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Healthy Air – The Right of Every Child
REMESH KUMAR R

President, Indian Academy of Pediatrics 2022
drremesh2006@yahoo.com

infections, aggravated asthma, heart disease and stroke.
There is also growing evidence that exposure to air
pollution may be associated with reduced IQ scores,
impaired cognition, increased risk for psychiatric disorders
such as depression and detrimental perinatal health.

WHY ARE CHILDREN MORE AT RISK?

It is a commonly accepted wisdom that children are the most
affected by air pollution. Their exposure risk begins even
before birth as the ill effects can be transmitted from the
mother transplacentally and through breastfeeding. They
inhale more pollutants per kilogram of body weight than do
adults. Because their airways are narrower, irritation can
result in proportionately greater airway obstruction.

Then there is the explorative behavior of children,
which increases their chances of exposure. Children live
closer to the ground and they breathe more rapidly than
adults and so absorb more pollutants. Constant exposure to
household smoke, such as from kitchen fire (wood and
charcoal stoves), burning of incense sticks or mosquito
coils, tobacco smoke combined with poor ventilation and
congested living spaces can be problem areas typical to
developing countries like India. Exposure to vehicular
smoke during commute to school adds to these problems.
All these forms of air pollution can emit harmful elements
like carbon monoxide (CO), nitrogen dioxide (NO2),
sulfur dioxide (SO2), nitrogenated compounds and
particulate matter (PM), which can result in chronic
problems impacting respiratory and cardiovascular health.

AIR POLLUTION AND CHILD RIGHTS

With air pollution, chemical exposure and other environ-
mental risks leading to 13.7 million deaths – about 24% of
mortalities worldwide-each year, the United Nations
Human Rights Council found it imperative to declare
access to clean, healthy, and sustainable environment as a
human right. Following the Resolution, which was
approved on October 8, 2021, the UNHRC called on UN
member states to act aggressively and promptly towards
implementing this decision. The UN Environment Program

Environmental pollution is one of the banes of
modern civilization. Today our living spaces are
bombarded with various types of pollutants,
which directly impact our health, happiness and

general well being. Of these, air pollution is definitely the
worst as it pervades every aspect of our life and is almost
unavoidable. Even here, children are the ones most
affected by air pollution. WHO estimates that 93% of the
world’s children under the age of 15 years (1.8 billion
children) breathe polluted air, placing their health and
development at serious risk [1]. According to a report
published in The Indian Express last year [2], India is one
of the most polluted countries in the world with an
estimated 16 lakh deaths attributed to air pollution in 2019.
The report further states that nearly 1.5 lakh children
below the age of five died of lower respiratory infections in
the same year, with more than 90% of these being infants,
less than a year old [2]. As Julianne Moore, the famous
actress and Artist Ambassador for Save the Children Fund,
emphatically put it, “Air pollution is terrible for our
children. Every single scientist, every single doctor will
tell you the same thing: air pollution damages our
children’s brains, their hearts, and their lungs.”

WHY IS AIR POLLUTION MORE HARMFUL?

Air and water are the two major types of pollution which
directly impact human health. Of these, water pollution
may be considered to be less threatening to health as we
have a greater degree of control over its use and
consumption. The same is not true with air pollution as the
very air that we breathe cannot be controlled on a
continuous basis. While many of the air pollutants such as
smoke are visible and avoidable, there are many more types
of pollutants such as toxic gases, organic and inorganic
particulates and biological molecules carried by air which
are not visible. Air pollution can occur from various
sources like industrial smoke, vehicular emission, dust
from construction activity and household activity. We
inhale these pollutants unconsciously, there by endange-
ring our health. The significant risks associated with long
term exposure to air pollution include frequent respiratory
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(UNEP), UN Children’s Fund (UNICEF), and UN Human
Rights (OHCHR) subsequently jointly launched the
Principles and Policy Guidance on Children’s Rights to a
Safe, Clean, Healthy and Sustainable Environment in the
Association of Southeast Asian Nations (ASEAN) Region
[3].

STEP UP OUR ADVOCACY FOR MITIGATING AIR
POLLUTION

The issues associated with air pollution are far too deep
and all encompassing to be dealt with in one stretch. There
are many more aspects to it than we can enumerate here.
Our primary focus should be on fostering a healthy home
and school environment, as these are two places where
children spent most of their time. The following are some
of the simple measures that we can actively promote in
schools to negotiate air pollution and its adverse impact on
children:

• Scheduling outdoor activities at school during a time
of the day when air pollution and sun exposure are the
lowest.

• Prohibiting the entry of vehicles including school
buses inside the school campus, which minimizes the
exposure to diesel and petrol exhaust fumes.

• Prohibiting the use of polluting fuels inside homes and
schools for cooking.

• Planting maximum trees around school grounds to
create shade and prevent ultraviolet ray exposure.

• Eliminating the use of tobacco both at home and in or

around schools.

• Schedule painting works, floor refinishing and
renovation during seasons when windows can be kept
open and when school is not in session.

• Forming a school health committee to ensure that class
rooms and premises are safe for children.

As the professional guardians of child health, let us all
work together to minimize children’s exposure to air
pollution. There is a lot that we can do, as individuals and
through our local IAP units, to make a real difference and
ensure a healthy upbringing for our children. As rightly
mandated by global bodies, access to a clean environment
is the right of every child and we have a bounden duty to
fulfill it.

Funding: None; Competing interests: None stated.
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IAP RESEARCH GRANTS 2022

Under IAP Action Plan 2022, the Indian Academy of Pediatrics (IAP) has initiated the following IAP Research Grants, to foster a
research environment amongst the undergraduate medical students, pediatric postgraduate students, young pediatric faculty, and private
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Are We Keeping Our Nebulizers Clean?
ANSHULA TAYAL, S K KABRA*

Department of Pediatrics, AIIMS, New Delhi, India.
*skkabra@hotmail.com

Recurrent wheezing occurs in a large proportion
of children, often with viral upper respiratory
tract infections. Many of these children,
particularly in developing countries like ours,

are administered bronchodilators at home by parents by
means of nebulizers. These medications and devices are
easily available over-the-counter across the country.
Nebulizers are at times the only viable drug delivery
system for young children who cannot be taught
effective use of spacers. Nebulizers are also
indispensable for the care of children with certain chronic
diseases like cystic fibrosis (CF) and other chronic
suppurative lung diseases. As part of their airway
clearance therapy, these children require daily
nebulization with mucolytic agents like hypertonic saline
that cannot be delivered via pressurized metered dose
inhaler (MDI). These patients are also frequently
prescribed nebulized antibiotics and anti-fungal agents
for microbial eradication.

It is a cause of concern that the nebulizers used on
domiciliary basis have been found to  be contaminated by
several microorganisms, which predisposes these patients
to frequent pulmonary exacerbations. A study on CF
patients demonstrated that 70.5% of the home nebulizers
were contaminated, with Pseudomonas aeruginosa being
the most commonly isolated organism [1]. They also found
a significant increase in number of pulmonary exacer-
bations in these patients. Another study highlighted the
risk of acquisition of colistin-resistant, gram-negative
bacteria like Burkholderia cepacia and Stenotro-
phomonas maltophilia from contaminated home
nebulizers [2]. They also found a similar proportion of
nebulizers (69%) to be contaminated. Similar studies have
also been conducted on asthmatic children who use home
nebulizers. The nebulizers were shown to be contaminated
in 66.7% children and filters of 78.3% nebulizers were
found to be contaminated [3].

In this regard, the study by Ranjan, et al. [4] published
in this issue of Indian Pediatrics is highly commendable.
They studied the bacterial colonization of home nebu-
lizers and assessed the robustness of cleaning practices

using a physician-administered questionnaire.  About
20% of the samples from nebulizers showed bacterial
growth, predominantly drug-resistant gram-negative
bacteria [4].

It would be logical to wonder if the nebulizers are the
primary sources of these organisms or are contaminated
secondarily from the patients’ secretions. Hutchinson, et
al. [2] showed that in six CF patients whose nebulizers
yielded B.cepacia and S. maltophilia, the same
organisms were not isolated from concurrent sputum
samples, indicating that nebulizers were likely primarily
contaminated. This is further supported by the finding
that a similar rate of contamination of home nebulizers is
seen in asthmatic children, whose airways are not likely to
be chronically colonized with bacteria [3,4]. In addition to
microbial colonization, home nebulizers can also get
contaminated with common indoor allergens in homes
with pet dogs and cats, and these may lead to adverse
consequences in sensitized individuals [5].

There is a wide variation in the maintenance practices
of home nebulizers. Frequency of cleaning the nebulizer
parts varies from none to once a week to daily [2,6,7].
Cleaning and drying the reservoir after each use leads to
significantly lesser contamination [3]. Technique of
cleaning and drying the nebulizer parts is also highly
variable. Lower rates of contamination have been seen on
cleaning with soap and water than with tap water alone
[3]. Nebulizers with visible moisture have been shown to
yield the heaviest growths of bacteria, as Gram-negative
bacteria survive better in a moist environment [2]. Infre-
quent changing of nebulizer circuits has also been
frequently observed, although the duration of use has
not been shown to correlate with the degree of
contamination [2].

 The ideal standards and methods for cleaning the
nebulizers have not been established [8]. However, a
study has shown similar efficacy with both tap water and
sterile distilled water, and a better efficacy with soak-
then-rinse method (soaking for 10 minutes, followed by
rinsing for 30 seconds in tap water) [9].
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There is a pressing need to enhance awareness about
this potentially serious problem of infections caused by
contaminated nebulization equipment. The study by
Ranjan, et al. [4] showed that about one-fifth of the parents
used nebulizers on advice of friends or family. This makes
them prone to improper handling and suboptimal hygiene
practices, owing to a lack of appro-priate advice from
healthcare personnel.  An even more alarming observation
made was that even amongst those who were using
nebulizers on the advice of a physician, only a third
receiving instructions on cleaning the equipment [4].
Another study on asthmatic children showed that only a
fifth of the parents received instruc-tions on maintenance
of nebulizers from healthcare personnel.

All the stakeholders – the patients, caregivers and
healthcare personnel, need to be educated about the need
and techniques of proper cleaning and maintenance of
these devices. These instructions need to be reinforced to
the caregivers at every follow-up visit to ensure maximal
compliance.

Funding: None; Competing interests: None stated.
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Specific learning disabilities (SpLD) are a group
of neurodevelopmental disorders characterized
by severe and persistent difficulties in learning to
efficiently read (dyslexia), write (dysgraphia)

and/or perform mathematical calculations (dyscalculia);
despite normal intelligence, conventional schooling, intact
hearing and vision, adequate motivation and socio-cultural
opportunity [1,2]. Students with SpLD present with one or
more of academic problems like reading slowly and
incorrectly, skipping lines while reading aloud, making
repeated spelling mistakes, untidy/illegible handwriting
with poor sequencing, and inability to perform even simple
mathematics [2,3]. These afflicted students have poor
school performance [3], anxiety [4], and social malad-
aptation [5]. If SpLD remains undiagnosed, they invariably
fail to achieve school grades at a level that is matching with
their intellectual abilities [3]. In our country, up to 5-15%
school-going children (almost 35 million), who otherwise
have no visible physical, intellectual, visual, or auditory
impairment, have this invisible disability [3,6]. Dyslexia
afflicts 80% of all school students identified as having
SpLD [3]. Additionally, out of 35 lakh children who are
not in the formal school system [7], quite a few may be
having a SpLD; though, no data is available.

SpLD is believed to be a result of functional disruption
in neural systems, rather than an anatomic problem, and is
genetically inherited [2,3]. Ideally, SpLD should be diag-
nosed while the afflicted student is in primary school, so
that there is adequate time to avail adequate remedial edu-

cation for a few years to achieve academic competence [3].

