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| etter from the
Editor's Desk

Dear Readers,
Impact on common man is important.

It is well known that currently most of the research work revolves around impact

factor and citation counts. But ultimately what is important is touching the common man’s
life either through improved intervention or by influencing the policy change through re-
search. Impact on common man is more important than impact factors.

We as an organisation primarily focus on implementation and the journal is mainly
a platform to share the science to common man and improve our service further.

And also the publication fees is becoming prohibitive in most of the journals and it
will be an challenge for the academicians / students from the low resource settings. We con-
tinue to keep this platform to address that specific challenge.

Our team officials are taking extra efforts in improving the quality of the articles and

making systematic changes so that time lines and turnaround time are adhered at all levels.

Dr. T.S.Selvavinayagam MD., DPH., DNB.,
Director of Public Health & Preventive Medicine
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ANALYSIS OF INVESTIGATIVE WORKUP DONE AMONG
CHILDREN HOSPITALIZED WITH FEVER WITH
SEIZURES FOLLOWING UNIVERSAL IMMUNIZATION
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ABSTRACT

INTRODUCTION : The Universal Immunization Programme (UIP) provides free vaccines against 12 preventable diseases
to children across India. Tamil Nadu has achieved high immunization coverage of 90.4%, according to the National Family
Health Survey (NFHS). Monitoring Adverse Events Following Immunization (AEFI) is critical, with Tamil Nadu reporting
7,580 AEFI cases in 2020-2021, with around 0.2% of these involving serious adverse events. Fever with seizures, affecting
2-5% of children globally, may follow immunization, though they generally carry a low risk of long-term complications.
Accurate diagnosis is crucial to prevent mismanagement. Hence, this study aims to assess investigative practices for fever
with seizures post-immunization and identify areas for improvement. To estimate the proportion of children admitted
with fever with seizures following routine immunization from January to December 2023 in Tamil Nadu and to assess the
investigative work-up of children admitted with fever and seizures following routine immunization in Tamil Nadu
METHODS : This descriptive cross-sectional study uses secondary data of all cases of fever with seizures reported as AEFI
in the SAFE-VAC portal in Tamil Nadu during 2023. The collected data were analyzed using Microsoft Excel and IBM SPSS
version 29, with results presented in tables and graphs.

RESULTS: Most cases (42.9%) occurred in children aged 1 to 1.5 years, with 54.6% being male. The observed proportion of
cases (4.97%) was lower than the expected rate of 10 AEFI cases per 100,000 doses. Haematological and metabolic screenings
were commonly performed, while infectious disease tests and advanced imaging were underutilized, suggesting a need for
more tailored diagnostic approaches.

CONCLUSION: The study provides insights into the epidemiology and investigative practices for post-immunization
fever with seizures in Tamil Nadu. Although comprehensive diagnostic approaches were observed, there is room for
standardization and improved protocol adherence.

KEYWORDS : Fever with seizures, Investigative workup, Post-vaccination seizures, Child Health

INTRODUCTION

Universal Immunization Programme (UIP) is a
comprehensive vaccination program initiated in 1978 and
expanded in 1985 to provide free vaccines against 12 vaccine-
preventable diseases to all children across the country. "* The
program aims to reduce morbidity, mortality, and long-term
disabilities from these diseases. Under UIP, the government
provides vaccination for diseases such as tuberculosis, polio,
diphtheria, pertussis, tetanus, hepatitis B, Haemophilus
influenza type b, measles, rubella, Japanese encephalitis,
and rotavirus diarrhea. Tamil Nadu has been a leader in
implementing the Universal Immunization Programme. It has
achieved a coverage rate of 90.4% for routine immunization,

according to the National Family Health Survey (NFHS-

5). Tamil Nadu has also introduced newer vaccines, such
as the rotavirus vaccine, into its immunization schedule
ahead of the national rollout.” Adverse Events Following
Immunization (AEFI) are any untoward medical occurrences
that follow immunization and do not necessarily have a causal
relationship with the usage of the vaccine.* These events can
range from minor side effects, such as fever or pain at the

injection site, to more serious adverse reactions.
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Major reactions of AEF], although rare, can include
severe allergic reactions like anaphylaxis, neurological
disorders such as Guillain-Barré syndrome and seizures,
and other serious complications requiring hospitalization.
According to the World Health Organization (WHO), serious
AEFIs occur in a small percentage of vaccine recipients and
typically involve immediate medical intervention. The rate of
serious AEFIs is generally low, with estimates indicating that
about 0.1% to 0.5% of vaccinated individuals may experience
these serious events. This statistic highlights that while minor
side effects are more common, significant adverse reactions
also occur.

Monitoring and investigating AEFI is crucial
to ensure the safety and continued public confidence in
vaccination programs. The World Health Organization
(WHO) classifies AEFI into five categories: Vaccine product-
related reaction, Vaccine quality defect-related reaction,
Immunization error-related reaction, Immunization anxiety-
related reaction, and Coincidental event. The National
AEFI Surveillance Program monitors and investigates
adverse events following immunization in India. During the
financial year from April 2020 to March 2021, 36,306 AEFI
cases were reported across India, with the majority being
minor reactions. In Tamil Nadu, the state has a robust AEFI
surveillance system, with 7,580 AEFI cases reported in 2020-
2021, mainly consisting of minor reactions and 0.2% of these
involving serious adverse events.”®

The AEFI cases are monitored and reported in the
SAFEVAC (Surveillance and Action for Events Following
Vaccination) portal that monitors and reports AEFIs in India.
The portal serves as a centralized platform for healthcare
providerstoreportanysuspectedadversereactionstovaccines.
The key features of this portal include Comprehensive data
collection, real-time monitoring, Efficient investigation, and
Public health decision-making.”* The cases reported in the
portal will then be reviewed in the Causality assessment
review meetings. The primary goal of these meetings is to
determine whether the reported AEFI is likely to be related
to the vaccine or immunization or if it is a coincidental event.
This assessment is essential for maintaining public confidence
in immunization programs and ensuring the safety and
efficacy of vaccines. By conducting thorough and impartial
causality assessments, India's AEFI surveillance system helps
to identify and address any safety concerns associated with
vaccines, ensuring that immunization programs remain safe
and effective for the entire population.’ "

Fever with seizures are convulsions that occur in

young children in association with fever, usually between the

ages of 1 month and 6 years. These seizures are often brief
and are generally not associated with long-term neurological
issues.”” They may be triggered by various factors, including
infections and immunization. Globally, fever with seizures
occurs in about 2-5% of all children, and the risk after
immunization is generally low and studies consistently
show that the benefits of vaccination far exceed these small
risks."*”” The data on fever with seizures specific to India
is less documented than in Western countries. However,
national estimates suggest the incidence aligns with global
statistics, with a very small percentage of vaccinated children
experiencing it."¢

Fever with seizures is not frequently associated with
downstream complications or severe neurologic diseases but
still, some of them might need extensive investigations to
rule out the other causes and prevent misdiagnosis.'” Fever
with seizures can resemble serious neurological conditions
like meningitis, encephalitis, or epilepsy, making diagnostic
accuracy vital to ensure timely and appropriate treatment.
Misdiagnosis or unnecessary investigations may lead to
delayed care, increased healthcare costs, and undue family
anxiety. Accurate diagnosis helps prevent missed serious
cases and avoids over-treating benign conditions, ensuring
optimal resource allocation and better clinical outcomes.
While fever with seizures is common, research specifically
focusing on those occurring post-immunization is relatively
limited. This is significant because improper evaluation
can impact individual clinical outcomes and public health
strategies. Hence, this study would help assess the current
practices of investigative workup among cases of fever with
seizures and can help identify areas for improvement and

standardization.

OBJECTIVES

1. To estimate the proportion of children admitted
with fever with seizures following routine immunization
from January to December 2023 in Tamil Nadu

2. To assess the investigative work-up of children
admitted with fever and seizures following routine

immunization in Tamil Nadu

METHODS

A Retrospective study using secondary data analysis
was conducted among cases of fever with seizures reported
as adverse events following immunization. The reported data
during the year 2023 (January - December) were obtained
from the Surveillance and Action for Events following
Vaccination portal (SAFE-VAC). The database is based




on the data collected by the Immunization section in the
Directorate of Public Health — Tamil Nadu from the medical
facilities as a part of the National AEFI passive surveillance.
The data was extracted from the case reporting form (CRF),
the case investigation form (CIF), and the hospital records
of all the cases reported as fever with seizures following
immunization during 2023 through the SAFE-VAC portal.
The study included all the hospitalized cases of seizures
with or without fever following immunization from January
2023 to December 2023. The reported cases involving
patients who left against medical advice (LAMA), and those
classified as brought dead cases were excluded from the
study. The Patient details, vaccine details, type of AEFI event,
diagnosis, and hospitalization details were documented
using a data extraction sheet and a checklist was developed
for the investigations of febrile seizures as per IAP Standard
Treatment Guidelines 2022 and Consensus Guidelines on
Evaluation and Management of the Febrile Child in India.'*"
Official permission to conduct this study was obtained from
the Director of Public Health and Preventive Medicine
(DPH&PM), Tamil Nadu. The confidentiality and anonymity
of the patient's information was maintained. The collected
data were entered into Microsoft Excel software and analyzed

using IBM SPSS software version 29.

RESULTS
In the study period spanning from January 2023
to December 2023, 119 cases of fever with seizures were

reported to the state AEFI surveillance program.

Table 1: Age-wise & Gender-wise distribution of fever
with seizure cases reported under AEFI surveillance
in Tamil Nadu (January — December 2023)

S.No Variable Frequency Percentage (%)
N=119)

1. Age-wise distribution
0 — 6 months 32 26.9
6 months - 1 year 15 12.6
1 year — 1.5 years 51 429
1.5 years — 2 years 13 10.9
>2 years 8 6.7
(up to 16 years)

2. Gender-wise distribution
Male 65 54.6
Female 54 454

Footnotes: the data in the table are represented in frequency (N) & percentage (%)

Most (42.9%) of the fever with seizure cases reported

following immunization belonged to the age group of 1 year

Tamil Nadu Journal of Public Health and Medical Research

to 1.5 years when compared to the rest of the age groups
together with a majority of males at 54.6 % and females at
45.4% (Table 1).
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Figure 1: Month-wise trend of reported fever with seizure

cases in Tamil Nadu during the year 2023

Figure 1 depicts a steady increase in the frequency
of cases from January to March and a slight increase from
August to September 2023. The observed cases of fever with
seizure following immunization were 119 out of a total of
23,936,827 vaccination doses which when compared to an
expected rate of 10 AEFI cases per 100,000 doses (equivalent
to 2,394 cases), the observed proportion of fever with seizure

cases is approximately 4.97% of the expected rate.
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Footnotes: the data in the image are represented in frequency (N) (Low: < 10

cases, Medium: 10-25 cases, High: >25 cases)

Figure 2: District-wise distribution of fever with seizure cases

reported in Tamil Nadu from January to December, 2023
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Table 2: Frequency distribution of the vaccination details
and adverse events of the reported fever with seizure
cases in Tamil Nadu, 2023

S.No Variable Frequency (n) Percentage (%)
1. Place of vaccination

Outreach 61 513

Government health facility 56 47.1

Private health facility 2 1.7
2. Source of vaccine supply

Government supply 117 98.3

Private supply 2 17
3. Duration between vaccination and the d of the first symp

<1 week 115 96.6

> 1 week 4 3.4
4. Duration between the development of symptom and hospitalization

Within 24 hours 103 86.6

<7 days 11 9.2

>7 days 5 42
5. Place of hospitalization

Government 104 874

Private 15 12.6

6. Duration of hospital stay (days)

1-3 54 454

4-6 39 3238

7-9 17 143

>10 9 7.6
7. Outcome of the patient

Recovered completely 116 975

Death 3 25

Footnotes: the data in the table are represented in frequency (N) & percentage (%)|
Figure 2 illustrates the district-wise distribution

of reported fever with seizure cases following universal
immunization in Tamil Nadu during 2023. Overall, the
distribution reflects varying intensities of reported cases
across Tamil Nadu, with Chennai showing a notably higher

number of incidents.

193%

= SIMPLE FEBRILE SEIZURE » COMPLEX FEBRILE SEIZURE
FEBRILE STATUS EPILEPTICUS = SEIZURE DISORDER
= REFRACTORY SEIZURE = ACUTE CNS INFECTION

Figure 2: Distribution of Types of Seizure Diagnoses Among
Children Hospitalized with Fever and Seizures Following
Universal Immunization in Tamil Nadu - 2023

The highest proportion of vaccinations occurred

through outreach programs (51%), followed by vaccinations
at Government Health Facilities (47%) and Private Health
Facilities (2%). Among the fever with seizure cases reported
following immunization, the majority source of vaccine
supply was the government (98.3 %). Most cases (96.6%)
developed symptoms within the first week after vaccination,
while only 3.4% exhibited symptoms more than a week later.
Regarding hospitalization, 87.4% of cases were treated at
Government Facilities, and 12.6% received care at Private
Health Facilities. Nearly 86.6% of the cases were hospitalized
within 24 hours of symptom onset. Regarding hospital stays,
most children (45.4%) were discharged within 1 to 3 days.
About 32.8% required a hospital stay of 4 to 6 days, while
14.3% needed hospitalization for 7 to 9 days. Extended
hospitalizations were less common, with 7.6% of cases
requiring stays of more than 10 days. Of the total cases, 116
children (97.5%) fully recovered, but unfortunately, 3 cases
(2.5%) resulted in death. The three deaths were categorized
under causality classification Category C, indicating that they
were due to coincidental underlying or emerging conditions,
or conditions caused by factors unrelated to the vaccine. The
specific diagnoses associated with these cases included status
epilepticus, refractory seizures, and sepsis.

Almost 14% percent of children had a prior history
of similar reaction events, while the majority, 85.7 % of
children, had no such history. Almost none of the children
had a history of allergies, while 1.7% were unaware of their
allergy status. A proportion of children had a pre-existing
illness (10.9%), had experienced an acute illness within 30
days before vaccination (5.9%), had a known family history
of disease (5.0%), were on concomitant medication at the
time of vaccination (4.2%), and had been hospitalized in the

30 days preceding vaccination (1.7%).
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Figure 3: Distribution of Investigations Performed in Simple
Febrile Seizure Cases Among Hospitalized Children Following
Universal Immunization in Tamil Nadu, 2023
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Figure 4: Distribution of Investigations Performed in Complex
Febrile Seizure Cases Among Hospitalized Children Following

Universal Immunization in Tamil Nadu, 2023

Table 3: Frequency distribution of investigations performed
in febrile status epilepticus and other diagnosis among
hospitalized children following Universal Immunization
in Tamil Nadu, 2023

S.No Investigations Febrile Status Others (m=6)
Epilepticus
(n=12)
1. CBC 12 (100) 6 (100)
2. CRP 8(66.7) 5(83.3)
3. Serum electrolytes 11 (91.7) 5(83.3)
4. Glucose 3(25) 3(50)
5. Lumbar puncture 5(41.7) 3 (50)
6. Calcium 11 (91.7) 5(83.3)
7. MRI brain 3(25) 3(50)
8. EEG 3(25) 1(16.7)
9. Malaria 0 0
10. Dengue 0 1(16.7)
11. Enteric fever 0 1(16.7)
12. Capillary blood gas 0 1(16.7)
13. Lactate 1(8.3) 4 (66.7)
14. Urinalysis 4(33.3) 2(33.3)
15. Blood culture 1(8.3) 3(50)
16. Chest X-Ray 2(16.7) 3(50)
17. Urine culture 2(16.7) 0

Footnotes: the data in the table are represented in frequency (N) & percentage (%) (Other diagnoses include

seizure disorder, Refractory seizure, and Acute CNS infection)

The majority, 65.5%, were diagnosed with simple
febrile seizures. Complex febrile seizures accounted for
19.3% of cases, while febrile status epilepticus was observed
in 10.1%. Seizure disorder was noted in 3.4% of the children.
Both refractory seizures and acute CNS infections were rare,
each contributing to 0.8% of cases.

Figures 3 and 4 represent the distribution of
investigations performed in cases of simple and complex
febrile seizures among hospitalized children following
universal immunization. The frequency distribution of
investigations performed in febrile status epilepticus and
other diagnoses are represented in Table 3 which shows
the most performed investigations and the least performed

investigations.

Tamil Nadu Journal of Public Health and Medical Research

Table 4: Range of investigations performed in fever with seizure

cases according to their diagnoses in Tamil Nadu, 2023

S.No Diagnosis No. of Frequency Percentage
investigations o) (%)

1. Simple febrile seizures 0-5 11 478
=78) 6-10 12 522

Total 23 100

2. Complex Febrile Seizures 0-5 11 47.8
(n=23) 6-10 12 522

Total 23 100

3. Febrile Status Epilepticus 0-5 7 58.3
(n=12) 6-10 5 417

Total 12 100

4. Others 0-5 1 16.7
(=6) 6-10 4 66.7

>10 1 16.7

Total 6 100

Footnotes: the data in the table are represented in frequency (N) & percentage (%)
(Other diagnoses include seizure disorder, Refractory seizure, and Acute CNS infection)

Table 4 depicts, that in simple febrile seizures, 92.3
% of the cases had undergone up to 5 investigations and the
remaining 7.7% of the cases had about 6 - 10 investigations
performed to find out the focus of fever. Whereas in the case
of complex febrile seizures and febrile status epilepticus the
percentage of investigations was almost equally split between
both ranges. The category with the remaining diagnosis had
the majority of cases undergo about 6 - 10 investigations.

The most performed investigations in Simple
febrile seizures were complete blood count (97.4%),
serum calcium (59%), and C-reactive protein (57.7%).
However, investigations for malaria, dengue, enteric fever,
and capillary blood gas were among the less frequently
performed investigations. For complex febrile seizures, CBC
was performed in 91.3% of cases, while CRP and serum
electrolytes were each assessed in 78.3%. Lumbar punctures
and glucose tests were conducted in 39.1% of cases. In febrile
status epilepticus, CBC was done in all cases (100%), with
serum electrolytes and calcium also evaluated in 91.7%.
Other investigations included lumbar punctures in 41.7%. In
cases such as refractory seizures and acute CNS infections,
CBC was conducted in all patients, with serum electrolytes
and calcium assessed in 83.3%. These findings reflect the
tailored clinical approach to investigations based on the

specific seizure type following vaccination.

DISCUSSION

The Assessment of investigative work up in children
hospitalized with fever and seizures following immunization
in Tamil Nadu reveals several significant findings, which
align with and add to the existing literature on adverse
events following immunization. Of the 119 cases, 54.6% were
male, while 45.4% were female. This male predominance
is consistent with other studies on febrile seizures post-

immunization, such as the work by Hall et al., which found

Vol 4 | Issue 4 | October - December | 2024
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a higher incidence of febrile seizures in males following
measles, mumps, and rubella (MMR) vaccination.”’
Macartney et al conducted a study that found that febrile
seizures occur in approximately 4-5 cases per 100,000 doses
of the MMR vaccine, which aligns closely with the observed
rates in this study.”’ However, a European study by Schink
et al in 2014 has reported higher rates, particularly with the
MMRY vaccine, where febrile seizures can occur in up to 9
per 100,000 doses, suggesting regional and vaccine-specific
variability. The observed month-wise trend in this study is
consistent with findings from a study conducted by Schink et
al with peaks aligning with the circulation of seasonal viruses
like influenza, which may exacerbate post-vaccination febrile
responses.”

The majority of the vaccines (98.3%) were
administered through government sources, sources
reflecting the dominant role of public healthcare in delivering
immunization services in Tamil Nadu. The strong reliance on
public healthcare is indicative of a well-organized Universal
Immunization Programme (UIP), which has been effective
in increasing vaccination coverage. Similar studies in Andhra
Pradesh and Madhya Pradesh reported 95% and 96.7%
reliance on public healthcare, respectively, highlighting a
national trend.”** The majority of cases (96.6%) experienced
symptom onset within a week of vaccination, a typical
timeframe for post-vaccine reactions, aligning with Kulkarni
et al. (2018), who found that over 90% of AEFI cases occurred
within the first week.”” In contrast, Macartney et al. (2016)
noted a slightly broader window of up to 14 days, possibly
due to differences in immune response or underlying health
conditions among populations. A significant portion of
children were admitted to government hospitals (87.4%),
with most hospitalized within 24 hours of symptom onset.
The median hospital stay was 1-5 days for 71.4% of cases,
resulting in a high recovery rate of 97.5%. This favorable
outcome can be attributed to timely medical interventions
and the effective management of febrile seizures, similar to
findings by Verbeek et al.”

Bansal et al. (2020) found that 85% of children
recovered within three days, contrasting with our findings,
particularly for those hospitalized for 6-10 days.” The
differencesin recovery times may be influenced by factors such
as the severity of the seizures and associated complications,
which could vary based on healthcare access and available
treatments. However, Roy et al. (2021) in West Bengal noted
that 70% of children were discharged within five days, closely
aligning with our results, reinforcing the notion that effective

management can lead to quick recoveries.”® Variations

in hospitalization duration may stem from the severity
of febrile seizures and differences in regional healthcare
systems' ability to deliver rapid diagnostic and therapeutic
interventions. Additionally, clinical guidelines for managing
post-vaccination febrile seizures may differ by region,
contributing to these discrepancies in treatment outcomes.
Yavuz et al. (2020) reported that among 300 children with
febrile seizures, 60% had simple febrile seizures, 25% had
complex febrile seizures, and 5% had febrile status epilepticus,
suggesting a similar distribution pattern as compared to our
findings.”

Our findings show a high prevalence of complete
blood count investigations, which aligns with common
clinical guidelines advocating for initial screening in febrile
children to rule out hematological causes of fever. This high
percentage suggests that physicians prioritize identifying
potential infections or hematologic conditions that could
contribute to febrile episodes. Calcium levels were assessed
in 59% of the children. This aligns with previous literature
emphasizing the need to evaluate electrolyte imbalances,
especially in cases where the clinical picture suggests potential
metabolic derangements. In summary, the investigative
practices for simple febrile seizures in this study highlight
a significant reliance on hematological and metabolic
screening, while underutilizing tests for infectious diseases
like malaria and dengue. This suggests a need for more
comprehensive protocols to ensure appropriate investigations
in cases of febrile seizures, particularly in populations at risk
for these infections.

Among children with complex febrile seizures, high
rates of complete blood counts (91.3%), C-reactive protein
(78.3%),and serum electrolytes (78.3%) were noted, indicating
a focus on identifying infections and metabolic disturbances;
however, lower rates of advanced imaging (MRI at 21.7%,
EEG at 21.7%) suggest these are reserved for atypical cases,
aligning with American Academy of Pediatrics guidelines.”’ In
cases of febrile status epilepticus, a more aggressive diagnostic
approach was taken, with 100% undergoing CBC and 91.7%
serum electrolytes; lumbar punctures were performed in
41.7% of cases, reflecting concerns for central nervous
system infections. Conversely, the low rates of malaria and
dengue investigations raise concerns in endemic areas. The
other diagnoses such as refractory seizures and acute CNS
infections showed similarly high CBC utilization (100%),
but lower lumbar puncture (50%) and MRI (50%) rates
suggest selective diagnostic strategies. overall, the emphasis
on basic metabolic and infectious evaluations underscores

their significance in pediatric seizure management, while the




lower utilization of advanced imaging in specific populations
highlights the need for tailored diagnostic approaches.

The regional distribution of cases showed that a
substantial portion was from Chennai (26.05%), with fewer
cases from other districts. This is consistent with patterns
of healthcare access and reporting, where urban areas tend
to have better surveillance and healthcare infrastructure,

leading to more reported cases.’’

LIMITATIONS

This study, while robust in its scope, has limitations
in terms of its retrospective design and reliance on secondary
data. There may be underreporting of milder cases or
incomplete documentation of investigations. Future studies
could benefit from a prospective design and could aim
to include a more detailed breakdown of vaccine types
associated with febrile seizures. The study was conducted
in a specific region, which may limit the applicability of the
findings to other areas with different healthcare systems, or

demographic characteristics.

CONCLUSION

This study offers valuable insights into the
epidemiology of febrile seizures following immunization
in Tamil Nadu. The management of fever with seizures in
children following universal immunization necessitates a
comprehensive diagnostic approach, as evidenced by the
investigation patterns observed in this study in Tamil Nadu.
The investigative approach was largely appropriate, although
there is room for standardization and adherence to guidelines
in specific investigations. These findings reinforce the safety

of vaccines, with a high recovery rate.
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INTRODUCTION : Accurate and complete medical certification of cause of death certificates (MCCD) are crucial for
the medico-legal handling of individual cases of death. Currently the quality of cause of death certification in forms has
been poor. Object of this intervention was to assess the knowledge and enhance the professional skills of the trainees for
certifying causes of death.

METHODS : We conducted a quasi-experimental intervention study among doctors in a two days training in two districts
in Tamil Nadu 2024 with a before and after design without a control group conducted. Form 4A which is used by registered
medical practitioners for certifying non- institutional deaths was filled by doctors before and after cause of death training
which was audited using the Bloomberg Medical Certification of Cause of Death MCCD assessment tool was entered in
Excel and analyzed using Statistical Package for the Social Sciences(SPSS). All variables were compared using proportions,
differences and Mc Nemar’s & Fischers exact test for ToT and DLT for completeness, correctness, and minor & major errors.
RESULTS : Overall completeness in filling form 4A increased by 30% in Training of Trainers(ToT) and 19% in District Level
Training (DLT). The most notable improvements were in the capture of cause of death (96% in ToT, 98% in DLT) and time
intervals (96% in ToT). Legibility errors decreased by over 20% in both systems (ToT: 45%, DLT: 44%). The most significant
reduction was in the error of “incorrect or clinically improbable chain of events,” which decreased from 57% to 19% in ToT
and from 65% to 12% in DLT. When comparing major and minor errors, records with major errors decreased from 57% to
19% in ToT and from 65% to 12% in DLT. Minor errors decreased from 84% to 51% in ToT and from 99% to 58% in DLT.
Overall, records with any type of error reduced significantly in both groups (ToT: from 98% to 55%, DLT: from 100% to
58%).

CONCLUSION : The intervention resulted in significant improvements in both the completeness of death certification
records and the reduction of errors. These findings highlight the importance of training and its methodology for certifiers
in ensuring high-quality and accurate cause-of-death certificates.

KEYWORDS : Medical Certification of Cause of Death, Quasi-experimental study

INTRODUCTION

Mortality statistics are a fundamental component of
civil registration and vital statistics (CRVS) and are crucial
for public health and policy-making for several reasons such
as public health surveillance, resource allocation, policy
development, identifying disparities, and epidemiological
research.! Medical Certification of cause of death (MCCD)
is one of the reliable sources for mortality statistics. The
gold standard for cause-of-death reporting is for a medical
practitioner to certify the cause using the rules and procedures
outlined in the International Classification of Diseases, now
in its eleventh revision (ICD-11) but ICD-10 is currently
used in India.” In India as per the Registration of Birth and
Death Act, Section 10(3) states that under sub-section (2) a
certificate as to the cause of death shall be obtained, in the
event of the death of any person who, during hislast illness was
attended by a medical practitioner, the medical practitioner

shall, after the death of that person, forthwith issue without

charging any fee, to the person required under this Act to
give information concerning the death, a certificate in the
prescribed form stating to the best of his knowledge and
belief the cause of death; and the certificate shall be received
and delivered by such person to the Registrar as the time of
giving information concerning the death as required by this
Act." Accurate and complete death certificates are crucial for
the medico-legal handling of individual cases of death.” There
are two MCCD forms collected in India. Form 4 is used to
collect cause of death for institutional deaths and Form 4A is

used for non-institutional deaths.!
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The main sections of the form 4A are:

o Part I: This section is for immediate, intermediate, and
underlying conditions directly leading to death, known as the
primary cause of death.

o Part II: This section records other significant conditions
contributing to death but not directly related to the primary
cause of death listed in Part I.

o Other Sections: These include the patient's demographic
details, the degree of certainty with which the certifier
completes the MCCD, the timing of events, the manner of
death, and the personal details of the certifier.

Part I captures the sequence of conditions directly
causing death. It begins with the immediate cause of death
(the final/terminal disease or condition directly resulting in
death) on line (i), which is due to (results from) the antecedent
(intermediate) condition recorded on line (ii), which in turn
results from the underlying cause of death (the disease or
condition that initiated all events resulting in death) on line
(iii). The condition listed on the lowest line of Part I (iii) is
the underlying cause of death. This is considered the initial
domino that triggered all subsequent events leading to death
and is used for statistical mortality analysis by ICD-10. In
Part II, other significant conditions contributing to death but
not directly related to the underlying cause are recorded.’

Despite its inclusion in medical school undergraduate
curricula, the training for documenting death certification is
not provided and holds little practical significance at the early
stage of medical education.”® Although completing death
certificates is a routine and well-standardized task for most
physicians, a critical review reveals that these documents
frequently contain numerous errors.”*

Research from other regions has revealed that the
clinical information recorded on death certificates often
fails to construct a logical cause of death. Furthermore, up
to 10% of these certificates are completed poorly, and only
55% meet the minimum required standards.” Hence, to assess
the knowledge and enhance the professional skills in our
setting, we conducted a study among the doctors of Karur
and Krishnagiri districts by training for certifying causes of
death during June 2024.

