-related ADRs and
having an effective ADR monitoring system in place ensure the preventability of drug-
related ADRs in many cases. Surgeons should be actively involved in ADR reporting (PV)
and exchange constructive information, update each other, and educate each other about the
appropriate use of anti-fungal drugs. Pharmacovigilance is the need of the hour and could
be of immense value in reducing morbidity and mortality if practiced with all its might.

KEY WORDS: ADR (adverse drug reaction), mucormycosis, amphotericin B, drug

interaction etc.
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‘WHO defines pharmacovigilance as the science and
activities relating to the detection, assessment, understanding,
and prevention of adverse effects or any other medicine-
related problem[1]. Pharmacovigilance is a practice whose
aim is to monitor drug safety in real-life conditions and to
observe post-marketing adverse events related to the
drugs[2].

The concerns of pharmacovigilance have been broadened to
include herbals, traditional and complementary medicines,
blood products, biologicals, vaccines, and medical
devices[3].

There are some specific purposes of pharmacovigilance that
are to improve patients care and safety in relation to the use
of medicines and all medical interventions, including
paramedical interventions. Contribute to the assessment of
benefit and harm including risk and effectiveness of
medicine. It also aims to promote education, understanding
and clinical training. Responding to the needs of a particular
and WHO personnel strength running the programme,

pharmacovigilance has developed and will continue to be
develope together with the encouraging souls[4,5].

ages extracts of Ziziphus spina-christi have been used as
inflammatory treat toothache, analgesic, pectoral, astringent
(LF), anti-rheumatic, purgative (FR), for stomach pain, anti-
helminthic[6,7]. Some species, like Ziziphus mauritiana
Lam. and Ziziphus spina-christi (L.) wild occur on nearly
every continent.

Drug-drug interactions (DDIs) are one of the commonest
causes of medication errors[3]. A drug interaction occurs
when a patient’s response to a drug is modified by food,
nutritional supplements, formulation excipients,
environmental factors, other drugs, or disease. Interactions
between drugs (drug-drug interactions) may be beneficial or
harmful[4].1t can be defined as the pharmacological or
clinical responses arising due to the combination of drugs
that have been administered for the prevention and
management of any disease. It frequently conjures images of
a sudden catastrophic and even fatal outcome. Drug
interaction occurs when the outcome of one drug is modified
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by some other drug(s). It may arise either from alteration of
the pharmacokinetic and pharmacodynamic pathways or
from the combination of their actions or effects[5-7]. Drug
interactions can be a consequence of various situations that
reflect the growing number of drugs available on the market,

the increasing complexity of polytherapy, and the very
widespread practice of self-medication, making the situation
more severe and difficult. Most of the studies evaluated,
analysed, and estimated that drug interactions may affect up
to 63% of all hospitalised patients.
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Pharmaceutical drug-drug interactions occur outside the body
when the formulation of a drug is disturbed by another before
it is administered. For example, precipitation of sodium
thiopentone and vecuronium within an intravenous dose[4]
Pharmaceutical drug interactions can be classified into two
parts: chemical and physical drug interactions. An example
of chemical drug-drug interaction can be seen among
potassium phosphate and calcium chloride in total parental
nutrition  preparations, also known as TPNs or
hyperalimentation. These two drugs may result in the
formation of calcium phosphate, which will form a
precipitate in the IV fluid bag. Physical alterations may occur
in many different ways. For example, if a sustained-release
medicine is crushed, it will release its APl more quickly as
per its actual release rate. Other examples of physical
alteration are changes in environmental conditions such as
the presence of light, which may affect the drug’s chemical
nature due to which many drugs are protected in amber-
coloured glass containers or opaque containers; humidity,
which may affect the medicines; and temperature too.