Landmark Events

Let us recapitulate a brief history of the landmark events
related to SpLD in our country so as to be able to
understand its present status and plan for the future (Table
I). The state government of Maharashtra was the first to
recognize SpLD as a disability; and passed a Government
Resolution in 1996 empowering school students with
SpLD in standards IX and X the option of availing
provisions (accommodations) during their schooling and
even for the Secondary School Certificate (SSC) board
examinations. These accommodations included: i) extra
time of 30 minutes for all written tests with spelling
mistakes being overlooked; ii) employing a writer for
children with dysgraphia; iii) exemption of a second
language (Hindi or Marathi in an English medium school)
and substituting it with a work experience subject; and iv)
exemption of standard X mathematics (algebra and
geometry) and substituting it with lower grade of
mathematics (standard VII) and another work experience
subject [3].

Over the years, other state governments have also
granted provisions to students with SpLD so that they
could successfully complete their education in mainstream
schools (inclusive education). The critically acclaimed
Hindi movie, Taare Zameen Par (Stars on Earth),
accurately depicted the academic and social problems
faced by a young 8-year-old boy with undiagnosed
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Specific Learning Disabilities in India: Current Situation and the Path
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Students with specific learning disabilities (SpLD) need timely remedial education and provisions to continue their education within the main-
stream. The Government of India has enacted the Rights of Persons with Disabilities (RPwD) Act, 2016, and legitimized SpLD as a disability,
nationally. This Act mandates screening of every school student for SpLD on completion of eight years of age, setting up of resource rooms for
imparting remedial education in all schools, and provisions in examinations for all afflicted students. This Act authorizes that students with SpLD
get benefit of reservations in higher education seats and government jobs. To ensure that this Act is implemented effectively, all stakeholders in
the field of education and health will have to collaborate to set up sufficient number of assessment clinics, create sufficient number of special
educators, and develop validated screening and assessment tools for diagnosing SpLD in all the regional languages of our country.
Keywords: Dyslexia, Education mainstreaming, Psychosocial support systems.
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dyslexia [8,9]. This movie played a vital role in increasing
awareness about dyslexia in India [8,9]. The launch of the
Sarva Shiksha Abhiyan (Education for All movement), and
implementation of the Right of Children to Free and
Compulsory Education (RTE) Act (2009) have mandated
that all children in the 6 to 14 years age group, including
children with disabilities, have access to free and
compulsory education [10,11]. A recent landmark event is
the Government of India’s (GoI’s) implementation of the
Rights of Persons with Disabilities (RPwD) Act, 2016
[12] which, for the first time, has recognized SpLD as a
disability at the national level. With the backing of this
Act, Indian students with SpLD all over the country can
look forward to a brighter future.

The RPwD Act, 2016 and SpLD

The RPwD Act, 2016 [12] empowers students with SpLD
all over the country. The salient features of this path-
breaking legislation mandate that these students: should
not face any discrimination; should continue education in
mainstream schools/colleges (inclusive education); get
access to occupational therapy and remedial education; get
reservations in higher educational seats and government
jobs; and get access to vocational training for self-
employment.

The RPwD Act, 2016 [12] has also stated that: i) SpLD
should be detected at the earliest and regular 1-yearly
screening carried out; ii) adequate number of resource
centers to support school education at all levels be
established; iii) adequate number of training institutions
to create special educators or remedial teachers be
established; iv) induct SpLD as a component for all
education courses for schools, colleges and university
teachers, doctors, para-medical personnel, social welfare

and rural development officers, Accredited Social Health
Activist (ASHA) and Anganwadi workers; and v) all
universities should promote research in SpLD.

A subsequent GoI notification [13] has stated that
teachers, in both public and private schools, should screen
every student in standard III (8-year-olds) and refer those
who test positive to a learning disability clinic for further
evaluation [13]. This screening can be done for students
studying in English-medium schools by using a validated
Screening Check list for Specific Learning Disability [3],
which has been devised by the Maharashtra State Council
of Educational Research and Training’s, Divisional Office
and Institute of Vocational Guidance and Selection,
Mumbai [3].

A study from Mumbai [5] has reported that newly-
diagnosed students with SpLD [mean (SD) age 12.5 (2.2)
years (range 8.0 -16.0 years)] perceive themselves as: i)
being “socially excluded,” viz., they feel different from
their peers, are lonely, feel stigmatized by their teachers and
peers, have problems concentrating at school and feel left
out; ii) having developed “emotional reactions,” viz.,
worries, concerns, anger, and problems; iii) being
“physically limited” in performing physical activities,
having a poor health status, and have difficulties with
sleeping; iv) lacking “independence,” viz., they are insecure
about their future and unable to live an autonomous life;
and v) lacking in qualities for “social inclusiveness,” viz.,
they feel that their peers and friends do not enjoy their
company or understand their problems or care about their
condition, and they therefore find it difficult to develop
social relationships. A large majority (75%) of mothers of
school students with SpLD already develop mild anxiety
levels by the time this disability is diagnosed in their child
[mean (SD) age 12.0 (2.32) year (range 7-16 year)] [14].
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Table I Landmarks Events Related to Specific Learning Disabilities in India [3,10-12]

Event Year

Provisions given to SpLD students in standards IX-X in Maharashtra 1996
ICSE and CBSE national educational boards allow SpLD students to avail provisions 1999
Provisions given to SpLD students from class standards I-XII in Maharashtra 2000
GoI launches Sarva Shiksha Abhiyan (‘Education for All’ movement)a 2001
Provisions given to SpLD students in college courses in Maharashtra state 2003
Reservations for SpLD college students in disability category in Maharashtra state 2003
Provisions given by other states (Karnataka, Tamil Nadu, Kerala, Gujarat, Goa, others) 2003 to 2015
Hon. Bombay High Court verdict: denying provisions make school/college authorities liable for prosecution 2006
GoI implements Right of Children to Free and Compulsory Education (RTE) Act, 2009 2010
GOI implements Rights of Persons with Disabilities (RPwD) Act, 2016 2016

SpLD: specific learning disabilities; ICSE: Indian Certificate of Secondary Education; CBSE: Central Board of Secondary Education;
GoI: Government of India; aIncorporated into Samagra Shiksha (Holistic Education) in 2018.
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Unique Disability Identity Card

The GoI has implemented the ‘Unique ID for Persons with
Disabilities (UDID)’ project [15] in 2018 with the
objectives of creating a national database for persons with
disabilities. A school student with suspected SpLD has to
apply online (<https://www.swavlambancard.gov.in/pwd/
application>) to get an appointment from the nearest
recognized center for assessment. On confirmation of the
diagnosis of SpLD the student will receive the disability
certificate and UDID card [15]. This card will mention the
student’s name, date of birth, unique ID number,
percentage of the disability and enable the student to avail
provisions in school and board examinations. It is
important to remember that a primary school student (older
than 8 years) who is diagnosed with SpLD will have to
undergo revaluation first at the age of 14 years; and again,
at the age of 18 years [13]. Only a UDID card issued after
evaluation on completion of 18 years of age states that the
disability is permanent and entitles the student to get
reservation in higher educational seats and government
jobs [15].

Diagnosis of SpLD in India

The RPwD Act, 2016 guidelines for diagnosing SpLD [12]
follow the twenty-year old DSM-IV-R criteria [1] for
diagnosing this disability in our country. This involves
directly, without any prior remedial education, doing
educational testing to document that the student has
significant difficulties in reading (dyslexia), writing
(dysgraphia) and/or performing mathematical calculations
(dyscalculia) [1,16]. Lately, many Western countries have
adopted the latest DSM-5 [17] criteria for diagnosing
SpLD, which states that the educational testing to
diagnose SpLD should be done only after the school
student has been given the necessary provisions and after
having attended regular ‘one-hourly’ remedial education
sessions with a special educator, twice- or thrice-weekly,
for a minimum period of six months [17]. The application
of the DSM-5 criteria is not suitable in the Indian
educational setting as there is a dearth of qualified special
educators; and, most schools do not have infrastructure for
providing remedial education [3].

The only test that has been recommended by the GoI to
diagnose SpLD [18] is the National Institute of Mental
Health and Neurosciences (NIMHANS) Battery [19],
which is available in English, Hindi and Kannada.
However, the NIMHANS battery can only be utilized to
diagnose SpLD in school students who are 8 to 12 years of
age [19]. Other validated tests which are available in India,
but not mentioned in the GoI’s protocol [18], include: i)
the Grade Level Assessment Device (GLAD) [20]
(available in English and Hindi), which can be used to

diagnose SpLD in students up to class standard IV level;
ii) the Dyslexia Assessment for Languages in India (DALI)
[21] test (available in English, Hindi, Kannada and
Marathi), which can be used to diagnose dyslexia in
students up to standard V level; and iii) Sholapurwala
RF’s Curriculum Based Test for Educational Evaluation of
Learning Disability [22] (available in English and
Marathi), which can be used to diagnose SpLD in students
up to standard X.

It is not possible to quantify the severity of SpLD by
following the DSM-IV-R criteria for diagnosing SpLD [1].
As per GoI rules [12], unless the severity of a disability is
≥40 per cent (benchmark disability), an afflicted student
cannot qualify to avail any benefits. To solve this dilemma,
the GoI has stated that “any student who tests positive on
NIMHANS Battery shall be considered as having SpLD
disability of more than 40%” [18].

Existing Challenges in India

Currently there are significant challenges to overcome in
order to ensure effective implementation of the RPwD Act,
2016 [3]. Validated screening tools to identify a student
who needs to be referred for assessment; and validated
assessment tools for diagnosing SpLD are not available in
all the regional languages of our country [3]. There is a
dearth of assessment clinics and special educators to
diagnose SpLD and impart remedial education to afflicted
students [3,23]. Also, a large majority of schools do not
have resource rooms to impart remedial education [3].

The RTE Act, 2009 [11] has mandated that no student
shall be held back until completion of schooling till
standard VIII. One of the consequences of this is that
students with suspected SpLD are getting referred for
assessment at a very late age [4], when they are in standard
IX (14 years of age). At this stage, only the Sholapurwala
RF’s test [22] or the Woodcock-Johnson Test of
Achievement [24] (in English) can be used to diagnose
SpLD. It is important to note that the Woodcock-Johnson
Test of Achievement is not validated for use in the Indian
population [24,25].

The Path Ahead

To make India an SpLD-friendly country, active
collaboration between all stakeholders in the field of
education and healthcare is needed. The action points to
achieve this include: i) school trustees and principals
should set up resource rooms within the school to ensure
that students with SpLD get the remedial education at an
affordable cost;  ii) all students at the age of 8 years should
be screened for SpLD and those who test positive should
be referred to the nearest assessment clinic for evaluation;
iii) school counselors should play a proactive role to
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ensure that students with SpLD do not feel stigmatized; iv)
government medical colleges and hospitals (including
those at district levels) should set up assessment clinics;
and, v) all universities related to the field of teacher
education should start courses to create special
educators, and conduct research to develop validated
screening and assessment tools for SpLD in all the 22
regional languages of our country.

Over the years, SpLD in our country will get detected
early, there would be adequate qualified special educators
available, and the afflicted students will be able to avail
timely remedial education to achieve academic compe-
tence [3]. The path ahead is arduous but is achievable in
the next decade with determined efforts from all
stakeholders.

Funding: The Learning Disability clinic at my institute is
partially funded by a research grant by MPS Limited (https://
www.mpslimited.com).  Competing interests: None stated.
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Background: A Dutch committee for National Guidelines in
Neonatology developed nineteen evidence- and consensus-
based guidelines to be used in all Dutch neonatal intensive care
units (NICUs). The primary goal was to make clinical practices
more uniform and consistent.
Objective: This study investigated to what extent the guidelines
were implemented and which factors played a role in
implementation.