METHODS

We carried out a quasi-experimental intervention
study with a before and after design without a control group.
The intervention consisted of two training courses conducted
for master trainers — Training of Trainers followed by district-
level training for primary healthcare doctors employed in

the Department of Public Health and Preventive Medicine

(DPH&PM) at Karur and Krishnagiri districts in June 2024.
A total of 60 trainees participated in the training of trainers.
The participants for the Trainer of Trainers (ToT) were
block-level primary health care doctors from the DPH&PM
from Karur and Krishnagiri districts, Medical Colleges,
Indian Council of Medical Research - National Institute of
Epidemiology (ICMR-NIE), WHO, and training institutes
(Institute of Public Health, Health & Family Welfare Training
Centre, Health Manpower Development Institute). The
doctors from the training of trainers have served as master
trainers and conducted the district-level training (DLT) at
Krishnagiri and Karur for the doctors of each primary health
center from the same district. 102 trainees participated in
district-level training who were from each primary health

centre from Karur and Krishnagiri districts.

Training methodology: The training was structured in such
a way that a pre-test was given along with form 4A with a
case scenario and the doctors were asked to fill the form.
The training was tailor-made specifically for the doctors
emphasizing the importance of MCCD and how to use it
based on the previous experiences in the field and training
done under the District CRS Approach program. The
scenario for form 4A was taken from the Physician Manual
on Medical Certification of Cause of Death provided by the
Office of Registrar General of India. The trainees were trained
on Medical Certification of cause of death for 2 days through
PowerPoints (4 hours), group work(4 hours) and hands-on
training (2 hours) elaborating the contents of MCCD and
the pitfalls while writing MCCD, discussion of case studies
with different scenarios, and how to write the cause of death
in the prescribed MCCD form in English language and were
provided with training manuals for future reference. The
doctors after the training will be provided with a cause of
death form in their PHC from the history collected by their
concerned Health Inspectors from the field. The doctors
were requested to fill out a post-test along with form 4A
with the same case scenario at the end of the training. The
Form 4A from the pre and post-test of Training of trainers
and district-level training were collected as hard copies by the
State Nosologist from the State Bureau of Health Intelligence
(SBHI) section of the Directorate of Public Health and
Preventive Medicine. Each form 4a was assessed using the
Bloomberg MCCD assessment tool manually. It was noted
in ToT out of 60 participants pre-test was received from
51 participants only and post test was received from 47
participants only. All 102 participants from District Level
training provided the pre-test and post-test.




The form 4A after assessment using the tool mentioned
above was entered in MS Excel and analysed using SPSS. The
variables such as gender, age, cause of death, time intervals,
and practitioner details were compared with pre-test and
post-test using proportions for completeness and correctness.
The errors in form 4 A were categorized as major and minor
errors.

The major errors (Mechanism of death listed without
an underlying cause & Improper sequencing) and minor
errors (Abbreviations, Absence of time intervals, Absence
of Age, address, date & time of deceased) were compared.
The differences of percentages between pre-test and post-
test were compared for both ToT and DLT. The pre-test and
post-test of ToT were compared using Mc Nemar’s test and
Fischer’s exact test.

Our study got approved by Institutional Ethics
Committee of Tamil Nadu Public Health department; we
maintained privacy and confidentiality in such a way that no
personal data was used or revealed during analysis or report

preparation & presentation.

RESULTS

The intervention was carried out among 162
participants (ToT-60(37%), DLT-102(63%)). A total of
302 records of which 98(32%) ToT records (51 pre- test,
47 post-test and 22 records not received) and 204 (68%)
(Krishnagiri:130(64%), Karur:74(36%)) DLT records were
audited.

The completeness of the variables (age, gender, date,
time and address of deceased, name, date and signature of
certifier, cause of death, part 2, time intervals availability)
were assessed for all these records. Six errors (multiple causes,
abbreviations, illegibility, Incorrect or clinically improbably
chain of events, impossible underlying cause, certifier name
not legible) from form 4A was assessed.

It was noted that completeness for all the variables
in ToT had increased in the post-test when compared with
the pre-test. The certifier's name was least captured (57%) in
the post-test among all the variables in ToT. The cause of
death and time interval variable was captured higher (96%)
in the post-test in ToT. Overall completeness was improved
by 30% in ToT and statistically significant. It was noted that
one error “impossible underlying cause entered in the lowest
used line of part 17 was nil among the available records
captured. Legibility was the most noted error in pre-test of
ToT(71%) which improved by more than 26% in ToT(45%) .
The error “incorrect or clinically improbably chain of events

leading to death in part 1” was improved the highest among
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all errors in ToT (pre-test-57%, post-test-19%).

Overall errors among certification have improved by
38% in post-test by 26%(ToT). It was noted that the records
with at least one major error reduced in ToT (pre-test-57%,
post-test-19%) and records with at least one minor error also
reduced in ToT (pre-test-84%, post-test-51%). The records
when taken with any one of the major or minor errors was
noted that error reduced by 43% in ToT (pre-test-98%, post-
test-55%) and statistically significant (Table 1).

Table 1: Completeness of variables & errors in the form

4A captured during pre-test and post-test of the ToT

ToT
%
Variable Pre-test Post-test p-value
Diff
(n=51) (n=47)

Completeness of variables in the form 4A
Age of deceased recorded n(%) 40(78%) 39(83%) 5 <0.001
Gender of deceased recorded n(%) 38(75%) 36(77%) 2 0.002
Date of Death of deceased recorded n(%) 44(86%)  42(89%) 3 <0.001
Time of Death of deceased recorded n(%) 44(86%)  44(94%) 8 03218
Address of Death of deceased recorded n(%) 36(71%)  40(85%) 14 0.001
Date of certification recorded n(%) 24(47%)  30(64%) 17 0.791
Name of Certifier recorded n(%) 16(31%) 27(57%) 26 0374
Signature of Certifier recorded n(%) 27(53%) 33(70%) 17 0.289
Cause of death recorded in form n(%) 48(94%)  45(96%) 2 1
Part 2 recorded in form n(%) 28(55%)  40(85%) 30 0.044

The time interval of any illness recorded in any
of line n(%)

The time interval of any illness recorded in all
line n(%)

Overall certification without missing any

33(65%)  45096%) 31 0.0001

9(18%)  3983%) 65  0.824

2(4%)  16(34%) 30 0.0001
variables

2.Errors noted in the form 4A

Multiple causes recorded in any line in Part 1
18(35%) 9(19%) 16  <0.001

n(%)
Abbreviation used in entries in any of the lines
27(53%) 15(32%) 21 0.2
n(%)
Illegible Handwriting recorded in form n(%) 24(47%) 15(32%) 15 0.09

Incorrect or clinically improbably chain of
i . 29(57%) 9(19%) 38 0.031
events leading to death in part 1 n(%)

Impossible underlying cause entered in the

X 0(0%) 0(0%) 0 <0.001
lowest used line of part 1 n(%)
Certifier name, not legible n(%) 36(71%)  21(45%) 26 0.405
Opverall certification with any one of the above-

50(98%)  34(72%) 26 0.0001

mentioned errors n(%)
3. Major & Minor Errors noted in the form 4A
At least one Major errors n(%)* 29(57%) 9(19%) 38 0.031
At least one Minor errors n(%)** 43(84%)  24(51%) 33 0.008
Overall certification with any one of the

. ] § 50(98%)  26(55%) 43 0.0001
above-mentioned errors (Major or Minor)

* Major errors - Mechanism of death listed without an underlying cause & Improper sequencing

** Minor errors — Abbreviations, Absence of time intervals, Absence of Age, address, date & time

It was noted that completeness for all the variables in
DLT increased in the post-test when compared with the pre-
test. The time interval in all lines was the least captured (57%)
in the post-test in DLT, and it was one of the highest variables
that was improved in the post-test by 51%. The cause of death
variable was captured higher (98%) in DLT.
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Opverall, completeness was improved by 19% in DLT,
and this improvement was statistically significant. It was
noted that one error “impossible underlying cause entered in
the lowest used line of part 1” was nil among the available
records captured. Legibility was the most noted error in the
pre-test of DLT(74%) which improved by 30% in DLT(44%).

Table 2: Completeness of variables & errors in the form
4A captured during pre-test and post-test of the DLT

DLT
- @@ % p-

Variable Pre-test Post-test
Diff  value

(N=102) (n=102)

Completeness of variables in the form 4A

Age of deceased recorded n(%) 75(74%)  87(85%) 11 0.05
Gender of deceased recorded n(%) 70(69%)  88(86%) 17 0.001
Date of Death of deceased recorded n(%) 81(79%)  97(95%) 16  0.000
Time of Death of deceased recorded n(%) 80(78%)  91(89%) 11 0.03
Address of Death of deceased recorded n(%) 86(84%)  92(90%) 6 0.2
Date of certification recorded n(%) 46(45%)  75(74%) 29 0.000
Name of Certifier recorded n(%) 25(125%)  63(62%) 37 0.000
Signature of Certifier recorded n(%) 58(57%)  81(79%) 22 0.000
Cause of death recorded in form n(%) 92(90%) 100(98%) 8 0.02
Part 2 recorded in form n(%) 39(38%)  83(81%) 43 0.000

The time interval of any illness recorded in
. 38(37%)  95(93%) 56 0.000
any of line n(%)
The time interval of any illness recorded in
all line n(%)

Overall certification without missing any

6(6%) S58(57%) 51 0.000

2(2%)  32(31%) 29 0.000
variables

2.Errors noted in the form 4A

Multiple causes recorded in any line in Part

1 n(%)

Abbreviation used in entries in any of the

lines n(%)

Illegible Handwriting recorded in form n(%) 48(47%)  36(35%) 12 0.08

Incorrect or clinically improbably chain of

48(47%)  37(36%) 1 o1

63(62%)  52(51%) 11 006

. . 66(65%)  12(12%) 54 0.000
events leading to death in part 1 n(%)

Impossible underlying cause entered in the
. 0(0%) 0(0%) 0 0.000

lowest used line of part 1 n(%)
Certifier name, not legible n(%) 75(74%)  45(44%) 30 0.000
Overall certification with any one of the

. 101(99%)  86(84%) 15 0.000
above-mentioned errors n(%)
3. Major & Minor Errors noted in the form 4A
At least one Major errors n(%)* 66(65%)  12(12%) 53 0.000
At least one Minor errors n(%)** 101(99%)  59(58%) 41 0.000
Overall certification with any one of the

. . . 102(100%)  59(58%) 42 0.000
above-mentioned errors (Major or Minor)

* Major errors - Mechanism of death listed without an underlying cause & Improper
sequencing, ** Minor errors — Abbreviations, Absence of time intervals, Absence of Age,
address, date & time of deceased.

The error “incorrect or clinically improbably chain
of events leading to death in part 17 was improved by 54%,
the highest among all errors in DLT (pre-test-65%, post-
test-12%). Overall errors among certification have improved
in post-test by 15%(DLT).

It was noted that the records with at least one major

error reduced in DLT (pre-test-65%, post-test-12%), and
records with at least one minor error also reduced in DLT
(pre-test-99%, post-test-58%).

The records when taken with any one of the major
or minor errors was noted that error reduced in DLT (pre-
test-100%, post-test-58%)

DISCUSSION

This study aimed to assess the completeness and
accuracy of death certification records through a training
intervention. A total of 162 participants were included, and
302 death certification records were audited before and
after the intervention. The results indicated a significant
improvement in both the completeness of recorded variables
and the reduction of errors in death certification. Effective
utilization of electronic media, coupled with self-study
resources and reinforced through interactive learning and
audit/feedback mechanisms, is essential for achieving broad
coverage and fostering significant improvements in the
accuracy and reliability of cause-specific mortality data(10).
The intervention in the form of interactive workshops, and
seminars has proved to be a successful way to improve the
cause of death certification process(11)(12)(13)(14) and the
same has been noted in our study.

The completeness of key variables such as age, gender,
date, time, and address of the deceased, as well as information
about the certifier and cause of death, showed significant
improvement following the intervention. In the ToT records,
overall completeness increased by 30%, while the DLT
records showed a 19% improvement. This suggests that the
intervention was effective in enhancing the documentation
of critical information, ensuring more accurate and reliable
death certificates. This will in turn improve the quality of
cause of death reporting which will help the district and state
to have better mortality indicators. In both ToT and DLT, the
most notable improvements were observed in the capture
of the cause of death and time interval variables, with
both variables achieving a high capture rate of 96% or more
in post-test records. This is a positive finding, as accurate
recording of these variables is crucial for public health data,
mortality statistics, and epidemiological research. However,
certain areas showed relatively lower rates of improvement.
The certifier's name was the least captured variable in the
ToT (57%) post-test, and the time interval was the least
captured in the DLT (57%) post-test. These persistent gaps
highlight areas that might require additional focus in future
interventions, such as encouraging certifiers to include all

required details systematically.




The intervention demonstrated a significant
reduction in errors across both ToT and DLT groups.
Legibility was one of the most common errors in the pre-
test, affecting 71% of ToT records and 75% of DLT records.
Following the intervention, the incidence of illegibility
decreased dramatically, with improvements of over 20% in
both groups (45% in ToT, and 44% in DLT). This suggests that
improving legibility through training and standardization
may be an effective strategy for ensuring the accuracy of
death certification. Of particular note, the error concerning
the “incorrect or clinically improbable chain of events” was
significantly reduced. In the ToT group, this error decreased
from 57% in the pre-test to just 19% in the post-test, and in
the DLT group, it decreased from 65% to 12%. A study done
during 2009 comparing various interventions undergone
to improve quality of MCCD has reported that seminars
and interactive workshops helps in decreasing the error
proportions in writing cause of death (10). This improvement
suggests that the intervention successfully addressed a critical
issue in death certification, ensuring that the chain of events
leading to death is both plausible and properly documented.

The analysis of major and minor errors revealed that
both types of errors decreased substantially following the
intervention. Major errors, such as listing the mechanism of
death without an underlying cause or improper sequencing of
events, were reduced in both ToT (from 57% pre-test to 19%
post-test) and DLT (from 65% pre-test to 12% post-test). This
is a noteworthy improvement, as such errors can significantly
affect the quality and utility of death data. Similarly, the
occurrence of minor errors, such as missing time intervals,
age, address, or the certifier's name, also showed a marked
reduction. In ToT records, the rate of minor errors decreased
from 84% to 51%, and in DLT records, it decreased from
99% to 58%. These reductions suggest that the intervention
helped certifiers pay closer attention to the details of the

death certification process.

LIMITATIONS

The pre-post assessment of the participants
immediately after the intensive focused training only
captures short-term changes in the knowledge or skills of
the participants. It does not assess the long-term retention
of knowledge, cognitive changes, or sustained improvement
in clinical decision-making. In this intervention, participants
evaluated their learning which can lead to self-report bias,
where individuals could have overestimated their cognitive
or improvement in clinical decision-making due to the nature

of the training or desire to appear competent.
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CONCLUSION

The intervention resulted in  significant
improvements in both the completeness of death certification
records and the reduction of errors. These findings
highlight the importance of training and its methodology
for death certifiers in ensuring high-quality and accurate
documentation of cause-of-death certificates. By addressing
the gaps in documentation and reducing errors, such type of
interventions can enhance the reliability of mortality data,
which is essential for health policy planning, epidemiological
studies, and public health strategies. It is recommended to
extend the evaluation period beyond pre- and post-training
to assess long-term retention and sustained impact. Follow
up with participants several months after training to evaluate
how well they’ve applied the learned decision-making skills

in real-world settings.
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ABSTRACT

INTRODUCTION : Considering the lack of participatory awareness interventions to enhance TB literacy, we co-created
and implemented a TB puzzle game for adolescents and assessed its impact on TB knowledge. We aimed to co-create and
implement a TB puzzle game-based intervention study in the private schools of Chennai, an Indian megacity, to impart TB
literacy to adolescents and evaluate its outcomes in terms of TB literacy.

METHODS : We utilized the PRODCUES framework to co-create a crossword puzzle game to impart TB literacy. We used a
quasi-experimental design to evaluate its usefulness in improving TB literacy among high school students in a metropolitan
city. The study involved 11th and 12th-grade school students from Chennai who were divided into intervention and control
arm. A TB crossword puzzle was used to impart TB literacy in intervention arm A and TB awareness pamphlets were used
for the same in control arm B. A total of twenty engaging puzzles were developed which were related to 1) Interesting facts
about TB (fig. 1.1), 2) Symptoms of TB (fig. 1.2), 3) Dos and Don’ts for TB (fig. 1.3), and 4) Treatment of TB (fig. 1.4). Puzzles
were developed with an engaging and easy-to-follow language style. Puzzles were interlaced with hints to intrigue the
participants to solve them using relatable concepts and facts. TB literacy levels were measured using a standardised scale
before and after the intervention in both arms.

RESULTS : The baseline TB literacy scores in intervention arm A and control arm B were 15 (IQR 14, 18) and 6 (IQR 4,
7) respectively. The average score of completion of TB crossword puzzles out of 20 was 17 (max 20 and min 4) and was
completed in 20 minutes on average.

CONCLUSION : The improvement in TB literacy achieved through game-based puzzles was found to be much higher among
students as compared to routine IEC intervention.

KEYWORDS : Literacy, Puzzle, Intervention, Tuberculosis, Students, Games

INTRODUCTION

Public health interventions for the younger age care.’

in turn leads to poor health-seeking behavior and delays in

population are considered important as they are helpful to
improve awareness and knowledge on health-related issues.
Especially Information Education and Communication
(IEC) intervention for improving awareness and knowledge
on important public health issues among the young age
population has the potential to bring in positive behavior
change at an early stage of life. Structured IEC interventions
also help to evolve preventive health measures among the
young age population, especially in settings like schools and
colleges where they could be accessed easily in an organized
way.' India accounts for one-fourth of the global tuberculosis
(TB) burden, of which 10% is suffered by children and 32%
burden by the age group between 15-29.” Despite the decade-
long efforts to generate awareness about TB, still, TB remains
a mostly misunderstood and stigmatized disease. The basic

knowledge and literacy about TB have remained low which

Public health intervention to improve TB literacy
among young adolescents and the young population has
not received sufficient attention in India. There has not
been sufficient focus on age-specific IEC intervention for
TB in general. Few interventions that were conducted in
research mode among school students have shown that age-
appropriate IEC intervention could improve TB knowledge.*’
However, the limitation of the present interventions to
improve TB awareness in India and globally was that all

these interventions were provider-driven and lacked self-
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participation and agency from the learners or subjects. Such
a provider-driven approach could be the reason that most
TB awareness interventions are not sustained in the long
term and lead to poor TB awareness levels in the community
in the long run. Hence there is a felt need to develop and
test a participatory intervention for improving TB literacy
which would be driven by the agency of the learner i.e. the
community at risk and vulnerable to TB which is more driven
by their interest and demand. In this background, we aimed
to develop a puzzle game-based activity

We aimed to co-create and implement a TB puzzle
game-based intervention study in the private schools of
Chennaij, an Indian megacity, to impart TB literacy to

adolescents and evaluate its outcomes in terms of TB literacy.

METHODS

The ethics committee of the School of Public Health,
SRM Institute of Science and Technology, Tamil Nadu had
approved this study which was aimed at evaluating a TB
puzzle-driven awareness intervention in high school settings.
Between June 2022 and June 2023, we implemented and
evaluated a participatory game-based TB puzzle intervention
to improve TB knowledge among students in the private
schools of a metropolitan city, in South India. This study was
conducted among high school students who were aged 14-
17 years and presently enrolled in 11th and 12th grade in a
registered school in the city. School students at this age were
chosen considering the need for developing age-specific TB
IEC interventions in the study setting. The study primarily
aimed at evaluating the preliminary efficacy of a game-
based intervention for improving TB treatment literacy and
secondarily assessed the designing and implementation
aspects of this first-of-kind game-based intervention in the

TB awareness context.

Intervention designing

We used the PRODCUES framework (Problem
Exploration, Objective Intervention implementation Design,
end Users, Co-creators, Evaluation, and Scale-up) for
prioritizing the research problem and further designing the
game-based intervention study (Table 1)

Problem Exploration and identification:

As a first step, the study team undertook a desk
review of the gaps in the existing TB IEC intervention for
adolescents and youth. A team of researchers, including
experienced social behavioral researchers, social workers,
teacher and students with expertise and exposure in outreach

activities and conducting intervention studies among school

students, collaborated to develop TB awareness interventions
through discussions and brainstorming sessions on the
barriers and challenges in imparting TB literacy for the
younger age population, especially to school students. With
a literature review and shared experiences of experts and
intended beneficiaries (TB patients of different ages) it was
identified that the conventional IEC interventions for TB are
not age-specific in India. All the available IEC interventions
for improving TB literacy were provider-driven and lacked
self-participation and agency from the learners or subjects.
During the formative phase, a series of informal interviews
and discussions were done with TB researchers from the
institute, TB program workers part of NTEP, school teachers,
and students of a few selected schools to get insights about
their needs, preferences, dislikes likes, and barriers in terms
of health literacy concerning TB. Inputs were gained about
the different forms of TB sensitization, messages, and the
different modes of communication and engagement were
inquired, and explored. Proposed new types of TB literacy
communication and interventions were inquired and their
relevancy based on field adaptability and resource constraints
were assessed.

Objective setting and Intervention Designing:

Based on the insight from the explorative phase,
it was concluded that developing participatory & engaging
crossword puzzle-based games for imparting TB literacy
would be a rational choice. It was aimed to develop this puzzle
game to have the features of built-in motivation concepts and
rewarding experiences for the subjects.

Crossword puzzles are a widely recognized form
of the game which is played across all age groups including
the young population. The puzzles are playable and don’t
involve many resources for either the provider and also the
gamers. Crossword puzzles are known to have the attributes
of nurturing interests in a particular topic of puzzle and
stimulating motivation and curiosity about the subject while
solving the puzzle which in this case is about TB. Solving
a puzzle also remains an in-built rewarding phenomenon
for gamers. It also concurred that crossword puzzles can
improve the student's ability to focus and their working
memory towards the topic of interest i.e. TB literacy. It was
also observed that TB literacy which comprised of categorical
factors about TB could be easily adopted in the form of
crossword puzzles.

A proof-of-concept crossword puzzle game that
could be played using a puzzle interface was developed
with gaming principles and features. Further, a series of

co-creation exercises were undertaken to develop a game




that would be appropriate for adolescents and youngsters
and which would fulfill the criteria of the objectives. We
conducted three co-creation and consultation workshops
with the student community, TB researchers, and teachers to
evolve a TB puzzle game iteratively.

A total of twenty engaging puzzles questions were
developed which were related to 1) Interesting facts about TB
(fig. 1.1), 2) Symptoms of TB (fig. 1.2), 3) Dos and Don’ts for
TB (fig. 1.3 and 4) Treatment of TB (fig. 1.4). Puzzles were
developed with an engaging and easy-to-follow language
style. Puzzles were interlaced with hints to intrigue the
participants to solve them using relatable concepts and facts.
Intervention Evaluation:

We used a quasi-experimental design in which we
provided a crossword puzzle-based intervention to engage
and educate the students on TB literacy in comparison to a
routine TB-IEC pamphlet-based intervention.

For the study, we selected 11th and 12th-grade
students from English medium classes at two private schools
in the city. Of the four classes selected, two classes were
allocated as intervention arm A in which the crossword
puzzle was used. The other two classes were allocated as
intervention arm B in which TB-IEC pamphlets were used
which contained the same facts and information as the
TB crossword puzzle but in a narrative paragraph form in
English. We enrolled 50 students from each of the four classes
based on the willingness of the students. As the study was
conducted as part of the routine educational activity oral
consent was obtained from students and teachers.

To avoid spillover and contamination between
intervention arm A and B classes were engaged separately in
terms of place and time. Each enrolled student was provided
a Unique ID and the purpose of the study was explained
beforehand as per the intervention status (A or B).
Implementation of puzzle game:

A team of two researchers (trained social worker
with master’s degree in Social Work and student trainees
pursuing Masters in Public Health) along with class teachers,
explained to the students in the intervention arm A, that they
would be given a crossword puzzle sheet with four puzzle
pages which would have a total of 20 questions. Students were
instructed to try to complete these puzzles by themselves
and by using the hints which are given beneath the page.
Students were explained that this was not a test to check their
ability to solve puzzles but only to create awareness about an
important public health problem in the country. Students
were requested not to discuss with others about puzzles and

were monitored by the class teacher. A time period of 30
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minutes was given for the students which was extended for
individual students as requested. After this, the students were
asked to stop the activity. Further, the researchers made an
interactive session with the students to know their level of
engagement and answers to the puzzle. Answers to the puzzle
were given to the students and they were asked to verify their
responses. No marks were given but students were asked
about the usefulness of the activity in knowing about TB and
their feedbacks were noted. All puzzle sheets were collected
back by the researcher at the end of the session.
Implementation of standard IEC intervention using a
pampbhlet:

A similar team of researchers and class teachers
explained to the students of the intervention arm B that they
would be provided an information pamphlet about infectious
disease and they were requested to read the pamphlet
individually. The pamphlet consisted of all the information
and facts about TB which the TB puzzle game had but in the
form of an essay. Students were asked to take 30 minutes to
read the pamphlet. Post the reading session a discussion was
conducted by the researchers on the content of the pamphlet
and students were asked to clarify their doubts about TB and
related facts. A duration of 30 minutes was used for this
intervention.

Intervention evaluation:

Before the initiation of the intervention on both
arms, initially, students were asked to undergo a test on
TB literacy using a standardized tool which consisted of
13 Multiple-choice Questions on TB symptoms, preventive
measures, treatment aspects, risk factors, diagnosis, etc. The
total score of the tool was 20 with maximum weight given to
the TB symptom-related questions. Students were provided
15 minutes to complete the TB literacy test and further
the intervention was provided in both arms as follows.
After completing the intervention, an end-line assessment
was conducted using the same TB literacy tool after a 15-
day interval. This timeframe allows students sufficient
opportunity to reflect on the training content and engage in
discussions with peers or family. The 15-day gap also serves
as an initial measure of the training's effectiveness in fostering
sustained awareness. Post activity the teachers and students
were provided the softcopy of the puzzle and pamphlet for
further reference and use.

Sample size:

The sample size was calculated based on the estimate
of overall TB literacy level as 30% and expected an absolute
increase in TB literacy level following the puzzle intervention

by 20% and a percentage difference of  50%. With an
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assumed alpha value of 0.05 and power of 0.80, the sample
size estimated was 190 which was rounded to 200 with 100 in
the intervention A and Intervention arm B.

Data collection and Statistical analysis:

All data were collected in questionnaires and
puzzles were also given in paper format. For each student
age, gender, and class of study was collected along with TB
literacy information. Data were compiled using Excel and
analyzed using STATA crop 15.1.

Participants’ characteristics and intervention uptake
were described using frequency, mean, median, IQR, and
standard deviation. Tests of normality were conducted to
the distribution of outcome variables (i.e. TB literacy) Two-
sample Wilcoxon rank-sum (Mann-Whitney) test was used
to test for a significant difference in TB literacy between the
two groups (who underwent TB puzzle as compared to those
who underwent TB pamphlet exercise). Wilcoxon signed-
rank test was used to test significant differences within the
same groups before and after intervention. The effect size
which is the magnitude of difference in the TB literacy scores
resulting from the two interventions A (crossword puzzle-
based intervention) and B (pamphlet-based intervention)
was calculated and significance was reported at 0.05 level of

significance.

RESULTS

A total of 200 students were enrolled in the study of
which 100 were in the intervention arm A (for TB crossword
puzzle) and 100 in the intervention arm B (standard IEC
intervention using pamphlet) from four classes of two
different private girls’ educational institutions from the city.
Of the 200 students, 100 were from high school grade and
100 were first-year graduate school. All the students were of

female gender.

Table 1: Steps used for intervention development
using the PRODCUES framework

Problem Conventional IEC interventions for TB awareness and
Exploration literacy are provider-driven and lack self-participation and
and agency.

identification Lack of self-initiative and motivation toward public health
literacy

Involvement of public health experts in conventional IEC
which are limited and resource-intensive

Objective To develop a game TB IEC intervention which would be

(I) Participatory & engaging for subjects,

(2) Features In-built motivation concepts & rewarding

Intervention Co-creation, students, researchers, TB patients, the general
implementation community, and program stakeholders

Design, end)

Users

Co-creators Adolescents, TB patients, students, researchers, teachers
Evaluation Non-randomized experimental study to assess efficacy and

implementation aspects

Scale up Will be sustained in the implementation districts based on the

study outcomes

Table 2 The mean age of the participants was
18 (min 14 to max 18). Of the total TB crossword puzzles
(n=20), which were played by the students the average score
of completion was 17 (min 4 to max 20) (SD 4.6). The median
baseline TB literacy for the intervention groups A and B were
4 (IQR: 2, 5) and 3 (IQR: 2, 6) respectively, and end-line TB
literacy scores for the intervention groups A and B were 15
(IQR: 14, 18) & 6 (IQR: 4, 7) respectively.

Table 2- TB literacy scores of students

Test score Median (IQR)

Group " Before After
Intervention A (PB puzzle arm) 100 4(2,5) 15(14, 18)
Intervention B (TB pamphlet arm) 100 3(2,6) 6(4,7)

Table 3: Within and between-group comparison of

TB literacy score among the participants.

‘Within group comparison

Effect size Z value p-value
Intervention A 0.87 -8.7 <0.001
Intervention B 0.51 -5.22 <0.001
Between-group comparison
Effect size Z value p-value
Baseline 0.02 -0.3 0.762
End line 0.87 -12.25 <0.001

Table 3 Wilcoxon rank-sum (Mann-Whitney) test
showed that there was no significant difference in the baseline
TB literacy score had an effect size of 0.02, z = -0.303, p =
0.762) between intervention groups A and B, but a significant
difference was noted in the end line TB literacy score with an
effect size of 0.87 (z = -12.2, p<0.001) between intervention
arm A and intervention group B signifying improved TB
literacy score among those who underwent TB crossword
puzzle.

