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Background: Penicillins have never been associated with any form of hearing disorders.
The Eritrean Pharmacovigilance Centre recently received two cases of hearing disorder
(including one case of deafness) following the intake of amoxicillin capsules. This study
was conducted to assess the causal link between amoxicillin and deafness.

Methods: Data mining was carried out in the WHO global database of individual case safety
reports, VigiBase, and the Austin Bradford-Hill criteria were used to assess causality.
Results: A total of 94 cases of ‘hearing disorders’ related to amoxicillin were retrieved from
VigiBase. Of these, 49 (52.1%) were reported as “deafhess,” and amoxicillin was marked as
the sole suspected drug in 18 and the only drug administered in 13 cases. In the rest of the
deafness cases (n=31), amoxicillin was concurrently administered with other drugs and
reported as co-suspected. The median time to onset was three days and the outcome was
marked as recovered (14), recovering (2), not recovered (16) and unknown (17). In five
cases, deafness resolved following the withdrawal of amoxicillin.

Conclusion: There appears a causal association between amoxicillin and hearing loss that
requires further substantiation with better epidemiologic studies.
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Introduction
Penicillins in general have never been associated with any form of hearing disorders
or ototoxicity. Hawkins et al have defined ototoxicity as,

the tendency of certain therapeutic agents and other chemical substances to cause
functional impairment and cellular degeneration of the tissues of the inner ear, and
especially of the end-organs and neurons of the cochlear and vestibular divisions of
the eight cranial nerve."

Amoxicillin, in the penicillin family, is an antibiotic which is principally used for the
treatment of infections caused by susceptible Gram-negative and Gram-positive
bacteria.” Hearing disorder is not mentioned in the summary of product character-
istics (SPC) of amoxicillin approved by the European Medicines Agency,>*
Medicines and Healthcare Products Regulatory Authority of the UK,>® US-FDA,”*
and the National Medicines and Food Administration of Eritrea.” However, amox-
icillin has previously been associated with vertigo and/or dizziness."°

Recently, two cases of hearing disorders associated with the use of amoxicillin
500 mg capsules (in previously healthy patients) were received by the Eritrean
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Pharmacovigilance Centre. This study was therefore con-
ducted to evaluate the causal association of amoxicillin
and hearing loss using data extracted from the WHO
global database of individual case safety reports (ICSRs),
VigiBase. "'

Methods
Study Design and Data Source

This was a descriptive assessment of amoxicillin and the risk
of hearing disorders by mining data from VigiBase.'
VigiBase is the world’s largest database of its kind with
over 20 million ICSRs (as of March 2019) submitted from
136-member states since the establishment of the WHO
Program for International Drug Monitoring in 1968. This
databank is developed and maintained by the Uppsala
Monitoring Centre (UMC), Sweden. Data mining on
VigiBase was carried out on March 17, 2019 with search
criteria: “amoxicillin” as drug substance and “hearing dis-
order” as MedDRA reaction term. For this study, the higher
form of hearing loss reported as “deafness” was further
analyzed. Cases of congenital deafness were excluded from
this assessment to minimize confounders.

Reaction outcome, disproportionality measure (informa-
tion component — IC value), de-challenge and rechallenge
information, and other relevant variables were retrieved
using VigiLyze. VigiLyze is a tool developed for data mining
and analysis on VigiBase. Disproportionality of the drug—
adverse reaction (ADR) pair is measured by IC value.'>"?
A positive IC value is “a traditional threshold which indicates
that a drug—ADR pair is reported more often than expected
based on all reports in VigiBase,” thus showing a statistical
signal. Retrieved information was exported to an Excel
spreadsheet for further descriptive analysis.

A literature search on the association of amoxicillin and
hearing disorders was also made on Google Scholar, PubMed,
Medline, and other search engines using the following search
criteria: “amoxicillin”; “hearing loss™; “deafness”; “ototoxi-

9, <

city”; “hearing disorder”; “hearing impairment”; and “tinni-
tus.” Labeledness was also assessed by checking summary of
product characteristics (SPCs) of amoxicillin approved by
checking stringent authorities like European Medicines
Agency, Medicines and Healthcare Products Regulatory

Authority of the UK and US-FDA.