Study design: A mixed method study design was used to
investigate both the level and the process of implementation. A
nationwide, multicenter, cross-sectional survey was performed
using a validated instrument for measuring the level of imple-
mentation (Normalization MeAsure Development questionnaire,
NoMAD). The number of implemented guidelines per NICU and the
frequency and content of the amendments that NICUs made to the
original consensus guidelines were analyzed. Through semi-

structured interviews, perceived barriers and facilitators for
implementation were explored.
Participants: Fellows and neonatologists working at all ten
Dutch level 3-4 NICUs were eligible.

Results: On an average, NICUs implemented 12.6 (of 19)
guidelines (range 6-17). The Normalization Process Scale was 54
(of 65). Main influencing factors impeding implementation were
guideline-related (e.g., unpractical, lengthy guidelines) and
personal (e.g., an active representative responsible for local
implementation).
Conclusion: The implementation of our guidelines appears to be
successful. Ways for improvement can be distinguished in
personal, guideline-related and external factors. Empowerment
of local representatives was considered most essential.
Keywords: Guideline development, Neonatal intensive care
unit, Quality improvement.

the Vermont Oxford Network (VON), an international
collaboration in neonatology, neonatal intensive care units
(NICUs) work together to formulate potentially better
practices that are implemented locally [5].

The success of guidelines depends on content quality
and on their actual implementation [6,7]. Successful
implementation depends on the consideration of a variety of
barriers and the use of adequate strategies to overcome them
[8]. We studied the implementation level of our guidelines,
and the factors influencing implementation.

METHODS

The Netherlands consists of 17.4 million inhabitants and has
approximately 170,000 live births per year [9]. There are ten
level 3-4 neonatal intensive care units (NICUs) with 108

In medical practice, evidence is often lacking, and local
agreements are frequently made, potentially resulting
in divergence from guidelines [1]. In newborn care
(where evidence is particularly scarce), these diver-

gences are extensive [2]. To create more consistency in
newborn care, a consensus targeted approach is necessary.

In 2014, a Dutch committee called N3recommendations
(N3R), part of Neonatology Network Netherlands (N3) was
founded. Through the development of national evidence-
and consensus-based guidelines, aim was to improve
harmonization of neonatal care. The European Foundation
for the Care of Newborn Infants (EFCNI) addresses
disparities in the provision and quality of European neonatal
care by developing reference standards as a source for the
national development of guidelines and protocols [3,4]. In

Published online: March 10, 2022; PII: S097475591600410
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neonatologists and 26 fellows. In total, there are 195 NICU
beds, where approximately 5000 patients are admitted
annually [10]. Every NICU has one representative on N3R.

The guidelines were developed based on a comparison
of existing local protocols and comprehensive literature
searches followed by Grading of Recommen-dations
Assessment, Development and Evaluation (GRADE)
processes. Where evidence was lacking or inconclusive,
N3R followed Delphi structured processes to form
consensus. After multiple feedback rounds available for all
neonatologists and fellows, the final guidelines, based on
input from all Dutch NICUs, available evidence and
consensus, were approved (Web Fig. 1). The intention was
for every NICU to upload the consensus guidelines into their
local guideline system. The agreement was to allow NICUs
to make logistic, but not substantive amendments.

To achieve both a breadth and depth of under-standing,
this study follows a mixed-method approach, combining
quantitative data from a questionnaire and qualitative data
from semi-structured focus group interviews [11]. All parts of
the study received clearance from the Radboudumc medical
ethical committee. The Standards for Quality Improvement
Reporting Excellence (SQUIRE) 2.0 were used as a framework
[12].  A nationwide, multicenter, cross-sectional, digital
survey was conducted.

One of the theories for understanding and measuring
implementation is the normalization process theory (NPT)
[13,14]. Finch, et al. [15,16] developed and validated an NPT-
based questionnaire, the Normalization MeAsure
Development questionnaire (NoMAD). A validated Dutch
translation, customized to our particular situation, was used
[17]. The original NoMAD contains twenty questions, of
which thirteen were deemed appropriate for our survey. The
NoMAD distinguishes four constructs playing a central role
in generating implementation. A more practical approach,
considering three groups of factors (personal, guideline-
related and external factors) was used [8], and therefore, five
questions were added.

The survey was pilot-tested by two neonatologists
(non-N3R members), and modified based on their feedback.
The final version contained three parts:  Part A concerned
demographic information; Part B collected three general
normalization ratings about current and future use; and, Part
C contained 13 items from the NOMAD instru-ment and five
additional questions. Answer options were according to a
five-point Likert scale. There was option B (“I don’t know” or
“not relevant”) to ensure that non-applicable questions were
skipped.

Survey invitations were sent via e-mail. Informed
consent was obtained at the beginning. Data were collected

over three weeks in April, 2019; reminders were sent after one
and two weeks. The completed surveys were automatically
collected (Castor Electronic Data Capture EDC 2019.1) and
stored anonymously.

Local versions of the guidelines were retrieved and
compared with the original documents. Amendments were
recorded, distinguishing logistic (defined as necessary
changes due to local logistic circumstances) and substantive
(defined as changes in content) amendments.  The COREQ
(COnsolidated criteria for REporting Qualitative research)
checklist was used to report items of importance [20].

The interview guide was created by three investigators
(ET, MH and RdJ) and critically appraised (AO). The
interview guide concerned two themes (perceived facilitators
and barriers) each subdivided into three subthemes
(personal, guideline-related and external factors [8].
Questions concerning the aim of N3R, the acceptance, and
the development of the guidelines were added. Printed forms
showing results from the survey and an overview of local
amendments per NICU were used as background
information.

To reach depth, group interviews were conducted or (in
case of planning issues) dyadic interviews [21].
Neonatologists and fellows working at Dutch level 3-4
NICUs, except N3R members, were considered eligible. The
interviews were conducted between May and June, 2019. A
convenience group participated in the interviews from each
NICU. The interviews were recorded (WS-806 voice
recorder, Olympus), transcribed anonymously, and deleted
after transcription.

Statistical analysis: While the data were considered ordinal,
nonparametric analyses were performed.  The individual
normalization process scale (NPS) was calculated by
summing 13 construct items per person [15]. Differences
between fellows/neonatologists, N3R member or not, and
gender were analyzed, and correlations between age and
years of experience were calculated. The total factor score
(TFS) was calculated by summing 17 factor questions, as
was the score for each factor group. Differences between
factor groups were analyzed with the Kruskal-Wallis test or a
median test (depending on the difference in variance
between factor groups, analyzed with Levene test for
equality of variances). Option B answers were valued at zero
points.

The construct scores were correlated to the three general
normalization ratings to check the validity after our
alterations [16,17]. Outcomes were interpreted following the
categorization (0: no correlation, 0.1-0.29: poor, 0.3-0.59: fair,
0.6-0.79: moderate, 0.8-0.99: very strong, 1: perfect) [19]. IBM
SPSS statistics, version 25 (IBM Corporation) was used.
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For the qualitative part, a thematic template analysis
based on the interview guide was used [22]. Transcripts were
analyzed independently by two researchers (ET and MH).
Discrepancies were discussed with a third researcher (RdJ)
until consensus was reached. A qualitative analysis tool
(ATLAS.ti Scientific Software Development GmbH Version
8.3.20) was used.

RESULTS

When the survey aired, all the 134 neonatologists and
fellows working in the NICUs were approached; 63 (47%)
completed the survey (Table I). Distribution of completed
surveys among the NICUs is shown in Web Fig. 2.

Distributional characteristics of the scale scores are
shown in Fig. 1. With respect to the NPS, majority of the
participants (strongly) agreed with the statements. The total
NPS scores of all participants, neonatologists, fellows, and
N3R and non-N3R members followed similar response
patterns. There were no significant differences in total NPS
score by role (neonatologists/fellows or gender). Age and
years of experience were also not related to NPS results [age:
r= 0.257 (P=0.042); years of experience: r=0.231 (P=0.069)].

Median (IQR) scores were 4 (4-5), 4 (3-4) and 4 (4-5) for
personal, guideline-related and external factors, respectively.
There was a significant difference between guideline-related
factors and the other groups (P<0.001). Factor group

Table I Demographic Background of Survey Participants
and Total Research Population (N=63)

Characteristics No. (%)

Rolea

Fellow, n=26 16 (61.5)
Neonatologist, n=108 47 (43.5)
Committee membera

Yes, n=10 10 (100)
No, n=124 53 (42.7)
Male gender 21 (33.3)
Age (y)
30-39 20 (31.7)
40-49 26 (41.3)
50-59 13 (20.6)
60-65 4 (6.3)
NICU experience (y)
0-5 19 (30.2)
6-10 16 (25.3)
11-15 13 (20.6)
16-20 5 (7.9)
21+ 10 (15.9)
Data in no. (%). aPercentages are out of total with that role.

Fig. 1 Frequency distribution of responses to questions that are part of the normalization process scale. For interpretation: maximum
score is 65 points (five points per question, thirteen questions). More agreement with the statements indicates a more positive attitude
towards the guidelines.

aPercentages of responses reporting strongly disagree, disagree, neutral, agree, strongly agree are shown. bcoherence (CO); ccognitive
participation (CP).
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validity of the survey. Similar to the out-comes in NoMAD
validation studies, all correlation coeffi-cients can be
interpreted as fair to moderately strong [19].

The amendments of the 19 guidelines for all NICUs were
studied (n=190). In total, 126 (66.3%) guidelines were
uploaded into local protocol systems. On an average, NICUs
implemented 12.6 guidelines (range 6-17).  Every NICU made
logistic and substantive amendments; in total, 379
amendments were made, of which 69 were logistic.

Interviews were conducted with at least one fellow and
one neonatologist per NICU. In total, 12 fellows and 14
neonatologists were interviewed. Interviews lasted between
28-54 minutes. The majority of the participants agreed with
the aims of N3R. Positive aspects mentioned were the value
of collective expertise, insight into the gaps in evidence-
based medicine, and the need for more consistency towards
patients, parents, and colleagues. Negative aspects were
scarce and almost exclusively related to guidelines where it
was harder to reach consensus. Fellows were in general very
satisfied with the existence of the guidelines and felt more
secure when using them (Web Box I).

Perceived factors with corresponding barriers and
facilitators and illustrative quotations are demonstrated in
Web Table I. An active representative for local
implementation was considered to be the key by the most
participants. Being part of the developmental process or
feedback rounds was also considered a facilitator.

For guidance-related factors, participants were
unanimous on the fact that guidelines should be concise

with a clear step-by-step plan. Many were in favor of
accompanying flowcharts.  Few participants stated that
information was not always substantiated. In contrast,
others said that the underlying reason for action is clear and
that information is sufficiently retraceable.  For external
factors, some guidelines were not applicable to a specific
NICU and therefore not implemented (for example a
surgical guideline). In other situations, the guideline was not
compliant with the NICU (for example, the congenital
diaphragmatic hernia guideline has been developed for
NICUs without extra corporeal membrane oxygenation
(ECMO) and therefore not implemented in NICUs with
ECMO).

The availability of consulting specialists (for instance,
pediatric cardiologists) was mentioned as both a facilitator
and a barrier. When consulting specialists were familiar with
the guidelines, participants would use the guidelines during
consultation. Otherwise, participants stated that they would
rather ask a consultant’s opinion.

A local culture open to change was considered an
important factor, whereby a clear aim supported by the whole
team is considered the key.