Wilcoxon signed-rank test shows a significant
change in TB literacy score from baseline to end-line among
participants who underwent standard IEC intervention using
a pamphlet with an effect size of 0.51 (z = -5.1 p <0.001).
However, participants who underwent the TB puzzle game
had a larger change in literacy scores with an effect size of
0.87 (z =-8.7, p<0.001).

DISCUSSION

To our knowledge, this is the first game-based
participatory intervention study in the context of imparting
TB awareness and literacy in India. The results highlight
a significantly high impact of TB puzzle-based games in

improving TB literacy among adolescents and young students.




The effect size achieved through game-based puzzles was
found to be much higher (0.87) as compared to (0.51) routine
IEC intervention. The impact of the present TB literacy using
puzzle games was found to be relatively higher as compared
to another type of TB IEC intervention which was tested
among the school population in India. For example, a study
among school students using TB Ambassador achieved a 40-
60% increase in TB literacy in a metropolitan city which was
relatively lower than our estimates.

Similarly, a simple intervention of using an essay
competition as the mode of imparting TB awareness among
school students was tested in 2010 (Vellore district) and was
found to be effective only with a mean difference of 3-4%.4
Another study conducted in Bangalore India used visual
health education intervention with pictorial presentation
and found that the TB literacy score increased from 8.77 %
to 14.95 % from pre-education to post-education which was
again a moderate effect. ’

In addition to the effectiveness aspect, the TB puzzle
intervention was different from other previously tested
interventions in terms of its participatory and self-driven
nature rather than a provider-driven teaching method.
During the intervention implementation, we found a high
receptiveness and demand from students towards playing the
puzzle game as compared to the standard IEC intervention.
Also, we found that all the participants completed the TB
puzzle in 20 minutes which was less than the other school-
based IEC interventions.

The successful designing and implementation of this
puzzle-based intervention is a key finding of this study. Using
the PRODCUES framework, we addressed gaps in existing
TB IEC interventions for adolescents.

The co-creation process with TB researchers,
teachers, and students ensured the intervention was relevant,
age-appropriate, and engaging. The implementation showed
feasibility, with active participation, timely completion
(average 20 minutes), and no dropouts. These results
demonstrate the potential of participatory, game-based
interventions to improve health literacy in resource-limited
settings.

The importance of game-based TB puzzle
intervention was that each student was nudged in such a
way that they participated in the intervention and completed
it without dropping out in the middle. The combination of
puzzles which combined disease information and general
facts about TB using interesting probes made the entire
exercise participatory and rewarding. The findings of this

study need to be interpreted from a broader perspective in

Tamil Nadu Journal of Public Health and Medical Research

which games are being increasingly used for public health
issues involving behavioral change, knowledge building,
health care access and utilization, etc. Games are being
recognized as vital tools that could improve participation
and the self-driven interest of the community. Such features
of games-based intervention are important for the suitability
of community-based health interventions like TB awareness
building. Also, games are less resource-intensive methods
of activity due to their participatory nature and thus would
be a feasible option for conducting mass-level public health

interventions (like TB IEC intervention).

LIMITATIONS

This study was conducted as a quasi-experimental
study in limited schools which could have led to selection
bias of the population. But since the study was aimed as a
proof of concept to estimate the preliminary efficacy such
concerns were not considered.

Further to estimate the effectiveness of game-based
intervention a larger cluster randomized trial could be
a logical next step of this study. Another limitation of this
study is that the tool used for data collection was developed
with input from experts and designed to align closely with
the study objectives was not formally validated prior to its

application.

CONCLUSION

Imparting TB literacy through game-based
intervention was feasible and resulted in significant
improvement of TB literacy among adolescents in the present
study. Game-based interventions could be of importance
for imparting TB awareness to the younger age population.
Adopting games to improve TB awareness and literacy
at the mass level could be evaluated through large-scale

community-based studies.
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ABSTRACT

INTRODUCTION : Adjunctive Trimetazidine (TMZ) is known to improve symptoms of heart failure (HF), but its
mechanistic effects on cardioprotection are not fully understood. This study evaluated whether adjunctive TMZ therapy
improves left ventricular ejection fraction (LVEF) and alters plasma biomarkers in patients with heart failure with reduced
ejection fraction (HFrEF) compared to standard HF therapy (STD).

METHODS : In this single-center observational study, 60 HFrEF patients were divided into two groups: TMZ + STD (n
= 30) and STD alone (n = 30). LVEF was assessed by echocardiography, and biomarkers including visfatin, asymmetric
dimethylarginine (ADMA), nicotinamide adenine dinucleotide (NAD+), reduced and oxidized glutathione (GSH and
GSSG), and sirtuinl (sirtl]) mRNA were measured. Correlations between LVEF and biomarkers were analyzed.

RESULTS : LVEF was significantly higher in the TMZ + STD group compared to STD alone. Plasma levels of visfatin,
ADMA, and GSSG decreased, while NAD+, GSH, and sirtl mRNA levels increased in the TMZ + STD group. Negative
correlations were observed between LVEF and visfatin, ADMA, and GSSG, while positive correlations were found with
NAD+, GSH, and sirtl mRNA.

CONCLUSION : Adjunctive TMZ therapy enhances cardiac function by improving LVEF and modulating biomarkers
associated with oxidative stress, inflammation, and myocardial remodeling. These findings suggest TMZ’s potential to
optimize biomarker profiles and provide cardioprotection in HFrEF patients.
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INTRODUCTION

Excess oxidative stress (OS), inflammation and
cellular senescence (CS), which are key contributors to Heart
Failure (HF) pathogenesis, reinforce each other to form a
vicious circle, to drive disease progression.' Biomarkers that
contribute to HF progression include circulating levels of

visfatin  (adipocytokine/extracellular-visfatin/extracellular-

nicotinamide-phosphoribosyltransferase, eNAMPT),
asymmetric-dimethylarginine (ADMA), nicotinamide-
adenine-dinucleotide (NAD+), sirtuinl (sirtl), and

glutathione (GSH and GSSG).””’
In HE plasma ADMA is elevated. Excess ADMA,
via impaired nitric oxide and up-regulated free-radical

production, reduces intracellular functions of cardiomyocytes

and endothelial cells, leading to cardiac remodeling, fibrosis
and HF progression.” Up-regulated circulating visfatin, a
biomarker of OS, inflammation and endothelial damage,
triggers CS in HE”' Circulating and intracellular NAD+ are
decreased in HF11, due to impaired NAD+-biosynthesis/
salvage of NAD+ or over-activation of NAD+-consuming
enzymes. Sirtl, a NAD+-dependent deacetylase-enzyme,

regulates pathophysiological mechanisms of myocardial
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remodeling and HE including, inflammation and energy
metabolism. Intracellular sirtl-deficiency occurs under
excess OS and/or inflammation. Hence, depending on
the extent of free radicals and/or stress triggers, sirtl can
positively or negatively regulate myocardial remodeling
through de-acetylation and redox-sensitive molecules.'
Reduced antioxidants, due to down-regulated enzymatic
and non-enzymatic antioxidants and diminished redox
state (reduced to oxidized glutathione - GSH:GSSG ratio),
drive HF pathogenesis.® The prognosis of HF is poor despite
advances in prevention and therapeutic strategies. Because,
although it’s clear that OS and inflammation drive HE, current
HF treatments are not mechanism-based.' As an adjuvant to
conventional HF therapy, the anti-anginal drug trimetazidine
(TMZ) improves LV function."” The purpose of the study is
to characterize the additive effects of TMZ (TMZ+STD) on
circulating biomarkers and LVEEF, in HFrEF, in comparison
with standard-HF-therapy (STD).

METHODS

Study Design and Participants : This was a single-center,
observational, cross-sectional study conducted at the
outpatient facility of the Department of Cardiology,
SRM Medical College Hospital and Research Center,
Kattankulathur, India. Patients were enrolled between June
2021 and June 2022 using convenience sampling.
Participant's inclusion and exclusion criteria: The study
included a total of 60 patients diagnosed with heart failure
(HF) with reduced ejection fraction (HFrEE, EF <45%)
through echocardiography with a documented history of
consuming standard HF therapy, with trimetazidine (TMZ)
(n=30) and without adjunctive TMZ (n=30). Patients were
excluded if they had recent acute coronary syndrome (<6
months), significant valvular heart disease, chronic kidney
disease, or any active systemic illness. Baseline demographic
and clinical characteristics are summarized in Table 1.
Ethical approval was obtained from the institutional ethics
committee at SRM Institute of Science and Technology
(SRMIST), Kattankulathur. Written informed consent was
obtained from all participants before enrolment. The study
adhered to the ethical principles outlined in the Declaration
of Helsinki.

Study Procedures:

Echocardiography

Echocardiographic  assessments were performed at
enrollment using the Epiq 7c ultrasound system. Left
ventricular ejection fraction (LVEF) was determined using

the Biplane Simpson’s method. Additional echocardiographic

indices, including global longitudinal strain (GLS) and left
ventricular mass index (LVMI), were evaluated. A detailed

list of echocardiographic parameters is provided in Table 2.

Table 1. Baseline demographic and clinical characteristics of
enrolled patients, Department of Cardiology, SRM Medical
College Hospital and Research Center, June 2021 and June
2022, Tamil Nadu

TMZ + STD STD
Parameters (n=30) (n=30) P Value
Gender, Male (%)® 67 % 50 % NS
Age (years)* 55.96 £ 8.72 55.96 £ 8.72 NS
Height (cm)* 160.1+7.74  16427+773 NS
Weight (Kg)* 672+12.88  7593+12.8 NS
Heart Rate (bpm)* 78.13£9.19 77.8 £8.26 NS
Systolic BP (mmHg)* 12433+ 17.55 133.67+ 1542 NS
Diastolic BP (mmHg)* 75.67+11.94  76.17 £ 10.96 NS
CAG — Normal (%)% 70 % 46 % NS
CAG - SVD (%)* 30 % 26 % NS
CAG -DVD (%)? 0% 26 % NS
Antiplatelet® 73 % 50 % NS
Statins® 70 % 53 % NS
ACE inhibitors® 26 % 30 % NS
Beta blockers® 63 % 40 % NS
Diuretics® 56 % 40 % NS
Trimetazidine® 100 % 0% NS

P values for differences between the groups (TMZ + STD and
STD) were calculated for categorical variables ($) [by using
Chi-square tests] and for continuous variables (*). Data are
presented as mean * standard deviation.

ACE inhibitor — angiotensin converting enzyme inhibitor, BP
- blood pressure, CAG - coronary angiogram, DVD - double
vessel disease, NS — non-significant, SVD - single vessel disease,
STD - standard heart failure therapy, TMZ + STD - trimetazi-
dine and standard heart failure therapy

Biomarker Analysis

Peripheral blood samples were collected under standardized
conditions. Plasma and blood cells were separated for further
analysis.

ADMA and NAD+ Quantification

Plasma samples were ultrafiltered using 3-kDa filters.
Asymmetric dimethylarginine (ADMA) and nicotinamide
(NAD+) were
simultaneously using reverse-phase high-performance liquid
chromatography (HPLC) with dual wavelengths14. Data

adenine  dinucleotide quantified

acquisition and analysis were performed using Lab Solution

Software.




GSH and GSSG Quantification

Glutathione (GSH) and oxidized glutathione (GSSG) levels
were quantified using HPLC equipped with a photodiode
array detector15.

Table 2. Echocardiographic characteristics of enrolled patients,
Department of Cardiology, SRM Medical College Hospital and
Research Center, June 2021 and June 2022, Tamil Nadu

TMZ + STD STD
Parameters P Value
(n=30) (m=30)

LVEF (%) — Simpson 36.7+4.19 33+4.03 P <0.05

LV mass (g) 228.63 +43.05 230 +26.81 P<0.05
EDV (mL) 167.47 £ 43.75 125 +33.19 NS
ESV (mL) 109.67 +29.33 73 £30.74 NS
SV (L/min) 57.8 +£24.87 52 £26.44 NS
CO (L/min) 4.41 +1.87 3.2+1.55 NS
LVIDD (cm) 5.64+0.27 5.7+0.31 P<0.05
LVIDS (cm) 4.57+0.36 49+0.33 P<0.05
E (cm/s) 0.69 £0.19 0.6+0.22 NS
A (cm/s) 0.55+0.25 0.8+0.2 NS
E/A 1.73£1.27 0.75 +£0.61 P <0.05
e’ Septal (cm/s) 0.05+0.01 0.05 +0.01 NS
E/e’ Septal 1443 +£5.15 12+5.5 NS
¢’ Lateral (cm/s) 0.06 + 0.01 0.06 +0.01 NS
E/e’ Lateral 10.76 + 3.06 10+4.21 NS
GLS (%) -926+523 -11.27+221 P<0.05

Data are presented as mean + standard deviation.

A - atrial systole, CO - cardiac output , E - early rapid fill-
ing in diastole, € - early diastolic filling velocity, E/e - ratio of
transmitral blood flow velocity to tissue doppler velocity, EDV
- end-diastolic volume, ESV - end-systolic volume, LVEF - left
ventricular ejection fraction, LVIDD - left ventricular inter-
nal dimension in diastole, LVIDS - left ventricular internal di-
mension in systole, LV mass — left ventricular mass, NS - non-
significant, SV - stroke volume, STD - standard heart failure
therapy, TMZ + STD - trimetazidine and standard heart fail-
ure therapy.

Visfatin Quantification

Plasma visfatin concentrations were measured using a
commercially available enzyme-linked immunosorbent
assay (ELISA) kit (Catalog #E-EL-H1763). Concentrations
were calculated by interpolating optical density (OD) values
against the standard curve.

RNA Isolation and qRT-PCR

Total RNA was extracted from blood cells using the TRIzol
reagent protocol. RNA purity and concentration were
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assessed with a NanoDrop-2000c spectrophotometer.
Complementary DNA (cDNA) was synthesized using the
PrimeScript RT reagent kit.

Quantitative reverse transcription polymerase chain reaction
(qQRT-PCR) was performed on a LightCycler-480 system
with TB Green Premix Ex Taq II. Relative gene expression
was calculated using the 2-AACt method, normalized to the
expression of GAPDH as a housekeeping gene.

Primer Sequences:

Sirtl:

Forward: 5-TCAGCTCTGGGATGACCTT-3'

Reverse: 5-ACCATCAAGCCGCCTACTAATCTG-3'
GAPDH:

Forward: 5-TTCAGCTCTGGGATGACCTT-3'

Reverse: 5-CTCATGACCACAGTCCATGC-3'

Statistical analysis : Continuous variables were expressed as
mean * standard deviation (SD), and categorical variables
as frequencies and percentages. Group comparisons were
conducted using unpaired t-tests for continuous variables
and the chi-square test for categorical variables. Relationships
between variables were evaluated using Pearson’s correlation
coefficient. A p-value <0.05 was considered statistically
significant. ~ Statistical analyses and graphical data
representations were performed using GraphPad Prism 5.0

software.

RESULTS

Changes in the association between LVEF versus
circulating concentrations of biomarkers were assessed
between those who received TMZ as an add-on-therapy for
STD and those who received STD alone, in HFrEE

Sixty patients were included in the study; 30 each,
in STD or TMZ+STD. Patients” history showed both groups
were taking the respective drugs for at least 6 months before
recruitment. LVEF was lower in STD than TMZ+STD (Table
2). Global longitudinal strain (GLS) was lower in STD than
in TMZ+STD. In STD, LV mass-index was increased than in
TMZ+STD.

In TMZ+STD, NAD+, GSH and sirtl were higher,
in contrast to decreased visfatin, ADMA and GSSG (Fig.1).
As in Table 3, the correlation of ADMA, GSH, NAD+, visfatin
and sirtl with EF, in STD, was significant. In TMZ+STD, a
significant correlation exists between ADMA and visfatin,
with EFE. There was a strong negative correlation between
ADMA and visfatin with EF in both groups. In STD, a strong
positive correlation is observed between NAD+, GSH and
sirtl, however, a moderate positive correlation exists in
TMZ+STD.
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Figure 1. Changes in the (A) circulating levels of nicotinamide
adenine dinucleotide (NAD+), (B) plasma levels of reduced
glutathione (GSH), (C) relative sirtl mRNA expression in
peripheral blood cells, (D) circulating levels of visfatin, (E)
plasma levels of asymmetric dimethylarginine (ADMA) and
(F) plasma levels of oxidised glutathione (GSSG), between the
two groups (TMZ+STD and STD). Data are expressed as mean
+ SD (*P<). TMZ + STD - trimetazidine and standard heart
failure therapy; STD - standard heart failure therapy, sirtl -

sirtuinl.

Table 3. The correlation of circulating biomarkers in patients
with HFrEF, Department of Cardiology, SRM Medical College
Hospital and Research Center, June 2021 and June 2022, Tamil
Nadu

STD (n=30) TMZ + STD (n=30)
Biomarkers EF% EF%
r=0.7539 r=0.6175
Sirtl
p <0.00001 p =0.0002
r=0.7294 r=0.6062
NAD+
p <0.00001 p =0.0003
r=-0.8979 r=-0.8667
ADMA
p <0.00001 p <0.00001
r=0.8419 r=0.6852
GSH
p <0.00001 p =0.00002
r=-0.3756 r=-0.6607
GSSG
p=0.04 p =0.00007
r=-0.7471 r=-0.7614
Visfatin
p <0.00001 p <0.00001

Asymmetric dimethylarginine (ADMA), nicotinamide adenine
dinucleotide (NAD+), oxidized glutathione (GSSG), reduced
glutathione (GSH), sirtl - sirtuinl, STD - standard heart fail-
ure therapy, TMZ + STD - trimetazidine and standard heart
failure therapy.

DISCUSSION

Our study finds that TMZ+STD-mediated
changes elicit additive effects to STD and enhance LVEF
by regulating specific biomarkers associated with disease-
driving mechanisms. In line with our findings, reports®”’
show altered levels of visfatin, ADMA, NAD+, sirtl, and
glutathione (GSH and GSSG) in HE How could TMZ+STD
influence circulating biomarkers to render cardioprotection?
Potentially through TMZ-mediated sirtl-activation and
sirtl-mediated events. TMZ is a sirtl activator with anti-
inflammatory and anti-oxidant effects'; selected biomarkers
are associated with inflammation and OS, hence the observed
TMZ+STD-mediated effects.

Following TMZ+STD-mediated sirtl-activation,
multiple sirtl-mediated mechanisms/molecules, under
excess OS5 and/or inflammation'” could have influenced
HF-associated pathophysiological events, such as myocardial
remodelling'?, levels of ADMA14, oxidants and antioxidants.
Among the biomarkers, visfatin and ADMA are negatively
correlated with EF. ADMA is a well-studied molecule and
studies show the direct influence of ADMA on cardiac
structure and function.® However, visfatin is a complicated
moleculel8 with a disease-altering capacity. Reports on
visfatin are controversial, be it pathophysiological or
therapeutic mechanisms.” So far, under excess OS, cells
secrete multi-fold levels of visfatin and plasma visfatin
is associated with disease-driving mechanisms.” Hence,
normalizing plasma visfatin concentration is considered for
therapeutic benefits. As our observations on TMZ+STD
show a significant negative correlation between visfatin and
EE, we wanted to understand how TMZ could alter visfatin
concentration, which in turn improves EE. We propose
three pathophysiological events (Fig.2) that connect TMZ-
circulating visfatin-EF.

Protein-protein interaction network

To identify visfatin (NAMPT) interacting partners,

anin-silico prediction analysis was carried out using STRING-

database.””

Predicted protein-protein-interaction (PPI)-
network (Fig.3) shows that sirtl and NAD+-biosynthesis-
associated proteins are binding partners of visfatin/NAMPT.

Excess OS alters PPI-association,”” which causes
protein structure modification (oligomer to dimer/
monomer) and changes in the composition of PPI assembly.
Further, changes in structure and PPI assembly in alpha-B-
crystalline”” promote the formation of dimers and monomers
from oligomers and increase its activity. In HE excess
OS generates more oxidants and less sirtl,” which could

modulate the visfatin/NAMPT-PPI network to facilitate




more monomer formation. Besides, sirtl and visfatin are
functionally interrelated” and sirtl-deficiency exists in HE>
Thus, visfatin/NAMPT-PPI-network allows us to suggest that
in HE excess OS shifts the catalytically-active dimeric visfatin
to catalytically-inactive, pro-inflammatory monomer,”
which alters enzyme activity/function of visfatin/NAMPT;
modifies the affinity between interacting-proteins and

perturbed composition of visfatin/NAMPT-PPI-network.
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Figure 2. Potential pathophysiological mechanisms that link
trimetazidine (TMZ) - circulating visfatin (eNAMPT) - left
ventricular ejection fraction (LVEF) in heart failure. ADMA
- asymmetric dimethylarginine, EV - extracellular vesicles,
NAD+ - nicotinamide adenine dinucleotide, NAMPT - nico-
tinamide phosphoribosyltransferase, PPI - protein-protein-
interaction, R - results from this study, sirtl - sirtuinl, STD
- standard HF therapy, TMZ - trimetazidine, TLR4 - toll-like

receptor4, Numbers indicate the respective references.
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Figure 3. In silico results show (A) human NAMPT (visfatin)
protein-protein interaction network and (B) the confidence
scores of predicted functional partners indicating the strength
of true interaction, based on STRING database 2023.

If excess OS alters PPI assembly, could TMZ(+STD)
counter such modifications? Our observation demonstrates
that TMZ-mediated sirtl up-regulation optimizes visfatin

and sirtl. This could facilitate the formation of physiological
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visfatin/NAMPT-PPI-network and  normal
biosynthesis, to improve EF.

NAD+-

Endocytosis

Excess OS and inflammation, besides causing sirt1-
deficiency, trigger more visfatin secretion from several cells”
(endothelial-, blood- immune-cells and cardiomyocytes),
as a stress-compensatory mechanism. Hence, excess
plasma visfatin is a stress-response effect, which suggests
plasma visfatin could have physiological and pathological
functions.” Dimeric visfatin, packed within extracellular
vesicles, gets endocytosed by recipient cells to increase NAD+
in other tissues,” to prevent diabetes and to extend lifespan.
Based on these studies, we propose that, in HE, where OS is
up-regulated, more plasma visfatin facilitates sirtl-deficient
cells to endocytose plasma visfatin (as extracellular vesicles)
to normalize intracellular sirtl. This, in turn, increases
cellular functions and improves EE. Here, TMZ+STD could
address sirtl deficiency by optimizing intracellular and
circulating sirtl, to facilitate physiological cellular functions
in cardiomyocytes and endothelial cells, to improve EE.
Prevention of the formation of senescent cells

In HE more oxidants degrade sirtl and NAD+;
NAD+-depletion accelerates OS and CS;”* and excess
cardiomyocyte-senescence contributes to pathogenesis.”
Sirtl-deficient-senescent-cells secrete dimeric visfatin/
eNAMPT, implying, pathologically senescent-cells are
sources of plasma visfatin/eNAMPT.” Secretory molecules/
extracellular vesicles from senescent cells (non-myocytes)
accelerate cardiomyocyte-senescence.” These reports suggest
that OS-mediated sirtl-deficiency could be a stress-stimuli
that triggers extracellular-vesicle formation and thus, elevated
circulating visfatin. Hence, in HE, plausibly, more senescent
cells contribute to increased plasma visfatin. Results show
that TMZ+STD up-regulates sirtl. Sirtl-restoration could
have prevented normal cells from becoming senescent, thus,
leading to reduced plasma visfatin.

The presence of healthier cells, rather than senescent
cells, could have improved myocardial function. One report
shows that the conversion of dimeric visfatin to monomer is
concentration-dependent. Plasma visfatin exists as a dimer at
low physiological concentrations (~1ng/ml); at pathological
concentrations (~5ng/ml), the dimer converts to monomer.*
Results show that TMZ+STD reduced visfatin than STD.
Based on these reports and our results, TMZ+STD could
influence the rate of visfatin conversion, dimer to monomer.
Attenuated pro-inflammatory monomeric visfatin could
have improved EF in TMZ+STD.

Results ~ demonstrate  cytoprotective  effects;

Vol 4 | Issue 4 | October - December | 2024




Tamil Nadu Journal of Public Health and Medical Research

Vol 4 | Issue 4 | October - December | 2024

TMZ+STD reduces ADMA and improves antioxidants.
Mitigated ADMA improves cardiac function™ while
augmented GSH restores cell death mechanisms.” Thus,
TMZ+STD could improve EF through ADMA and
antioxidants. Together, cumulative effects of TMZ+STD on
biomarkers have altered OS, and pro-inflammatory- and
CS mechanisms to render cardioprotection. The cross-
sectional design precluded establishing causal relationships
between TMZ + STD-mediated biomarker alterations and
improvements in LVEFE. The study had a small sample size,
limiting the generalizability of the findings.

Hence, it should be considered a pilot study. Direct
enzyme activity of circulating visfatin or sirtl in peripheral
blood cells was not measured. Instead, NAD+ concentrations
(a surrogate marker for sirtl activity) and sirtl mRNA
expression levels were assessed. The lack of healthy controls
limited the ability to assess the baseline influence of HF on
the studied biomarkers. These limitations emphasize the
need for future longitudinal studies with larger cohorts,
including healthy controls and patients in earlier stages of
HE are essential to evaluate TMZ’s role in preventing disease
progression and its impact on biomarkers such as asymmetric
dimethylarginine (ADMA) and visfatin.

CONCLUSION

Adjunctive therapy with trimetazidine (TMZ)
significantly improved ejection fraction compared to standard
heart failure (HF) therapy alone, indicating its potential to
enhance cardiac function by modulating key biomarkers in
patients with heart failure with reduced ejection fraction
(HFrEF). These findings highlight the potential of TMZ to
target mechanisms related to oxidative stress, inflammation,

and myocardial remodeling.
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ABSTRACT

INTRODUCTION : Idhayam Kappom Thittam Scheme is a significant health initiative by Government of Tamil Nadu
aimed at providing immediate cardiac care to patients at primary care facilities before referral to higher facilities in-order
to prevent mortality due to acute cardiac illness. The study aims to evaluate the clinical outcomes of those patients with
symptoms of Acute Coronary Syndrome receiving cardiac loading doses under the scheme. It also seeks to compare clinical
outcomes based on time taken for administration of loading dose and time taken to reach higher centres.

METHODS : A secondary data analysis was conducted using data collected from all Health Unit Districts (HUDs) containing
the line list of patients with symptoms of Acute Coronary Syndrome (ACS) including chest pain who were referred to higher
centers from Primary Health Centers (PHCs) or Health Sub-centers (HSCs) after administration of cardiac loading dose.
Data was coded and analyzed using Microsoft Excel and SPSS version 29.

RESULTS : The study analysed 6,493 patients, reporting that 97.7% of the patients remained alive and stable after referral
following treatment with a cardiac loading dose at primary care facilities. Only 2.2% of the patients expired while 0.1%
died along the route. The average time taken to administer the loading dose was 13.09 minutes, and the average time taken
to reach a referral centre was 46.25 minutes. Also, arrival at referral centres within 60 minutes of acute chest pain was
associated with higher survival. Other patients with comorbid conditions, including diabetes and coronary artery disease,
had higher mortality rates.

CONCLUSION : This study affirms the effectiveness of early cardiac intervention at primary care centres under the Idhayam
Kappom Thittam scheme. Giving a cardiac loading dose before referral significantly improved survival rates of patients,
especially those who were taken to a facility with advanced care within the first 60 minutes, highlighting areas of success
and identifying opportunities for improvement, contributing to the enhancement of more such programs and policies in
Tamil Nadu and India.

KEYWORDS : Chest pain, Loading dose, Referral time, Myocardial infarction

INTRODUCTION

Cardiovascular diseases (CVDs), particularly
Acute Myocardial Infarction (AMI), represent one of the
leading causes of morbidity and mortality worldwide, with
approximately 17.9 million deaths annually attributed to
CVDs, according to the World Health Organization. Low-
and middle-income countries bear a disproportionate share
of this burden, accounting for over 75% of these deaths. India,
in particular, faces a significant challenge, where ischemic
heart disease, including acute Myocardial Infarction (MI), is
a major contributor to mortality, with an estimated incidence
rate of 64.37 per 100,000 people and only about 60% of
patients receiving timely treatment.”

In developing countries, healthcare systems often

face constraints in managing the growing prevalence of

Non-Communicable Diseases (NCDs) such as CVDs due to
limited resources and infrastructure.” Strengthening Primary
Health Care (PHC) systems is crucial for both preventing
and managing these diseases, as PHC services are essential
for early detection, risk factor management, and providing
long-term care.” However, in many developing countries,
PHC facilities are ill-equipped to handle the rising burden
of cardiovascular diseases, including MI, which increases the

pressure on secondary and tertiary healthcare services.’
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One critical determinant of outcomes in MI cases
is the time it takes for patients to seek medical attention. In
developing countries, pre-hospital delays are often attributed
to a combination of factors such as lack of awareness
of symptoms, socio-economic barriers, and inadequate
Emergency Medical Services (EMS).* Timely intervention is
essential for improving survival rates in acute MI cases, as
early treatment—such as the administration of thrombolytics
or Percutaneous Coronary Intervention (PCI)—significantly
reduces mortality6. The lack of well- organized EMS in many
low-resource settings contributes to these delays, leading to
poorer outcomes for patients.’

One proven early intervention for acute MI
is the administration of a cardiac loading dose, ie., the
administration of aspirin, clopidogrel, and atorvastatin in
the pre-hospital setting, which has been shown to reduce
mortality and improve recovery outcomes.” Despite its
efficacy, this simple intervention is not widely adopted in
many low- and middle-income countries due to gaps in
training, awareness, and access to emergency care.’

