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Abstract

Background: Antibiotics are among the most commonly prescribed medications worldwide, playing a vital role
in combating bacterial infections. However, their extensive use is often associated with Adverse Drug Reactions
(ADRs), which can range from mild allergic manifestations to severe life-threatening events. Understanding the
frequency and pattern of antibiotic-induced ADRs is essential for promoting patient safety and guiding rational
drug use.

Methods: A prospective observational study was conducted over eight months (January—August 2025)
involving 100 patients who developed ADRs following antibiotic therapy. Data were collected using analyzed
using descriptive statistics and chi-square tests to compare ADR frequency, type, and severity across antibiotic
classes.

Results: Penicillins were the most frequently implicated antibiotics (32%), followed by fluoroquinolones
(26%), cephalosporins (24%), and macrolides (18%). Cutaneous reactions (38%) and gastrointestinal
disturbances (33%) were the most common ADRs observed. Most reactions were mild to moderate in severity,
and approximately 44% were deemed preventable. A significant association (p < 0.05) was found between
antibiotic class and type of ADR.

Conclusion: The study highlights that while most antibiotic-related ADRs are mild and manageable, a
substantial proportion are preventable through rational prescribing, improved pharmacovigilance, and better
patient education. Continuous monitoring and active ADR reporting systems are imperative for enhancing
antibiotic safety and minimizing adverse outcomes.
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Introduction

Antibiotics revolutionised medicine by drastically
reducing infectious illness morbidity and death [1].
Since penicillin was discovered, these drugs have
been used to treat bacterial infections, which can
vary from mild respiratory illnesses to lethal sepsis.
Antibiotics have improved patient survival and
made organ transplants, chemotherapy, and major
surgeries possible by controlling infection [2].
Antibiotics help various ailments, but they have
hazards. Adverse Drug Reactions (ADRs) are one
of the biggest drug concerns caused by extensive
and often inappropriate use [3]. Antibiotic-induced
ADRs are becoming more important in clinical
practice because they can prolong hospital stays,
increase treatment costs, and endanger patients.
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According to the WHO, drug side effects are
defined as any noxious and unintended response to
a drug that occurs at doses normally used in
humans for prophylaxis, diagnosis, or therapy.
Adverse medication responses kill and sicken
patients worldwide [4,5]. ADRs account for 5-10%
of hospitalisations in wealthy nations, making them
a major cause [6]. The increasing number of
antibiotic prescriptions and self-medication in
developing nations like India makes the burden
even worse. About 2-6% of Indian hospitalised
patients experience ADRs, with antibiotics being
the most prevalent [7]. Healthcare practitioners'
ignorance and lack of ADR reporting standards
worsen the situation. Antibiotics have long been the
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most common cause of ADRs worldwide. They
may cause rashes, diarrhoea, allergies, Stevens-
Johnson syndrome, liver damage, renal damage,
and abnormal blood cell counts. ADR patterns and
frequencies vary by antibiotic class, dose, duration,
and patient factors such as age, gender, and
comorbidities [8]. Beta-lactam antibiotics like
cephalosporins and penicillins can cause allergic
reactions, and fluoroquinolones can cause
gastrointestinal and central nervous system adverse
effects.  However, macrolides can cause
hepatotoxicity and GI discomfort. Because they are
commonly used in hospitals and outpatient settings,
these antibiotics must be monitored for safety [9].
A comparison of ADRs from different antibiotic
classes can help promote rational prescribing by
revealing their relative safety.

Focussing on these antibiotics is due to their
widespread use and potential health risks.
Fluoroquinolones and macrolides are popular with
their broad-spectrum activity and oral absorption,
although penicillins and cephalosporins are still
used as first-line therapies for numerous infections.
Hypersensitivity and organ damage are more
common  with chronic antibiotic use.
Overprescribing antibiotics, not finishing treatment,
and treating empirically = without culture
confirmation increase adverse reactions.
Understanding ADRs associated with these
routinely used antibiotics is crucial to patient safety
and evidence-based antimicrobial stewardship.

There are several international studies on
antibiotic-related adverse drug reactions, but
regional and institutional data, especially in India's
tertiary care facilities, are lacking. Most study
examines specific drugs or reactions rather than
groupings of frequently administered antibiotics.
The results are not applicable to other institutions
due to differences in prescribing patterns, patient
demographics, and monitoring systems. Northern
Indian literature, especially from the Integral
Institute of Medical Sciences and Research, is
limited. Local bacterial resistance and healthcare
systems may alter antibiotic prescriptions. This
knowledge gap requires academic study on
antibiotic adverse drug reactions' incidence,
distribution, and severity.