DISCUSSION

The primary aim of the study was to evaluate the
implementation of national evidence- and consensus- based
NICU guidelines. Considering the NPS results, this
implementation seems successful: most Dutch neonato-
logists and fellows have implemented (the majority of) the
guidelines into their daily practice (total NPS 54/65).

aTotal normalization process scale (NPS) score. All boxplots are presented as medians and IQR. bDifferences in total NPS score between neo-
natologists and fellows; cbetween committee/noncommittee members; and dbetween males and females were tested using Mann-Whitney U test.

Fig. 2  Boxplots of the total normalization process scale score per group.
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However, there is room for improvement. Not all guidelines
were implemented, and NICUs differed in the amount of local
implementation and (logistic and substantial) amendments.
Based on our results, focus should lie primarily on guideline-
related factors and active representatives. Furthermore,
many interview participants stated that just by performing
this study, N3R increased awareness and therefore
implementation of their guidelines. Repetitive evaluation of
guideline implemen-tation is therefore recommended. A
generally applicable advice regarding guideline
implementation strategy is presented in Web Table II.

An important factor was having an active local
representative. This finding is supported by a study of Lago,
et al. [23]. Creating and maintaining a strong connection
between representatives was considered beneficial,
supporting the N3R structure with represen-tatives from
every NICU. In consonance with our results on guideline-
related factors, a study by Donnell, et al. [24] states that a
guideline should have clear action steps. Some participants
emphasized the importance of the scientific background of
the guidelines, which has also been previously reported [24].
It is important to realize that as consistent high-level
evidence is often lacking in medicine, consensus may be the
only way to achieve guidelines.

In contrast to the study by Davis, et al. [25] suggesting
that early-career physicians are more receptive to clinical
practice guidelines, there was no indication for less
implementation among more experienced doctors com-pared
to early-career doctors [25].

Due to the mixed-method study design, broad and in-
depth insight was gained at both the level and process of
implementation. Neonatologists and fellows from every
NICU in the Netherlands participated, which resulted in a
representative sample. However, this study also had some
limitations. In the absence of a gold standard, the level of
implementation was measured with the second-best option:
a validated tool. Even though slight alterations were made, a
validation test shows correlations similar to those in the
original study [16]. Furthermore, with this study design,
presumed practice was investigated instead of actual
practice. However, this does not make the answers less
relevant. Future research could comprise repetitive audits

investigating actual practice. The distribution of fellows/
neonatologist and N3R members/no N3R member in the
survey is different from the distribution of practicing
physicians; this may have led to response bias. In this study,
no other stakeholders were investigated, such as NICU
nurses.

Our process of development and implementation of
national guidelines, combined with the lessons learned from
this study, demonstrates a suitable approach for those in
other nations or specialties with the desire to develop
nationwide guidelines. Due to the coronavirus (COVID-19)
pandemic, doctors have become more accustomed to
meeting digitally, making our strategy applicable for larger
geographical areas. Our strategy appears to be applicable for
countries with identical numbers of NICUs, but this is unclear
for countries with large numbers of NICUs. In future
research, a follow-up study demonstrating the impact of the
suggestions for improving implementation could be
performed.

Strategies for improving implementation are
multifactorial and can be distinguished in personal,
guideline-related and external factors. Improving guideline-
related factors seems a good starting point since they scored
lowest and are probably easiest to change. Ways to empower
representatives should be discussed among N3R members
and their staffs, since they were considered essential.

Almost all participants in this study supported the aim of
N3R and valued the guidelines. It turns out that even when
experts’ opinions seem far apart, forming a national
consensus is desired by most.

Ethics clearance: Institutional Ethics Committee of the
Radboudumc; No. IRB 2020-6274 dated March, 2020.
Note: Additional material related to this study is available with the
online version at www.indianpediatrics.net
Contributors: EST, RCJdeJ, FC, MvdL, KAdeB-M, EEMM, HJN,
SAP, MEvdP, RV: substantial contributions to the study, including:
Concep-tualization, methodology, investigation, data curation and
formal analysis, participating in writing (drafting the initial
manuscript); MH,MvS,AJMC: substantial contributions to the
study, including: Supervision, conceptualization, methodology,
investigation, interpretation of data, data curation, formal analysis,
resources, participating in writing (review and editing of the

WHAT IS ALREADY KNOWN?

• The success of guidelines depends on content quality and their implementation.

WHAT THIS STUDY ADDS?

• The structure of a national committee, comprised of local representatives from every practice involved,
appears to be appropriate for the development of readily accepted evidence- and consensus-based
guidelines.
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Web Box I Illustrative Quotes from Participants 

 

Quotations from various neonatologists and fellows about making care more 
consistent 

“I think it is indeed good to work in a more consensus-based and evidence-based 
manner in the Netherlands. Because it is quite special when you hear how in... well, 
the Netherlands is not that big at all, but when you hear how ten different NICUs 
sometimes follow ten different policies…”. 

“We need a lack of ambiguity that is also directed towards parents, so that everybody 
knows what can be expected.”   

“Make healthcare a bit more consistent. Not only inwards, but also outwards. I think 
that's pretty important." 

“The collective expertise that such a group can bring is of course worth a lot." 

"I always like to hear that other people do things completely different, while the 
results are almost the same. That puts things into perspective that we actually don't 
know yet. That you can do different things, but that you don't necessarily do it wrong 
if you do it slightly differently.” 

“If I compare it to when I was still in training, when those national protocols were 
not there yet, I think this is a huge improvement, that you also have the feeling that 
you have agreed nationally: that's how we do it. And so, you get fewer differences 
among the NICUs." 

Quotations from fellows about the advantages of the guidelines 

"It is very nice if you can achieve a basic level in a short time of what is good 
evidence-based care." 

“ ‘And look! It is here in our national protocol!’ Then you are in a bit stronger 
position.” 

“And if it's in the protocol, you think okay. This is the protocol, I have come that far. 
And then I can do that and then you can sometimes also give it your own twist. So, I 
think that you actually learn how to work independently. I like that about the 
protocols.” 

“They give a bit more completeness. After a whole shift, and you think “Oh, wait a 
minute”, because it can be so hectic that you sometimes forget things and then you 
can walk through them, a sort of checklist or something.” 

“And they are usually beautiful protocols, I think, with a lot of background 
information. For me, when I started as a fellow, I was really happy with those 
protocols.” 
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NICU –Neonatal intensive care unit; GRADE – the graing of guidelines assessment development and evaluation.
a all fellows and neonatalogist working at Dutch level 3-4 NICUs.

Web Fig. 1 Flow chart of the development process of the guidelines.
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a Neonatal intensive care unit (NICU); bPercentages of total fellows and neonatologists working at
that NICU.

Web Fig. 2 Distribution of participants in the survey and interviews.
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Personal factors 

 Facilitator Barrier Illustrative quotation 

Awareness - Key person at NICUa who 
drives the local implementation 

- Guidelines are part of standard 
local training program for new 
employees 

- Integration of guidelines into 
local protocol system 

- Difference in local 
and national 
guidelines is unclear 

- Guidelines aren’t 
integrated into local 
protocol system 

“If you have a key person who is 
active and who plays an active 
role in the assessment... And 
helped again on time, guys, we 
still have to look at it. If that is 
not there, I think it will be much 
more difficult” 

Familiarity - Regularly planned plenary 
sessions with the department 

- Mentioning of guidelines 
during rounds and morning 
report 

- Not standard part of 
plenary sessions 

- Not mentioned 
during morning 
report 

- Guidelines aren’t 
integrated in national 
fellow training days 

“During the training days, there 
is no word of the guidelines. So, I 
really have to take it from the 
field." 

Motivation - Clear aim and agreement with 
the aim of the guidelines 

- Curiosity for the way others 
work 

- Too many protocols 
- No agreement with 

aim of guidelines 
- Lack of agreement 

with the content 

"If you would issue new 
guidelines and we do something 
completely different here, I think 
it will take a little longer before 
we adhere to the guidelines." 

Self-efficacy - Being part of development 
- Taking part in feedback round 

- No response to given 
feedback 

“When you are more actively 
involved in developing a 
guideline, if only in refining it, 
then you can support it more 
easily." 

Guideline related factors 

 Facilitator Barrier Illustrative quotation 

Access to 
guidelines 

- App or website where 
guidelines can be found 

- Being integrated in local 
protocol system 

- Not integrated in 
local protocol system  

- No app or site 
available 

“I think it would be very useful if 
there could be a sort of app for 
certain subjects, that you could 
find a flowchart or something on 
your phone, possibly offline. 
Imagine, I'm in an ambulance 
somewhere, and I want to know, 
what about this or that.” 

Clear 
intervention 

goals 

- Step-by-step plan 
- Clear parameters to watch and 

following actions 
- Useful background information 

- Too ambiguous 
- Chaotic 
- Information has no 

practical 
value/consequences 

“You have an acute problem, and 
it clearly gives you a perspective 
on where the problem is now and 
what you can do. And it makes it 
easy for you to communicate with 
each other: ‘I have taken these 
steps, and I can still do this.’ So, 
these are very practical 
guidelines." 

 

Web Table I Perceived Facilitators and Barriers, and Illustrative Quotations During the Survey of
Neonatologists in the Netherlands

Contd....
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Personal factors 

 Facilitator Barrier Illustrative quotation 

Simplicity - Short guideline 
- Fast access of practical 

knowledge 

- Too much (irrelevant) 
text 

"A protocol that is too long is not 
used." 

Lay-out - Flowcharts, or entire 
guideline as flowchart 

- Bullet points, spaces 
- Logical structure 

- Too much background 
information for acute 
problems 

- No logical structure 

“That protocol just is a flow 
diagram. And you can't do more 
than follow those things. That is 
of course delightful.” 

Evidence - Literature for information 
in guideline is retraceable 

- Underlying reason for 
action is clear 

- Level of evidence is clear 

- Lack of (adequate) 
references 

- Quality of guideline is 
unclear 

- Guideline is not up to 
date with latest 
evidence 

“When you can check which 
literature they have used, you get 
an idea how up to date the 
literature is, who the authors are, 
if you once have read something 
from it. You have a much better 
image of…whether someone has 
seriously investigated this or 
whether you’re missing some 
things.” 

Subjects of 
guidelines 

- Frequently occurring 
- Complex situations where 

consultations or 
paramedics are needed 

- Subject has too many 
aspects and 
considerations 

“That is why the apnea guideline 
is so good. It is of course 
something we all have to deal 
with and struggle within the same 
way, and someone has now finally 
extensively determined…for what 
do we have proof and for what we 
don’t, and then made a practical 
guideline out of it regarding when 
to intensify treatment or not. That 
is, to me, the gain.” 

External factors 
 Facilitator Barrier Illustrative quotation 
Organizational - Guidelines are part of 

standard local training 
program for new 
employees 

- Familiarity with guidelines 
by subspecialists and 
paramedics 

- Guidelines are adjusted to 
logistic specifications of 
the NICUa 

- Local research projects 
- Being a center of 

expertise on a topic 
- Adequate materials or 

specialists are not 
available 

“It works much easier when you 
say during consultation, ‘We have 
done this. We looked at the 
N3recommendations protocol. In 
that context, I am now consulting 
with you, because we are now on 
this point.’ That makes it easier 
for the consultation." 

Other recourses - Other hospitals work with 
the same guideline 

- Paramedic or 
subspecialists available 

“That also applies to the MRI and 
its follow-up. You also need to 
have the radiologist for that..." 

Existing 
protocol 

- No existing protocol about 
the subject available 

- Guideline is of a higher 
quality then the local 
protocol 

- Existing protocol of 
good quality 

"If they are concrete, practical 
and better than the protocol that 
we already have, or if we do not 
have a protocol, that would be a 
reason for us to use the national 
guideline." 