Government of Tamil Nadu had launched an
initiative of providing the cardiac loading doses at Primary
Health Centers (PHCs)/ Health sub-centers (HSCs) called
"Idhayam Kaapom Thittam" program to prevent deaths
caused by cardiac illness. The program was launched on June
27, 2023. Patients reporting to the Primary Health Centers
PHCs or HSCs with symptoms of acute coronary syndrome
will be referred for ECG service, followed by telephonic
consultation with the district nodal cardiologist. Following
the telephonic consultation, emergency cardiac loading dose
drugs containing Aspirin 150mg - 2 tablets, Clopidogrel
75mg - 4 tablets, and Atorvastatin 10mg - 8 tablets, a total of
14 tablets will be provided and the patient will be referred to
secondary/tertiary care facilities for further management.’

This study aims to evaluate the outcomes of patients
who had presented with chest pain and received cardiac
loading doses at Primary Health Centers (PHCs) and Health
sub-centers (HSCs) under the Idhayam Kappom Thittam
Scheme in Tamil Nadu. By targeting early interventions at the
PHC level and enhancing public awareness of the importance
of timely treatment, the management of acute MI in resource-
limited settings can be significantly improved, reducing
mortality and alleviating the burden on healthcare systems.
The primary objective of this study is to evaluate the clinical
outcomes of patients with chest pain who have received
cardiac loading doses at PHCs or HSCs before referral to
higher centres under the Idhayam Kappom Thittam Scheme
in Tamil Nadu between June 2023 and August 2024.

METHODS

This is a cross-sectional study with secondary data
analysis of the Idhayam Kappom Thittam program. The data
included in this study were the individuals reported with
symptoms of Acute Coronary Syndrome (ACS) including
chest pain from June 2023 to August 2024 at Primary health
centers and Health sub-centers. Permission to conduct this
study was obtained from the Directorate of Public Health
and Preventive Medicine (DPH&PM), Tamil Nadu. The
variables include age, gender, address, co- morbidities, date
of reporting of symptoms, details of administration of the
cardiac loading dose, referral and investigations like Echo
Cardiogram, followed by the patient outcome. Of 9,108
data that was collected, 2615 data were incomplete and
were excluded, retaining 6493 data for analysis. All patient
data were anonymized to ensure confidentiality. The data
were systematically coded and entered into Microsoft Excel.
Statistical analysis was performed using SPSS software,
version 29. Continuous variables were represented as medians
with interquartile ranges (IQR) and categorical variables
were presented as frequencies and percentages. Descriptive
statistics were used to outline patient demographics and
clinical characteristics. Chi-Square test was used to identify
associations between co-morbidities, time of arrival at the
referral institute, and patient outcomes.
Operational definitions: (1) Time to administer cardiac
loading dose: The time taken from the arrival of the patient
with symptoms of Acute Coronary Syndrome like acute chest
pain to the Primary Health Centers and Health Sub-centers
to the administration of the cardiac loading dose. (2) Time
taken to reach the referral institute: The time taken for the
patient to be transferred from the Primary Health Centers
and Health Sub-centers to a secondary or tertiary care facility
after receiving the cardiac loading dose. (3) Alive and stable:
Patients who, after being referred to and treated at secondary
or tertiary care facilities (either medically or surgically), are
now stable and either discharged or under follow-up care.
(4) Expired: Patients who died after referral and treatment
at secondary or tertiary care facilities. (5) Expired during
transit: Patients who died during transport from the primary
care facility to the secondary or tertiary care facility while

being referred.

RESULTS

The age and gender distribution of the 6,493 study
participants is given in Figure 1. Of the total 6,493 participants,
3,287(50.6%) are within the 45-60 years age group, followed
by 2073(32%) over 60 years and 4,248(65.4%) are males.




Figure 2 depicts the distribution of patients with acute chest
pain who received cardiac loading doses at PHCs or HSCs, by
Health Unit District (HUD).
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Figure 1. Age and gender-wise distribution of the individuals
with Acute Coronary Syndrome (ACS) who received cardiac
loading doses at PHCs and HSCs, Tamil Nadu,

June 2023 and August 2024 (N=6493)

The clinical characteristics like co-morbidities,
symptoms at presentation, diagnosis, and patient outcomes
of the study participants are given in Table 1. 2829(43.6%)
participants had hypertension and (1396)21.5% of the
participants had diabetes. Among the symptoms presented,
chest pain was reported by 4964(76.5%) participants followed
by palpitations in 708(10.9%). Of the 6,493 individuals who
had received cardiac loading dose and referred to higher
facilities, 5846(90%) were diagnosed with myocardial
infarction while 647(10%) had gastritis. About 97.7% of the
patients were alive and stable, 2.2% had died, and a minuscule

number of 0.1%, died during transit.

Table 1. Distribution of study participants according to co-mor-
bidities, presenting symptoms, diagnosis and patient outcomes
(N=6493), Tamil Nadu, June 2023 and August 2024 (N=6493)

Variables IINWEE:;I;)Y Percentage (%)
<1 year 609 9.38
1-5 years 1491 22.96
Present 5-10 years 602 9.27
1. Hypertension with duration >10 years 127 1.96
Total 2829 43.57
Absent 3664 56.43
<1 year 327 5.04
1-5 years 653 10.05
. . . . Present 5-10 years 360 555
2. Diabetes mellitus with duration >10 years 56 0.86
Total 1396 215
Absent 5097 78.5
Chest pain 4964 76.5
Pain radiating to
3. Symptoms neck_/ja\y/ann/shoulder 428 66
: Palpitations 708 10.9
Sweating 306 4.7
Fatigue 87 13
4. Diagnosis at secondary & Myocardial infarction 5846 90
Tertiary care facilities Gastritis 647 10
Alive and stable 6346 97.7
5.Patient outcomes Expired 143 22
Expired during transit 4 0.1
Present 266 4.1

6. Previous H/O CAD Absent 6227 95.9
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The time taken to administer the loading dose varied from
5 to 50 minutes with a median (IQR) of 10(5) minutes and
the time to reach the referral institute varied from 15 to 90
minutes with a median (IQR) of 45(30) and shown in Table 2

Table 2: Time taken to administer loading dose and time
taken to reach referral centres among the individuals with
Acute Coronary Syndrome (ACS) who received cardiac
loading doses at PHCs and HSCs, Tamil Nadu, June

Variable Minimum time Maximum time Median
(in mi ) (in mi ) (IQR)
Time taken to
administer loading dose 3 50 1065)
Time taken to reach 15 % 45(30)

referral institute

Table 3 depicts the associations between patient
outcomes and comorbidities like diabetes mellitus, duration
of diabetes, history of CAD, and time taken to reach the
referral institute. Diabetic patients had a mortality of 3.2%
versus non-diabetic patients who accounted for 1.9%, and
the difference was statistically significant (p = 0.009). Patients
who had diabetes for more than 10 years had a mortality of
12.5%, while those who had diabetes for less than one year
had a mortality of only 1.8% (p < 0.001). A previous history
of CAD was associated with considerably higher mortality
of 6.4% compared to patients who did not have a previous
history of CAD, whose mortality rate was 2%. The other
critical factor was the time to reach the referral institute;
patients who came within 60 minutes had a better survival
rate than those delayed by more than 60 minutes with a
mortality rate of 6.1 % (p < 0.001).

Table 3. Association between co-morbidities, time taken to
reach referral institute and patient outcomes among the
individuals with Acute Coronary Syndrome (ACS) who

received cardiac loading doses at PHCs and HSCs,
Tamil Nadu, June 2023 and August 2024 (N=6493)

) Alive and Expired Total Chi
Variables stable n (%) (%) square
n (%) (p value)
Diabetes Present 1350 (96.7) 46 (3.3) 1396 (100) 0.009
mellitus Absent 4996 (98) 101 (2) 5097 (100) }
. <1 year 321(98.2) 6(1.8) 327(100)
Z‘;’::;" of 1S years 633(969)  20(3.1) 653(100) o0
mellitus 5-10 years 347(96.4) 13 (3.6) 360(100)
>10 years 49 (87.5) 7(12.5) 56(100)
Previous H/O  Present 249 (93.6) 17 (6.4) 266(100) <0.001
CAD Absent 6097 (97.9) 130 (2.1) 6227(100)
Time taken to <60 minutes 5014(98.8)  60(1.2)  5074(100)
reach the ) <0.001
referral >60 minutes 1332 (93.9) 87 (6.1) 1419 (100)

institute
(p-value <0.05 is considered statistically significant)
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DISCUSSION

This study puts forward the importance of early
interventions for acute MI, where facilities are limited. The
“Idhyam Kappom Thittam” scheme involves the delivery of
cardiac loading dose to patients presenting with acute chest
pain or other symptoms of ACS at PHCs or HSCs before
referring them to higher centres and has very optimistic
results for outcomes. This is very essential as CVDs, especially
acute myocardial infarction, is one of the leading causes of
death worldwide, responsible for approximately 17.9 million
deaths per year, most of which take place in low and middle-
income countries."

The cardiac loading dose intervention of
administeringaspirin, clopidogrel,andatorvastatinhasalready
been shown to decrease mortality and increase recovery rates
in acute coronary syndromes.”” The results are consistent
with earlier studies that postulated early administration of
antiplatelet drugs like aspirin and clopidogrel would obtain a
marked improvement in outcomes with patients by reducing
the formation of thrombus and limiting myocardial damage.”
This prehospital intervention is highly critical for efficacy in
the setting where access to facilities with advanced healthcare
is limited and often is in an underdeveloped state.’

Demographics data of the study population
indicates that most of the patients were males and aged
between 45 to 60 years old. This follows the epidemiological
trends globally whereby, men who are into the middle ages
form the most common demographic group to suffer acute
coronary syndromes than women.” Other comorbidities
established included hypertension at 43.6% and diabetes at
21.5%. These are well documented to be the risk factors for
CVDs including MI, and these impose appreciable risk of
adverse outcomes during coronary events.® The results that
the mortality rate among diabetics (3.2%) was higher than
among nondiabetics (1.9%) align with other studies, which
have shown that diabetes mellitus worsens the severity of
coronary artery disease and impacts survival adversely
following MI.”

The study also draws attention to the "golden hour"
in managing acute MI. The average time taken for the cardiac
loading dose was 13.09 minutes, and that taken to transfer
the patients to a secondary or tertiary care centre was 46.25
minutes. Such results are of importance because arrival at
the referral institute within 60 minutes of ischemia marked
a drastically higher survival rate among the affected patients
than those who were delayed.” Similar findings about delayed
treatment beyond the first hour have been seen in previous

studies where delays can potentially increase mortality in

patients with acute coronary syndrome.” All this points to
rapid transport with immediate intervention and properly
coordinated emergency medical services in rural and semi-
urban areas.

Another very important point from the study
was the relationship between comorbidities and patient
outcomes. It revealed that the patients were exposed to
higher levels of mortality. Known diabetics had a significantly
higher mortality rate compared to patients who did not have
diabetes. Similarly, people with CAD also had a higher death
rate. This is in congruence with some published articles
as it tends to describe the major risks from both diabetes
and CAD in posing a threat for adverse outcomes in acute
ML*° Though this study found no statistically significant
association between hypertension and patient outcomes, it is
possible that many patients with hypertension were already
diagnosed and receiving appropriate treatment, which may

have helped reduce its impact on acute MI outcomes.

LIMITATIONS

Outcomes were assessed only during the short
period since referral; survival and recurrence of MI events
were not observed. Further experiments on a well-designed
study and follow-up observations over a longer period may
provide an opportunity to understand the scheme's long-

term effectiveness.

CONCLUSION

This study affirms the usefulness of early cardiac
intervention at primary care centres under the Idhayam
Kappom Thittam scheme. Giving a cardiac loading dose
before referral significantly improved survival rates of
patients, especially those who were taken to a facility with
advanced care within the first 60 minutes after arrival. The
scheme fills the vacant space concerning emergency care in
resource-poor settings as it allows for timely intervention
that can minimize myocardial infarction-related deaths.

It stresses the importance of treating acute heart
conditions together with other co-morbid conditions such as

diabetes and CAD to improve the outcome.
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ABSTRACT

INTRODUCTION : This study investigates the oviposition behavior of Aedes aegypti mosquitoes concerning different
colored ovitraps across pre- and post-monsoon seasons in Hosur Municipal Corporation, Tamil Nadu.

METHODS : A cross-sectional design was employed, involving the placement of seven colored ovitraps (black, red, orange,
blue, yellow, violet, and green) in 50 houses per selected ward, with observations collected weekly during pre-monsoon and
post-monsoon during 2023. Eggs were counted, and species were identified in a controlled laboratory setting.

RESULTS : The results demonstrate a significant preference for black ovitraps, which exhibited the highest positivity
and egg count in both seasons, followed by red and orange traps. Notably, indoor settings accounted for the majority
of oviposition events across seasons (64.75%-65.86%), emphasizing the importance of indoor breeding sites. Seasonal
variations had minimal impact on oviposition patterns, suggesting that urban microclimatic conditions in Hosur might
buffer environmental fluctuations.

CONCLUSION : These findings underscore the efficacy of black-colored ovitraps as a reliable vector surveillance tool. The
study highlights the need for targeted indoor vector control measures, such as source reduction and habitat modification,
to effectively combat dengue in urban settings. Further research into additional environmental and behavioral factors
influencing Aedes oviposition is recommended to enhance control strategies. By optimizing ovitrap design and placement,
public health programs can strengthen mosquito surveillance and mitigate the burden of vector-borne diseases like dengue.

KEYWORDS : Oviposition, Entomology, Aedes, Mosquito

INTRODUCTION

other container storing water make a great “nursery.””

Dengue is a vector-borne viral disease endemic in
five of six WHO regions (Africa, Americas, South-East Asia,
Western-Pacific and Eastern Mediterranean). It poses a major
international public health concern. Since 2023, WHO has
recorded an incidence of 5 million cases and more than 5000
dengue-related deaths in more than 80 countries/territories
and five WHO regions.' The four related but distinct dengue
viruses (DENV-1, DENV-2, DENV-3 and DENV-4) belong to
the genus Flavivirus (family Flaviviridae) and are circulating
in disease-endemic settings in a human-to-mosquito
transmission cycle. In 2024, Tamil Nadu has reported 19138
cases and seven deaths as of 31st October.” Aedes aegypti,
a mosquito, is the main dengue vector in many endemic
countries, including India. The vision of this mosquito plays
a principal role in adult mosquito biology, including the
location of hosts, food sources, mating, resting sites, and
oviposition (egg-laying) sites. Adult female mosquitoes lay
eggs on the inner walls of containers with water above the
waterline. Mosquitoes only need a small amount of water to

lay eggs. Bowls, cups, fountains, tires, barrels, vases, and any

Controlling the primary mosquito vector, Aedes
aegyptiis one of the key strategies to prevent dengue outbreaks
in many low- and middle-income countries. Vector control
management includes removing potential breeding sites,
reducing vector populations, and minimizing individual
exposure. This involves vector control strategies for larvae
and adults (i.e., environmental management and source
reduction), especially monitoring water storage practices,
draining and cleaning household water storage containers
weekly, and larvicide in non-potable water using larvicides at
correct dosages. Implementing preventive measures targeting
critical locations at specific times requires efficient vector
surveillance tools and methods sensitive enough to predict

or detect sudden mosquito population growth in real time.
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Hence, understanding their oviposition behaviour is crucial
for developing effective vector surveillance and control
strategies.

Ovitraps are a simple, inexpensive, and widely used
sensitive tool for detecting the presence of Ae. Aegypti by
attracting to lay eggs.” The design of these traps, particularly
their color, significantly influences their effectiveness. Studies
have demonstrated that Aedes mosquitoes exhibit color
preferences when selecting oviposition sites. For instance,
research conducted in western Rajasthan, India, revealed
that red-colored ovitraps had the highest positivity (92.7%),
followed by black and blue traps.

Similarly, a study in Chennai indicated that black
and blue ovitraps attracted more Aedes eggs compared to red,
orange, and white ones.” Seasonal variations also play a pivotal
role in Aedes mosquito dynamics. Monitoring in Jaipur
from August 2021 to July 2022 showed significant seasonal
fluctuations in Aedes populations, with peaks correlating
with specific environmental conditions.”

While existing studies have explored the impact
of ovitrap color on Aedes oviposition and noted seasonal
population trends, the current study aims to understand
the oviposition behavior of Aedes mosquitoes concerning
various colored ovitraps across different seasons in the Hosur
Municipal Corporation area. By analyzing the preferences
and seasonal patterns, this research seeks to enhance
the understanding of Aedes oviposition ecology, thereby
contributing to the optimization of vector surveillance tools
and the development of more effective, seasonally tailored

vector control strategies in the region.

METHODS

This is a cross-sectional study carried out in two
seasons of the year i.e. the pre-monsoon and post-monsoon.
Considering the rainy days and possible disturbance of
breeding sites during rainy days, hence data collection was
not during the monsoon season i.e. July to September 2023.

Hosur is a developing industrial urban area. The
growth of urbanization is very marked with rise in the
number of residential areas and industries. Located on the
NH connectivity between Chennai and Bangalore are the
two capital cities of the states Tamil Nadu and Karnataka and
there by the population movement is throughout the year.
The area is vulnerable due to the migratory population to this
area from other urban cities. Almost all wards have breeding
sources for Aedes mosquitoes both during pre-monsoon
and post-monsoon periods, the climate in the Hosur area

is very conducive to the proliferation of the mosquitoes and
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longevity. The Hosur area has contributed 24.32% to 54.73%
of the total cases of the district, Krishnagiri during the past 5
years.

The secondary data about the number of dengue
cases reported month-wise and year-wise for each ward
was collected from the health section of Hosur Municipal
Corporation for the period from 2017 to 2022. Based on
the reported number of cases, 10 wards were selected for
study (Figure 1). All the wards are represented equally
and the sample selection is made by probability sampling
by Systematic simple random sampling. One in a fifth was
selected as per the random sample. The following wards were
selected. Ward No: 1, 6,11, 16, 21, 26, 31, 36, 41 and 45 (Table
1). Then 50 houses in each ward were selected for the fixing of

coloured ovitraps.

Figure 1: Hosur Municipal Corporation Area

showing the study location

Table 1: Wards selected for the study in Hosur

Municipal Corporation

Ward No Ward Name Ward No Ward Name
1 Zuzuvadi 26 Parvathi Nagar
6 KCC Nagar 31 Raju street, Immambada
11 New Vasanth Nagar 36 Anthivadi
16 Arasanaty 41 R.K.Hudco
21 Kothur 45 Mathigiri

In each experimental house, seven different colored
ovitraps were placed (Figure 2). The ovitraps were left for seven
days. After a week, the paddles were removed and Ae.aegypti
eggs on the walls of the ovitraps were gently dislodged and the

water was filtered using a fine strainer. The number of eggs
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on the paddle and the walls was counted. Each ovitrap was
cleaned well and refilled with water and a new paddle was used
each time. During the study, eggs were allowed to hatch and

develop into adults, in thelaboratory, for species identification.

Figure 2: Different Coloured Ovitraps

The ovitraps designed for this study are a small
plastic containers (Trap) of 20 cm in diameter having
approximately 750ml water holding capacity, with wide-
mouth were used. The ovitraps were of seven colours viz.
black, green, orange, yellow, violet, blue and red (Figure 2).
In each house, seven different coloured ovitraps were laid at
different locations, i.e. bedrooms, bathrooms, kitchen store,
lobby, etc (Both indoor and outdoor). Each coloured ovitrap
was given an identification number for households and a
separate number for its location-specific placement. Mosquito
eggs were counted and identified after the collection of the
traps at weekly intervals. These experiments were carried out
covering pre and post-monsoon of the study area, Hosur.
The collected data were pooled for the number of eggs laid in
different colour traps.

We employed the following formulas to derive the
prevalence of A.Aegepti mosquito population, intensity
of oviposition, and the proportion of coloured ovitraps
positivity.

1. Prevalence=Total positive ovitraps / Total ovitraps installed
2. Intensity=Total no. of Ae. aegypti eggs collected / Total
positive ovitraps

3. % Positivity of coloured ovitrap = Total positive ovitraps /
Total ovitraps installed X 100

RESULTS

The observation of the present study of different
coloured ovitraps revealed the black ovitraps had the
highest positivity (33/168) followed by orange (29/168)
and red (26/168) in the pre-monsson period. During the
post-monsoon period, highest positivity observed in black
(30/128), followed by red (25/128) and orange (18/128). The
violet, yellow and green ovitraps yeilded less than 18 during
October through December (i.e. post-monsoon period). The
details are shown in Table 2. The breeding site preference
by Ae.aegypti was found to be 64.75% indoor and 35.25%
outdoor during the pre-monsoon period and it was 65.86%
indoor and 34.14% outdoor during post post-monsoon
period.

During the pre-monsoon period, 50% of the black
bowls were found to be attractive. The ovipositing sites
preference was 38.59% and 71.4% respectively for outdoor
and indoor during pre-monsoon. The same was observed
as 65.8 % and 35.3 % respectively for indoors and outdoor
during post post-monsoon period. The result showed that
black-coloured ovitraps fetched the highest percentages of
eggs than other colours (Table 3).

Table 2: Positivity of Different Coloured Ovitraps
during the Study Period

Pre Monsoon Period

%

No of No of Mean

?1;‘:11"‘ !.'JOWIS bo\yl‘s No.of Prevalence Intensity egg ) 1;; Zlc:ggz
installed ~positive density ovitrap
Red 250 26 523 0.1 20 2 10s
Blue 250 18 379 0.07 21 2 7
Violet 250 21 418 0.08 20 2 8
Green 250 23 583 0.09 25 2 9
Orange 250 29 540 0.12 19 2 12
Yellow 250 18 334 0.07 19 1 7
Black 250 33 1673 0.13 25 3 13
Total 1750 168 4450 0.1 26 3 10
Post Monsoon Period
No of No of Mean %
?:l‘:llll’ bowls bowls Egog.:f Prevalence Intensity egg 1;19 f:giggz
installed ~ positive density ovitrap
Red 250 25 551 0.1 22 2 10
Blue 250 16 278 0.06 17 1 6
Violet 250 10 195 0.04 20 1 4
Green 250 14 245 0.06 18 1 6
Orange 250 18 364 0.07 20 1 7
Yellow 250 15 418 0.06 28 2 6
Black 250 30 1254 0.12 42 5 12
Total 1750 128 3305 0.07 26 2 7




Table 3: Proportion of eggs collected from each coloured
ovitraps during Pre & Post Monsoon seasons,
Hosur Municipal Corporation, 2023

Pre-monsoon Post-monsoon
Ovitrap No of positive eggs ~ No of positive eggs
Colour collected (%) collected (%)
Red 523 (12) 551 (17)
Blue 379 (9) 278 (8)
Violet 418 (9) 195 (6)
Green 583 (13) 245 (7)
Orange 540 (12) 364 (11)
Yellow 334 (8) 418 (13)
Black 1673 (38) 1254 (38)
Total 4450 3305

DISCUSSION

This study highlights the oviposition behavior
of Aedes aegypti in response to different colored ovitraps
and seasonal variations in the urban landscape of Hosur
Municipal Corporation. Key findings indicate that black-
colored ovitraps attracted the highest number of eggs in
both pre-monsoon and post-monsoon periods, followed
by red and orange traps. Notably, oviposition occurred
predominantly in indoor environments during both seasons.

The preference for black-colored ovitraps aligns
with global and regional literature, where black is consistently
identified as the most attractive color for gravid Aedes
mosquitoes. Studies by Hoel et al. (2011) and Rina et al.
(2014) corroborate our findings, underscoring the utility of
black ovitraps in vector surveillance, even in areas with low
mosquito density.” The consistent indoor breeding preference
observed in this study mirrors the findings of Hasini et al.
(2015), emphasizing the necessity for targeted interventions
in indoor environments to disrupt breeding cycles.’

This study also offers novel insights into the
negligible impact of seasonal variations on oviposition
behavior in this region. While previous studies, such as those
conducted in Jaipur, reported significant seasonal influences
on mosquito dynamics, the urban microclimatic conditions
of Hosur might buffer such fluctuations, leading to relatively
stable oviposition patterns. This finding suggests that
continuous vector control measures are essential throughout
the year, regardless of seasonal changes.

We acknowledge the limitations, as first, while
the study employed a systematic sampling method across
selected wards, the generalizability of the findings to other
urban or rural settings requires further investigation.
Second, the study did not explore potential environmental,

temperature variations, or chemical attractants that could
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interact with color preferences. Future research could address
these aspects to refine the application of ovitraps in diverse

ecological settings.

CONCLUSION

The study underscores the significance of ovitrap
color and placement in optimizing Aedes aegypti surveillance
and control. Key conclusions are 1. Black-colored ovitraps
are the most effective in attracting Aedes mosquitoes,
suggesting their potential as a standard surveillance tool,
2. Indoor breeding preference necessitates rigorous indoor
vector control measures, such as source reduction measures,
3. Awareness on avoiding indoor water containers in dark
colors.

By leveraging these insights, public health programs
can enhance the efliciency of mosquito surveillance and
contribute to reducing the burden of vector-borne diseases

like dengue in urban settings.
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ABSTRACT

INTRODUCTION: Surveillance of vaccine-preventable diseases (VPDs) such as diphtheria and pertussis are vital for
monitoring immunization program effectiveness. This study evaluates the performance of Tamil Nadu's surveillance
system using data from the Vaccine Preventable Diseases Surveillance Information Management System (VSIMS) for 2023.
METHODS : A cross-sectional analysis of suspected diphtheria (n=101) and pertussis (n=57) cases reported in Tamil Nadu
during January-December 2023 was conducted. Indicators assessed included timely notification, investigation, sample
collection, active case search (ACS), and follow-up. Performance was benchmarked against targets in the Diphtheria,
Pertussis, and Neonatal Tetanus Surveillance Field Guide.

RESULTS : Timely notification exceeded the 80% target for both diseases, with 89.1% for diphtheria and 89.5% for pertussis
cases. Timely investigations were conducted in 93.1% and 91.2% of diphtheria and pertussis cases, respectively. Adequate
sample collection surpassed targets but was predominantly limited to single specimens. However, ACS performance was
suboptimal, with only 33.7% for diphtheria and 17.5% for pertussis cases. Follow-up documentation was notably poor
(27.7% for diphtheria, 8.8% for pertussis).

CONCLUSION : While the performance of the Diphtheria and Pertussis surveillance system in Tamil Nadu aligns with
national targets for notification and investigation, ACS and follow-up documentation require significant improvement.
Strengthening these areas is essential for identifying clustering, ensuring timely public health responses, and achieving
Immunization Agenda 2030 goals.

KEYWORDS : Surveillance, Vaccine Preventable Diseases, Effectiveness, Diphtheria, Pertussis, Indicators, Evaluation

INTRODUCTION

Immunizationisthe foundation ofthe primaryhealth
care system and an indisputable human right. Vaccination
against childhood communicable diseases has contributed
significantly in achieving Sustainable Development Goals
(SDGs) by reducing mortality and morbidity among children.’
Under the Universal Immunization Programme (UIP), Govt
of Tamil Nadu provides 11 Vaccines to children and pregnant
mothers against the 12 Vaccine Preventable Diseases, namely,
Poliomyelitis, Diphtheria, Pertussis, Tetanus, Measles,
Rubella, Tuberculosis, Hepatitis B, Hemophilus Influenza
type B (Hib), Rotavirus, Pneumococcal and Japanese
Encephalitis, the latter being given in 14 selected endemic
districts.” In children <1 year old, Diphtheria, Pertussis,
Tetanus, Hepatitis B, Hib are provided as pentavalent vaccine.
Children in the age group of 1-7 years receive diphtheria,
pertussis and tetanus in the form of DPT. In addition, for
adolescents and pregnant women, tetatus and diphtheria
(Td) vaccine is given as a standalone vaccine.” The progress

and impact of vaccination programmes can be effectively

assessed by surveillance for Vaccine Preventable Diseases
(VPDs).

Immunization Agenda 2030 envisions a world
where everyone, everywhere, at every age, fully benefits from
vaccines to improve health and well-being. Surveillance for
VPDs forms part of wider infectious and non-infectious
public health surveillance and is one of the strategic priorities
for achieving Immunisation agenda 2030." VPDs under
surveillance in India are Polio, Measles, Rubella, Diphtheria,
Pertussis, Neonatal tetanus, Tuberculosis, Bacterial
Meningitis, Acute Hepatitis B, Japanese Encephalitis and
Typhoid. Currently, surveillance of six VPDs namely, Polio,
Measles, Rubella, Diphtheria, Pertussis, and Neonatal tetanus

are focussed in India, supported by WHO.?
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VPD surveillance system in India has been established with
technical, operational and monitoring support from WHO-
NPSN and encompasses more than 51,000 Reporting Sites
(RS). The RS network includes Reporting Units (RU) and
Informer Units (IU). All RUs are required to report suspected
VPD cases or death due to VPDs immediately. In addition,
all RUs are required to send weekly reports including nil
reports with details of cases reported in the past one week
to the District Health Officer, who also functions as District
Immunization Officer. Informer Units (IU) such as hospitals
and clinics with single practitioners, facilities with traditional
healers or faith healers that are likely to encounter suspected
VPD cases should also report cases to the DIO/SMO, but
are not mandated to send weekly reports. Currently, there
are approximately 1,308 RUs functional in Tamil Nadu. All
the VPD cases are updated in Vaccine Preventable Diseases
Surveillance Information Management System (VSIMS).