Unwanted drug effects and drug interactions may arise due to
a number of reasons and natural clamors. For example, when
the drug given to the patient has expired and is taken in
emergency conditions by their own, when the drug is being
judged incorrectly, which can be because of similar names or
pronunciation and possibly the same visualisation, when no
prior kidney function test (KFT) is being done before
prescribing the drugs to the patient, when the wrong dosage
is administered by the patient, that is, overdose if taken of
any medicine, if the route of drug administration is not
according to the nature of the drug, when errors occur in
consuming the drugs, transmission errors, etc.

Adverse drug reactions, known as ADRs, may be defined as
an unexpected response of drugs to animals or human beings
and are regarded as one of the most prevalent causes of
morbidity and mortality in hospitalised patients. ADRs are of
two types: Type-A (these reactions are common, predictable,
and may occur in any individual) and Type-B (these are
uncommon and unpredictable and only occur in susceptible
individuals)[10].

According to the WHO, coronaviruses are a group of viruses
belonging to the family of Coronaviridae that infect both
animals and humans. Human coronaviruses can cause mild
disease similar to a common cold, while others cause more
severe disease (such as MERS, Middle East Respiratory
Syndrome, and SARS, Severe Acute Respiratory Syndrome).
A new coronavirus that previously had not been identified in
humans emerged in Wuhan, China, in December 2019. The
disease indication may include respiratory symptoms,
including fever, cough, and shortness of breath. In more
severe cases, infection can cause pneumonia, respiratory
syndromes, which may be severe to acute, and sometimes
death[11].

Mucormycosis is a difficult-to-diagnose rare disease with
high mortality and morbidity. Mucormycosis-associated
mortality is unacceptable, and recently developed treatment
approaches are required. Due to delayed diagnosis, diseases
tend to progress rapidly. Urgent surgical and medical
intervention is lifesaving because of the often rapidly
progressive and destructive nature of the infection. Delayed
initiation of therapy is associated with increased mortality.
Maximising survival rates requires rapid diagnostic and
therapeutic  intervention, including the immediate
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involvement of a multidisciplinary medical, surgical,
radiological, and laboratory-based team. Small focal lesions
should be surgically resected before they progress to involve
critical structures or distal organs. It is considered a
therapeutic challenge since mucorales are resistant to most
antifungals[12]. Only two systemic antifungals are currently
available with good Mucorales activity: amphotericin B
(including the lipid formulations) and the triazole
posaconazole[13]. Dissemination of infection to a few sites is
not so common, like the skin, brain, and some other sites. But
if patients do not receive aggressive surgical and medical
therapy, then direct extension of the infection can occur at the
contiguous site[14].

Amphotericin B deoxycholate is a polyene anti-fungal agent
available since the 1960s. Amphotericin B has been
formulated in three different forms: lipid complex,
cholesteryl sulphate, and liposomal Amphotericin [16].

Amphotericin B (AmB) is a critical component of the
treatment of serious systemic fungal infections[61], whereas
specific dosage guidelines for paediatric use are still lacking.
Amphotericin B has provocative track records, but in spite of
this, it has serious toxic side effects due to which
discontinuation of therapy may be required despite a life-
threatening fungal infection. The principal chronic side effect
of amphotericin B is nephrotoxicity. It may cause a renal tear
due to a variety of mechanisms, mostly seen in men, and
unusual baseline renal function. Clinical manifestations of
amphotericin B nephrotoxicity include renal insufficiency,
hypokalemia, hypomagnesemia, metabolic apathy, and
polyuria due to nephrogenic diabetes insipidus. Based on a
human study, it was discovered that consuming sodium in a
good amount may reduce the incidence and severity of
AmBJ[17]. Immunosuppressed patients are more susceptible
to invasive fungal infections, such as those caused by
tumours or transplantation, which result in morbidity and
mortality. Amphotericin B is the oldest anitmycotic agent,
but its use is limited due to its dose-dependent toxicity,
especially nephrotoxicity. Amphotericin B has been designed
in different pharmaceutical formulations in order to increase
its safety margin, especially for its detrimental effects on the
kidneys[18]. Amphotericin B has a broad spectrum of
action[19]. Amphotericin B has been available since 1960
and remains the choice of treatment for most serious systemic
fungal infections[20].