Case Assessment
Austin  Bradford-Hill
causality.'* Hill’s criteria employ temporality, the strength

criteria were used to assess

of association, consistency and specificity, dose—response
relationship, experimental evidence, biological plausibil-
ity, analogy, and coherence of the association as

guidelines.

Results

Since 1977, a total of 94 cases of hearing disorders related to
amoxicillin are retrieved from the WHO global database of
ICSRs. In 55.3% of these cases (n=52), the reaction was
reported as “deafness.” Forty-nine of the cases were further
analyzed as three cases of congenital deafness were excluded
from the analysis. The reported reaction terms were deafness
(42), deafness bilateral (3), deafness transitory (2), conduc-
tive deafness (1), and deafness unilateral/deafness neurosen-
sory (1). The IC value for the 42 deafness cases was found to
be negative (IC(,5 = —1.82 and IC = —1.35). The cases were
reported from 17 countries, mainly from the USA (13),
Australia (10), and the UK (7).

Sex was documented in all but three cases and 61.2%
were females. Age was reported in 36 of the deafness cases;
of which 14 (39%) were below 50 with a median of 55 years.
Amoxicillin was reported as the sole suspected drug in 18 of
the cases and it was the only administered drug in 13 cases. In
the rest of the cases (n=31), amoxicillin was concurrently
administrated with other drugs and reported as co-suspected.
Gentamycin, metronidazole, and nitrofurantoin were the top
reported co-administered drugs with amoxicillin. Moreover,
erythromycin, azithromycin, and clarithromycin were co-
reported with amoxicillin in three cases each.

Time to reaction onset of deadness following the use of
amoxicillin was reported in 19 of the cases and the median
was found to be three days (range: 1 to 18 days). In 16 cases,
the outcome of deafness was marked as recovered or recover-
ing while in the remaining 33 cases either it was not recovered
(16) or unknown (17). In five cases, deafness abated following
the withdrawal of amoxicillin. Details of the 13 cases of
deafness that are suspected to be encountered with the sole
administration of amoxicillin are summarized in Table 1. In
two of these cases, deafness resolved following discontinua-
tion of the suspected drug, amoxicillin. Reaction outcome was
reported as “recovered” in five cases, “not recovered” in three
cases and “unknown” in the remaining five.

Discussion

In the cases where time to onset is documented, deafness
was encountered shortly following the administration of
amoxicillin capsule/tablet. In the majority of the deafness
cases associated with amoxicillin, other drugs were
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Table | Summary of Cases of Deafness Associated with the Sole Administration of Amoxicillin Retrieved from WHO Global

Database, VigiBase

Case Sex | Age Dose Route of Indication Co-Reported Reactions Terms Outcome | Dechallenge Time
No. (Years) | (mg) Administration Information to
Onset
(Days)
| F 16 500 mg PO Tonsillitis - Recovered Positive 2
BID
2 F - - - Parosmia | Ageusia Recovered - -
with
sequelae
3 F 77 - - Premedication | Chest injury | Chest pain | Seizure | Skin | - - -
abrasion | Insomnia | Limb injury |
Prescribed overdose | Road traffic
accident | Stress
4 F - - Other - Condition aggravated | Emotional Unknown - -
disorder
5 F 6 - - Pharyngitis Adjustment disorder | Anaemia | - - |
streptococcal Blindness | Cellulitis | Phlebitis |
Staphylococcal infection | Stevens—
Johnson syndrome
6 M 29 | g daily | PO - - Recovered - 4
7 F 53 500 mg PO - Vomiting | Vertigo | Tinnitus Unknown - |
daily
8 F - - - - Visual impairment | Thinking abnormal | Unknown - -
Amnesia
9 - - - PO Infective otitis | Dizziness | Nausea Recovered Positive -
externa
10 F 47 3 gdaily | PO Cystitis, Tinnitus Not - 10
unspecified recovered
I F 53 750 mg PO Chronic Nephritis | Acute kidney injury| Pyrexia | | Recovered - -
daily sinusitis Rash
12 F 31 750 mg PO 0465 Ataxia | Muscle twitching Not - -
daily recovered
13. F 82 6DF PO - - Not - 7
daily recovered