Diphtheria and Pertussis are life-threatening
VPDs. Their incidence has gradually declined globally due
to effective immunization programs.®” However, diphtheria
continues to be a public health problem in India, with 10
Indian states accounting for most of the reported cases since
2000 largely attributed to low vaccination coverage and
waning vaccine immunity in adults.”” Diphtheria, an acute
infectious disease of the respiratory tract caused by toxigenic
strains of Corynebacterium diphtheriae, spreads from person
to person through respiratory droplets or direct contact with
respiratory secretions. Complications of Diphtheria include
myocarditis, neuritis, Pneumonia, respiratory insufficiency,
and death. Most cases of diphtheria develop in non-
immunized individuals. The attack rate, severity of disease
and risk of complications are much lower in immunized
patients.’

Pertussis, also known as whooping cough, is
a highly contagious disease caused by the bacterium
Bordetella pertussis. It is clinically characterized by intense
cough paroxysms lasting for weeks, often accompanied by
inspiratory whooping and post-tussive emesis. The most
common complication is secondary bacterial pneumonia,
which causes pertussis-related deaths. Neurological
complications such as seizures and encephalopathy also
occur as a result of hypoxia from coughing or possibly from
toxins. Infants are at the highest risk for developing pertussis-
related complications.’

A case definition has been established by a set of
criteria to report suspected cases of that disease for public
health surveillance. It enables consistent reporting of cases by

the reporting network and improves specificity of reported

cases. A suspected case of diphtheria is defined as an illness
of the upper respiratory tract characterized by the following:
laryngitis or nasopharyngitis or pharyngitis or tonsillitis
and adherent membranes of tonsils, pharynx, larynx and/or
nose." A suspected case of pertussis is defined as a person of
any age with a cough lasting >2 weeks, or of any duration
in an infant or any person in an outbreak setting without a
more likely diagnosis and with at least one of the following
symptoms on observation or parental report: paroxysms
(i.e. fits) of coughing inspiratory whooping, post-tussive
vomiting, or vomiting without other apparent cause, apnoea
in infants (< 1 year of age) or clinician suspicion of pertussis.'

As part of VPD Surveillance, Monitoring, and
supervision are important tools for establishing and
maintaining efficient surveillance and response systems.
Monitoring and review of key performance indicators are
essential to assess the quality of the surveillance system
against set norms and standards. Implementation of a
surveillance system without a periodic review of the
performance indicators will result in no improvements in the
system, thus leading to an increased risk of failure. Hence, this
study attempted to assess the performance of the Diphtheria
and Pertussis Surveillance system in Tamil Nadu using the
Vaccine Preventable Diseases Surveillance Information
Management System (VSIMS) data for January - December
2023.

METHODS

A cross-sectional study was conducted using
secondary data on Diphtheria and Pertussis Surveillance.
All the suspected Diphtheria and Pertussis cases reported in
the Vaccine Preventable Diseases Surveillance Information
Management System (VSIMS) portal during the period
January - December 2023 have been included for analysis.
The data containing details on the date of onset of symptoms,
notification, investigation, date and number of samples
collected, Active Case Search (ACS), and follow-up was
extracted in Excel format from the VSIMS portal.

Qualitative variables are expressed as proportions.
All the key performance indicators were compared with the
Diphtheria, Pertussis, and Neonatal Tetanus Surveillance
Field Guide 2020 released by the Ministry of Health and
Family Welfare (MoHFW), Government of India, supported
by WHO." Monitoring indicators recommended in the
Surveillance Field Guide are i) Proportion of suspect cases
with timely notification ii) Proportion of suspected cases
with timely investigation iii) Proportion of cases with

adequate sample collection iv) Proportion of rejected cases v)




Proportion of timely ACS in the community vi) Timeliness of
weekly reporting and vii) Completeness of weekly reporting

presented in Table 1.

Table 1: Timelines of activities to be conducted for suspect

% of Suspect % of Timely

% of Timely % of Timely . N
notification investigation S>> with active case
adequate sample search (ACS)
within 7 days of
Diphtheria onset of first o o o
symptom within 48 within 4 weeks of ~ within 7 days

— Hrs of case  onset of first of
within 4 weeks  potification  symptom investigation
Pertussis of onset of first

symptom

RESULTS

This study analysed 101 reported suspect
Diphtheria cases and 57 suspect Pertussis cases, reported
in Tamil Nadu through the VSIMS portal during January -
December 2023. The key monitoring indicators compared
in this study are i) Proportion of suspect cases with timely
notification ii) Proportion of suspected cases with timely
investigation iii) Proportion of cases with adequate sample
collection iv) Proportion of timely ACS in the community.
Other components of Surveillance like final classification of
cases, follow up and outcome updation in portal were also
analyzed.
i. Timely notification: Among the 101 suspected Diphtheria
cases, 90 (89.1%) cases were notified within 7 days of onset
of sore throat. Out of the 57 suspected Pertussis cases, 51
(89.47%) cases were notified within 4 weeks of onset of
cough. Target set for timeliness for notification of Diphtheria
and Pertussis is >80% (Fig 1).
ii. Timely investigation: Out of 101 Diphtheria suspect
cases, 94 (93.06%) cases were investigated within 48 hours of
notification, and of the 57 suspected Pertussis cases, timely
investigation done in 52 (91.23%) cases. Target for timely

investigation is >80% (Fig 2).
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Figure 1: Timeliness of Notification of suspected Diphtheria
& Pertussis cases, Jan-Dec 2023, Tamil Nadu
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Figure 2: Timeliness in investigation of suspected Diphtheria
& Pertussis cases, Jan-Dec 2023, Tamil Nadu

iii) Proportion of cases with adequate Sample collection:

For Diphtheria, 2 samples of Throat Swab or pieces
of membrane within 4 weeks of onset of sore throat. For
Pertussis, 2 samples of nasopharyngeal swabs within 4 weeks
of the onset of Cough and 1 serum sample within 12 weeks
of the onset of Cough. Among the 101 Diphtheria cases, 1
sample has been collected for 97 (96.04%) cases and 2 samples
have been collected for 1 (0.99%) of suspected Diphtheria
cases. Among the 57 Suspected Pertussis cases, 1 sample has
been collected for 51 (89.47%) suspected cases and 2 samples
have been collected for 1 (1.75%) of suspected Pertussis cases
(Fig 3). The adequacy of sample collection is determined by
the timeliness of sample collection. Among 97 (96.04%) of
Diphtheria cases and 49 (85.96%) of Pertussis cases, adequate
sample collection was taken. The target for adequate sample
collection is >80% (Fig 4).
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Figure 3: No. of samples collected among suspected
Diphtheria & Pertussis cases, Jan-Dec 2023, Tamil Nadu
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Figure 4: Timeliness of sample collection among suspected
Diphtheria and Pertussis cases Jan-Dec 2023, Tamil Nadu
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i)Proportion of Timely Active Case Search (ACS) in
the community: ACS should be conducted soon after
identification of suspected cases, preferably within 7 days of
investigation. Among the 101 suspected Diphtheria cases,
ACS has been conducted for 34 (33.66%) cases, and among
the 57 Pertussis cases, ACS was conducted for 10 (17.54%)
cases (Fig 5). Timely ACS has been conducted for 28 (27.72%)
suspected Diphtheria cases and 5 (8.77%) suspected Pertussis
cases. Target for timeliness in ACS is >80% (Fig 6)
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Figure 5: Active Case Search (ACS) Conducted for suspected
Diphtheria & Pertussis cases, Jan-Dec 2023, Tamil Nadu
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Figure 6: Timeliness in conducting Active Case Search (ACS)
conducted for suspected Diphtheria & Pertussis cases,
Jan-Dec 2023, Tamil Nadu

ii) Follow up of cases: Telephonic follow-up of suspect cases
after 60 days from the date of onset of symptoms needs to
be done and outcomes to be updated. Follow-up has been
updated for 28 (27.72%) suspect Diphtheria cases and 5
(8.77%) Pertussis cases (Fig 7).
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Figure 6: Timeliness in conducting Active Case Search (ACS)

conducted for suspected Diphtheria & Pertussis cases,
Jan-Dec 2023, Tamil Nadu

iii) Final Classification & outcome of cases: Of the 101
reported suspect Diphtheria cases, one case is positive for
Diphtheria following laboratory testing and the outcome
status is alive. The remaining 100 cases are clinically
compatible cases, of these cases, the outcome has been
updated for only 48 (48%) cases and as alive. All the suspected
Pertussis cases are clinically compatible cases and no lab-
confirmed cases. The outcome has been updated as alive for
only 15 (26.32%) cases.

DISCUSSION

101 suspected Diphtheria and 57 suspected Pertussis
cases were analyzed for performance against the monitoring
indicators as per the Surveillance guidelines.! The key
performance indicators are timely notification, investigation,
timely sample collection, conducting ACS and follow-up.

All suspected cases of Diphtheria and Pertussis
cases having a date of onset within the past 3 months should
be notified. However, the ideal time for notification is within
7 days of onset of sore throat for Diphtheria and 4 weeks of
the onset of cough for Pertussis. This indicator is most crucial
in determining the speed and quality of a surveillance system
and offers many advantages, a) Sample collection during the
early phase of disease increases the probability of laboratory
confirmation, early detection of impending outbreaks and
case management and b) Timely public health interventions
can reduce the morbidity and mortality rates. Timelines in
the notification of suspected Diphtheria and Pertussis cases
exceed the target of >80%.

Timeliness in investigation determines the alertness
of the surveillance system to respond to notified cases. All
notified cases should be investigated within 48 hours of
notification. Timelines in the investigation of notified suspect
Diphtheria and Pertussis cases exceed the target of >80%.
Appropriate laboratory testing should be done in all suspect
cases to confirm or rule out the suspicion. If no testing is
done, it means that monitoring is inadequate or ineffective.
Hence, a target of collecting samples in >280% of suspected
cases of diphtheria and pertussis was set in the guideline. Even
though two samples are recommended for both diseases, less
than 2% of suspect cases had 2 samples collected. However,
one sample has been collected on time, and this exceeds the
set target (>80%).

The occurrence of a diphtheria case in the
community indicates gaps in Routine Immunization (RI)
coverage and the build-up of a susceptible cohort. Due to
the high attack rate of these diseases, there is a very high
probability of finding additional cases among contacts of




diphtheria and pertussis cases. Hence, ACS in response
to the identification of diphtheria and pertussis cases in
the community is very important. A thorough ACS in the
community will identify any clustering of cases and timely
interventions have the potential to curtail the outbreaks and
reduce case morbidity and mortality. Mortality to diphtheria
increases with the severity of local disease, the extent of
pseudo-membrane, and the delay between onset of local
disease and administration of antitoxin. However, ACS was
conducted in 33.66% of Diphtheria suspect cases and 17.54%
of pertussis suspect cases. This needs to be focused, on to
achieve the target (>80%) set by MoHFW.

Telephonic follow-up of suspect cases after 60
days from the date of onset of symptoms need to be done
and outcomes to be updated. However, the outcome status
was updated in 48.51% and 26.32% of suspect Diphtheria &
Pertussis cases respectively. This need to be updated in the
portal for all cases. Only one suspected case of Diphtheria
and nil suspected case of Pertussis are positive following
laboratory testing. The remaining cases are clinically
compatible cases. The outcome status in follow-up has been
updated, however, this need to be updated for all the cases.
As the suspect definition for Public Health Surveillance
includes clinician suspicion of Diphtheria and Pertussis, a
greater number of finally classified clinically compatible cases
reflects an effective surveillance system that ensures potential
cases are identified and managed promptly.

Overall, the surveillance of Diphtheria and Pertussis
in the State aligns fairly well with timely notification, timely
investigation, and final classification of cases. However
thorough ACS which helps in identifying the clustering
of cases demands attention. Even though the outcome was
updated in positive Diphtheria cases, updating needs to be
improved for clinically compatible cases also. As this study
analyzed the data available in the VSIMS portal, whether
shortfalls in indicators are actual shortfalls at the field level
or insufficient documentation in the portal needs to be

ascertained.

CONCLUSION

The proportion of suspected Diphtheria & Pertussis
cases notified and investigated within the timeline exceeds
the target set by MoHFW. Timely sample collection exceeds
the target; however, this was with a single specimen. The
occurrence of Diphtheria cases in a community indicates gap
in RI coverage and the build-up of suspected cohorts, due to
the high attack rate of these diseases. Hence ACS has to be

updated for all the suspect cases to reduce morbidity. Follow
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up after 60 days from the onset of symptoms and outcome
status need to be updated, which was less. Thus, Tamil Nadu
is performing aligned with the surveillance guidelines by
MoHFW, thus paving way for achieving the strategic priority
of Immunization agenda 2030. Nevertheless, the gaps
identified in sample collection, ACS, and follow up need to

be improved.

CONEFLICT OF INTEREST

None

REFERENCES

1. Surveillance for Diphtheria, Pertussis and Neonatal
Tetanus - Field Guide 2020. Ministry of Health and Family
Welfare, Government of India.

2. Health and Family Welfare Department. Policy Note 2024-
2025. Demand No. 19. Ministry of Health and Family Welfare,
Government of Tamil Nadu. [Internet]. 2024. Available from:
https://cms.tn.gov.in/sites/default/files/documents/hfw_e_
pn_2024_25.pdf

3. National Health Mission [Internet]. 2024 [cited 2024 Oct
12]. Immunization: National Health Mission, Ministry of
Health and Family Welfare, Government of India. Available
from: https://nhm.gov.in/index1.php?lang=1&level=2&subli
nkid=824&lid=220

4. Global strategy for comprehensive Vaccine-Preventable
Disease (VPD) surveillance [Internet]. [cited 2024 Dec 31].
Available from: https://www.who.int/publications/m/item/
global-strategy-for-comprehensive-vaccine-preventable-

disease-(vpd)-surveillance

5. Routine Immunization. Manual for Medical Officers.
Ministry of Health and Family Welfare, Government of India,
2024. [Internet]. [cited 2024 Dec 31]. Available from: https://
mohfw.gov.in/?q=0Organisation/Departments-of-Health-

and-Family-Welfare/immunization

6. Truelove SA, Keegan LT, Moss W], Chaisson LH, Macher
E, Azman AS, et al. Clinical and Epidemiological Aspects of
Diphtheria: A Systematic Review and Pooled Analysis. Clin
Infect Dis. 2020 Jun 24;71(1):89-97.

7. Carrasquilla G, Porras A, Martinez S, DeAntonio R,
Devadiga R, Caceres DC, et al. Incidence and mortality of

Vol 4 | Issue 4 | October - December | 2024




Tamil Nadu Journal of Public Health and Medical Research

Vol 4 | Issue 4 | October - December | 2024

pertussis disease in infants <12 months of age following
introduction of pertussis maternal universal mass vaccination
in Bogot4, Colombia. Vaccine. 2020 Oct;38(46):7384-92.

8. Murhekar M. Epidemiology of Diphtheria in India, 1996-
2016: Implications for Prevention and Control. Am Soc Trop

Med Hyg. 2017 Aug 2;97(2):313-8.

9. Phalkey RK, Shukla S, Shardul S, Ashtekar N, Valsa S,
Awate P, et al. Assessment of the core and support functions
of the Integrated Disease Surveillance system in Maharashtra,
India. BMC Public Health. 2013 Dec;13(1):575.




Tamil Nadu Journal of Public Health and Medical Research

ORIGINAL ARTICLE

EVALUATION OF MID UPPER ARM CIRCUMFERENCE AS
A SCREENING TOOL FOR UNDERNUTRITION AMONG
ADOLESCENT GIRLS IN TAMIL NADU, 2019

Roseline F.William ¥, Kanagabala Balasubramanian @, S.Marytresa Jeyapriya 7,
Nandhini Selvanesan ¥, Kumaravel llangovan ¥

(1) Karpaga Vinayaga Institute of Medical Sciences and Research Center, Tamil Nadu
(2) Directorate of Public Health and Preventive Medicine
(3) John Snow India Private Limited, New Delhi

Vol 4 | Issue 4 | October - December | 2024

ABSTRACT

INTRODUCTION : Body mass index (BMI) in anthropometry is a well-established indicator to assess the nutritional status.
However the use of BMI as an indicator in the field level is limited as it involves multiple instruments. Mid-Upper Arm
Circumference (MUAC) is used in severely malnourished children to identify with morbidity and those at risk of mortality.
This study aims to assess the diagnostic accuracy of MUAC for undernutrition among adolescent girls compared with BMI
as the gold standard.

METHODS : A community-based cross-sectional study was conducted among adolescent girls aged 10-19 years in
Chengalpattu district, Tamil Nadu. Nutritional status was assessed based on comparison with standard cut-offs for BMI
and MUAC. The diagnostic accuracy of MUAC compared with BMI was assessed using the proportion of true positives,
false positives, true negatives, and false negatives using a 2 x 2 table. A correlation between BMI and MUAC was also
expressed.

RESULTS : MUAC was 79.25% sensitive to detecting undernutrition and has 84.5% specificity to identifying those who were
not undernourished. The correlation between BMI and MUAC was found to be 0.88.

CONCLUSION : MUAC can be used in settings where undernutrition prevalence is high.

KEYWORDS : Mid upper arm circumference, Body Mass Index, Screening, Undernutrition, Malnutrition

INTRODUCTION

Adolescents are individuals between 10 and 19 years
of age.! Globally there are 1.2 billion adolescents. In India,
adolescents contribute to 18% of the population.” UNICEF
reports that half of India’s adolescents (63 million girls and
81 million boys) are either thin, overweight obese or short.
More girls suffer from shortness than boys.’ To break India’s
intergenerational cycle of malnutrition, there is a need to
focus on adolescent girls before they become mothers."

Body mass index (BMI) in anthropometry is a
well established indicator to assess the nutritional status5.
However the use of BMI as an indicator in the field level has
limitations as it involves multiple instruments like accurate
weighing scales and stadiometers.®

Mid-upper arm circumference (MUAC) measures
the arm muscle and fat area. MUAC is used in severely
malnourished children to identify morbidity and those
at risk of mortality. However, it is not used as an indicator
for screening undernutrition among adolescents because
of changes in the skeletal muscle and subcutaneous fat of
this particular population.® Further, BMI can be affected by
factors that mask overall body mass, like trunk edema due

to protein-energy malnutrition, whereas MUAC is unaffected
by this.” In resource-poor field settings, the availability of
standardized well-calibrated equipment to measure weight
and height and calculation of BMI or BAZ (BMI for age
z-score) by field workers without field charts are difficult7.
In order to use MUAC in the field, there is a need to assess
its diagnostic accuracy for undernutrition compared with
BMI. Hence we conducted this study to assess the diagnostic
accuracy of MUAC for undernutrition among adolescent
girls compared with BMI as the gold standard in two
peripheral training centers of a tertiary care teaching hospital

in Chengalpattu district, Tamil Nadu.

METHODS
Study design and setting: This was a community-based

cross-sectional study conducted in two Field practice areas
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of the Rural and Urban Health Training Center of Karpaga
Vinayaga Institute of Medical Sciences & Research Center,
Chengalpattu, Tamil Nadu in April - October 2019.

Study population: Adolescent girls aged 10-19 years residing
in the field practice areas of the two Peripheral Health
Training Centers of Karpaga Vinayaga Institute of Medical
Sciences & Research Center, Chengalpattu district, Tamil
Nadu.

Sample size: In a study by Dasgupta A% the prevalence
of undernutrition based on MUAC was 60%. With this
prevalence and Absolute precision of 7%, the sample size
derived was 196 adolescent girls.

Data collection: After obtaining ethical clearance from the
ethical committee and taking permission from the concerned
authorities from urban and rural field practice areas, house
to house visit was made. After getting consent (from the
mother if the girl is <12 years old or from the mother and
the participant if she is >12 years old), anthropometric
measurements were taken using standard techniques. Weight
to the nearest 0.1 kg was recorded using a mechanical
weighing scale with minimal clothing. Height was taken
barefoot to the nearest 0.1 cm using a non-stretchable
measuring tape. MUAC was measured in the right arm at
the midpoint between the acromion and olecranon process
to the nearest 0.1cm with a non-stretchable measuring tape.
BMI was calculated using the formula weight (kg)/height
(m2). Nutritional status was assessed based on comparison
with standard cut-offs for BMI and MUAC. BMI z-score
was categorized based on WHO - BMI cutoff for girls as
normal (5th to 95th centile), underweight (<5th centile) and
overweight/obese (>95th centile).” MUAC was compared
with Center for Disease Control and Prevention (CDC)
anthropometric reference data on MUAC for female children
and adolescents as normal (5th to 95th centile), underweight
(<5th centile) and overweight/obese (>95th centile)."
Statistical methods: Descriptive statistics were calculated as
mean and standard deviation. Diagnostic accuracy of MUAC
compared with BMI was assessed using sensitivity, specificity,
negative predictive value, positive predictive value, positive
and negative likelihood ratio, whose values were calculated
using the proportion of true positives, false positives, true
negatives, and false negatives using a 2 x 2 table. Correlation
between BMI and MUAC was used to establish relationship
between BMI and MUAC.

Ethical approval: Ethical clearance was obtained from the
Institutional Ethics Committee of Karpaga Vinayaga Institute

of Medical Sciences and Research Center.

RESULTS

This study was conducted among 196 adolescent
girls. Among them, 14 girls were >95th centile according to
BMLI. Hence, only 182 adolescent girls whose BMI was <95th

centile were included for analysis.

Table 1: Steps used for intervention development
using the PRODCUES framework

Parameter Mean Standard deviation
BMI 24.19 kg/m? 3.245
MUAC 18.51cm 3.12

Table 1 shows the mean BMI and MUAC of
adolescent girls. The mean BMI was 24.19+3.24 kg/m2 and
the mean MUAC was 18.51 +£3.12 cm.

Table 2: Distribution of study participants in relation to
nutritional status based on BMI and MUAC,
April - October 2019

Nutritional status BMI MUAC
Undemutrition 53 (29.1%) 62 (34.1%)
Normal 129 (70.9%) 120 (65.9%)
Total 182 (100%) 182 (100%)

According to BMI, 53 (29.1%) girls were
undernourished and according to MUAC, 62 (34.1%) girls

were undernourished (Table 2).

Table 3: Comparison of MUAC cut-off with BMI as the
gold standard for undernutrition, April - October 2019

Undernutrition MUAC Undernutrition BMI Total
Yes No
Yes 42 (TP) 20 (FP) 62 (TP+FP)
No 11 (FN) 109 (TN) 109 (FN+TN)
Total 53 (TP+FN) 129 (FP+TN) 182 (TP+FP+FN+TN)

*TP= True Positive, FP= False Positive, TN=True Negative, FN= False Negative

To compare the undernutrition status with
MUAC and BMI, table 3 shows that 42 were true positive
(undernourished in both BMI and MUAC), 109 were true
negative (negative for undernourishment by BMI and
MUAC), 20 were false positive (undernourished by MUAC,
while normal by BMI) and 11 were false negative (normal by
MUAC, while undernourished by BMI).




Table 4: Validity of MUAC as a screening tool

Measures Results
Sensitivity 79.25%
Specificity 84.5%
Positive predictive value 67.74%
Negative predictive value 90.83%
Positive likelihood ratio 5.11
Negative likelihood ratio 0.25

Table 4 presents the results of using MUAC as
a screening tool. MUAC was 79.25% sensitive to detect
undernutrition, 84.5% specificity to identify those who
were not undernourished. The yield of a test that is, positive
predictive value was 67.74%. The predictive value of a
negative test was 90.83%. The positive likelihood ratio was
5.11. The negative likelihood ratio was 0.25.

R Linear = 0.757

25.00

15.00-

Figure 1: Scatter plot showing correlation between
BMI and MUAC

Correlation between BMI and MUAC was found to be 0.88
(p <0.000), which signifies strong positive linear relationship.

(Figure 1)

DISCUSSION

Since more than half of the adolescent population
do not have normal nutritional status, a simple tool to
measure their nutritional status in the field level is important.
MUAC is one such tool to assess nutritional status. In this
study, 34.1% girls were undernourished according to MUAC,
while a study done among adolescent boys by Dasgupta
A8, reported the prevalence of undernutrition by MUAC as
60.3%.
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In the present study, regarding the use of MUAC
as a screening tool, MUAC has 79.25% sensitivity to detect
undernutrition, which is lower than Dasgupta A8, who
reported 94.6% sensitivity. Among adolescents in Tanzania,
the sensitivity of MUAC compared to BMI was 35% based on
the Nutrition Assessment, Counseling, and Support (NACS)
tool7. Positive predictive value was 67.74% in this study,
while Dasgupta A8 reported as 93.5%. This difference could
be because, positive predictive value is highly dependent on
prevalence. The prevalence of undernutrition by BMI was
29.1% in this study, while it was 48% in the above study. The
positive predictive value among adolescent girls in urban
slums of Pune by Jayakumar A6 was 29.62%. The yield
(positive predictive value) of a test that is number of cases
detected is very important in low resource settings.

MUAC was positively correlated with BMI in this
current study (r=0.88, p <0.001), which is similar to studies
done by Dasgupta A8 (0.88, 0.001) and Sethi V11 (0.78) at
Chbhattisgarh and Odisha.

CONCLUSION

MUAC can be used in settings where the
undernutrition prevalence is high. Given that MUAC and
BMI are positively correlated, MUAC can be used in settings
where BMI measurement is not feasible. This study used
the MUAC cut-offs given by the Center for Disease Control
(CDC) which is based on the United States population, which
might underestimate undernutrition in Indian settings.
Hence, standard MUAC cut offs for detecting undernutrition

need to be developed for developing countries.
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ABSTRACT

INTRODUCTION : Rashtriya Bal Swasthya Karyakram (RBSK) program in Tamil Nadu has significantly advanced child
health services by focusing on early identification and management of health conditions. Launched to address the “4Ds”
— Defects at Birth, Developmental Delays, Diseases, and Deficiencies — in children from birth to 18 years, RBSK has made
notable strides in improving child survival and reducing morbidity. Tamil Nadu has pioneered several innovations within
the RBSK framework, including the integration of real-time GPS monitoring for vehicle tracking, digital screening through
the Tamil Nadu Education Management Information System (TN EMIS) app, and Newborn Screening or Delivery Point
Screening to detect birth defects early. These innovations have streamlined the screening process, ensured accountability,
and enhanced follow-up care through effective data management and interdepartmental collaborations. By maintaining
transparency through Advanced Tour Programme (ATP) updates and addressing challenges through strategic initiatives,
the state has ensured that health services reach even the most remote areas. With the continuous innovation in child
health services, Tamil Nadu’s RBSK program has set a high standard for public health initiatives. This paper highlights the
significant innovations introduced in Tamil Nadu's RBSK program and discusses their effect on improving early detection,

Vol 4 | Issue 4 | October - December | 2024

intervention, and long-term child health outcomes.

KEYWORDS : Child health, RBSK, Screening, Care Continuum, Referral, Primary care

INTRODUCTION

Child health is a cornerstone of public health,
reflecting the overall health and well-being of a nation.
Recognizing the importance of early diagnosis and
intervention in mitigating childhood morbidity and
mortality, the Government of India launched the Rashtriya
Bal Swasthya Karyakram (RBSK) in 2013. This program
targets the early identification and management of
conditions categorized under the "4Ds"—Defects at Birth,
Developmental Delays including Disabilities, Diseases, and
Deficiencies—in children aged 0 to 18 years.'

Since its launch, RBSK has made remarkable strides
in enhancing healthcare access and outcomes for children
across the country. The program employs a comprehensive
screening model implemented at Anganwadi Centres,
schools, and healthcare facilities to identify a wide range of
health conditions. Beyond detection, RBSK ensures referral,
free medical and surgical care, and follow-up services through
District Early Intervention Centres (DEICs)and fostering a
continuum of care.””

Tamil Nadu has emerged as a frontrunner in
implementing the RBSK program. With strong public health
infrastructure, the state ensures comprehensive coverage of
newbornsat delivery points, children aged 6 weeks to 6 years at

Anganwadi Centres, and school-going children up to 18 years

in government and government-aided schools. The RBSK
program in Tamil Nadu has embraced a series of innovative
approaches to overcome challenges in implementation and
improving its reach and effect. These innovations, including
the adoption of digital tools, real-time monitoring systems,
targeted health camps, and interdepartmental collaborations,
have transformed the program into a robust model for child
health services.

This article explores the innovations introduced in
the RBSK program by the state of Tamil Nadu like Tamil Nadu
Education Management Information System (EMIS) app,
GPS-enabled vehicles, Face Recognized attendance system,
uniform advanced tour programme throughout the state and

delivery point newborn screening enabled in PICME 2.0.

RBSK in Tamil Nadu:

Tamil Nadu is a pioneer in reducing Infant
Mortality Rate (IMR) and Childhood Mortality through

the implementation of MCH services and immunization
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programs at the Primary Health Care level. However, there
is an ongoing need for improvement in child survival,
which can be achieved through early detection and timely
management of illnesses, thereby reducing child morbidity
and mortality. Under the RBSK program, screening for 30
medical conditions is conducted at two levels:

1. Facility Level: Allnewborns are screened by medical officers
and their teams at delivery points. Any newborn found with
defects is referred to the District Early Intervention Centre
(DEIC) for further management.

2. Community Level: Screening is carried out at Anganwadi
Centres (AWC) for preschool children under 6 years of
age, and at Government and government-aided schools for
children aged 6 to 18 years, by RBSK teams.