Objectives

e To identify and compare ADRs associated
with commonly used antibiotics.

e To determine the frequency and pattern of
ADRSs among patients.

Methodology

Study Design: This prospective observational
study compares common antibiotic ADRs. To
assure data accuracy, ADRs were observed and
documented in real time wusing prospective
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observation. This strategy reduced retrospective
research recall bias and found temporal connections
between antibiotic administration and bad
outcomes.

Study Duration: The January—August 2025 study
lasts eight months. This is an adequate time to
collect antibiotic prescription and adverse drug
reaction data from inpatient and outpatient
departments. Include seasonal illness trends and
antibiotic use to complete the findings.

Study Setting: The study was completed at
Lucknow's Integral Institute of Medical Sciences
and Research. Tertiary care for a diverse patient
group makes this teaching hospital appropriate for
pharmacovigilance studies. A hospital's well-
established  clinical records and  diverse
departments enable systematic data collection and
verifiable adverse medication documentation.

Sample Size: The trial will include 100 patients.
Participants will be found among individuals
prescribed antibiotics during the study. The sample
size was realistic considering the study's time and
resources and provided significant statistical power
to compare antibiotic classes.

Inclusion Criteria

o Patients receiving at least one antibiotic during
hospitalization or outpatient treatment.

e Both male and female patients aged 18 years
and above, irrespective of the underlying
diagnosis.

Exclusion Criteria

o Patients with pre-existing severe hepatic or
renal dysfunction, as such conditions may
independently influence drug metabolism and
toxicity.

o Patients undergoing chemotherapy or
immunosuppressive therapy, due to the high
likelihood of concurrent drug interactions and
adverse effects unrelated to antibiotics.

Data Collection: The study collected data from
employed descriptive  statistics. The ADR
Reporting Form (Version 1.4) was no longer a
viable data collecting method for delivering
validated ADR instances to Vigiflow. The Vigiflow
form is exclusively for normal pharmacovigilance
reporting, not research data collection.

Thus, we developed a study-specific protocol and
Case Reporting Form (CRF) to collect thorough
data on antibiotic adverse effects. This CRF's
systematic collection of patient characteristics,
pharmacological information, clinical features, and
ADR profiles enabled meaningful analysis and
comparison across antibiotic classes.

Data Analysis: Data will be entered using Excel
and analysed with SPSS. Descriptive statistics such
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as percentages, means, and frequencies will be used
to summarise patient characteristics and ADR
patterns. The Chi-square test will be applied to
compare the frequency and types of ADRs across
different antibiotic classes, with a p-value below
0.05 considered statistically significant.

Ethical Consideration: The Integral Institute of
Medical Sciences and Research Institutional Ethics
Committee (IEC) will approve the study protocol
before it begins.

The initiative will strictly follow biomedical
research ethics for human participants. After
reviewing the study's goals, procedures, and risks,
participants will sign an informed consent form.
Patients can cease participation at any time without
affecting their therapy, and their personal
information will remain private.

Results

The study comprised 100 people who experienced
an ADR after receiving normal antibiotics. Integral
University's Institute of Medical Sciences and
Research collected and examined data from
January to August 2025. Demographic data, ADR
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analysis, response types, severity, preventability,
and antibiotic class comparisons are available.

Demographic Characteristics: Out of 100
patients, 58 were men and 42 were women. The
study participants had an average age of 37.5 +
12.8 years, with the highest number of adverse
medication responses (46% total) in the 21-40 age
group, followed by the 41-60 age group (32%
total).

Out of the total cases, 14% were 60 and older and
8% were 18-20. Middle-aged persons are more
likely to seek medical attention for infections that
require antimicrobial therapy, therefore they are
more likely to acquire antibiotics.

Frequency and Pattern of ADRs by Antibiotic
Class: Penicillins accounted for 32% of adverse
drug  reactions (ADRs), followed by
fluoroquinolones (26%), cephalosporins (24%), and
macrolides (18%). Penicillin's allergic propensity
and widespread use as a first-line therapy may
explain its higher prevalence among users.
Fluoroquinolones were effective but had a high rate
of gastrointestinal and neurological side effects.

