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Abstract

Background: Accurate intradermal administration of the Bacillus Calmette-Guérin (BCG) vaccine is essential to
ensure adequate protection against tuberculosis (TB) in neonates. Incorrect technique can compromise
immunization efficacy and increase the risk of local adverse reactions.

Objective: To assess baseline adherence to the recommended BCG vaccination technique among healthcare
personnel and to evaluate the impact of a structured training program on improving technique accuracy
Methods: A prospective interventional clinical audit was conducted in the Department of Paediatrics at Dr. N. D.
Desai Faculty of Medical Science and Research, Nadiad, Gujarat, India. The audit comprised pre- and post-training
phases. In the baseline phase, 18 neonates receiving the BCG vaccine were observed for correct injection site, dose,
needle use, and visible wheal formation. This was followed by a hands-on training workshop for nursing staff and
postgraduate medical trainees. Post-training observations were conducted over two weeks in 70 neonates.
Statistical analysis included descriptive statistics and chi-square testing.

Results: Prior to the training intervention, only 27.7% (5/18) of the observed vaccinations met all criteria for
correct technique, specifically visible intradermal wheal formation. Following the training program, adherence
improved significantly to 87% (61/70) (p < 0.001). Correctinjection site and dosage compliance remained at 100%
throughout both phases.

Conclusion: A focused, one-day training session significantly enhanced adherence to proper intradermal BCG
vaccination technique among healthcare workers. Implementation of periodic refresher training and structured
audit cycles is recommended to sustain high standards in immunization practices.

Keywords: BCG vaccination, clinical audit, intradermal injection, neonatal immunization, tuberculosis prevention,
healthcare quality improvement.
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1. Introduction

Tuberculosis (TB) continues to be a leading cause of
morbidity and mortality, particularly in low- and
middle-income countries. In India, childhood TB
remains a public health priority, and the Bacillus
Calmette-Guérin (BCG) vaccine remains the only
available immunization against TB in young children,
known for reducing the risk of life-threatening forms
such as TB meningitis and miliary TB [1,3].

The vaccine is derived from an attenuated strain of
Mycobacterium bovis and is a critical element of the
Universal Immunization Programme (UIP) in India.

The efficacy of BCG is highly dependent not only on
timely administration at birth but also on the
precision of the intradermal injection technique.
Improper technique, especially subcutaneous
administration, can lead to poor immunological
response as well as adverse outcomes like abscess,
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standards and identifying avenues for improvement
[4]- This clinical audit was designed to assess the
current adherence of healthcare workers to the
correct BCG vaccination technique and to evaluate
the effectiveness of a structured training program in
closing any identified gaps.

2. Objectives

1. To assess baseline adherence to correct BCG
vaccination technique among healthcare workers.

2. To conduct a structured, hands-on training
program on proper intradermal technique.

3. To evaluate post-training improvement in
adherence to the correct technique.

3. Methodology

3.1 Study Design and Setting

This interventional clinical audit was conducted in
the neonatal units of the Department of Paediatrics
at Dr. N. D. Desai Faculty of Medical Science and
Research, Dharmsinh Desai University, Nadiad,
Gujarat, India, between August and October 2025.

3.2 Participants

All neonates receiving BCG vaccination as part of
routine care in postnatal wards were included in the
observational stages of the audit.

3.3 Audit Criteria and Standards

The audit used the following standards based on
WHO recommendations and India’s national
immunization guidelines [10,11]

|Audit Criteria

| |Standard

||Acceptable Compliance |

|Visible wheal formation (= 5 mm)

||Correct indicator of intradermal injection ||2 90% |

|Injection site: left upper arm ||Correct anatomical site ||100% |
|Dose: 0.05 mL (< 1 month), 0.1 mL (>1 month) ||Correct volume “100% |
|Needle: 26G, bevel up, angle 5-15° ||Appropriate equipment and technique ||100% |

3.4 Pre-Training Phase

Abaseline audit was conducted by directly observing
18 neonates during BCG administration. Parameters
assessed included visible wheal formation, injection
site, needle gauge, and dosage.