COVID-19 is a respiratory system-attacking disease
recognised in December 2019, elaborately called coronavirus
December 2019. COVID-19 is structurally similar to the
virus causing severe acute respiratory syndrome (SARS). In
comparison to SARS (2002 and 2003) and MERS (Middle
East Respiratory Syndrome, 2012 and till present), COVID-
19 put public health, research, and communities into a great
challenge[21]. COVID-19 is epicenter-center in Hubei
Province of the People’s Republic of China and has spread
initially in many countries and then throughout the world.
After seeing the critical condition of many countries, the
WHO emergency committee declared this a global health
emergency at Chinese and international locations. The
coronavirus was described first in 1966 by Tyrell and Bynoe,

who cultivated the viruses from patients who were suffering
from the common cold. These are enveloped, positive single-
stranded large RNA viruses that cause infections in human
beings, but they also affect a wide range of animals[22].
COVID-19-infected patients are prone to developing
pneumonia with severe symptoms related to acute respiratory
distress syndrome (ARDS) and multiple-level organ failure.
SARS-infected patients show decreased peripheral T-cell
subsets, and a rapid restoration in peripheral T-cell subsets
was seen in those who were recovering from the infection.
The recent novel coronavirus (COVID-19) disease outbreak
caused by severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) is seeing a rapid increase in infected patients
worldwide. SARS-CoV-19 activates anti-viral immune
responses with a rise in uncontrolled inflammatory responses
characterised by marked pro-inflammatory cytokine release
in patients with severe COVID-19, leading to lymphopenia,
lymphocyte dysfunction, and granulocyte and monocyte
abnormalities. Rational management of SARS-CoV-19,
including enhancing anti-viral immunity while inhibiting
systemic inflammation, may be key to successful
treatment[23]. Coronavirus is positive-stranded RNA
(+ssRNA) that belongs to the subfamily Orthocoronavirinae
of the Coronaviridae family (order Nidovirale) and is
classified into four genera of CoVs: Alphacoronavirous,
Betacoronavirous, Deltacoronavirous, and
Gammacoronavirous. SARS-CoV-2 is prone to genetic
mutations just like other RNAs while chasing new hosts,
which results in variant mutants having different
characteristics in comparison with the ancestoral strains.
According to WHO, “’only a few variants of SARS-CoV-19-
2 had effects on global public health and are considered
variants of concern (VOCs), that is, the Alpha-first variant of
concern described in the United Kingdom (UK) in late
December 2020, the Beta-first reported in South Africa in
December 2020, the Gamma-first reported in Brazil in early
January 2021, and the Delta-first reported in India in
December 2020. The origin of SARS-CoV-19 is not
recognised, and it is estimated that it originated from some
animal implicating zoonotic transmission. whereas genomic
analysis suggests that SARS-CoV-19 has possibly evolved
from a strain found in bats[24]. COVID-19 is a deadly
infection and has no particular treatment at present, for which
reason it has been managed by heavy utilisation of steroids
and supportive care equipment such as oxygen cylinders and
ventilators in emergencies. In the midst of this pandemic,
people who got treatment for COVID-19 developed
secondary infections such as mucormycosis, commonly
known as black fungus[25].