Consensus in 
team 

- Final goal of guideline is 
clear for the whole group 

- The atmosphere of the 
NICUa is open for change 

- Employees of the 
NICUa not open for 
change 

- A strong opinion that 
differs from the 
guideline 

"If its ultimate goal is clear, then 
it is easier as a group to go that 
way." 

a Neonatal intensive care unit (NICU) 

 

from pre-page
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Bacterial Colonization of Home Nebulizers Used by Children With
Recurrent Wheeze
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Objective: To look for bacterial colonization of parts of home nebulizers used for children with
recurrent wheeze and asthma. Methods: Children aged 1 mo-12 y, using home nebulizers for
recurrent cough and wheeze were enrolled from May to October, 2019. Caregivers were
administered a structured questionnaire by a single researcher, during their hospital visit, to
elicit information on their nebulizer cleaning practices. Samples were taken from nebulizer
medicine chamber and tubing for bacterial culture and sensitivity. Results: Bacterial growth
was observed in 17 culture samples obtained from medicine chamber and/or tubing of
nebulizers used by 12 (20.3%) out of the 59 enrolled children. The bacteria isolated were
Klebsiella pneumoniae, Pseudomonas aeruginosa and Staphylococcus aureus (Methicillin
resistant S. aureus and Coagulase negative staphylococci) and these were resistant to many
of the commonly used antimicrobials. Almost 20% parents had never cleaned the nebulizers.
Diluent re-use was significantly associated with bacterial colonization of nebulizer parts [AOR
(95% CI)  20.6 (2.26-188.5); P=0.007]. Conclusion: Home nebulizers, if not cleaned properly
as per set protocols, may get colonized with potentially harmful bacteria.  There is a need to
increase awareness about their proper use amongst parents of children with recurrent
wheeze.
Keywords: Asthma, Contamination, Domiciliary, Infection.
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he home use of nebulizer has expanded in recent
times from indications of chronic respiratory
diseases like cystic fibrosis to more common
conditions like asthma and recurrent wheezing in

patients have been shown to act as primary route of bacterial
colonization of lung [9-11]. Studies in adult COPD (chronic
obstructive pulmonary disease) patients using domiciliary
nebulizers have shown a high prevalence of bacterial
contamination which was difficult to eradicate with the
recommended washing methods, possibly due to formation
of biofilms, and a higher probability of exacerbations in
patients using contaminated nebulizers [12].
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Invited Commentary: Pages 365-66.

In children, most of the research work on colonization of
home nebulizers has been done in patients of cystic fibrosis;
whereas, almost 50% of children under six years suffer from at
least one episode of wheeze [13]. As use of domiciliary
nebulizers in this group of children is common [4], we
conducted this study to ascertain their safety so that
remedial measures can be undertaken.

METHODS
This descriptive study was conducted in the outpatient
department of a tertiary care hospital after approval by
institutional ethics committee. Between May to October,
2019, caregivers of children aged one month to 12 years
presenting with history of recurrent cough, wheeze and
asthma were asked about use of home nebulization.  Eligible

T
infants and toddlers [1]. However, not enough evidence is
available for their safety for home use.  Being medical
devices, their use is covered under Infection Prevention and
Control guidelines, which recommend that cleaning of these
devices should involve removal of drug residues, dirt, and
microbes [2]. Protocols have been formulated and published
by various professional organizations for the proper use of
these devices [2,3].  However, there are inconsistencies
amongst the guidelines published. Another challenge is lack
of awareness regarding the existence of these protocols
amongst manufacturers, health personnel and users.
Moreover, much of the home use in otherwise healthy
children is based on over-the-counter purchase of these
devices [4], so caregivers may not be receiving any
instructions on proper usage and maintenance of these
devices, setting the stage for colonization with potentially
harmful microbes. It has been shown that in the hospital
setting, bacterial contamination of nebulizers is clearly
associated with nosocomial pneumonia [5-8]. Also,
inhalation of aerosols contaminated with gram-negative
bacteria generated from home use nebulizers in cystic fibrosis

Published online: March 28, 2022; PII: S097475591600414
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children were enrolled after taking parental consent. Patients
diagnosed as cystic fibrosis, primary ciliary dyskinesia,
immunodeficiency disorders and those who had been
diagnosed to have pneumonia within last four weeks were
excluded from the study. Caregivers of all enrolled children
were asked to bring their devices along with tubing and
medicine chamber at next visit. The equipment was
examined for visible dirt and moisture; samples were
collected from the nebulization chamber by rotating a swab
moistened with sterile saline, and from tubing by flushing it
with saline collected in sterile container. The collected
samples were sent immediately to the microbiology
laboratory. These were processed as per standard protocol
on liquid medium, Brain heart infusion broth (BHIB) and solid
medium, blood agar and MacConkey agar. All the cultures
were incubated at 370C for 24 hours. BHIB was observed for
turbidity next day and if turbid, sub-culturing was done on
solid media. All the isolates obtained were identified as per
micro-biological techniques. The antibiotic sensitivity was
done as per CLSI (Clinical and Laboratory Standards
Institute) guidelines [14]. The parents were administered a
questionnaire on device cleaning and maintenance
procedures being followed by them.

Considering the expected contamination rate as 65%,
similar to a previous study [15], assuming 95% confidence
interval and 13% deviation for absolute precision, sample
size of 52 was determined.

Statistical analysis: Comparison of various parameters
between devices colonized and those not colonized with
bacteria was done with Chi-square or Fisher exact test for
categorical variables. Significance was defined as P value
<0.05. Analysis was done using Stata/MP 14.0 software.

RESULTS

A total of 59 patients (66% boys) were enrolled in this study,
majority (72.8%) of whom were younger than 6 years [median
(IQR) age, 80 (55-108) months] (Table I). All enrolled patients
were using jet nebulizers, 38.9% for more than a year. At least
one previous episode of fever and fast breathing with
wheeze was reported by 21 (35.6%), of which 10 required
hospitalizations, but it was unclear whether the episodes
qualified as pneumonia or just a viral infection associated
with wheeze. Eleven (19%) parents used nebulizers on
advice of friends/family, while the rest were advised by a
doctor; out of which only 15 (31.2%) received cleaning
instructions from the advising physician.

Reuse of the same medicine bottle beyond one day was
seen in 12 (20.3%) patients and never in 42 (71.3%). Out of
these, five had re-used the bottle during the same episode of
wheezy illness while the remaining had reused the bottle
opened for the previous episode. Normal saline was used as

diluent for medications by 25 patients, while one used tap
water. Most of those who cleaned the nebulizer (n=12), used
water alone or soap and water to wash the tubing and
chamber.

Out of a total of 118 samples, 17 had positive bacterial
culture from 12 (20.3%) nebulization sets (6 samples from
medicine chamber, 11 from nebulizer tubing). We found a
predominance of gram-negative bacteria on culture, out of
which the most frequent isolates were Klebsiella
pneumoniae (n=6/17) and Pseudomonas aeruginosa (n=5/
17). Most isolates were resistant to third generation
cephalosporins while being sensitive to amikacin,
piperacillin-tazobactam and imipenem. Other isolates
included Staphylococcus aureus, Methicillin resistant

22

Table I Characteristics of Children With Recurrent
Wheeze Using Home Nebulizers (N=59)

Characteristic No. (%)

Father’s education (below 10th standard) 7 (12)
Mother’s education (below 10th standard) 11 (19)
Child nebulized by
Mother 35 (59)
Father 7 (12)
Both parents 10 (17)
Relative 7(12)
Nebulizer use advised by
Doctor 48 (81)
Friends and relatives       11 (19)
Read the instruction manual 17 (28.8)
Re-use of diluent bottle, an=25
Never 8 (32)
Beyond 1 day 17 (68)
Re-use of syringe,bn=18
Never 1 (5.6)
Within same day 1 (5.6)
Beyond 1 day 16 (88.9)
Cleaning of nebulizer
After every use 32 (54.3)
Occasionally 15 (25.4)
Never 12 (20.3)
Part of nebulizer cleaned, n=47
Only mask 21 (44.7)
Mask and medicine chamber 15 (31.9)
Mask, medicine chamber, tubing 11 (23.4)
Drying the tube after use
After every use 39 (66)
Sometimes 13 (22.2)
Never 7 (11.8)
Handwashing before nebulization
Before every use 46 (78)
Sometimes 12 (20.3)
Never 1 (1.7)
aNone reused diluent within the same day; bonly 18 used syringes.
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S. aureus, Coagulase negative staphylococci and
Citrobacter koseri.

The only significant associations of colonization of
nebulizer device were found with ‘past history of fever with
fast breathing’ and diluent re-use on univariate analysis, and
only diluent re-use [AOR (95% CI)  20.6 (2.26-188.5); P=0.007]
on multivariate analysis.

DISCUSSION
It was observed that a high proportion of nebulizer devices
used for home nebulization in healthy children with recurrent
wheeze were colonized with potentially pathogenic bacteria,
most of which were resistant to several commonly used
antimicrobials. The spectrum included organisms usually
associated with nosocomial infections, despite only
domiciliary use of these devices.

The current study is one of the first attempts to learn
about the nebulizer use and cleaning practices in otherwise
healthy children in our country. The limitation of the study is
that we have only looked for bacterial colonization, whereas
fungi may also colonize the damp parts of the device.
Another limitation is that this study does not conclusively
tell us whether colonization of the device resulted in
colonization of the patients’ respiratory passages or in
increased risk of respiratory infections.

High rates of bacterial colonization of home nebulizer
devices have been reported earlier. Barnes, et al. [16]
observed bacterial contamination in 35% home nebulization
units, while Cohen, et al. [15] reported a rate of over 65%,
figures much higher than the 20% rate observed by us, but
with a similar spectrum of microbes being isolated. Both
studies had few differences which could have accounted for
a higher colonization rate reported by them, like composition
of patient population and sites of sampling for culture.

A nebulizer generates very small particles (1-3 microns)
which reach the terminal bronchioles and alveoli and may
cause delivery of microbes to distal airways, if the device is
contaminated. In children, this may result in respiratory
infections due to an immature immune system. Whether this
risk is real, needs to be evaluated by well-designed studies
on this aspect, but more important is the need to generate
awareness about balanced decision regarding the
appropriate home-use device, and proper use and care of the
nebulizers used at home.
Ethics clearance: IEC, GMCH, Chandigarh; No. GMCH/IEC/
2019/348, dated May 29, 2019.
Contributors: NR, SR: planned the study and wrote the draft.
NR,SR,NS: collected data; NR,SR,NS,PK,VG: involved in data
interpretation. All authors approved the final draft and are
accountable for for all aspects related to the study.
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Mutational Spectrum of the CFTR Gene in the Kazakhstan Population
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Objective: To study the frequency and spectrum of CFTR gene variants in different ethnic
groups of Kazakhstan. Methods: We reviewed the records of 58 patients with cystic
fibrosis. All the patients underwent molecular genetic analysis to reveal genotype-phenotype
correlations. Results: The median (IQR) age of the patients was 5.4 year (7 months, 18 year);
40% were diagnosed at the age of 5-10 year. The study identified 28 specific variants:
p.Phe508del, the variant most common in the European population, was detected in 30
patients (51.7%). Variants other than p.Phe508del were revealed in 31% (21 patients).
Conclusions: We found a number of specific variants characteristic of the Kazakhstani
population. A pronounced regression of disease symptoms was detected in patients with mild
mutations; whereas in patients with severe mutations, therapy produced very little effect.
Keywords: p.Phe508del, Pancreatic elastase, Pseudomonas aeruginosa, Sweat test.
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Cystic fibrosis (CF) is a monogenically inherited
autosomal recessive disorder characterized by
the presence of mutations in Cystic fibrosis
transmembrane conductance regulator

(CFTR) gene [1-3]. There are more than 2000 known
variants  of the CF gene- the following variants are  most
common in the European population: p.Phe
508del (52.8%), p.Ser18ArgfsX16 (6.3%), p.Glu92Lys
(2.6%), p.Gln685Thrfs (2%), 3849+10kbC>T (1.6%),
p.Ser670_Leu671insTer (1.6%), p.Gly542Ter (1.3%),
p.Asn1303Lys (1.3%), p.Trp1282Ter (1.1%), p.Leu138dup
(1.1%) [4]. Incidence of cystic fibrosis varies in different
populations of the world; varying from 1:1800 newborns in
Ireland, to 1:9000 in Africa, and 1:3,50,000 in Japan. These
data indicate differences in the population gene pool of
Europe, Asia and Africa [5]. There is minimal data on the
frequency and spectrum of CFTR gene variants in
different ethnic groups of Kazakhstan.