3.5 Intervention

A one-day practical workshop was held for 12
nursing staff members and 8 postgraduate medical
trainees, consisting of:

e Audiovisual presentation on
injection technique.

e Demonstration of BCG
mannequins.

e Supervised hands-on training with real-time
feedback from pediatric faculty.

intradermal

vaccination on

3.6 Post-Training Phase

Two weeks post-training, 70 neonates receiving the
BCG vaccine were observed using the same audit
criteria.

3.7 Data Analysis

All data were compiled in Microsoft Excel and
analyzed using descriptive and inferential statistics.
Chi-square tests were employed to analyze
differences in pre- and post-intervention results. A p-
value < 0.05 was considered statistically significant.

4. Results

In the pre-training phase, visible wheal formation
was observed only in 27.7% (5 out of 18) of
neonates, indicating suboptimal technique. In
contrast, post-training observations revealed a
significant improvement, with 87% (61 out of 70)
achieving proper wheal formation (p = 0.0001). The
correct injection site and dosing standards were met
in 100% of cases in both phases.

Table 1. Comparison of Pre- and Post-Training BCG Technique Adherence

|Parameter

||Pre-Training (n=18)

||Post-Training (n=70) | p-value

|Visible wheal formation ||5 (27.7%)

|Correct injection site ||18 (100%)

170 (100%) -

|Correct dose ||18 (100%)

|
61 (87%) |<0.001 |
|
|

[70 (100%) E

5. Discussion

This clinical audit revealed a considerable deficiency
in baseline adherence to correct BCG vaccination
technique, a finding consistent with studies
conducted in both Indian and global settings [5,8].
BCG, though routinely administered, requires a
precise intradermal technique that many healthcare

workers may not regularly practice or receive
feedback on, especially in busy public facilities.

The dramatic improvement in technique adherence
from 27.7% to 87% post-intervention highlights the
efficacy of targeted training. Similar outcomes were
demonstrated in a study by Swarup et al. [5], who
reported improvement in  correct  BCG
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administration rates after workshop-based training.
This evidence reinforces the value of integrating
hands-on sessions into regular immunization skill
updates.

Incorrect administration of the BCG vaccine,
particularly into subcutaneous tissues instead of
intradermal layers, has been associated with lower
immunogenicity and higher complication rates [3,7].
Treatment of vaccine-induced abscesses or
lymphadenitis not only places unnecessary strain on
pediatric services but also jeopardizes caregiver
confidence in immunization [6,12].

Moreover, use of the correct vaccine dose—0.05 mL
for neonates—is critical, as overdosing can result in
local reactions, and underdosing risks inadequate
immune stimulation [11]. In our audit, dose and site
adherence were at an acceptable level even before
training, suggesting decent baseline awareness
among staff, likely due to established site-checking
routines or visible wall charts. However, despite
correct site and dose, the absence of wheal formation
indicated technique lapses such as incorrect needle
angle or depth gaps that require hands-on correction
rather than solely theoretical instruction [10].
National and WHO guidelines repeatedly emphasize
the importance of correct intradermal technique,
and several global immunization studies have
reinforced the need for periodic skill reassessment
[10,11]. This audit suggests that capability deficits
are addressable through brief, inexpensive
interventions and should be prioritized in all centers
offering immunization services.

One limitation of this audit was the relatively small
size of the pre-intervention cohort. Moreover, the
post-training evaluation was conducted over just
two weeks, and long-term retention of the skill was
not assessed. This highlights the need for follow-up
audits to determine whether effects are sustained
and for designing continued skill maintenance
programs.

Future efforts should focus on incorporating
procedure-specific modules into nursing and
postgraduate curricula, using simulation models and
competency-based checklists. Routine audit cycles—
preferably  biannually—along with statewide
continuing education for vaccinators could further
improve immunization outcomes and safeguard
vaccine confidence at the population level.

6. Conclusion

A structured practical training session significantly
improved the correct BCG vaccination technique
among healthcare workers. The findings advocate
for regular refresher training, use of visual job aids,
and institutionalization of audit cycles as effective
strategies for maintaining technique quality in
neonatal immunization practices.

7. Recommendations

e Schedule refresher training every six months for
all immunization staff.

e Incorporate intradermal vaccination skill-
building into staff orientation programs.

e Display illustrated BCG technique posters in all
immunization areas.

e Implement structured audit cycles as part of
continuous quality improvement measures.
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