Mucormycosis has been reported worldwide, mostly in
patients who had COVID-19 previously. Aspergillus and
candida have both been reported as the main fungal
pathogens causing co-infection in people with COVID-19.
Most of the cases of mucormycosis had especially described
in India which may be possibly because of the ideal
environment setup in patients of COVID-19 helping
mucorales to germinate freely inside the COVID-19 infected
patients that is , low oxygen amount (hypoxia), high glucose
level (diabetes, new onset hyperglycemia, steroid induced
hyperglycemia), acidic medium (metabolic acidosis, diabetic
ketoacidosis DKA), presence of increased amount of iron (
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increased ferritin), decreased phagocytic activity of white
blood cells (WBC) due to suppressed immune system (SARS
CoV-2 mediated, steroid mediated or background
comorbidities) coupled with several other risk factors which
may cause prolonged hospitalisation[26]. Phagocytes have
the main activity against mucormycosis and show defense
mechanism for the protection of the host. Patients who have
been infected with COVID-19 are highly susceptible to
mucormycosis as a result of the barrier's deterioration,
dysfunction of lymphocytes and phagocytes, and the use of
medications such as steroids, an immunosuppressive agent
that decreases the body’s ability to fight with the foreign
particles[27]. Mucormycosis in COVID-19-infected patients
can occur due to less glycemic control, more and
inappropriate use of corticosteroids, and the use of broad-
spectrum antibiotics[28].

Drug-drug interactions can be managed in different ways. By
avoiding administering the combination of drugs. It precludes
the concomitant medicine administration risk for patients.
Combinations must be avoided unless it is determined that
the benefit of coadministration of the drugs outweighs the
risk to the patient. The addition of another drug to one of the
interacting drugs is recommended when appropriate. Patients
should be monitored carefully if the drugs are co-
administered. Several potential management options are
available: use of an alternative agent, change in drug regimen
(dose, interval), or route of administration to minimise the
interaction, or monitoring the patient if drugs are co-
administered. The potential for harm is low, and no specific
action is required other than to be aware of the possibility of
the drug interaction. Available evidence suggests no
interaction[29]. Any interactions between existing drugs in a
given patient have already occurred. Hence, they are part of a
differential diagnosis. Knowledge of the pharmacological
effects of drugs and of patient physiology together allows
recognition of potential pharmacodynamic drug-drug
interactions. Drugs with a narrow therapeutic index are
particularly susceptible to pharmacokinetic drug-drug
interactions. A small number of drugs are important
‘perpetrators’ of pharmacokinetic drug-drug interactions.
Starting or stopping a drug is a prescribing decision that may
cause a drug interaction[30]. Drug interactions are
manageable only if they are dependent on the time of
administration and by separately administering the drugs and
avoiding co-administering the two interacting drugs[31].

Different ways for avoiding drug-drug interaction in clinical
practices

There are some rules to manage drug-drug interactions in
clinical practices.

1. If existing drugs had any interactions among them
previously in a particular patient that have now occurred,
this will become part of the differential diagnosis.

2. Knowing the patient's psychology with the prescribing
drug plays a vital role in further improvements and
knowing the pharmacodynamic potential of upcoming
drug-drug interactions.

3. Drugs are susceptible to pharmacokinetic drug-drug
interactions if they have a narrow therapeutic index.

4. Drug interactions may also result from decisions made
when prescribing or stopping a drug[32].

The group of patients targeted in the study for
pharmacovigilance was those who got diagnosed with the
infection of mucormycosis following COVID-19 infection.
The group of patients was observed for a period of six
months, from June 2021 to October 2021. All mucormycosis
patients were receiving treatment with either the liposomal
formulation or the conventional formulation of Amphotericin
B.

During this observation period of six months, adverse drug
reactions occurring as a result of drug-drug interactions were
tabulated and reported to the ADR Monitoring Centre
(AMC), AIll India Institute of Medical Sciences. The
Amphotericin  B-related ADRs were uploaded on
VIGIFLOW and sent to the National Coordinating Centre at
Ghaziabad.

After analysing the reported ADRs related to the drug
interactions, it was observed that the male population was
more infected in accordance with the female population with
mucormyecosis. It was recorded that hypokalemia is the most
common ADR recorded, followed by hypocalcemia,
increased serum creatinine, hypomagnesia, diarrhoea, and
chills.

Targeted pharmacovigilance added considerable information
regarding adverse drug reactions that were observed in
patients with mucormycosis.
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