A study of the CF variants spectrum most specific to a
population helps to identify groups at increased risk of
cystic fibrosis, conduct timely measures to prevent
secondary complications, optimize the therapeutic
algorithms and, consequently, ensure a more favorable
prognosis of the disease. Thus, the purpose of this study
was to analyze the CF variants most specific to the
Kazakhstani population.
METHODS
We reviewed the records of patients with cystic fibrosis,

based on clinical symptoms, undergoing treatment at the
Scientific Center of Pediatrics and Pediatric Surgery at
Almaty, Kazakhstan between 2016-2019. The diagnosis
was confirmed by sweat test (sweat chloride concen-
tration >80 mmol/mL) and decreased levels of stool
pancreatic elastase. To study genotype-phenotype
correlations and the possible effect of identified variants
on the aspects of the disease, all the patients underwent
molecular genetic analysis at the Molecular Laboratory of
the Department of Biology and Human Genetics of Motol
University Hospital, Prague, Czech Republic. The patients
went through a so-called ‘cascading’ approach in
molecular genetics diagnostics, which involves identi-
fying gene variants in several stages of testing – starting
from the most common variants and gradually moving on
to rarer ones. First, the most common variants of the CFTR
gene were examined using the commercial Elucigene CF-
EU2 kit (Longwood Diagnostics), which permits
simultaneous detection of 50 mutations (supple-mentary
material). Then, additional multiplex ligation-dependent
probe amplification (MLPA) was performed for identifying
extensive intragenic rearrangements i.e., deletions or
deletions by duplication of one or more exons within the
entire CFTR gene, which are not detectable by
conventional PCR-based methods. Finally, MPS-based
analysis of the entire CFTR coding region, adjacent splice
site junctions and several introns was done using a locus-
specific library preparation assay (CFTR NGS assay;
Devyser) and MPS sequencing was performed on
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MiSeqSystem (Illumina). Bioinformatic analysis was
carried out using the SOPHiA platform for hereditary
disorders (www.sophiagenetics.com). Positive cases were
confirmed by targeted Sanger DNA sequencing on ABI
3130xl DNA Analyser (ThermoFisher). MLPA analysis of
intra-CFTR rearrangements and copy number variation
was performed using the SALSA MLPA P091 CFTR Assay
followed by the analysis of raw data on the proprietary
software Coffalyser.Net (MRC-Holland).

RESULTS

We studied the data of 58 children (52% boys) with CF with
a median (IQR) age of 5.4 year (7 month, 18 year) (range 3
month – 18 year). Majority of the patients (46.6%) were
between 1 year and 5 year of age. Of the remaining, 16
(27.6%) were infants and 13 (18.9%) were between 5-10
years of age. Majority (55%) of patients were ethnic
Kazakhs or Russians (35%). Pulmonary form of the disease
was seen in 15 patients, 10 patients had intestinal
manifestations, and the rest of the children were
diagnosed with a mixed form of the disease.

In 88% of cases (51 patients), variations associated
with CF were identified, whereas in the remaining children
(n=7, 12%) no variations were detected, and the diagnosis
was based on high sweat chloride levels, pancreatic
insufficiency, low levels of stool pancreatic elastase, and
presence of Pseudomonas aeruginosa in culture.

We identified 28 variants specific to cystic fibrosis.
p.Phe508del, the variant most common in the European
population, was detected in 30 patients (51.7%) (9,
homozygous state and 21, heterozygous state). Variants
other than this were found in 21 (41.2%) patients (3 in
homozygous state).

 In patients with p.Phe508del variant (homozygous or
compound) P. aeruginosa was found in culture more
commonly than in patients with other variants (46.5% vs
21.6%; P=0.04). Moreover, 66.7% of patients homozygous
for p.Phe508del and positive for P. aeruginosa were
infants. Secondary complications in the form of
bronchiectasis in patients with p.Phe508del (homozygous
or composite) were detected more commonly (21,70%)
than in patients with other mutation (14, 50%) (P=0.12).
However, there was no difference in frequency of fibrotic
changes in lung tissue between the two variants.

Of the identified variants, 21 (75%) were classified as
severe mutations, whereas the remaining 25% (n=7) were
ranked as mild (supplementary material). The following
variants, not common to the European population,
were identified in the study: p.Arg553X, c.2818_
2819delAC, c.185G> T, p.Tyr515_Arg516delinsTer,
p.Val392Gly, c.488A>C, p.Tyr1092His, p.Gln290Ter,

c.4111_4113dupGAA (severe mutations) and, mild
mutations (c.2491G>T, p.Ser1235Arg).

p.Tyr515_Arg516delinsTer variant was detected in
four patients (1 homozygous). This variant had originated
from the Caucasus geographic region [6], but despite its
occurrence in many other regions of Russia, it is mainly
found in Georgians, Megrels and Chechens [4,7,8]. Some
of the patients in the study were ethnic Kazakhs, but since
Kazakhstan is a mult-ethnic country with a wide
prevalence of inter-ethnic marriages, the probability of
transfer of this mutation to the Kazakh population is high.
In patients with the heterozygous variant, the disease
develops in a more severe form, most likely due to it often
being a compound with one of the other severe variants.
P.Trp1282Arg variant was identified in one case in the
study – in an ethnically Russian child; although, this
variant is reported to occur in Ashkenazi Jews [9].

Patients with mild variants, either in the homozygous
or compound/heterozygous state, had complete absence
of steatorrhea or moderate steatorrhea; moderate pan-
creatic elastase concentrations accompanying mild pan-
creatic dysfunction; no P. aeruginosa in culture, and
significantly fewer gastrointestinal complications.

We identified Å92Ê (p. Glu92Lys, c.274G>A) and
p.Gln290Ter variants, each of them in homozygous state,
for the first time in the Kazakhstani population; of which,
p.Glu92Lys is reported to be prevalent among the Turkish
people.
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Fig.1 Distribution by ethnicity.
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Analysis of different gastrointestinal complications
showed that milder genetic variants were mostly
associated with fewer complications like liver cirrhosis or
diabetes. In seven (12%) patients with unidentified
variants of the CFTR gene, the disease manifested itself
mainly through pulmonary symptoms with only slow
detrimental effect on other organs.

Data on bacterial infection showed that in infants,
Staphylococcus aureus was seen in 51% and H.
influenzae in 33%, while pneumococcus was less
prevalent (16%). Thus, the pulmonary form prevailed
among clinical manifestations despite the diagnosed
mixed form. However, as the disease progressed, the
frequency of P. aeruginosa colonization steadily
increased in patients. Twenty five patients (43%) were
carriers of P. aeruginosa, whereas three other patients
(12%) with bronchiectasis had an intermittent form, which
is more favorable due to its milder symptoms and less
accumulation of sputum. The remaining 22 patients were
found to be chronic carriers who did not respond to
treatment (P. aeruginosa was constantly present in
culture).

Residual wheezing in the lungs was mainly observed in
patients with severe variants and with p.Phe508del (homo/
heterozygous states), while in children with identified mild
variants, residual wheezing was not observed. In children
with unspecified variants, residual wheezing persisted in
43% of cases. Following therapy, steatorrhea was still
present in most children with severe variants and with
p.Phe508del in heterozygous state; whereas in patients
with the homozygous variant, steatorrhea was found only
in 55%. No steatorrhea was observed in children with mild
variants of the gene. In the group of children with
unidentified variants, steatorrhea persisted only in one
patient.

DISCUSSION

In Kazakhs (32 patients), the p.Phe508del variant was
identified in 40.6% (13 patients), while among the
representatives of the Russian ethnic group (20 patients) it
was seen in 70% of cases (14 patients). According to the
available literature, this deletion in codon 508 is most
common among Europeans and is much less frequent
among Asians [10]. Alibakhshi, et al. [11] analyzed a cohort
of Iranian patients, and detected p.Phe508del in 18/1%

cases [11], while in the Turkish population, it was detected
in 23% [12]. The frequency of p.Phe508del reaches about
60% in Pakistani CF patients, but is much lower in Indian
(about 20%) and Japanese patients (about 10%) [13]. In 36
Asian CF patients in the United Kingdom (26 Southern
Asians and 10 Central Asians), 26% were homozygous for
p.Phe508del [5]. Unfortunately, there is limited information
available from most Asian countries. Genetic analysis
revealed no p.Phe508del variants in patients of Chinese
nationality [6]. It may also be assumed that a fairly high
percentage of p.Phe508del variants detected in the
Kazakhstani population may be due to a large number of
inter-ethnic marriages.

 It may be inferred that the severe mutation causes
early secondary complications of the respiratory system in
children under the age of 1 year due to the poor  immune
system and poor resistance to external infectious agents.
In contrast to the data from other countries [14,15], wherein
the first manifestation of the disease in patients
homozygous for p.Phe508del is in the second year of life
and in the third year in heterozygotes, the present study
did not reveal any significant age differences in the first
manifestation of symptoms of cystic fibrosis.

We feel that this study of the CF-related variant
spectrum most specific to the Kazakhstani population will
help to identify groups at increased risk of cystic fibrosis
and take timely measures to prevent secondary
complications, optimize the therapeutic algorithms and,
consequently, ensure a more favorable prognosis of the
disease and improve the life expectancy of the patients.

Ethics clearance: Scientific center of Pediatrics and Pediatric
Surgery; Protocol No. 2, dated May 05, 2021.
Contributors:  MB,ML,AI: conception and design, acquisition of
data, analysis and interpretation of data; MM: final approval of
the version to be published; AM: drafting of the manuscript,
critical revision of the manuscript for important intellectual
content; MB: agreement to be accountable for all aspects of the
work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated
and resolved. All authors approved the final version of
manuscript, and are accountable for all aspects related to the
study.
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WHAT THIS STUDY ADDS?