Abbreviations: M, male; F, female; BID, twice daily; PO, per oral.

concurrently taken. Thus, the case is difficult to attribute
only to amoxicillin. However, there were 13 cases that
developed deafness following the sole intake of amoxicil-
lin in which the association was very specific; i.e. that
a single drug was associated with a single reaction.
Clinically similar cases of deafness associated with amox-
icillin were reported to the WHO global database of ICSRs
from different parts of the world; making the association
consistent. As the assessment of hearing disorders in preclini-
cal trials is not usually a requirement for practicality reasons,

there is no evidence that associates deafness with amoxicillin
in animal studies. However, in one preclinical trial of ceftazi-
dime, a broad-spectrum beta-lactam third-generation cepha-
losporine, a reversible middle ear inflammation with minor
ototoxicity had been observed in chinchilla.'® In addition, the
availability of cases of positive dechallenge can also be con-
sidered as experimental evidence. Therefore, the plausible
temporal association, documentation of positive dechallenge
in some cases, and specificity and consistency of the associa-
tion strengthen the causal link.
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The possible biological mechanism by which amoxicillin
causes deafness or hearing loss is unknown. However, drug-
induced ototoxicity or deafness can result from “a unique
susceptibility of the injured tissue to the drug, accumulation
of the drug within the organ or a combination of both
factors.”'” In addition, it was suggested that

inner ear injury may result from reversible inhibition of
normal physiological functions, such as endolymph for-
mation, which if inhibited for prolonged periods of time
results in degeneration of tissue dependent upon the parti-
cular physiological function. Direct toxic effects on the
sensory end organs (i.e. hair cells) also play a role in drug
induced toxicity.'®

The strength of association was weak as the IC value was
negative. This shows that either the reaction is very rare or
might be masked by other commonly reported reactions
related to amoxicillin like allergic or hypersensitivity reac-
tions. Other Hill’s criteria such as coherence, analogy, and
dose—response relationship were found to be non-applicable.

Therefore, the plausible temporal association, consis-
tency of the cases, specificity of the association, the occur-
rence of a severe form of hearing loss following the sole
intake of amoxicillin, and its reversibility solely after the
withdrawal of amoxicillin (positive dechallenge) in some
of the cases seem to support a causal association.

On the other hand, the causal association of hearing loss
with amoxicillin had several confounding factors. The nat-
ural process of aging might be a contributory factor to the
hearing disorder. The fact that several cases were below the
age of 50, and that deafness was reversible in about half of
the cases, only partially rules out the contribution of aging. In
a few patients, drugs well known to be ototoxic, such as
gentamycin, erythromycin, clarithromycin, and azithromy-
cin, were co-reported; these on their own could cause the
reaction. Furthermore, amoxicillin was indicated for upper
respiratory tract and ear infections in some cases, which
could be another unmeasured confounder. This study also
had several limitations. Primarily, the cases are suspected or
reported by health-care professionals and thus, could not be
confirmed by the researchers. Moreover, this study had sev-
eral unmeasured or uncontrolled confounders that would
negatively affect the causation which could lead to exposure
or outcome misclassification bias. For example, a few (n=5)
patients with reported deafness were taking amoxicillin for
ear infection, which could be a confounding factor by indica-
tion. In addition, as the cases were spontaneously reported,
we cannot quantify the risk of hearing loss associated with

amoxicillin due to a lack of denominator data. Further, it is
important to note that this safety signal is a hypothesis and
needs to be substantiated with stronger epidemiologic study
designs.

In conclusion, this assessment shows that there seems
a causal relationship between amoxicillin and risk of hearing
loss. Although this might not be a life-threatening condition,
“it can have a negative impact on communication and health-
related quality of life, with significant vocational, educational
and social consequences.”'® Taking the high global consump-
tion of amoxicillin into account, the event might be very rare.
Health-care professionals should therefore be aware of the
potential risk and refer such cases to audiology clinics for
further diagnosis and better management. Further, manufac-
turers and health-care professionals should advise consumers
to immediately seek medical attention if they experience any
signs of hearing disorders while using amoxicillin. This article
can also be a lesson that even old drugs that have been on the
market for decades can sometimes pose new potential risks.
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