Current RBSK Human Resource (HR) status in
Tamilnadu

The RBSK program operates with 770 dedicated
teams across Tamil Nadu, with two teams assigned to each
block (one male and one female). Each team is equipped
with a branded vehicle to conduct screenings at Anganwadi
canters and Government and Government aided schools.
In the Greater Chennai Corporation, 15 RBSK teams are
responsible for screening children, while the remaining 35
teams cover other corporations in Tamil Nadu. Each RBSK
team constitutes a Medical Officer, a Staff Nurse or Sector
Health Nurse (SHN), a Driver (hired), and a pharmacist
proficient in data management. The RBSK teams follow
uniform screening schedule throughout the year as follows
« The first round of Anganwadi screening is carried out from
April to June.
« School screening was carried out from July to December.
o The second round of Anganwadi screening is carried out

from January to March.

RBSK Intervention Indicators and Coverage in
Tamilnadu

During the year April 2023- March 2024, 89%
(33,97,080) and 94% (35,88,769) of Anganwadi children are
covered by the RBSK team in the first and second rounds
of screening respectively. 98% (65,35,816) of Government
and Government aided school children are covered by the
RBSK team during the year 2023-24. In the current financial
year (2024-2025), 98% (37,48,915) and 40% (15,34,700)
of Anganwadi children are covered by the RBSK team in
the first and second rounds of screening respectively. 80%
(55,73,776) of Government and Government school children
are covered by the RBSK team during the year 2024-25. The

details of screening, medical management given and referral
details are entered in Education Management Information
System (EMIS) portal by the RBSK team. So far April 2024
to Dec 2024 78% of Anganwadi children phase-1 and 74%
of Government and Government aided school children
screening details are captured in the EMIS portal and

remaining will be covered in the coming months.

Management and Outcomes of Children
Identified with 4Ds

The children identified with 4D’s are referred to
District Early Interventional Centres (DEIC). The cumulative
outcome of the RBSK program is presented in Table 1. The
DEIC team consists of a Paediatrician, Medical officer, Staff
Nurses, Optometrists, speech therapists and physiotherapists
to provide support to the referred children. The purpose
of DEIC is to provide referral support to children detected
with health conditions during screening by the RBSK team,
who require tertiary care services. The early intervention
centres are established at all Government Medical College
Hospitals and there are 35 DEICs established across the state.

Table 1: Cumulative outcome of the RBSK program,
FY 2021 - 2024 and FY April 2024 - December 2024.

S.no Year 2021-24 2024-25
1 Total children screened 3,50,48,298 1,09,19,465
2 Total children suspected with
D1(Defects at birth) 40,232 11,517
D2(Deficiencies) 2,00,494 48,948
D3(Diseases) 9,54,131 2,66,043
D4(Development delays including 3,21,413 1,09,426
disabilities)
3 No. of children referred to DEIC 9,85,248 2,99,416
Children Confirmed (7 Major
4 Conditions) 24713 8135
Chlld're'n Medically Managed (7 Major 16246 6108
5 Conditions)
Children Needed Surgery (7 Major
6 Conditions) 8467 2027
7 Surgery Done (7 Major Conditions) 8363 1813

Congenital Heart Diseases (CHD), Rheumatic
Heart Diseases (RHD), Club Foot, Cleft Lip and Palate,
Congenital Cataract, Congenital Deafness, and Neural Tube
Defects (NTD) are the seven major disease conditions among
children referred for surgeries to tertiary care centres by the
RBSK team.

During the year 2024-25, 11517 children are
diagnosed with these conditions. Among them, 6108
children are medically managed, and 1813 underwent
surgery. Approximately 97% of the identified children (7921)
receive complete treatment for their illness and are under
regular follow-up by the RBSK team. The treatment details
of these children are entered into the EMIS portal to facilitate
monitoring by the RBSK team at the field level.




Innovations in Tamil Nadu's RBSK Program
1.FRAS System for Attendance and Monitoring

In Tamil Nadu, the Face Recognized Attendance
System (FRAS) is employed to track the daily attendance
and activities of RBSK teams. The teams are stationed at their
respective Block PHCs, and their attendance is recorded daily
in the FRAS system, ensuring accountability and punctuality.
The system is monitored by the Block Medical Officer (BMO)
at the block level and the District Health Officer (DHO) at
the district level. By tracking attendance through FRAS, the
program ensures that health service providers remain active
in the field from 9 AM to 4 PM, enhancing the efficiency
of health screenings and interventions. Additionally, the
movements of RBSK vehicles are monitored in real-time via
GPS and Android tablets, enabling better monitoring of team

activities.

2.Transparent Monthly Advanced Tour Programme (ATP)
Updates

In To promote transparency and public access to
RBSK activities, the Advanced Tour Programme (ATP)
of all RBSK teams is updated monthly on the Tamil Nadu
Directorate of Public Health and Preventive Medicine
(TNDPHPM) website, ensuring transparency (Figure 1).
The website displays the scheduled visits of RBSK teams to
Anganwadi Centers and Government and Government-
Aided Schools to public visibility. The website also provides
the CUG numbers of medical officers for direct contact,
ensuring public access to necessary information. These
updates are available in the following link: https://www.
tndphpm.com. This initiative ensures the public, Anganwadi
Centres, Government and Government aided schools is
well-informed about the teams’ schedule and community

involvement in the health screening process.
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Figure 1: ATP of RBSK uploaded in TNDPHPM
website for visibility to public and stakeholders
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3. Real-Time GPS Monitoring of RBSK Vehicles

A key innovation in the Tamil Nadu RBSK program
is the real-time GPS monitoring of RBSK vehicles, facilitated
through the RBSK GPS portal by a vendor agency (Figure
2). Each RBSK vehicle is equipped with a GPS device, which
tracks the vehicle's location in real time, using latitude and
longitude coordinates. This system helps to prevent route
deviations, optimize logistical efficiency, and ensure RBSK
teams visit the designated screening sites as scheduled (Figure
3).

To enhance further functionality, automated daily
reports are generated by the GPS system and sent to the
headquarters. ATP deviations, less distance travelled, and
offline status of the vehicle are reviewed at multiple levels to
ensure smooth program operations. When a vehicle deviates
from the scheduled ATP, the details are shared with District
Health Officers (DHOs) and District Training Team Medical
Officers (DTTMOs) for review, and corrective actions are
taken in weekly DHO review meetings. The status of GPS
devices, including active and offline statuses, idle vehicle
times, and distance covered, is monitored continuously
through the Glovision GPS website, ensuring timely

interventions based on real-time data.
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Figure 2: RBSK GPS portal Homepage
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Figure 3: Real time GPS monitoring of RBSK team

4. Newborn Screening (Delivery Point Screening)
Tamil Nadu has made significant strides in ensuring

that all newborns are screened for birth defects through
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newborn screening, also known as delivery point screening.
As part of the Rashtriya Bal Swasthya Karyakram (RBSK)
program, the focus is on identifying visible birth defects
within 48 hours of delivery. Early detection allows for
timely interventions, ensuring the timely intervention and
improving the child survival.

The screening is conducted in all health facilities
from Primary Health Centers to Medical College Hospitals
and private hospitals within 48 hours of delivery of
the newborn. A detailed screening checklist has been
incorporated into the PICME portal, where identified defects
are immediately recorded (Figure 4).

If a defect is found, the newborn is referred to a
District Early Intervention Centre (DEIC) or a higher-level
medical facility for further care. A Delivery Point Screening
Card is issued to the mother, indicating the newborn's health
status and serving as a record for follow-up care (Figure 5).
This card serves both as a record and a referral form for any
required follow-up care, ensuring that no newborn is missed
and that they receive timely care.

The screening in RBSK is focused only on
Government and Government-aided schools, which left a
gap in identifying conditions, e since many children attend
private schools. To address this gap, whether the infant is
born in Government or private health institutions, they are
all screened for birth defects and followed up.

To monitor the process, all health institutions
conducting deliveries are required to update newborn
delivery details, screening results, and referral information in
the PICME 3.0 portal. After discharge, Village Health Nurses
follow up with the newborns through postnatal visits, using
the data available in the PICME data in coordination with the
RBSK team. This approach bridges the gap between estimated
and actual disease conditions, ensuring better identification

and management in the future.
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Figure 4: Newborn screening in PICME portal
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Figure 5: Newborn screening card issued to the mother

TN EMIS App for Digital Screening and Tracking

One of the key innovations in the RBSK program in
Tamil Nadu is the integration of the Tamil Nadu Education
Management Information System (TN EMIS) App, developed
by the School Education Department with an added health
component (Figure 6). This digital platform incorporates a
49-question primary screening questionnaire completed by
school teachers, as seen in the TN EMIS portal and related
pages (Figures 7 and 8). The questionnaire includes nine sets
of screening components focused on eye screening, along with
39 general health-related queries, ensuring a comprehensive
health assessment. Children flagged during the primary
screening are referred to the RBSK Mobile Health Teams
for confirmation and management. In addition to school-
based screenings, RBSK doctors also use the TN EMIS app
to screen children at Anganwadi Centers, entering the health
data directly into the portal (Figure 9). This enables a unified
tracking system for all children across different age groups,
ensuring that no child is missed. The app supports real-time

data entry and tracking, allowing for efficient follow-up and




comprehensive monitoring of children's health outcomes. By
centralizing health data from both schools and Anganwadi
Centres, the TN EMIS app enhances coordination among
various stakeholders, improves the referral process, and
strengthens the overall efficiency of the RBSK program,
ensuring timely interventions and a streamlined approach to

child health services.
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Future directions:

To augment the effectiveness of services for children,
the Directorate of Public Health and Preventive Medicine,
Tamil Nadu has decided to implement the following
interventions in child health in future.

1. To establish infirmary rooms in higher secondary schools
to provide privacy during health examinations conducted
by RBSK teams, ensuring a comfortable and dignified
environment for students.

2. RBSK Medical Officers will conduct health and wellness
session during school assemblies to raise awareness about the
program and its health benefits.

3. Saturdays will be dedicated to referrals to District Early
Intervention Centres (DEICs) for further evaluation and
management of identified health conditions.

4. Additionally, State-level Coordination Committee
meetings will be conducted thrice a year, and District-
level meetings will be held quarterly, involving all key
stakeholders, including the School Education Department
(SED), Integrated Child Development Services (ICDS), and
National Health Mission (NHM). These meetings aim to
ensure effective communication, foster collaboration, and

address any challenges in program implementation promptly.

Effect of Innovations

These innovations have transformed RBSK into
a dynamic and inclusive program, enhancing its reach and
efficiency. The adoption of digital tools has streamlined data
management and improved response times. Real-time GPS

tracking ensures accountability.

Challenges and Future Directions

Despite these advancements, challenges such as
resource constraints, staff shortages, and logistical issues
persist. Addressing these barriers through capacity building,
with proper allocation of resources, and stakeholder
engagement will be crucial. Scaling up innovations like the
TN EMIS app and GPS monitoring to a national level can

further strengthen child health services.

CONCLUSION

Tamil Nadu's implementation of the Rashtriya Bal
Swasthya Karyakram (RBSK) program showcases the state's
unwavering commitment to child health and well-being.
Through its innovative strategies, including real-time GPS
monitoring, PICME portal integration, and transparent
monthly ATP updates, Tamil Nadu has significantly improved
early detection, intervention, and follow-up care for children
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across the state. The program's success is attributed to the
effective use of technology, streamlined systems, and the
collaboration of various departments, ensuring that no child is
left behind, whether in urban or rural areas. With the Delivery
Point Screening initiative, Tamil Nadu has further advanced
its efforts to address health issues at the very beginning of
a child's life. The state's model of proactive healthcare,
combined with its focus on continuous improvement, has set
a high standard for public health initiatives in India. Moving
forward, sustained innovation and robust execution will
be key to maintaining these achievements and ensuring a
healthier, more prosperous future for the children of Tamil
Nadu.
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INTRODUCTION

Mumps is an acute disease of children and young
adults, caused by a paramyxovirus of which there is only a
single serotype.' Humans are the only known natural host for
the mumps virus and the virus spreads through respiratory
droplets or direct contact with an infected person’s saliva.’
Mumps is frequently reported in children aged 5-9 years of
age, although both adolescents and adults may be affected.’

Incubation period of mumps usually ranges from 16
to 18 days, while it can even extend up to 25 days. Non-specific
prodromal symptoms include headache, low-grade fever,
myalgia, anorexia, and malaise. The normal presentation of
mumps is parotitis, or swelling of the parotid gland, or other
salivary gland enlargement that lasts for around five days.
Both unilateral and bilateral parotitis are possible." People
with mumps are infectious from 2 days before through 5 days
after parotitis onset.” Although, natural infection with this
virus is thought to confer lifelong protection’, mumps virus
reinfections do seem to occur.’” Complications of mumps
occur with or without parotitis or other salivary gland
swelling and generally encompass conditions such as orchitis,
oophoritis, mastitis, pancreatitis, hearing impairment,
meningitis, and encephalitis. Nephritis, myocarditis and
other sequelae like paralysis, seizures, cranial nerve palsies,
and hydrocephalus have also been reported occasionally.
Complications associated with mumps are usually more
common among adults than children.® Despite its generally
low mortality rate, the potential to cause profound morbidity
and complications underscores the importance of preventive
measures, with vaccination emerging as the most effective

solution.”

Global and Indian Disease Burden:

Globally, there is a substantial mumps case burden,
particularly among countries where the vaccine is not
routinely administered. With 100-1,000 cases per 1,00,000

people reported in countries without routine mumps

immunization programs, the mumps incidence worldwide is
still rather high.®

A study on the disease burden of seven vaccine-
preventable diseases in Shandong province, China, from 2013
to 2017 reported that mumps had a relatively low disease
burden both at the population level (0.43 DALYs per year)
and at the individual level (0.27 DALYs per 100 infections).

India has a high disease burden, as evidenced by
the reports of both cyclic outbreaks and sporadic cases from
every part of the nation. Mumps resulted in many outbreaks
in India. According to the IDSP and IAP-web-based network,
between September 2009 and May 2015, 2892 mumps cases
were reported.” Between July and September 2017, IDSP
documented 15 outbreaks and 260 cases of mumps within
the region."” Mumps is a significant public health concern in
India, yetinsufficient data from various regions underestimate
its actual burden."

India reported 764 mumps cases between 2021-22
as per Global Health Observatory (GHO) data repository,
indicating a substantial burden of mumps, particularly
affecting children.”” The rising number of mumps cases in
India among children in Maharashtra, Uttar Pradesh, Odisha,
and Rajasthan, is a concerning trend.””"” The fact that this
surge has been observed after 4-5 years raises questions about
the factors contributing to the resurgence of the disease in
these regions. In October and November 2023, mumps
outbreaks in Idukki and Palakkad in Kerala, Sivagangai
in Tamil Nadu, Udupi in Karnataka, and Rajnandgaon in
Chhattisgarh, served as poignant reminders of the challenges
posed by this infectious disease."”

In Tamil Nadu, During the year 2021-22, only 61
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cases of mumps were reported. In the year 2022-23, we saw a
slight increase with 129 number of cases of mumps. In 2023-
24 there was a dramatic increase compared to the previous
two years, a totally 1,091cases of mumps were reported during
this period. This increase in incidence could be attributed to

outbreak of mumps in 2023-24.'

Mumps orchitis and Male infertility:

Orchitis is the most common complication of
mumps in post-pubertal men, affecting about 20%-30%
of cases: 10%-30% are bilateral. Orchitis usually occurs
1-2 weeks after parotitis.”” Of the affected, 30%-50 % show
a degree of testicular atrophy Within the first few days of
infection the virus attacks the testicular glands, leading to
parenchymal inflammation, separation of seminiferous
tubules, and perivascular interstitial lymphocyte infiltration.
The tunica albugenia forms a barrier against oedema, and the
subsequent rise in intratesticular pressure leads to pressure-
induced testicular atrophy."

Adamopoulos et al.” studied the effects of mumps
orchitis on Leydig cell function and found low testosterone
levels, elevated luteinizing hormone levels and an exaggerated
pituitary response to luteinizing hormone-releasing
hormone (LHRH) stimulation in the acute phase. Whilst
basal testosterone concentrations returned to normal after
several months, mean basal follicle stimulating hormone and
luteinizing hormone concentrations remained significantly
increased at 10 and 12 months after the acute phase.

The causal link between mumps orchitis and
anti-sperm antibodies has been unclear. Although the
antibodies were suspected to impair fertility, Kalaydjiev et
al.”’ demonstrated that both the incidence and the level of
serum anti-sperm antibodies among mumps orchitis patients
were low, and did not support the hypothesis of an enhanced
humoral immunity against spermatozoa.

Mumps orchitis rarely leads to sterility but it may
contribute to subfertility. It can also can lead to oligospermia,
azoospermia, and asthenospermia (defects in sperm
movement). Unilateral disease can significantly, but only
transiently, diminish sperm count, mobility, and morphology.
Impairment of fertility is estimated to occur in about 13%
of patients, while 30%-87% of patients with bilateral mumps

orchitis experience infertility.”!

Vaccine efficacy and safety:

Live attenuated mumps vaccines based on live
attenuated virus strains including the Jeryl-Lynn, RIT 4385,
Leningrad-3, Leningrad-Zagreb, Urabe Am9, S79, Rubini,

and others, have been available since the 1960s. However, due
to the low level of seroconversion obtained with the Rubini
strain, WHO has recommended that this strain should
not be used in national immunization programmes. These
vaccines are produced by growing the virus in cell cultures
or in embryonated chicken eggs. The virus is then purified,
formulated with a stabilizer such as gelatine or sorbitol and
lyophilized. Mumps vaccines are available as a monovalent
vaccine, a bivalent measles-mumps vaccine, or as a trivalent
measles-mumps-rubella vaccine (MMR).” The mumps
vaccine, commonly administered as part of the measles,
mumps, and rubella (MMR) combination, has shown high
efficacy in preventing mumps and its complications. One
dose of MMR vaccine is 93% effective against measles, 78%
effective against mumps, and 97% effective against rubella.
Two doses of MMR vaccine are 97% effective against measles
and 88% effective against mumps. The vaccine is well-

tolerated, with adverse events being rare and mild.”

Global Impact of Mumps Vaccination Programs:

According to WHO, mumps was adopted in the
vaccination schedule of 57% of the member countries (110
countries) in 2005.” Many countries did not introduce
mumps vaccine into their national programs until
immunization coverage with BCG, poliovirus, diphtheria-
pertussis-tetanus, and measles vaccines exceeded 80%, often
above 90%. Countries that introduced mumps vaccine into
their immunization programs exhibited a rapid decline
in mumps morbidity. Countries administering MMR
vaccine at high coverage levels reported sharp reductions in
mumps incidence.”” MMR vaccine simultaneously provides
protection for measles, mumps and rubella.

The mumps vaccine, as part of the MMR vaccine,
has been instrumental in significantly reducing the incidence
of the disease since its introduction in 1967 in the United
States™ The success of vaccination programs has been
noteworthy, with the incidence of mumps dropping to less
than 0.1 case per 100,000 people in many developed countries
by 2001* This achievement demonstrated the effectiveness
of widespread immunization in controlling the disease,
marking a substantial triumph in public health.”

Atthe end 0f2007, 114 countries were administering
mumps vaccine, compared with 104 countries at the end of
2002. However, as of 2012, 120 (62%) countries have adopted

29

routine mumps vaccination in their NIPs* The reduction
in mumps incidence varies from 88% to 97% in countries
adopting single or two doses of vaccine, respectively.”” A

recent meta-analysis in China found the overall vaccine




effectiveness for mumps-containing vaccine (either one dose
or two doses) to be 85% (95% CI 76%-90%) from cohort
studies and 88% (95% CI 82%-92%) from case-control
studies.”’

MMR was introduced in state immunization
program of Delhi in 1999 as a single dose administered
between 15-18 months of age (MMR-I).” There is no
effectiveness data available from India since mumps is
not part of NIP and only few states and Union Territories
are providing mumps vaccine in form of MMR vaccine."”
Though the MMR vaccine is offered by private sector, the
coverage and field-efficacy data are not available. Yadav, et
al.” reported high mumps seropositivity rates (96-100%)
with use of single dose of MMR vaccine in Delhi children.
In another Indian study conducted amongst 1-10 year old
children in Pune, a single dose of MMR (with Leningrad-
Zagreb mumps virus strain) was able to maintain mumps-

specific IgG (seropositivity rate) in 95% after 6 years.*

The National Immunization schedule:

Choice of vaccines in National Immunization
Schedule warrants careful decision and periodic reviews.
In 1978, India adopted the Expanded Programme
on Immunization (EPI) promoted by World Health
Organization (WHO). In 1985, EPI was renamed as
Universal Immunization Program (UIP). Measles vaccine is
administered at 9 months of age considering the morbidity
and mortality caused by the disease. Poor immune response
to measles vaccine is noted in infants less than one year of
age, which necessitates administration of second dose for
immune protection.” Though one dose of mumps vaccine
confers 88%-98% protection in the community, accumulated
global experience has shown that 2 doses of mumps vaccine
are required for a long-lasting protection.” Measles-
Mumps-Rubella (MMR) vaccine in a two dose schedule has
successfully eliminated measles, mumps and rubella from
many developed countries.”

However, the Government of India (Gol) has
announced its decision to include the rubella vaccine in
the form of a bivalent Measles-Rubella (MR) vaccine in its
Universal Immunization Program (UIP).” The two-dose MR
vaccine shall be provided at 9 months in place of the stand-
alone measles vaccine, and at 16-24 months along with the
first booster of the Diphtheria-Tetanus-Pertussis (DTP)
vaccine.” The main reasons why Gol has not considered
mumps for inclusion in the National Immunization Program
are: a) the disease is not considered a serious public health

issue, b) lack of published data on the community burden
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of mumps, and c) lastly the higher cost of the MMR vaccine
in comparison to MR vaccine."” However, this is not the
fact rather many outbreaks of mumps have been witnessed.
The replacement of the MR (Measles, Rubella) vaccine
with the MMR vaccine within the national immunization
schedule (NIS) is suggested as a prospective remedial action,
supported by extensive research on mumps-containing

vaccines conducted in India.*!

Factors contributing to resurgence of mumps:
Several factors may have contributed to this recent
rise in mumps cases across India. In India, children are offered
the MR vaccine in a two-dose strategy for children at 9 and
15 months to cover measles and rubella but not mumps.*
MMR vaccine is only available in the private sector in India
and remains out of bounds for over 80% of the children
of the country.”” One of the important reasons for mumps
resurgence in India, which has predominantly a naive child
population due to the absence of mumps component in UIP,
is because prior to introduction of vaccination, mumps was
an epidemic disease, with a cycle of 4-5 years.” Additionally,
overcrowding, inadequate sanitation, and limited and remote
access to healthcare facilities in certain regions may facilitate

the rapid spread of the virus.”

Challenges and Opportunities in Implementing
MMR Vaccination:

Funding is identified as a key challenge for
achieving measles and rubella elimination targets. SAGE
working group in 2013 found that the vaccine requirement
of combined vaccine will increase directly in proportion
to decrease in measles only vaccine. Moreover, there is no
anticipated shortage in the supply of combined vaccine,
and can be completely obviated by the planned phase-out of
measles-only vaccines and gradual introduction of combined
vaccine.”

Ensuring vaccine security (defined as the consistent
availability of high-quality vaccines at affordable price)
requires robust collaboration with industry and stakeholders.
The introduction of the combined MMR vaccine is estimated
to increase the cost per dose by approximately INR 37.89
-INR 51.42.*" However, given the inevitability of cyclical
mumps outbreaks in the absence of vaccination and the
existing burden of rubella, the inclusion of the MMR vaccine
in the immunization schedule should be prioritized.

Measles with higher secondary attack rate and
mortality is given priority amongst the vaccine preventable

diseases. States have been advised to boost immunity against
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measles by providing two doses of measles vaccine. One
given at 9 months of age as a part of national immunization
schedule and the second measles vaccine dose administered
through catch up campaign or as MMR vaccine. States with
immunization coverage more than 80% administer second
dose in routine immunization by MMR or measles vaccine.”’

Mumps appears to pose a notable public health
challenge in India, yet it often goes unnoticed due to the lack
of a robust surveillance and documentation system. Also, it is
still not a notifiable disease. The Indian Academy of Pediatrics
(IAP) has argued very strongly for the inclusion of the MMR
vaccine instead of the MR vaccine because the children may
get extra protection using the same logistics and operational

feasibility.

Cost-effectiveness analysis:

Data from industrialized countries have proved
the cost-effectiveness of mumps when translated to
reduced school- and work-absenteeism and reduction in
associated long term complications and costs of associated
hospitalization. As per an economic analysis of mumps
vaccination in US, the average cost per case of mumps
prevented was $3614, which was greater than costs incurred
with prevention of single measles case ($2207). The total
annual costs averted by MMR vaccination was $ 7,878,378,382
with a benefit-to- cost ratio of 0.49." Similarly, the additional
benefit of routine mumps vaccination exceeded additional

costs of vaccine in a cost-effectiveness analysis in Japan.”

CONCLUSION

Although mumps is generally a benign and self-
limiting disease, the potential for missed complications
cannot be overlooked. Epidemiological shifts in the affected
age group and inadequate treatment practices can lead to
significant harm to patients. The occurrence of repetitive
mumps outbreaks in the community and the epidemiological
transition of disease affecting older age group with a higher
risk of complications emphasize the need for an effective
vaccination policy of MMR vaccine in India.

Given the potential complications of mumps
orchitis, including subfertility, oligospermia, and infertility,
vaccination is essential in preventing these outcomes.
The MMR vaccine significantly reduces the incidence of
mumps and its complications, including orchitis. Therefore,
widespread vaccination is crucial to protect reproductive
health and minimize long-term fertility issues.

Vaccination, particularly the Measles-Mumps-

Rubella (MMR) vaccine, has proven to be an effective

and cost-effective solution in preventing mumps and its
complications. The success of mumps vaccination in other
countries demonstrates its potential to reduce disease
incidence, school and work absenteeism, and the associated
healthcare costs. The inclusion of the MMR vaccine in India's
National Immunization Program could significantly decrease
the burden of mumps, especially among children and young
adults, while preventing severe complications such as orchitis
and infertility.

Although the cost of the MMR vaccine is a concern,
economic analyses show that the long-term benefits,
including reduced healthcare expenditures and fewer
complications, far outweigh the initial investment. The cost-
effectiveness of mumps vaccination has been demonstrated
in other countries, and similar benefits could be expected in
India. Given the high burden of disease, the inclusion of the
MMR vaccine in India’s immunization schedule should be a
priority for improving public health outcomes and reducing
the financial burden on families during outbreaks.

Just because of the lack of proper documents and studies
in India when such evidence is already available elsewhere
in the world, we cannot neglect one of the major vaccine-
preventable diseases, for which an effective vaccine exists.
The use of the MR vaccine in place of the MMR vaccine is
considered a ‘missed opportunity’ to target a significant VPD
that also has a significant impact on child health. By ensuring
access to and promoting the uptake of the MMR vaccine,
we can effectively mitigate the risk of mumps outbreaks,
safeguard public health, and foster a healthier future for all

individuals across the nation.
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INTRODUCTION : Cyclone Fengal, which struck Tamil Nadu and Puducherry on November 30, 2024, highlighted the
critical connection between natural disasters and public health. With wind speeds of 70-90 km/h and heavy rainfall, the
cyclone severely impacted 14 districts, particularly Tiruvannamalai, Villupuram, Krishnagiri, and Cuddalore resulting in
12 fatalities, significant property damage, and widespread flooding. Proactive public health measures mitigated the disaster’s
immediate and long-term effects.cThe Tamil Nadu governmentimplemented a comprehensive disaster management strategy,
emphasizing preparedness, disease surveillance, and rapid response. Key initiatives included advisory teams, district-level
control rooms, and task-specific units for medical aid, vector control, and water quality management. Enhanced disease
surveillance enabled the early detection and prevention of outbreaks like Acute Diarrheal Disease (ADD).cFrom December
1 to 13, 2024, over 7,870 medical camps provided care to more than 423,000 beneficiaries in the most affected districts.
Mobile medical units delivered critical services, including minor ailment treatment, disease detection, and antenatal care
for high-risk pregnancies. Vector control activities and water quality management through chlorination minimized the
risks of mosquito-borne and waterborne diseases. Choropleth mapping and trend analysis guided resources to high-risk
zones, while public awareness campaigns and chemoprophylaxis further strengthened the response. This coordinated,
data-driven approach underscores the importance of scalable disaster management strategies to safeguard public health
and build resilience in vulnerable regions.

KEYWORDS : Cyclone Fengal, Disaster Preparedness, Public Health Interventions, Disease Surveillance

INTRODUCTION

Cyclones and floods are natural disasters that often
occur in tandem, particularly in coastal regions. These
cyclones can lead to flooding, both due to the direct impact
of intense rainfall and the overflow of rivers and seas caused
by the storm surge. Flooding exacerbates the destruction
caused by cyclones, displacing communities, damaging
infrastructure, and leading to loss of life. The combination of
high winds and water can make these disasters devastating,
highlighting the importance of early warning systems,
preparedness, and resilient infrastructure to reduce the
impact of such events.