• Mutational spectrum of CFTR gene in Kazakhstan population revealed a member of specific variants
characteristic to this population and not common in the European population.
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Vitamin D Levels and Cardiopulmonary Status in Infants With Acute
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Background: To assess association of vitamin D deficiency with cardiac and pulmonary
status in infants with acute bronchiolitis. Methods: Infants hospitalized with acute
bronchiolitis were enrolled and classified as those with serum 25-hydroxyvitamin D (25-OHD)
below or equal and above 20 ng/mL. The primary outcomes were cardiopulmonary
involvement defined by elevation of NT-ProBNP, alteration of echocardiographic parameters
and respiratory support requirements. The secondary outcomes were the need for PICU
admission and duration of hospitalization. Results: 92 (50 males) infants with median
(IQR) age of 1 (0.5-3) month were included with median (IQR) serum 25-OHD level 27.4
(11.4-40.3) ng/mL. 43 (47%) patients had serum 25-OHD level below 20 ng/mL with left
ventricle dysfunction (P=0.008), right ventricle dysfunction (P=0.008) and pulmonary
hypertension (P=0.007) on echocardiography more commonly than those with serum 25-
OHD ≥20 ng/mL. The median (IQR) serum NT-ProBNP levels were higher in those with low
25-OHD levels than normal 25-OHD levels [2232.2 (461.4-4313.3) and 830.4 (312.7-
2579.5)], respectively (P=0.003).  Low 25-OHD levels were associated with increased
risk for PICU admission (OR 3.9 (95% CI 1.5-10.1); P=0.004), higher rates of non-invasive
ventilation (P=0.048) and mechanical ventilation (P=0.005) and longer duration of
hospitalization (P=0.015). Conclusion:  Low serum vitamin D level was associated with
clinical severity and impaired cardiac and pulmonary status in infants with acute bronchiolitis.
Keywords: Heart failure, NT-Pro BNP, Troponin, Vitamin D deficiency; Ventricular
dysfunction.

Correspondence to: Dr Ana
Castellano-Martínez, Pediatric
Nephrology Division, Puerta del Mar
University Hospital, Cádiz, Spain.
anacastellanomart@gmail.com
Received: July 23, 2021;
Initial Review: August 26, 2021;
Accepted: February 28, 2022.

Acute bronchiolitis is a respiratory infection
commonly caused by Respiratory syncytial
virus (RSV). It is the most frequent cause of
hospitalization in infants and treatment is

mainly supportive [1].

Recent evidence suggests that vitamin D has
immunomodulatory properties that attenuates the
intensity of the inflammatory response in acute
respiratory tract infections [2,3]. Hypovitaminosis D is
associated with heart failure, ventricular dysfunction and
pulmonary hypertension in chronic diseases such as
diabetes, congenital heart disease and chronic kidney
disease [4,5]. Recently, we observed that cardiac
dysfunction and pulmonary hypertension could predict
adverse outcomes in infants hospitalized with acute
bronchiolitis [6,7]. Therefore, we hypothesize that a
plausible relationship could exist between vitamin D
deficiency and altered cardiovascular status.

The purpose of this study was to explore the
association between serum 25-hydroxyvitamin D (25-

OHD), pulmonary hypertension status and myocardial
dysfunction, and worse clinical outcomes in infants with
acute bronchiolitis.

METHODS

This observational study evaluated infants at the pediatric
department of a tertiary university-affiliated hospital in
Spain, who were admitted with acute bronc-hiolitis
between October 1, 2018 and March 31, 2020.

The study was approved by the Institutional Review
Board. Informed written parental consent was obtained for
all cases before inclusion in the study.  Eligible infants were
diagnosed and treated as per standard guidelines [1].
Patients previously diagnosed with malnutrition, chronic
heart disease, pulmonary, kidney, endocrine and metabolic
diseases, a previous episode of acute bron-chiolitis, and
with incomplete medical records were excluded.

All patients underwent clinical, laboratory, microbiologic
and echocardiography evaluation within the first 24 hours of
admission. Biochemical data including serum 25-
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hydroxyvitamin D (25-OHD) calcium, phosphorus and N-
terminal pro hormone B-type natriuretic peptide (NT-
proBNP) levels were recorded.  Serum 25-OHD levels of less
than 20 ng/mL was defined as hypovitaminosis D.

Bronchiolitis score of Sant Joan de Déu hospital
(BROSJOD) was used to assess the respiratory state
severity at admission [8]. A BROSJOD score greater than 10
points was indicative of a severe clinical state. Polymerase
chain reaction (PCR) analysis of naso-pharyngeal swabs
for respiratory viruses was routinely analyzed in all
patients. Pediatric intensive care unit (PICU) admission
was defined by the need of advanced respiratory support
or presence of apneas.

Standard techniques to obtain M-mode, two-
dimensional and Doppler (colour, pulsed, continuous and
TDI) echocardiograms were performed by a single
experienced pediatric cardiologist, who was blinded to the
patient’s clinical profile. Images were obtained using a
Phillips IE33 ultrasound scanner with an 8 or 12-MHz
sectorial transducer. All echocardiographic measure-
ments represent the average of three beats.

The primary outcome was the identification of

cardiovascular involvement defined by elevated levels of
NT-ProBNP and/or detection of myocardial dysfunction or
pulmonary hypertension on echocardiography.
Secondary outcomes were the need for PICU admission
and the duration of hospitalization. Due to the skewed
distribution of NT-ProBNP, we carried out a base 10
logarithmic transformation to achieve normal distribution,
and this value was used in the statical analysis.

Statistical analysis: Statistical analyses were performed
using Stata software (StataCorp. 2014. Stata Statistical
Software: Release 14). Continuous data were presented as
median (IQR) or mean (SD) after testing for normality with
the Shapiro-Wilk test. Categorical data were presented as
frequencies and percentage. The comparison of mean was
performed using Student t-test or Wilcoxon Mann-
Whitney test as appropriate. Proportions were compared
using the Chi-square test or exact methods. Pearson or
Spearman coefficients were used to assess correlations
between continuous data. A P value <0.05 was considered
statistically significant.

RESULTS

During the study period, 149 infants were assessed for

29

Table I Baseline Characteristics and Outcome of Infants With Bronchiolitis

Variable Serum Vitamin D level
<20 ng/mL (n= 43)   >20 ng/mL (n=49) P value

Age,a mo 1 (0.5-1) 2 (1-4)                                                         < 0.001
Weight,a kg 4.5 (3.6-5.3) 5.5 (4-6.2) 0.006
Comorbidity 9 (21) 10 (21) 0.95
BROSJOD scorea 8 (5-11) 7 (5-9) 0.18
Respiratory syncytial virus positive 33 (77) 37 (75) 0.97
Bacterial superinfection 3 (7) 4 (8) 0.8
Apneas 5 (12) 0 0.01
SpO2a 97 (88-99) 95 (90-99) 0.83
pH 7.30 (0.06) 7.34 (0.05) 0.003
pCO2a 58 (48-63) 46 (41-54) 0.002
Nebulizationa 20 (46) 33@ (67) 0.1
Antibiotics 3 (7) 4 (8) 0.81
Oxygen (nasal canula) 16 (37) 33 (67) 0.004
High flow nasal canulae 1 (2) 2 (4) 0.653
Pediatric intensive care unit admission 20 (47) 9 (18) 0.003
Pediatric intensive care unit stay,a d 6 (4-12) 5.5 (3.5-8) 0.44
Non-invasive ventilation 14 (33) 8 (16) 0.048
Mechanical ventilation 6 (14) 0 (0) 0.005
Duration of hospitalization,a d 7 (2-11) 4 (2-6) 0.01

*Data presented n (%) or amedian (IQR). BROSJOD (Bronchiolitis score of Sant Joan of Deu hospital); LU (Lung ultrasound).
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eligibility of whom 57 were excluded as we had insufficient
blood sample, resulting in a study sample of 92 (50 boys, 19
with prematurity). The median (IQR) age was 1 (0.5-3)
months. The most prevalent (70%) causative agent was
RSV. Twenty nine (32%) patients required PICU admission
for a median (IQR) duration of 6 (4-9) days. Twenty two
(25%) infants required non-invasive ventilation (NIV), and
6 (6.5%) required mechanical ventilation (MV). Table I
compares the baseline characteristics as per serum 25-
OHD levels.

The median (IQR) 25-OHD levels were 27.4 (11.4-40.3)
ng/mL, with hypovitaminosis D seen in 43 (47%) infants.
Hypovitaminosis D was associated with increased risk for
PICU admission [OR 3.9, 95% CI 1.5-10.1; P=0.004]. The
echocardiographic measurements and cardiac biomarkers
are compared as per vitamin D status in Table II.  A
significant negative correlation was seen between log-NT-
pro BNP and 25-OHD levels (r=-0.35, P=0.002).

DISCUSSION

In this study, hypovitaminosis D was associated with
impairment of myocardial function, increased pulmonary
pressures, higher risk of PICU admission for advanced
respiratory support, and prolonged hospitalization.

Severe lung involvement can be accompanied by a
significant impairment of the cardiovascular status in
acute bronchiolitis [9].  Increased troponin I levels and
echocardiographic measures indicative of pulmonary
hypertension and right ventricular diastolic dysfunction
have been observed earlier in patients with hypoxia and
acidosis [10]. The wide-ranging functions of microRNAs
in the cardiovascular system have provided new
perspectives on disease diagnostics for a variety of
cardiovascular disorders [10].

Cardiac biomarker NT-proBNP is secreted by myocytes
in response to increased stress, and it is an accurate
diagnostic and prognostic biomarker of heart failure and
pulmonary hypertension [11,12]. Notably, we observed
that infants with hypovitaminosis D had increased rates of
abnormal echocardiographic parameters indicative of
pulmonary hypertension and myocardial dysfunction,
with increased values of NT-proBNP.  Vitamin D exerts its
action through the vitamin D receptor, which has also been
localized in the cardiovascular system on vascular smooth
muscle cells, endothelial cells, and cardiomyocytes.
Vitamin D exerts cardioprotective actions and regulates
cardiac function by modulating serum and calcium
parathyroid hormone levels. Vitamin D also exerts an
inhibitory action on the renin-angiotensin-aldosterone
axis in vitro, such that hypovitaminosis D can increase the
renin levels promoting arterial hypertension, myocardial

hypertrophy and raised plasmatic levels of natriuretic
peptides [13,14].  Vitamin D deficiency is associated with
the development of dilated cardiomyopathy with severe
hypocalcemia in infants with nutritional rickets and in the
development of pulmonary hypertension [14,15].

It is possible that hypovitaminosis favors a baseline
subclinical myocardial dysfunction in infants that could
worsen in the acute respiratory setting leading to the
development of a severe course of the disease.
Nevertheless, the pathophysiology of hypovitaminosis D
causing altered cardiovascular status might be different in
acute respiratory disease and in chronic cardiovascular
setting. The lack of immunomodulatory effect of vitamin D
in deficiency states would lead to more severe airway
inflammation and subsequent, hypoxemia, and acidosis,
leading to raised pulmonary pressures and myocardial
dysfunction [14].

Table II Echocardiographic Parameters and Cardiac
Biomarkers in Infants With Bronchiolitis

Variable Serum vitamin D level P value
<20 ng/mL >20 ng/mL

(n= 43) (n=49)

Left ventricle
FS, % 43 (39-57) 41 (38-55) 0.702
S‘, cm/s 8.5 (7-11) 10 (8-12) 0.030
E´, cm/s 8 (7-10) 10 (9-11) 0.020
A´, cm/s 9 (7-11) 9 (8-11) 0.607
MPI, % 0.48 (0.40-0.63) 0.41 (0.36-0.56) 0.008
Right ventricle
TAPSE 14 (12-16) 15 (12-16) 0.293
S‘, cm/s 10 (7-11) 11 (8-12) 0.039
E´, cm/s 10 (8-11) 10 (8-11) 0.823
A´, cm/s 9 (7-10) 9 (8-11) 0.100
MPI, % 0.49 (0.41-0.68) 0.40 (0.35-0.58) 0.008
Pulmonary hypertension
TRJG, mmHg 21 (19-37) 24 (18-37) 0.725
ATET 0.32 (0.08) 0.36 (0.07) 0.007
LVEI 1.2 (1.06-1.41) 1.03 (1-1.27) 0.007
RVLVr 0.58 (0.48-0.68) 0.48 (0.40-0-6) 0.003
Cardiac biomarkers
NT-proBNP, 2232.2 830.4 0.003
pg/mLa (461.4-4313.3)  (312.7-2579.5)
Troponin I, 19.2 (10.1-41.3) 10.3 (10.1-17.6) 0.163
 ng/Lb

Data presented in median (IQR). FS (Fraction shortening); S’
(Systolic wave); E´(Early diastolic wave); A´ (Active atrial
contraction wave); MPI (Myocardial performance index); TAPSE
(tricuspid annular plane systolic excursion); TRJG: (Tricuspid
regurgitation jet gradient); ATET (Acceleration time/ejection time
ratio); LVEI (Left ventricular ejection index); RV/LV (Right/left
ventricular end-diastolic diameter ratio); an=92 for NT-proBNP (N-
terminal pro-brain natriuretic peptide). bn= 92  for troponin.
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The present study had few limitations.  Few of the
included patients were only 15-days-old, and it is likely that
their pulmonary pressures were still physiologically
raised. As these patients with hypovitaminosis D were
younger, age could act as a cofounding factor limiting our
results. Besides, up to 20% of the included patients were
born prematurely, who could have high pulmonary
pressures and subclinical myocardial dysfunction due to a
delayed drop of pulmonary vascular resistances and
delayed myocardial function maturation. Parathyroid
hormone levels were not measured in this study, and
therefore, we could not assess the calcium and phosphate
metabolism. The details of feeding history, sunlight
exposure and dose of vitamin D supplementation were not
recorded in the study.  There were significant differences
in the baseline variables among the study groups, but no
statistical adjustments were made for the same.