Table 1: Frequency and Type of ADRs by Antibiotic Class

Antibiotic Class No. of ADR Cases Common Types of ADRs Observed Percentage (%)
Penicillins 32 Pruritus 32%
Cephalosporins 24 Diarrhea, nausea, vomiting 24%
Fluoroquinolones 26 Headache, dizziness, gastritis 26%
Macrolides 18 Abdominal pain, hepatotoxicity 18%

Total 100 100%

Types of Reactions: Skin reactions made up 38%
of adverse medication reactions, followed by
gastrointestinal, neurological, hepatic, and other
symptoms, including cardiovascular and
musculoskeletal issues, at 14%.

Beta-lactam antibiotics (penicillins and
cephalosporins) caused itching, rash, and urticaria,
whereas macrolides and fluoroquinolones caused
nausea, vomiting, and diarrhoea.

Severity and Preventability Distribution: The
Modified Hartwig and Siegel severity scale
classified 62% of ADRs as mild, 30% as moderate,
and 8% as severe.

Most severe cases required medical treatment or
drug discontinuation due to anaphylaxis or
hepatotoxicity. According to the Schumock and
Thornton criterion, 44% of ADRs were certainly
preventable, 38% maybe, and 18% not. Avoidable
adverse effects were most often caused by
improper dosage or broad-spectrum antibiotic use
without sensitivity testing.

Statistical Comparison between Antibiotic
Classes: Comparative study using the Chi-square
test revealed a significant difference (p < 0.05) in
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ADR types and frequencies across antibiotic
classes. Penicillins caused the most skin reactions,
while fluoroquinolones caused greater neurological
issues. Despite their low frequency, macrolides
correlated with  hepatic dysfunction. Most
cephalosporin-related gastrointestinal issues were
mild to moderate.

The results reveal that most antibiotic-related
ADRs are small and remediable, and that careful
monitoring and acceptable prescription practices
can prevent many of them. Early ADR diagnosis
helps clinicians change therapy to improve
medication safety and reduce patient morbidity.

Discussion

The present Integral University Integral Institute of
Medical Sciences and Research study examined
ADRs associated with frequently administered
antibiotics in tertiary care. The eight-month
research of 100 patients gave important insights
into the antibiotic-induced ADR pattern, frequency,
and preventability. Penicillins (32%),
fluoroquinolones (26%), cephalosporins (24%), and
macrolides (18%) caused the most adverse
medication responses in this study. Due to their
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widespread use and high allergenic potential, beta-
lactam antibiotics are the major cause of adverse
drug reactions, according to this study and previous
research in Indian and other hospitals. In South
India, study 1 observed that cutaneous responses
were the most common antibiotic-related ADR.
These responses were nearly 45% penicillin and
cephalosporin-related. A Gujarat
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pharmacovigilance study by studies 2 and 3 found
that beta-lactams, notably amoxicillin-clavulanate,
caused 60% of antibiotic adverse drug events.
North American and European surveillance data
rank penicillins among the most hypersensitive
medication classes. This study confirms the global
trend that antibiotic-induced ADRs are consistent
across prescribing methods.

Table 2: Current study comparison with previous study

Study Study Type Sample Key Findings
Size
Present Prospective 100 Penicillins most common (32%), followed by

Study (2025) | observational

fluoroquinolones (26%); mainly cutaneous and GI ADRs;
44% preventable.

Study 1 [10] | Prospective 49 Cephalosporins most implicated; GI (38.8%) and skin
(30.6%) ADRs; majority moderate and preventable.

Study 2 Retrospective 175 Penicillins and cephalosporins major causes; skin ADRs

[11] (48%) most common; mostly moderate severity.

Study3 Retrospective 300 Cephalosporins and penicillins leading agents; skin (49%)

[12] and GI (33%) systems affected; few serious cases.

Common ADRs and Possible Mechanisms: Skin
reactions occurred for 38% of adverse medication
events, gastrointestinal issues 33%, neurological
symptoms 14%, and liver malfunction 8%. Among
penicillin and cephalosporin users, rash, itching,
were more common.

Drug-specific IgE antibodies produce mast cell
degranulation, histamine release, and inflammatory
symptoms in type I hypersensitivity reactions, the
most common and immunologically driven. These
processes can lead to anaphylaxis; however, none
were deadly in the current study.

Macrolides and fluoroquinolones often cause
vomiting, nausea, and diarrhoea. Gut flora
alterations and mucosal inflammation likely induce
these reactions. Clarithromycin and azithromycin
enhance intestinal motility, which might cause
cramping or loose stools.