Tamil Nadu, located along the south-eastern coast
of India, is highly susceptible to cyclones due to its proximity
to the Bay of Bengal, a region prone to frequent cyclonic
activity. Cyclones in the state generally occur during the
pre-monsoon period (April to June) and the post-monsoon
season (October to December), with the northeast monsoon
season being particularly critical for the formation and impact
of these storms."”* The devastating 2015 flood was a critical
event for Chennai, with rainfall exceeding significantly
above normal in just a few days and claiming 420 deaths

state wide and widespread destruction of property. Cyclone

Gaja, a severe storm, struck Tamil Nadu on November 16,
2018, causing widespread damage. Originating in the Bay of
Bengal, it made landfall near Vedaranyam in Nagapattinam
district with winds up to 120 km/h, impacting several
districts and disrupting lives, infrastructure, and livelihoods.
The disaster highlighted the vulnerability of coastal regions.
Cyclone Michaung, in early December 2023 brought heavy
rainfall to Tamil Nadu, particularly affecting Chennai, which
recorded 46 cm of rainfall over two days (December 3-4),
causing widespread flooding extending to the southern
Tamil Nadu, including Tenkasi, Tirunelveli, Thoothukudi,
and Kanyakumari, on December 17. These areas experienced
up to 93 cm of rainfall in Kayalpattinam, Thoothukudi, over
two days (December 17-18), intensifying the impact of the
cyclone.

Cyclone Fengal, which made landfall on
November 30, 2024, with wind speeds of 70 to 90 km/h,
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caused widespread devastation across Tamil Nadu and
Puducherry, leading to significant loss of life and property.
The cyclone affected 14 districts in Tamil Nadu, including
Tiruvannamalai, Villupuram, Krishnagiri, Kallakurichi,
Cuddalore, Ramanathapuram, Dharmapuri, Tiruvallur,
Chengalpattu, Kancheepuram, Ranipet, Tirupathur, Vellore,
Coimbatore, and Nilgiris, with the most severe impact felt in
Tiruvannamalai, Villupuram, Krishnagiri, and Cuddalore.
Intense rainfall persisted from November 30 to December
2, 2024. This was particularly notable in Uthangarai and
Pochampalli in Krishnagiri. The cyclone claimed at least
12 lives in Tamil Nadu, including seven from a landslide in
Tiruvannamalai and three from electrocution in Chennai.
The deluge inundated over 129,000 hectares of crops, with
80,520 hectares of standing crops in Villupuram severely
impacted. Additionally, 26 State Highways suffered damage,
prompting immediate restoration efforts. While the coastal
areas were largely protected due to precautionary measures,
4,906 people were relocated to 67 relief centres over two days,
highlighting the swift and effective emergency response to
the crisis.”®”

Beyond physical destruction, flooding has
significant public health implications. Floodwaters
frequently disrupt essential services such as water supply,
sanitation, and healthcare access, leading to outbreaks
of communicable diseases. Contaminated water sources
contribute to waterborne diseases like diarrhoea and cholera,
while overcrowded relief centres heighten the risk of airborne
illnesses such as Influenza and Pneumonia. Additionally,
stagnant floodwaters create ideal conditions for mosquito
breeding, triggering vector-borne diseases like dengue
and malaria. These public health challenges emphasize the
critical role of an effective healthcare system in preventing
and managing disease outbreaks during and after flooding
events.’

This article explores Tamil Nadu's response to the
2024 floods, focusing on public health measures and disaster
preparedness strategies. By documenting the experiences of
the state and its districts, the paper aims to provide insights
into effective flood management practices, highlighting the
importance of integrating health interventions into broader
disaster resilience frameworks.

Public Health Interventions:

Several Public Health Interventions were implemented to
address impending potential outbreaks following a disaster,
including:

1. Proactive Preparedness ahead of Cyclone Fengal

2. Timely communication and response to Cyclone Fengal
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alert
3. Establishment of State-level advisory and monitoring Team
4. Establishment of District control room at the district level
5. Reactivation of the dedicated Helpline for emergency
support
6. Risk assessment and stratification of affected blocks in the
flood affected districts
7. Deployment of Task-Specific Teams for Post-Flood Public
Health Management
8. Disease surveillance and outbreak prevention
1. Proactive Preparedness ahead of Cyclone Fengal

With the onset of the Northeast monsoon, a
comprehensive “Assessment of Health Facilities” was carried
out across 14 coastal districts to strengthen emergency
preparedness and disaster response mechanisms. This
included evaluating the capacity and readiness of existing
healthcare infrastructure to manage potential crises, such
as floods and disease outbreaks. Alternate health facilities
were identified and strategically mapped to provide seamless
healthcare services in areas where Primary Health Centres
(PHCs) were likely to be affected by flooding.
2. Timely Communication and Response to Cyclone Fengal
Alert

Once the weather alert for Cyclone Fengal was issued
by the Regional Meteorological Centre, India Meteorological
Department (IMD), Chennai the information was promptly
communicated from the State Headquarters to the Districts.
Immediate action was taken to notify and alert the concerned
districts, ensuring all relevant authorities, including the State
and District Disaster Management Authorities, State Disaster
Response Force, Police and Fire Departments, Municipal
Administration, and the Ruraland Panchayat Raj Department,
were kept informed and mobilized without delay. This swift
communication enabled the districts to initiate appropriate
preparedness measures, including monitoring, evacuations,
and deployment of resources, to mitigate the impact of the
cyclone and safeguard public safety
3. Establishment of State-Level Advisory and Monitoring
Team

To effectively manage and address the health
challenges posed by the Fengal Cyclone, a State-Level
Advisory and Monitoring Team was established. This team,
comprising the Director, Additional Directors, and Joint
Directors of Public Health and Preventive Medicine, was
tasked with providing strategic guidance and on-ground
support. Key responsibilities included coordinating health
interventions through District Health Officers, overseeing

medical camps, monitoring potential disease outbreaks,
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ensuring water chlorination, implementing vector control
measures, maintaining the availability of medical supplies,
and addressing other public health concerns in affected areas.
The State team collaborated closely with District authorities
to facilitate timely communication and swift responses,
significantly mitigating the cyclone's health impact on the
population. The Director, along with the Additional and Joint
Directors, conducted daily review meetings from the state
headquarters with the District Health Officers (DHOs) of
the most affected districts. These meetings aimed to assess
the situation comprehensively and address the specific needs
and requirements of each district. Additionally, in response
to the cyclone, funds were requested from the State Disaster
Management Authority, Tamil Nadu and National Health
Mission, Tamil Nadu.
4. Establishment of District Control Room at the District
level

The District administration constituted the District
Control Room under the chairmanship of the District
Collector and comprising key stakeholder departments in
Flood rescue and recovery activities such as Revenue, Health,
Police, Electricity and Water Boards, in close coordination
with the State Disaster Response Force. The Directorate of
Public Health and Preventive Medicine swiftly implemented
Epidemic prevention and control measures. The District
Emergency Operation Centre, Public Health Control Room,
and 104/108 medical helplines were activated. On December
1, 2024, District Control Room was set up at the respective
District Collector Offices to coordinate various flood related
rescue and recovery operations, with the Public Health Team
primarily monitoring the diseases incidence in the flood-
affected areas. Field activities were coordinated, including
data collection from Mobile Medical Units, Static Camps,
and the Integrated Health Information Platform (IHIP).
5. Reactivation of the Dedicated Helpline for Emergency
Support

A District Public Health Control Room was set up
in all flood-affected districts within the District Collectors’
Office, comprising officials from key departments, including
Health, Municipalities/Corporations, Electricity, Fire and
Safety, Police, Public Works, and Highways. The existing
Disaster helpline (1077) was reactivated, with extensive
publicity through media channels to ensure prompt assistance.
Managed by the District Disaster Team, the helpline received
calls from the public, and the relevant officials were promptly
notified to take appropriate action. Additionally, the team
gathered information on critical needs such as electricity

restoration, waterlogging issues, and food distribution.

6. Risk Assessment and Stratification of Affected Blocks in
the flood affected districts

Following an assessment of the damage by
the Revenue Department, Mobile Medical Teams were
strategically deployed to areas with the most severe impact
for disease surveillance. Among the 14 affected districts,
Tiruvannamalai  (including  Cheyyar),  Villupuram,
Krishnagiri, and Cuddalore were particularly hard-hit.
Within these four districts, 14 blocks were identified as the
most severely impacted. The teams monitored the number
of illnesses reported at the Medical camps, and based on
this data, the affected areas were categorized by their risk
of disease outbreaks. These high-risk blocks were placed
under continuous surveillance to monitor for any potential
outbreaks.

7. Deployment of Task-Specific Teams for Post-Flood Public
Health Management

The Directorate of Public Health and Preventive
Medicine appointed personnel in the cadre of Additional
Directors and Joint Directors of Public Health and Preventive
Medicine to oversee the district public health activities and
supervise the monitoring of medical camps, vector control,
and chlorination activities. Additionally, officials in the
cadre of District Health Officers were tasked with monitoring
field activities. They promptly organized and provided all
necessary logistics within 1-2 days. Their responsibilities
encompassed overseeing all medical camps, vector control
efforts, and chlorination activities. Virtual Coordination
Meetings were conducted on daily basis with block teams for
issuing necessary instructions regarding post flood disease
control measures. The data analysed for identifying clusters
of ADD/AFI/ARI helped in planning of camps in the affected
sites. The daily coordination meeting also enabled the district
public health team to be aware of ongoing field difficulties
and solving the logistics issues, wherever necessary.

The block teams contributed insights for
planning outbreak prevention activities in the subsequent
days and prioritizing high-risk areas based on available
reports. Furthermore, the field monitoring team ensured
the administration of chemoprophylaxis to vulnerable
populations in flood-affected regions and distribution of
Non-Communicable Disease (NCD) drugs to beneficiaries
through medical teams. To address specific needs, task-
specific teams were formed, including flood response teams,
vector control teams, and water analysis teams. These teams
were allocated specific functions, and based on their reported
data, the District Authorities promptly initiated epidemic

prevention and disease control measures.




7.1 Flood Response Medical teams:

With the onset of the North East monsoon, and
the anticipated rise in rainfall and diseases such as vector-
borne illnesses, Acute Respiratory Infections (ARI), fever,
leptospirosis, diarrheal diseases, typhoid, and dysentery, 1,000
special monsoon medical camps were established across the
state to support affected communities. These camps, which
began on October 15,2024, are still operational, continuing to
provide essential healthcare throughout the monsoon period.
As of December 22, 2024, a total of 79,765 camps have been
conducted, serving 42,21,823 beneficiaries. In the 14 districts
affected by Cyclone Fengal, the number of medical camps
was increased based on risk stratification and specific needs.

The flood response Medical teams comprised a
Medical Mobile Unit consisting of one Medical Officer,
one Staff Nurse/ Pharmacist, one Health Inspector, and a
dedicated driver, each equipped with their own Medical
Mobile Unit vehicle. These teams were instructed to carry
essential medications for disease control and prevention. In
addition to the existing Medical Mobile Teams, more teams
were mobilized from nearby districts and deployed in the
flood affected blocks.

At the medical camp, several measures were implemented:

i) Socio-demographic details of patients were documented.
ii) Treatment for minor ailments.

iii) Patients presenting with fever had their blood samples
collected for serologic tests to detect diseases such as complete
blood count, Leptospirosis, Dengue, Malaria.

iv) Cases of Acute Diarrheal Diseases (ADD) requiring stool
sample collection for Cholera/typhoid/Hepatitis A and E
investigation was done.

v) Chemoprophylaxis - Food handlers / health care
workers were provided with chemoprophylaxis, including
Doxycycline 200 mg, Metronidazole 400 mg, and Albendazole
400 mg. Additionally, individuals in high-risk areas received
Doxycycline 200 mg / Azithromycin 500mg tablets as
Chemoprophylaxis and children received chemoprophylaxis
as per the weight.

vi) Injury management included administering TT (Tetanus
Toxoid) injections at the campsite, along with wound cleaning
and minor dressing.

vii) Antenatal Care - As a precautionary measure for the
cyclone, all high-risk mothers (near EDD) were transferred
to CEMONC centres a day before the cyclone. Additionally,
pregnant women in hard-to-reach areas were moved to safer
PHC/CHC facilities. Daily visits by VHNs were conducted to
monitor antenatal mothers, addressing any concerns. Mobile

medical camps also visited ANC patients at the campsites,
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and high-risk cases were referred to higher-level centres for
further care.

viii) Non - Communicable Diseases - Monitored the health
status of Non-communicable disease patients, those in need
of palliative care, and ensure compliance with medication
refills for patients with non-communicable diseases including
Injection Insulin. Medications were given to NCD patients,
even for persons taking treatment in private sector. Drugs
were diverted from non-flood affected areas depending on
the demand.

ix) Follow-up calls were conducted for patients seen at the
medical camps, with specific attention given to monitoring
and mapping cases of fever, acute diarrheal disease (ADD),
acute respiratory infections, skin diseases, and injuries to

identify any clustering trends.

1188 1150

NO. OF CAMPS
NO. OF BENEFICIARIES

Figure 1: Distribution of Medical Camps and Beneficiaries
in the fourteen Cyclone Fengal-affected Districts of
Tamil Nadu between December 1 and 13, 2024

In the 14 flood affected districts, betweenlst and
13th December, 7,870 medical camps were conducted with 4,
23,926 beneficiaries. 3,914 fever cases, 40,898 ARI cases and
412 ADD cases were treated during the period.
7.2 Vector control teams were deputed with Regional
Entomology teams along with Senior and Junior
Entomologists to oversee vector control activities in the flood
affected areas.
Vector control activities included:
i) Source reduction efforts targeted the elimination of
mosquito breeding habitats by ensuring the proper disposal
or removal of open containers that could collect water.
Additionally, areas of artificial water stagnation, both indoors
and outdoors, were addressed. These actions played a pivotal
role in breaking the mosquito breeding cycle.
ii) For anti-larval control, Temephos - larvicide, was applied
to water containers that could not be emptied or drained.
This step effectively targeted mosquito larvae, preventing
their development into adults.

iii) To control adult mosquito populations, both indoor and
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outdoor fogging operations were conducted. Indoor spaces
were treated with Pyrethrum-based fogging, which is known
for its effectiveness against adult mosquitoes in enclosed
areas. Outdoor fogging utilized Technical Malathion, a
potent chemical for large-scale vector control.

iv) Due to a limited availability of fogging machines,
resources were strategically deployed from various districts
to maximize coverage and ensure effective implementation of
the fogging operations. This coordinated effort was integral
to minimizing mosquito populations and reducing the risk
of vector-borne diseases.

v) Oil balls, made of sawdust or hay soaked in used oil and
wrapped in jute cloth, are dropped into stagnant waters. The
oil forms a film on the water surface, blocking oxygen supply
to mosquito larvae and preventing breeding. Additionally,
bleaching powder balls are used in stagnant waters to prevent
Leptospirosis.

vi) Areas with increased House Index were analysed by the

District team and focussed for intensified control measures.

Table 1: Deployment of Task specific teams to the most
flood affected districts of Tamil Nadu between
December 1 and 13, 2024

District Vector control- Vector control- Chief Water Chlorination
Regional Senior/Junior  Analyst Teams teams
E logi: E
Teams Teams
Tiruvannamalai 1 10 2 74
(Including
Cheyyar)
Villupuram 1 17 1 18
Krishnagiri 1 1 1 40
Cuddalore 0 3 0 4
Total 3 31 4 136

7.3 Water Analysis team:

Water Analyst teams were deployed to flood-affected
areas to assess the water distribution system alongside
local body officials and the Tamil Nadu Water Supply and
Drainage (TWAD) Board. They identified waterline leakages
and ensured the cleaning of Overhead Tanks (OHTs) before
resuming regular water supply. Temporary water supply
through tanker lorries and tractors was chlorinated at the
outset, teams thoroughly checked water sources to ensure
safety and quality. They had coordinated with local panchayat
members and BDO for chlorinated water supply. They also,
i) Reported drinking water pipe leakages and unsanitary
supply to the District Authorities with follow-ups.

ii) Monitored chlorination levels and devised action plans for
chlorination in affected areas.
iii) Tested water quality in supply tanks and private sources

for contamination, ensuring proper chlorination.

iv) Collected water samples from taps, hand pumps, overhead
tanks, and portable sources to test residual chlorine levels.

v) Prioritized water sampling in flood-affected areas with
acute diarrheal disease (ADD) or fever cases.

vi) Sent water samples for bacteriological analysis to detect
contamination.

vii) Chlorinated water sources under supervision of Chief
Water Analyst team.

viii) Inspected water-supplying lorries for rust or debris and
ensured proper chlorination.

A total of 8,912 water sources were inspected
by the team for adequate chlorination during the control
measure activities, and 7272 (81.6%) sources were found to
be adequately chlorinated in the 14 Fengal cyclone affected
districts. Appropriate measures were taken to chlorinate the
water sources with nil chlorination.

8. Disease surveillance and Outbreak prevention

The expected surge in diseases following the floods, includes
vector-borne diseases such as dengue, chikungunya, and
malaria, along with influenza, pneumonia, and waterborne
illnesses like cholera, dysentery, gastroenteritis, typhoid,
hepatitis A, and leptospirosis, were closely monitored. Daily
trend analysis of reported diseases helped identify vulnerable
populations, prioritize high-risk areas, and plan targeted
healthcare interventions for the following day.

i) ADD (Acute Diarrhoeal Diseases) case approach -
Whenever ADD cases were reported, a clear history was first
taken to differentiate food borne from water borne ADDs.

o Food Borne - Food samples were collected wherever
available, advised to dispose the suspected food and treat the
cases symptomatically in case of cluster.

« Water Borne - The affected areas were checked for pipeline
leakages and the issues identified were rectified. Alternate
chlorinated drinking water supply was given through tanker
Lorries. Super chlorination was done at all operational water
sources and storage sites to ensure adequate chlorination
at household and community levels. Disinfection activities
were carried out in and around the households of affected
individuals.

All symptomatic patients were treated and Chemoprophylaxis
was given to all those who shared the suspected water source.
IEC regarding Handwashing and boiling of drinking water
was done regularly in all affected areas. Water analyst teams
were deployed to visit all affected areas for strict monitoring
of water quality.

ii) Acute Febrile Illnesses/ Fever and Acute Respiratory
Illnesses (ARI) - After active case search, clusters were

identified to provide symptomatic management to patients,




and blood samples from these febrile patients were
transported to the District Public Health Lab through
Integrated Essential Laboratory Services (IELS). Flu like
symptoms were managed with T. Oseltamivir and necessary
prophylaxis was given to close contacts. Source reduction for
vector control, along with fogging and anti-larval measures
were implemented in necessary areas.

The four districts most severely impacted—
Tiruvannamalai  (including  Cheyyar),  Villupuram,
Krishnagiri, and Cuddalore—were placed under intensified
surveillance. Disease surveillance data was collected
from both the medical camps and the Integrated Health
Information Platform (IHIP portal) to assess the actual
burden of diseases reported during this period. Trend
analysis of these diseases helped identify potential outbreaks
early, allowing for timely public health interventions and the

implementation of appropriate measures.
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Figure 2: Trend analysis of Fever, ADD and ARI in the four
most Cyclone Fengal affected Districts of Tamil Nadu
between December 1 and 13, 2024

Choropleth mapping served as a useful tool to
visualize and analyze the spatial distribution of data to
understand the disease prevalence. It helped track the
geographical spread of diseases, identify hotspots, and

prioritize interventions in high-risk areas.
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Figure 3: Choropleth mapping of Fever cases in the 4 most
Cyclone Fengal affected Districts of Tamil Nadu between
December 1 and 13, 2024
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Figure 4: Choropleth mapping of ARI cases in the 4 most Cy-
clone Fengal affected Districts of Tamil Nadu between
December 1 and 13, 2024
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Figure 5: Choropleth mapping of ADD cases in the 4 most
Cyclone Fengal affected Districts of Tamil Nadu between
December 1 and 13, 2024

During the surveillance period, a single Acute Diarrheal
Disease (ADD) outbreak was detected in Villupuram
district, attributed to a pipeline leakage. Active surveillance
enabled the identification of case clustering on Day 1 itself.
Bacteriological analysis of water samples confirmed the
presence of coliform organisms. The outbreak was effectively
controlled within 5 days, with a total of 10 cases reported.
As a result of the strict control measures implemented by the
Health Department, no further outbreaks were reported in
the remaining districts.

The public health interventions during Cyclone
Fengal showed a strong and proactive approach to managing
the disaster and health challenges. The timely communication

of alerts, establishment of State and District-level control




mechanisms, deployment of task-specific teams, and
comprehensive disease surveillance measures played a pivotal
role in safeguarding the health of affected communities. The
collaborative efforts of various departments, strategic risk
stratification, and the mobilization of resources ensured a

seamless response to emerging health challenges.

DISCUSSION

The Public Health response to the Cyclone Fengal
and floods in Tamil Nadu highlighted an integrated and
systematic approach to disaster management, emphasizing
early preparedness, coordinated action, and data- driven
interventions. These measures ensured timely control of
potential health risks and highlighted the importance of
strengthening public health systems in disaster-prone areas.
One of the most critical steps taken was the establishment of
Advisory and Monitoring systems at both State and District
levels. Such centralized structures facilitate efficient decision-
making, resource allocation, and monitoring. Evidence from
prior research supports the effectiveness of such command
systems in disaster response. For instance, in a conference
paper by Kaur et al. (2018) on disaster management during
floods in Bihar highlighted the importance of command
systems in ensuring timely coordination among health
departments and local authorities.”"

Disease surveillance played a pivotal role in
the prevention and control of outbreaks. Utilizing data
from medical camps and Integrated Health Information
Platform (IHIP) enabled the identification of high-risk
areas and trends in disease outbreaks. The National Centre
for Disease Control (NCDC), New Delhi, emphasize that
robust surveillance systems reduce delays in detecting and
managing outbreaks, particularly for vector-borne and
waterborne diseases in flood-hit regions and has been proved
effective in the 2015 Chennai floods.”'" In the flood affected
districts, measures like real-time monitoring and choropleth
mapping of illnesses were instrumental in planning targeted
interventions. Vector control and water quality management
were crucial in preventing outbreaks of diseases like malaria,
dengue, and cholera. These activities included anti-larval
measures, fogging, and chlorination of water sources. A
systematic review by Mohajervatan et al. (2021) underscored
the necessity of such interventions in reducing the incidence
of vector-borne diseases during and after floods."” Similar
efforts in Tamil Nadu during the 2015 Chennai floods
significantly reduced mosquito populations and prevented
major outbreaks, as documented by Selvavinayagam et al."”

The formation of task-specific teams ensured the
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efficient execution of activities ranging from medical camps
to risk stratification of affected areas. The deployment of
external medical teams from neighbouring districts was
crucial in providing immediate care. Research by Paterson et
al. (2018) on flood responses in Southeast Asia emphasizes
the importance of mobilizing multidisciplinary teams for
emergency healthcare delivery."

Public health communication also played a vital
role, particularly in educating the population about safe
hygiene practices, water purification, and disease prevention.
WHO guideline on ‘Communicating risk in public health
emergencies’ advocates that public awareness campaigns can
significantly mitigate the risk of outbreaks during disasters by
fostering community participation in preventive measures."

Despite the success of these interventions, challenges
such as network disruptions and logistical constraints during
the initial days highlight the need for further investment in
resilient communication and resource systems. Additionally,
while Tamil Nadu’s response was exemplary, it is imperative
to evaluate the cost-effectiveness and scalability of such

interventions for wider implementation in flood-prone areas.

LIMITATIONS

One of the limitations to note is, while analysing
data for disease surveillance, we have incorporated case
numbers from both the IHIP portal and the Special Medical
Camps conducted across districts. It is important to note
that the number of reported cases may fluctuate due to the
varying frequency of camps conducted daily. To provide a
clearer understanding of the disease burden and to identify
trends in case reporting, we have relied on aggregate figures.
These aggregate figures, while offering valuable insights, may
still reflect variations influenced by the number of camps
scheduled.

CONCLUSION

These Public Health interventions not only mitigated
the immediate health impacts of the disaster but also
demonstrated the importance of preparedness, coordination,
and data-driven decision-making in minimizing potential
outbreaks and ensuring community resilience in the
face of future calamities. Despite the initial challenges,
proactive preparedness contributed to the relatively low
number of reported cases in the affected districts. Proactive
preparedness, effective arrangement of logistics, protocols,
and disease surveillance kept reported cases significantly low.
This highlights the importance of comprehensive guidelines

and ready Disaster Response Teams in mitigating impacts
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and preventing outbreaks during disasters. With the growing
impact of climate change on natural disasters, proactive
preparation is essential. However, ensuring the availability of
resources, particularly financial ones, is crucial to addressing
the immediate impacts of cyclones while other necessary
resources are being mobilized. A dedicated revolving fund
for disaster management would ensure financial readiness,
enabling swift and effective responses to mitigate cyclone

impacts.
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ABSTRACT
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INTRODUCTION : Leprosy, a chronic infectious disease known for thousands of years, has long been associated with
significant stigma. The disability resulting from delayed detection impacts not only the affected individual but also their
family. To address this stigma and enhance awareness, the Sparsh Leprosy Awareness Campaign (SLAC) was launched
under the National Leprosy Eradication Programme (NLEP) on 30th January 2017, coinciding with Anti-Leprosy Day. The
campaign, celebrated as a fortnight event until 13th February, aims to increase awareness and reduce stigma. This study
evaluates the impact of the Sparsh campaign on leprosy case detection in Tiruvallur district, Tamil Nadu, India, from 2018
to 2024.

METHODS : A descriptive cross-sectional study was conducted to analyse the number of new leprosy patients detected
during and one month after the Sparsh campaign. Data for February and March from 2018 to 2024 were extracted from
monthly progress reports.

RESULTS : Between 2018 and 2024, 1,172 new leprosy patients were reported in Tiruvallur district, of which 223 were detected
during the Sparsh campaign. Out of the 223 patients, 125 of them self-reported and 98 paucibacillary leprosy patients were
detected during the campaign.

CONCLUSION : Awareness campaigns have demonstrated effectiveness in facilitating early detection of leprosy,
emphasizing the importance of Information, Education, and Communication (IEC) activities. We recommend targeted
awareness initiatives focusing on vulnerable population and high-endemic areas to promote self-reporting and reduce
delays in diagnosis.

KEYWORDS : SPARSH, leprosy case detection, campaign

INTRODUCTION

Leprosy is a chronic infectious disease caused by a
bacterium called Mycobacterium leprae. It primarily affects
the skin and peripheral nerves, the initial manifestations
being hypopigmented patches with a definite loss of
sensation. Early detection and prompt treatment prevents
disabilities. If left treated it slowly causes nerve damage in
the face, hands and legs causing permanent disabilities. It is a
highly stigmatised disease leading to the exclusion of leprosy
affected persons from society.

Hence, in order to address the issue of high level of
stigma attached to leprosy and to increase awareness about
various aspects of leprosy, a nationwide campaign called
“Sparsh leprosy awareness campaign” (SLAC) was introduced
under National Leprosy Eradication Programme (NLEP) on
30th January 2017 being the death anniversary of Mahatma
Gandbhi, celebrated as National Anti-Leprosy day every year,
to honour his services offered towards persons affected with
leprosy.

In order to provide necessary impetus, prototypes

of message of District Magistrate, appeal of Grama

Sabha Pramukh and pledge of Grama Sabha members
were prepared on theme of early case detection and stop
discrimination. In addition, the guidelines of SLAC and a
‘Sparsh package’ encompassing IEC materials, including
video spots, audio spots and posters were prepared. All the
prototypes, guidelines and ‘Sparsh package’ were shared with
all states with instructions to distribute to all Grama Sabhas
before 30th January. Further, for better organisation and
management special committees at various levels i.e., State,
District and Block level were formed.

The major activities undertaken in Grama Sabha
were: Message from District Magistrate on Leprosy, appeal
in Grama Sabha by the concerned Panchayat leader to all
members to stop discrimination against persons affected

with leprosy and undertaking of pledge by all Gram Sabha
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members to not to discriminate persons affected with
leprosy. In addition to the execution of Grama Sabha
meetings as per suggested activities mentioned above,
States celebrated the SLAC fortnight using innovative IEC
activities to spread awareness regarding the disease in the
community. The campaign was an output of cooperation
and coordination of Health Department with allied sectors
like Panchayat Raj Institutions, Rural Development, Urban
Development, Human Resource Development, Women and
Child Development and Social Justice and Empowerment
and Agriculture. This drive is being carried out successfully
every year since 2017.

In 2018, dissemination of IEC message through
NLEP mascot ‘Sapna’ was implemented (Figure 1). ‘Sapna’ is a
concept designed and developed keeping in mind a common
girl living in community, who will help to spread awareness
in the community, through key IEC messages, ‘Sapna’ will
be a local school going girl who is from the same locality
preferably. This turned out to be of tremendous success in
spreading awareness. In our study we have analysed the
number of new cases detected during the campaign and
compared it across with other months of the year to show the
impact of awareness driven case detection and reduction of

stigma.

Figure 1: ‘Sapna’ the mascot

METHODS

Study setting: Tiruvallur district is located in the
Northeastern part of Tamil Nadu along the state border. It
has a population of 24,95,152 (projected population of 2024
based on 2011 Census data) spread across 14 sub-districts. It
has 34.9 percent of rural and 65.1 percent of urban population
(Census 2011). Its geographic location, being situated along
the state border and in close proximity to the Chennai
metropolitan area, makes it prone to significant migration
and a transient population, further complicating its public
health landscape and leprosy control efforts.

Study design, data collection and analysis: We did
secondary data analysis for the reference period from 2018

to 2024. We extracted the data from the treatment registers

and monthly progress reports from the district. We analysed
the number of leprosy patients detected during the months
of February and March which falls during and post Sparsh
campaign for the reference period 2018-2024. We compared
it with the number of patients reported during the rest of the
months in the year. We also analysed in the aspect of clinical
form of leprosy and mode of detection of the leprosy patients
reported during Sparsh Campaign.

RESULTS

Overall, 1172 new leprosy patients were reported
in Tiruvallur district during 2018-2024, out of which 223
were detected during the SLAC. Among the 223, 125 leprosy
patients self-reported during this period. 98 Paucibacillary
leprosy and 125 Multibacillary leprosy patients were detected.
71 were detected during ACLF campaign in high endemic
areas in 2018, 145 during LCDC in 2018-19, and 32 during
Active case detection and surveillance campaign in 2021-
2022. Out of the total 1172 new leprosy patients detected,
471 were detected during the campaign months (Table 1).

Table 1 Average number of new leprosy patients detected
during campaign months compared to non-campaign
months, 2018-2024, Tiruvallur district, Tamil Nadu, India

Average number of new cases detected Average number of new cases detected
Year

during campaign months during non-campaign months

SPARSH Campaign  Other case detection

campaigns
2018 19 36 12
2019 19 25 10
2020 26 - 8
2021 20 17 7
2022 17 15 11
2023 13 16 11
2024 13 - 9

DISCUSSION

This study highlights the pivotal role of awareness
campaigns, such as the Sparsh campaign, in facilitating the
early detection of leprosy. Over the period from 2018 to
2024, a total of 1,172 new leprosy patients were reported in
Tiruvallur district, with 223 detected during the targeted
campaign months of February and March. Notably, 125
patients self-reported their condition, indicating the
campaign's success in raising awareness and empowering
individuals to seek timely medical attention. Additionally, 98
paucibacillary leprosy cases were identified through active
case-finding efforts, further underscoring the importance
of structured outreach programs in detecting otherwise
unnoticed cases. The number of new cases detected was also

high in the months of July and August in 2018 during which




the active case finding in high endemic areas campaign was
done. In 2019 also the number of new leprosy patients was
high during the Leprosy Case Detection Campaign (LCDC).

The Sparsh campaign’s approach, which integrated
Information, Education, and Communication (IEC)
strategies, appears instrumental in addressing the stigma
associated with leprosy and encouraging community
participation. By actively engaging with vulnerable
populations, the campaign not only improved case detection
rates but also likely contributed to the prevention of secondary
complications through early diagnosis and treatment. This
aligns with previous studies highlighting the effectiveness of
IEC strategies in promoting early health-seeking behaviour
in endemic areas."”

Despite these successes, gaps remain. While 125
individuals self-reported, it is imperative to explore barriers
that might prevent others from doing so, such as fear of
social exclusion or lack of awareness about early symptoms.
Furthermore, the detection of 98 paucibacillary cases
during active case-finding suggests the need for continuous
surveillance and expanded reach beyond campaign periods.
Future efforts should prioritize targeted, community-based

interventions, especially in high-risk areas. Strengthening
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IEC activities, fostering partnerships with local stakeholders,
and incorporating technological innovations could enhance
outreach and improve early detection.” Addressing these
challenges comprehensively could significantly reduce
the disease burden and contribute to the global goal of

eliminating leprosy as a public health concern.’
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(2019-2024)
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ABSTRACT

INTRODUCTION : Teenage pregnancy is a global social and public health challenge that affects millions of girls worldwide.
It has detrimental effects on the physical, emotional, and social well-being of adolescents, as well as on their educational and
economic prospects. This paper aims to examine the trends in teenage pregnancy in Tamil Nadu from 2019 to 2024, and the
distribution of teenage pregnancies across districts in Tamil Nadu.

METHODS : A descriptive cross-sectional study design was employed to analyze the trends in teenage pregnancy. The study
utilized data from the HMIS portal. A total of 49,93,093 records of antenatal mothers in the HMIS portal from April 2019
to March 2024 were included in the analysis. Data analysis involved descriptive analysis using Microsoft Excel to determine
the prevalence of teenage pregnancies and their distribution across different districts in Tamil Nadu.

RESULTS : The study identified 62,870 teenagers with a cumulative teenage pregnancy rate of 1.3%. The rates of teenage
pregnancy over the years are 2019-20 at 1.1%, 2020-21 at 1.3%, 2021-22 at 1.3%, 1.1% in 2022-23and 2023-24 at 1.5%. Among
the districts, Nagapattinam is at 3.3%, followed by Theni at 2.4% and Perambalur at 2.3%. Kancheepuram, Virudhunagar,
Nagercoil, and Chennai have the lowest teenage pregnancy rates, ranging from 0.4% to 0.7%.

CONCLUSION : The findings reveal that teenage pregnancy remains a significant concern across districts in Tamil Nadu.
It is important to recognize that the challenge of teenage pregnancy requires a holistic approach. While the existing
interventions have made significant strides, there is a need for greater emphasis on school-based sex education, behavioural
change communication, and community participation. Encouraging active involvement from communities, parents, and
other stakeholders will foster a more comprehensive and sustainable approach.
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INTRODUCTION

UNICEF defines “teenage pregnancy” as conceiving
between the ages of 13-19 years old. However, in everyday
speech the term teenage pregnancy is often used to describe
young women who become pregnant when they have not yet
reached legal adulthood, the age of which varies across the
world.' UNICEEF definition of teenage pregnancy will be used
for this article. Teenage pregnancy is one of the most critical
social and public health problems both in developed and
developing countries.

Worldwide, around 16 million girls between the
ages of 15 and 19 years, and two million girls under age
15 years become pregnant every year. Globally in 2022, an
estimated 13 per cent of adolescent girls and young women
give birth before age 18.”

One in four Indian women 26.8% is married before
18 years, and 7.8 % of women aged 15 to 19 years are pregnant
or mothers, according to the latest available 2015-16 National
Family Health Survey (NFHS)-4 data.!

The National Family Health Survey (NFHS-3)
(2005-06)° for Tamil Nadu recorded a teenage pregnancy rate
of 8% in the state, which decreased to 5% in NFHS-4 (2015-

16)" and slightly increased to 6.3% in NFHS-5 (2019-20).” In
comparison, national teenage pregnancy rates declined from
16% in NFHS-3 to 7.9% in NFHS-4 and further to 6.8% in
NFHS-5.

The most common causes of teenage pregnancy
in India are early marriage, community and social pressure
to marry, sexual abuse, violence, lack of information about
sexual and reproductive health and rights, lack of education
or school drop-out, and low Socioeconomic status.

Early childbearing, or pregnancy and delivery
during adolescence, can derail girls' otherwise healthy
development into adulthood and have negative impacts on
their education, livelihoods, and health.”

Many girls who are pregnant are pressured or forced
to drop out of school, which impacts their educational and

employment prospects and opportunities. Early pregnancy
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and childbearing can also have social consequences for
girls, including reduced status in the home and community,
stigmatization, rejection, and violence by family members,
peers, and partners, and early and forced marriage.

Teenage pregnancy has numerous health
consequences for adolescents and their newborns.
Complications during pregnancy and childbirth represent
the leading cause of death among girls aged 15-19 years
worldwide due to greater risks of abortion, eclampsia,
puerperal endometritis, systemic infections, and prematurity.
Furthermore, social and economic consequences, such as
rejection, violence, and interruption of studies, compromise
their future.®

Stillbirths and newborn deaths are 50% higher
among infants born to adolescent mothers than among those
born to mothers aged 20-29 years. Infants of Teenage mothers
are also more likely to have low birth weight, which can have
along-term impact on their health and development.’ Hence,
this study aims to identify the trends in teenage pregnancy
in Tamil Nadu from 2019 to 2024 and the distribution of

teenage pregnancies across districts in Tamil Nadu.

METHODS

A descriptive cross-sectional study was conducted to
examine the trends in teenage pregnancy in Tamil Nadu. The
study utilized data from the Health Management Information
System (HMIS) portal, a reliable and comprehensive source
of information.

A total of 49,93,093 records of antenatal mothers in
the HMIS portal were retrieved for analysis from April 2019
to March 2024, allowing for a comprehensive examination of
trends over the past five years. The collected data were entered
into Microsoft Excel. Descriptive analysis was performed to
determine the proportion of teenage pregnancies and, the
distribution of teenage pregnancies across different districts

in Tamil Nadu.

RESULTS

The study analyzed data from the HMIS portal,
covering a large cohort of 49,93,093 antenatal mothers
between April 2019 and March 2024, and identified 62,870
teenagers with the Cumulative teenage pregnancy rate of
1.3%. The rate of teenage pregnancy over the years are 2019-
20 at 1.1%, 2020-21 at 1.3%, 2021-22 at 1.3%, 1.1% in 2022-23
and 2023-24 at 1.5% (Table 1, Figure 1).
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Table 1. Distribution of frequency in Teenage pregnancy
as per HMIS in Tamil Nadu during 2019-2024

2019-20 2020-21 2021-22 2022-23 2023-24
Total No. Of
Pregnant 1025851 1000683 1009521 1002096 954942
Mothers
No. of Teenage
11772 12606 13447 10685 14360
Pregnancies
% 1.1 13 13 1.1 1.5
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Figure 1. Trend in teenage
pregnancy in Tamil Nadu during 2019-2024
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Figure 2: Distribution of frequency of Teenage pregnancy
across districts in Tamil Nadu during 2019-2024

Figure 2 presents the analysis of teenage pregnancy
rates across various districts in Tamil Nadu. Salem and

Madurai have a teenage pregnancy prevalence of over
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3,000, while districts such as Kancheepuram, Sivagangai,
Virudhunagar, Nagercoil, and Chennai report a prevalence
of less than 1,000.

DISCUSSION

The study analyzed the trends of teenage pregnancy
and distribution across districts in Tamil Nadu over the last
five years (2019-2024), using data from the HMIS portal.
The total number of AN mother entries in HMIS during this
period in Tamil Nadu was 49,93,093, out of which 62,870
were classified as teenagers, resulting in a Cumulative teenage
pregnancy rate of 1.3%. There was a decline in teenage
pregnancies in 2022, with 10,200 reported cases. However,
the overall number of AN (Antenatal) mother entries in the
HMIS during the same period was also lower, at 1,002,096
pregnancies. Among the districts, Nagapattinam has the
highest prevalence of teenage pregnancy, followed by Theni
and Perambalur. Kancheepuram, Virudhunagar, Nagercoil,
and Chennai have the lowest teenage pregnancy rates in the
study period.

The increase in the teenage pregnancy rate from
1.1% to 1.5% in the most recent period of 2023-24 in Tamil
Nadu raises concerns and underscores the need for continued
monitoring and evidence-based policies and interventions to
address it. It is crucial to understand the factors contributing
to this upward trend and the need to develop effective
strategies to manage and reduce teenage pregnancies in Tamil
Nadu.

To address this issue comprehensively, a multi-
pronged approach is required. Firstly, targeted interventions
should be implemented to educate teenagers about sexual
and reproductive health, contraception, and the potential
consequences of early pregnancy in school/out-of-school
settings. These interventions can be delivered through
schools, community centers, other village youth groups and
healthcare facilities. Additionally, it is necessary to provide
access to affordable and reliable contraceptive methods to
ensure that teenagers have the means to make informed
choices and prevent unintended pregnancies.

Furthermore, comprehensive sex education
programs can play a vital role in empowering teenagers
with knowledge about their sexual and reproductive health
rights, promoting healthy relationships, and encouraging
responsible decision-making. These programs should be
age-appropriate, culturally sensitive, and implemented in
collaboration with parents, educators, healthcare providers,
and other interlinked departments.

Support systems should also be established to

provide emotional, social, and medical support to teenage
mothers. This includes ensuring parental guidance and
support, access to prenatal care, safe delivery services, and
postnatal support. Additionally, efforts should be made to
address the underlying social and economic determinants
of teenage pregnancy, such as poverty, lack of education,
and gender inequality. By addressing these factors, the
overall well-being and prospects of teenage mothers can be

improved.

LIMITATIONS

The study relied solely on data from the HMIS,
which only provides aggregate numbers of cases, and does
not include individual line-list data. Additionally, since
the HMIS lacks a mechanism for authenticating the details
entered, there are limitations in verifying the accuracy and
completeness of theinformation. Itincluded antenatal mothers
in the HMIS portal excluding the cases of teenage pregnancy
that were not reported or did not seek antenatal care, from
public health facilities leading to an underestimation of
the actual prevalence. It analysed data from April 2019 to
March 2024, which provides five years for assessing trends in
teenage pregnancy. However, a longer timeframe could have
provided a more comprehensive understanding of long-term
trends and patterns. The study relied solely on quantitative
data for analysis. Qualitative data could have provided
additional insights into the underlying factors contributing
to teenage pregnancy and potential strategies for prevention.
Further studies, may explore an in-depth understanding of
facilitators of teenage pregnancy would also be beneficial to

strengthening adolescent health in Tamil Nadu.

CONCLUSION

The findings reveal that teenage pregnancy remains
a significant concern within the region, with a teenage
pregnancy rate of 1.3% among the antenatal mothers as per
HMIS during the study period. The outcome of 62,870 teenage
pregnancies, presents an opportunity for further study and
analysis. It is important to recognize that the challenge of
teenage pregnancy requires a holistic approach. While the
existing interventions such as Adolescent Reproductive
and Sexual Health (ARSH) Program, Kishori Shakti Yojana
(KSY), Adolescent Friendly Health Clinics (AFHC) and
numerous awareness campaigns have made significant
strides, there is a need for greater emphasis on behavioural
change communication, school-based sex education and
community participation. Encouraging active involvement

from communities, parents, and other stakeholders will




foster a more comprehensive and sustainable approach.
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ABSTRACT

INTRODUCTION : Adolescence in girls is marked by menstruation, which is surrounded by various psychological
and religious barriers due to lack of knowledge about the process. The Menstrual Hygiene Programme in Tamil Nadu,
implemented under the Rashtriya Kishor Swasthya Karyakram (RKSK), aims to promote menstrual hygiene among
adolescent girls aged 10-19 years in rural areas. Without accurate understanding, menstruation can be distressing for a
girl. Discussing this with a girl is important because the inaccurate and inadequate knowledge she acquires from peers and
family members leads to a vicious cycle of misinformation. However, most adolescent girls in India have little knowledge
on menstruation, reproduction and sexuality. Hence this study is attempted to compare the knowledge and attitude on
menstruation among adolescent girls in rural and urban field practice areas of a tertiary care teaching hospital in Tamil
Nadu.

METHODS : A community based analytical cross-sectional study was conducted during April 2018 to Oct 2018 among
adolescent girls aged 10 to 19 years, residing at the rural and urban field practice areas of Karpaga Vinayaga Institute of
Medical Sciences & Research Centre, Chengalpattu, Tamil Nadu. About 256 adolescent girls in rural and 137 girls in urban
area were interviewed using a semi structured questionnaire. The knowledge section consisted of 5 questions. Those who
scored <2 were considered to have poor knowledge, those who scored 3 were considered to have fair knowledge and who
scored >4 were considered to have fair knowledge about menstruation. The attitude section consisted of 3 questions. The
score <1 was considered unfavorable attitude and score >2 was considered as favorable attitude towards menstruation.
RESULTS : Overall, 38.28% and 54.74% girls in rural and urban respectively had good knowledge about menstruation. The
attitude towards menstruation was favorable among 78.52% girls in rural and 64.23% girls in urban.

CONCLUSION : Overall, adolescent girls in urban had good knowledge compared to rural area. Overall attitude was better
in girls in rural area than in urban area.

KEYWORDS : Menstrual hygiene, Knowledge, Attitude, Rural, Urban

INTRODUCTION

India has the largest adolescent population with 243
million adolescents. Adolescence is a phase of transition from
childhood to adulthood, where an adolescent undergoes
physiological, psychological and social changes. It is the
time they become independent, establish new relationships,
develop social skills and learn new behavior that will last
for the rest of their lives.! This is a fascinating, yet, crucial,
stressful period in an individual’s life which requires special
attention. However, they are often a neglected group because
of the relatively low morbidity and mortality rates of this age
group.”
Adolescence in girls is marked by menstruation, which is

the periodic vaginal bleeding that occurs from menarche

till menopause. Menstruation is surrounded by various
psychological and religious barriers due to lack of knowledge
about the process. Although menstruation is a natural
process, it is still regarded as unclean in Indian society.” It is
believed that menstruation contaminates the body and makes
it unholy. This is linked with several perceptions and practices
which might result in adverse health outcomes. Poor personal

hygiene and unsafe sanitary conditions during menstruation
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increases the susceptibility for reproductive tract infections
(RTI) and gynecological problems.” These infections when
left untreated, can lead to several consequences like infertility,
ectopic pregnancy, fetal wastage, prenatal infection, low birth
weight babies and toxic shock syndrome."

The Menstrual Hygiene Programme in Tamil
Nadu, implemented under the Rashtriya Kishor Swasthya
Karyakram (RKSK), aims to promote menstrual hygiene
among adolescent girls aged 10-19 years in rural areas. As
part of the program, each adolescent girl who has attained
puberty receives three packs of sanitary napkins (each pack
containing six pads) in six distribution rounds conducted
every two months.

School-going adolescents receive the napkins
from their school nodal teachers, while non-school-going
adolescents receive them through ASHAs, VHNs, or AWWs.
Health education is an integral part of the Menstrual Hygiene
Programme in Tamil Nadu. Under this program, adolescent
girls are educated about menstrual hygiene management,
which includes raising awareness about the importance of
maintaining proper hygiene during menstruation, dispelling
myths and misconceptions, and providing information on
how to use and dispose of sanitary napkins safely. These
educational sessions are often conducted by school nodal
teachers, ASHAs, VHNs, or Anganwadi workers, ensuring
that both school-going and non-school-going adolescents
benefit from the initiative.

Most adolescent girls in India have little knowledge
on menstruation, reproduction and sexuality. Without
accurate understanding, menstruation can be distressing
for a girl. Discussing this with a girl is important because
the inaccurate and inadequate knowledge she acquires
from peers and family members leads to a vicious cycle of
misinformation.

A vast information gap exists among adolescent
girls living in rural and urban areas regarding awareness
about menstruation and menstrual hygiene. Hence this
study is attempted to compare the knowledge and attitude on
menstruation among adolescent girls in rural and urban field
practice areas of a tertiary care teaching hospital in Tamil
Nadu.

METHODS

A community based analytical cross-sectional
study was conducted during April 2018 to Oct 2018 among
adolescent girls aged 10 to 19 years, residing at Pulipakkam
and Anna Nagar, the rural and urban field practice areas

respectively of Karpaga Vinayaga Institute of Medical
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Sciences & Research Centre, Chengalpattu, Tamil Nadu.
Sample size and sampling: Iswarya S et al5 in a study
conducted at Coimbatore reported that 63% of the adolescent
girls thought menstruation was a good process. Using this
prevalence, 5% difference and 10% non-response, the sample
size was estimated to be 410. Using Probability proportional
to size, the sample size was calculated to be 273 adolescent
girls in rural area and 137 adolescent girls in urban area.
Eventually, the study was conducted among 256 adolescent
girls in rural and 137 girls in urban area.

Study tool: A pre-tested and semi-structured questionnaire
containing the details on demography, age at menarche,
information about knowledge and attitude of menstruation.
Data collection: House-to house visits were made. After
getting written informed consent from the mother and assent
from the adolescent girl, the questionnaire was administered
by in-person interview method.

Data analysis: The data obtained was entered in Microsoft
Excel sheet and analyzed using SPSS. Knowledge and attitude
related to menstruation was analyzed. The knowledge
section consisted of 5 questions. Those who scored <2 were
considered to have poor knowledge, those who scored 3 were
considered to have fair knowledge and who scored >4 were
considered to have good knowledge about menstruation. The
attitude section consisted of 3 questions. The score <1 was
considered unfavorable attitude and score >2 was considered
as favorable attitude towards menstruation.

Ethical issues: Ethical clearance was obtained from the
Institutional Ethical Committee (IEC) of Karpaga Vinayaga
Institute of Medical Sciences and Research Centre,

Chengalpattu, Tamil Nadu.

RESULTS

In the present study, the age of the participants
ranged from 11-19 years, with the mean age of 15.58 +2.22
years (15.83+2.30 years in rural area and 15.13 +1.99
years in urban area). Most of the girls interviewed were
unmarried in rural 255 (99.6%) and urban area 136 (99.3%).

Table 1 represents the demographic profile of
participants. Majority of the participants, 327 (83.21%) were
Hindus. In urban areas most of the girls belonged to upper
51 (37.2%) and upper middle class 49 (35.8%), while in rural
areas, majority belonged to lower middle 96 (37.5%) and
upper lower 69 (27%) socioeconomic class.

Awareness about menstruation before menarche
was observed more among adolescent girls in rural areas
130 (50.78%) than in urban areas 59 (43.1%). However, this
difference was not statistically significant (x*> =2.12; p 0.14).
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Table 1. Demographic characteristics of study participants:

Rural Urban Total
Variables (N=256) (N=137) N=393
n (%) n (%) n (%)
Education of the participants
Middle school 32 (12.5) 21 (15.3) 53 (13.49)
High school 75 (29.3) 48 (35) 123 (31.3)
;‘c‘g;';ﬁ;‘:x:; post high 149 (58.2) 68 (49.6) 217 (55.22)
Religion
Hindu 222 (86.7) 105 (76.6) 327(83.21)
Muslim 7(2.7) 7(5.1) 14 (3.56)
Christian 27(10.5) 25 (18.2) 52(13.23)

Socioeconomic status [Modified BG Prasad classification]

Upper 27 (10.5) 51(37.2) 78 (19.85)
Upper middle 53 (20.7) 49 (35.8) 102 (25.95)
Lower middle 96 (37.5) 32(23.4) 128 (32.57)
Upper lower 69 (27) 4(2.9) 73 (18.58)
Lower 11 (4.3) 1(0.7) 12 (3.05)
Family type

Nuclear 163 (63.67) 100 (73) 263 (66.92)
Joint family 55(21.48) 35(25.5) 90 (22.9)
Three generation family 38 (14.84) 2(1.5) 40 (10.18)
Study place

Government 51(19.9) 15 (10.9) 66 (16.79)
Private 205 (80.1) 122 (89.1) 327 (83.21)

The major source of information about
(49.23%
rural, 53.22% urban), followed by mothers (25.84%
in rural) and friends (20.97% in urban) (Fig 1).

menstruation was from school teachers
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Figurel: Source of information about menarche

among the study participants

Majority of the girls (82.43% in rural and 80.3% in
urban) reported that ideal age at menarche was 12-14 years.
Only 28.12% girls in rural and 39.42% girls in urban were
aware of menstruation as a physiological process. Also 16.8%

and 10.95% girls in rural and urban respectively were not

aware of the cause of menstruation and this was found to be
statistically significant (p 0.022). Only 41.8% and 52.5% girls
in rural and urban respectively were aware that uterus was
the source of menstrual bleeding and 31.6% girls in rural and
19.7% girls in urban were not aware of any source of bleeding.
This difference was found to be statistically significant (p
<0.05). Overall, 38.28% and 54.74% girls in rural and urban
respectively had good knowledge about menstruation,
which is statistically significant (p <0.01) [Table 2].

Table 2: Knowledge on menstruation among study participants

Rural Urban
Chi square
Variables (N=256) (N=137)
(P value)
n (%) n (%)
Ideal age at menarche (years)
9to 11 33 (12.89) 23 (16.8)
1.686 (0.430)
12to 14 211 (82.43) 110 (80.3)
15to0 16 12 (4.68) 4(2.9)
Cause of menstruation
Physiological process 72 (28.12) 54 (39.42)
To clean the body or remove dirty
137 (53.52) 62 (45.25) 9.60 (0.022)"
fluids
For reasons of inner heat 4 (1.56) 6(4.38)
Don't know 43 (16.8) 15 (10.95)
Source of menstrual bleeding
Uterus 107 (41.8) 72 (52.5)
Abdomen 20(7.8) 6(4.4) 9.412(0.024)*
Urethra 48 (18.8) 32(23.4)
Don't know 81 (31.6) 27 (19.7)
Frequency of menstrual cycles
Once a month 228 (89.1) 125 (91.2)
2-3 weeks 14 (5.5) 2(1.5)
4.188 (0.242)
4-5 weeks 8(3.1) 5(3.65)
Don't know 6(2.3) 5(3.65)

Occurrence of menstruation during pregnancy

Yes 16 (6.3) 11(8)

No 222(86.7) 116 (84.7) 0.464 (0.793)
Don’t know 18 (7) 10 (7.3)

Overall knowledge

Poor 48 (18.75) 29 (21.17)

Fair 110 (42.97) 33 (24.09) 14.504 (0.001)"
Good 98 (38.28) 75 (54.74)

Table 3 reveals that 24.6% girls in rural and 26.28%
girls in urban area were of the opinion that menstruation is
debilitating. Regarding the restrictions during menstruation,
73% girls in rural and 71% girls in urban believed that a
girl need not follow restrictions during menstruation. Also
44.53% girls in rural and 61.3% girls in urban believed that




one should avoid eating certain foods during menstruation
and this was difference was found to be statistically significant
(x* =10.054, p <0.01). The attitude towards menstruation was
favorable among 78.52% girls in rural and 64.23% girls in

urban. This was statistically significant (p <0.05).

Table 3: Attitude of adolescent girls towards menarche

Rural Urban Chi square
Variables (N=256) (N=137) (P value)
Frequency (%) Frequency (%)
‘What do you feel about menstruation?
As debilitating/bothersome 63 (24.6) 36 (26.28)
0.131 (0.71)
As natural process 193 (75.4) 101 (73.72)

Do you believe that one should follow restrictions during menstruation?

Yes 69 (27) 39 (28.5)
0.102 (0.74)

No 187 (73) 98 (71.5)
Do you believe that one should avoid certain foods during menstrual cycles?
Yes 114 (44.53) 84 (61.3)
10.054 (0.001)"
No 142 (55.47) 53(38.7)

Overall attitude towards menstruation

Unfavorable 55 (21.48) 49 (35.77)  9.354 (0.002)"
Favorable 201 (78.52) 88 (64.23)
DISCUSSION

Awareness about menstruation before menarche:

Awareness about menstruation before menarche
was 50.78% in rural and 43.1% in urban area in this study.
Paria B6 in a study in West Bengal reported that 44.72% girls
in urban area and 30.07% girls in rural area had awareness
about menstruation prior to attainment of menarche, which
is contrary to our study.

Source of information about menstruation:

In this study, school teachers were the main source
of information in rural (49.23%) and urban area (53.22%)
followed by mothers (25.84% in rural) and then followed by
friends (20.97% in urban). On the contrary, Paria B6 reported
that mother was the main source of information about
menstruation in 73.98% urban girls and 81.25% of rural
girls. Other studies by Barathalakshmi J7 in urban area of
Chidambaram and Devi RUS8 in rural area in Kancheepuram
also report mothers as the first source of information.
Knowledge about menstruation:

About the physiological nature of pregnancy, in
the present study 28.12% and 39.42% of the girls in rural
and urban areas respectively were aware of menstruation as
a physiological process, while Kumar P9 in Uttar Pradesh

found that 66.2% girls in rural and 74.3% girls in urban were
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aware which was higher than the present study.

In an urban area at Coimbatore, Iswarya S5
reported that 88% girls were aware that menstruation was
a physiological process, while in a rural area at Telengana,
Chauhan P10 revealed that only 18.6% were aware, which
was lesser than this study.

In context of source of menstrual bleeding, 41.8%
girls in rural and 52.5% in urban were aware that it was
uterus. Kumar P9 in Uttar Pradesh reported that, 24.3% and
41.9% of the girls in rural and urban respectively were aware
that uterus was the source which was lower than the present
study. On the contrary, Iswarya S5 found that 92.5% girls
studying in a school in urban area, Coimbatore were aware
of uterus as the organ from where bleeding occurs, which is
higher than the current study.

Overall, 38.28% girls in rural area, 54.74% girls
in urban had good knowledge about menstruation, while
42.97% girlsin rural, 24.09% girls in urban had fair knowledge
and 18.75% in rural, 21.17% in urban had poor knowledge on
menstruation. Dillu R11, Haryana reported that 11% girls in
urban had poor knowledge, 81% had fair knowledge and 8%
had good knowledge about menstruation which was lower
than the present study
Attitude towards menstruation:

In this study, menstruation was believed to be
inconvenient by 24.6% girls in rural and 26.28% girls in urban,
while Kumar P9, Uttar Pradesh reported that 48.1% girls in
rural and 40.5% girls in urban considered it inconvenient.
Regarding the restrictions during menstruation, 73% and
71% girls in rural and urban respectively in the present study
felt that a girl need not follow restrictions, whereas in Andhra
Pradesh Savanthe AM12 reported that 84.1% girls in urban
believed that one should follow religious restrictions. In the
present study, 44.53% in rural and 61.3% in urban believed
that certain foods should be avoided during menstruation.
Similarly, in Andhra Pradesh, Savanthe AM12 reported that
adolescent girls in urban believed in avoiding curd (52.8%)

and non-vegetarian foods (34.7%).

CONCLUSION

Although adolescent girls in rural area showed
similar patterns to urban girls in most knowledge-
related indicators, girls in urban areas exhibited better
overall knowledge about menstruation. Awareness about
menstruation before menarche and attitude towards the
physiological nature of menstruation and imposed restrictions
were more favorable among girls in rural areas than in urban

areas. This suggests that, due to urbanization and greater
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access to information, rural girls are gradually catching up
with their urban counterparts. This study has identified gaps
in knowledge and attitudes regarding menstrual hygiene,
providing a valuable foundation for implementing corrective
measures. Strengthening health education through Menstrual
Hygiene Program with culturally sensitive communication
strategies, particularly focusing on menstrual physiology, is
essential in both urban and rural areas to bridge knowledge
gaps. Addressing gaps in attitude requires multifaceted
approach, including peer education, parental awareness
programs, and broader societal initiatives. Efforts such as
leveraging mass media, fostering political discourse, and
promoting community dialogues are critical to normalizing

menstruation and reducing associated stigma.
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