Fluoroquinolones can alter the gut's microbial
balance, causing antibiotic-associated diarrhoea or
Clostridioides difficile infection. Fluoroquinolones
caused headaches, dizziness, and agitation.

These reactions and excitatory effects are caused by
Gamma-aminobutyric Acid (GABA) receptor
inhibition in the central nervous system. These
adverse effects were mostly mild and disappeared
on their own, but they demonstrate the caution
clinicians must use  when  prescribing
fluoroquinolones  to  neurological illnesses.
Macrolide antibiotics were most often linked to
hepatic dysfunction due to their metabolism and
cholestatic liver damage risk. Hepatocellular injury
is a rare but serious macrolide ADR, according to
[13].
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Antibiotic Classes with Higher ADR Frequency:
According to the comparison analysis, penicillins
caused the most ADRs, notably allergic ones.
Hapten-protein complexes contribute to their
immunogenicity in vulnerable people. Since
cephalosporins and penicillins are chemically
similar, there was some cross-reactivity, albeit less.
Fluoroquinolones induce more ADRs in the
gastrointestinal tract, neurological system, and
musculoskeletal system despite being less allergic
[14]. Due to their tissue penetration and activity
spectrum, they may have many impacts.
Macrolides have a low rate of ADRs but a
substantial connection with hepatic impairment and
gastrointestinal distress.

Across all antibiotic classes, 62% of ADRs were
mild, requiring just symptomatic treatment or
medication substitution. Hepatotoxicity required
immediate medical intervention, whereas moderate
ADRs (30%) required antibiotic suspension or dose
modification. The hospital's pharmacovigilance
system detects and manages dangerous cases early,
resulting in a low incidence.

Comparison with National and International
Findings: This study's incidence pattern matches
Indian and worldwide studies. [15] Found that beta-
lactams caused the most antibiotic-related adverse
drug events, followed by fluoroquinolones and
macrolides. Like the present study, they found 60%
of ADRs are preventable. According to the WHO
Pharmacovigilance Centre, beta-lactams and
fluoroquinolones are among the top five medication
groups that cause ADRs and hospitalisations
worldwide.

However, changes in reporting methods, bacterial
resistance, and antibiotic use produce geographical
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differences. Stronger pharmacovigilance systems
and antibiotic prescription controls reduce ADR
rates in  developed  nations. = However,
underreporting of ADRs, inadequate patient
monitoring, and over-the-counter antibiotic sales
increase frequency in underdeveloped nations like
India. Thus, institutional data from this
investigation can aid national pharmacovigilance
and local intervention formulation.

Limitations of the Study: Despite its value, this
study has limitations. The 100-patient study may
not apply to larger groups. A larger multicentric
study could better represent antibiotic ADR trends.
Because it is a single-center study centred on the
Integral Institute of Medical Sciences and
Research's prescribing practices and patient group,
the results may not apply to other healthcare
institutions. Eight months may not be enough to
detect rare or delayed-onset ADRs after long-term
antibiotic therapy. Since ADR detection relied on
clinical observation and patient self-reporting,
reporting bias was possible.

Conclusion

This study describes the frequency, features, trends,
and comparative profiles of ADRs to antibiotics
provided to the Integral Institute of Medical
Sciences and Research. Penicillins caused the most
ADRs, followed by fluoroquinolones,
cephalosporins, and macrolides. Minor to moderate
gastrointestinal and cutaneous ADRs dominated
hepatotoxicity were rare but affected patient care.
Nearly half of avoidable adverse medication
responses were caused by antibiotic
overprescribing and lax patient monitoring.
Pharmacovigilance and healthcare professional
education are needed to detect and treat ADRs
early, according to the study. Antibiotic
stewardship initiatives and good communication
between doctors, pharmacists, and patients can
reduce antibiotic-related adverse events and
improve hospital care.

Recommendations

Regular monitoring and quick reporting of potential
medication responses can improve hospital
pharmacovigilance systems and reduce antibiotic-
related ADRs. Healthcare providers must be taught
to report ADRs using standard forms and digital
platforms. Patient education programmes must
emphasise the importance of reporting symptoms
early and antibiotic adverse effects. Responsible
antibiotic usage requires institutional antibiotic
stewardship protocols and ongoing medical
education. Future studies should use larger,
multicenter samples with longer follow-ups to
inform national pharmacovigilance strategies and
improve institutional and community antibiotic
safety.
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