In conclusion, a high incidence of hypovitaminosis D
was observed among infants hospitalized with acute bron-
chiolitis and a significant association with worse clinical,
respiratory, and cardiovascular status was recorded.
Further studies are needed to better understand the exact
mechanisms and significance of these relationships.
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WHAT THIS STUDY ADDS?

• We found a high incidence of vitamin D deficiency among infants hospitalized with acute bronchiolitis.

• An association was found between low levels of vitamin D and clinical severity.
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Objective: To evaluate the persistence of antibodies three years after primary vaccination
with typhoid conjugate vaccine (TCV) of either Cadila Healthcare Ltd. (Cadila-TCV) or Bharat
Biotech International Ltd. (Bharat-TCV) administered in a previous phase II/III study, and to
study the booster dose response to Cadila-TCV. Methods: This was an open-label, phase IV
extension study conducted in tertiary care and multispecialty hospitals in India. 112 subjects
(Cadila-TCV-57, Bharat-TCV-55) who had participated in previous study were enrolled.  Of
these, eligible subjects received a single-dose of Cadila-TCV and were followed-up for 28
days post-booster. Primary outcome was persistence of antibodies 3 years after primary
vaccination and seroconversion (≥4-fold rise in antibody titre from baseline) 28 days post-
booster. Safety was based on reported adverse events (AEs) post-booster. Results: The
baseline GMT reported in the current study was significantly higher than pre-vaccination GMT
reported in the previous study. 89/112 (79.5%) subjects had antibody titer ≥10 IU/mL at
baseline; eligible subjects (n=17) who had baseline antibody titre <10 IU/mL were administered
booster dose. All the vaccinated subjects showed seroconversion post-booster. The GMTs
reported at 10 days and 28 days post-booster were significantly higher as compared to GMTs
reported after primary vaccination in previous study. 4 (23.5%) vaccinated subjects reported
9 AEs; all were solicited and of mild/moderate intensity.  Conclusion: There was a significant
persistence of immunogenicity after primary vaccination with both the TCVs, and robust
immune response after booster vaccination with Cadila-TCV.
Keywords: Efficacy, Protection, Safety.
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Zyvac TCV (Cadila Healthcare Ltd.) was licensed based
on the prelicensure phase II/III non-inferiority clinical trial,
the results of which were published previously [1]. The
current phase IV trial was conducted as an extension of
the previous phase II/III trial in which the same subjects
were followed-up three years after their primary
vaccination to evaluate the long-term persistence of anti-
Vi IgG antibodies, and response to the booster dose of
TCV administered to the eligible subjects.

METHODS

This prospective, open-label, multicenter, post-marketing

clinical study was conducted from September, 2019 to
November, 2020 at the seven centers (tertiary care or
multispecialty hospitals) which also had participated in
the previous study. The study was approved by the
Central Licensing Authority and also by the registered
local Institutional Ethics Committees for individual sites.
The study was registered with Clinical Trial Registry –
India before initiation of enrollment in the study.

In the previous study, a total of 240 healthy subjects
aged 6 months to 45 years were enrolled, out of which 236
subjects including 117 and 119 subjects who had received
TCV of Cadila Healthcare Ltd. (Cadila-TCV) and TCV of
Bharat Biotech International Ltd. (Bharat-TCV),
respectively completed the study with both pre-
vaccination and 6 weeks post-vaccination immuno-

RRRRR EEEEE SSSSS EEEEE AAAAA RRRRR CCCCC H  PH  PH  PH  PH  P AAAAA PPPPP EEEEE RRRRR

Trial Registration: CTRI/2019/07/019996 Published online: March 28, 2022; PII: S097475591600415

Typhoid conjugate vaccines (TCVs) have Vi
capsular polysaccharide of S. typhi conjugated
to different carrier proteins. Four such TCVs
have been approved and marketed in India.
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genicity assessments [1]. The subjects who had
participated and completed the previous study were
considered for enrollment in the current extension study 3
years (±3 months) after their primary vaccination.

Prior to screening, a written informed consent was
obtained from the adult subjects and parents of the
pediatric (<18 years) subjects; additionally, an assent was
also obtained from the pediatric subjects aged  ≥7 years.
Adult subjects or parents of the pediatric subjects were
also required to be literate enough to provide written
informed consent and fill the diary cards. The subjects
were excluded if they had a history of typhoid fever or
vaccination against typhoid fever after previous study;
any ongoing clinically significant systemic disorder,
immunological disorder, coagulation disorder or thrombo-
cytopenia; any ongoing anticoagulant, immuno-
suppressive or immunostimulant therapy; history of
administration of blood, blood products or immuno-
globulins within past 3 months, participation in another
clinical trial within past 3 months, or alcohol or drug abuse
within past one year.

The subjects fulfilling the eligibility criteria were
enrolled and their blood samples were collected to
evaluate the baseline anti-Vi IgG antibody titre. The
subjects whose baseline antibody titre was <10 IU/mL,
which corresponds to the proposed seroprotective cut-
off titre of 2 mcg/mL [2,3], were considered eligible to
receive a booster dose of TCV. A 0.5 mL single-dose of
Cadila-TCV was given as a booster dose within 90 days of
their enrollment, irrespective of the TCV administered for
primary vaccination in the previous study. The vaccine in
each dose of 0.5 mL contained 25 mcg of purified Vi
capsular polysaccharide of S. typhi conjugated to tetanus
toxoid (TT) as carrier protein. The vaccine was
administered intramuscularly in the deltoid region under
aseptic precautions following which the subjects were
closely observed for at least 30 minutes for occurrence of
any immediate adverse events (AEs). Further blood
samples were collected during follow-up visits at 10 (+3)
days and 28 (+7) days after vaccination, for assessment
of post-vaccination antibody titres. The immunogenicity
assessment was performed at the central accredited
laboratory. The assessment of antibody titers was
performed using the commercial Vacczyme ELISA kits
(Binding Site Group Ltd.). The antibody titres were also
derived in IU/mL using the WHO International Standard
for anti-typhoid capsular Vi polysaccharide IgG (human)
(NIBSC code 16/138) [2].

The subjects were not administered the booster dose
of TCV if they had received any typhoid vaccine after
enrollment, received any vaccine within the past one

month, history of fever or any infectious disorder of >3
days within the past one month, and fever (≥37.5°C) at the
time of planned vaccination. Urine pregnancy test was
performed prior to vaccination for females of child bearing
potential to rule out pregnancy. Pregnant or lactating
females, and females of child bearing potential not using
acceptable contraceptive measures were also not
administered the booster dose.

Adult subjects or parents of the pediatric subjects
were dispensed diary cards to record the solicited local
(pain, redness, swelling and induration) and systemic
(fever, headache, nausea, vomiting, malaise, arthralgia and
myalgia) AEs till 7 days after vaccination and unsolicited
AEs till the completion of post-vaccination follow-up.
Any abnormality reported in vitals or physical
examination was also planned to be dealt as an AE. The
intensity of AEs was graded as mild, moderate or severe
as described earlier [1], and causality was assessed based
on the World Health Organization (WHO) criteria for AEs
following immunization [4].

The primary immunogenicity variables were long-term
persistence of anti-Vi IgG antibodies 3 years after primary
vaccination and seroconversion, which was defined as a
four-fold or greater rise in antibody titer at 28 days after
vaccination, as per the WHO recommendations [2,5] . The
secondary immunogenicity variables were serocon-
version at 10 days after vaccination and geometric mean
titer (GMT) of antibodies at 10 days and 28 days after
vaccination as compared to the baseline. The safety
variables were local or systemic AEs, serious AEs (SAEs)
reported, if any, and overall tolerability evaluation by the
investigators based on the reported AEs as follows:
Excellent - no AE, Good – mild AE(s), Fair - moderate AE(s)
and Poor - severe or serious AE(s). The maintenance of
seroconversion at the baseline, defined as four-fold or
greater rise in antibody titre at baseline in the current
study as compared to antibody titre reported before
primary vaccination in the previous study has also been
evaluated as an exploratory variable.

Since this was an extension study, no minimum sample
size was defined for this study. All the 236 subjects who
had participated in and completed the previous study
were considered for enrollment in the current study.

Statistical analysis: The immunogenicity analysis
represents the data of full analysis set which included all
the subjects with applicable immunological assessments
including those with protocol deviations. The safety
analysis represents the data of all the subjects who had
received booster dose of TCV. The GMTs (95% CI) were
computed for description of antibody titers. The GMTs
between the groups were compared using unpaired t test
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while the GMTs within the groups were compared using
paired t test after log transformation of antibody titers.
Continuous data was compared between the groups using
unpaired t test. Categorical data was compared between
the groups using Fisher exact test.

RESULTS

A total of 121 subjects were screened in this study, out of
which 112 subjects (76 adults, 56 males) were enrolled
while the remaining 9 subjects, who had received another
dose of typhoid vaccine prior to this study, were excluded
(Fig. I). The mean (SD) age, height, weight and body mass
index of the enrolled subjects were 24.7 (12.6) years, 148.7
(22.9) cm, 51.5 (19.9) kg and 22.1 (5.2) kg/m2, respectively.
The baseline characteristics of the enrolled subjects are
presented in Table I.

The GMT of antibodies reported at baseline in the
current study (Table I) was significantly higher as
compared to those reported before primary vaccination in

the previous study (P<0.001). A total of 100 (89.3%)
subjects, 50 subjects each who had received Cadila-TCV
and Bharat-TCV, for primary vaccination in the previous
study had maintained seroconversion at baseline in the
current study (P=0.76). Based on the cut-off titer, 23
(20.5%) subjects were eligible to receive the booster dose
vaccination, out of which 17 subjects were vaccinated. All
the subjects followed-up on day 10 and day 28 after
vaccination had shown seroconversion with a significant
rise in antibody titers after vaccination as compared to
baseline (P<0.001) (Table II). The GMT of antibodies
reported at day 10 and day 28 after booster vaccination
were significantly higher as compared to that reported
after primary vaccination in the previous study (P<0.05)
(Table II).

A total of nine AEs were reported in four out of 17
(23.5%) vaccinated subjects; local pain in four
participants, local swelling in two participants, and local
redness, fever and headache in one participant each. All
the AEs were of mild intensity except local pain in one
participant, which was of moderate intensity. No severe or
serious AE was reported for any subject. All AEs were
solicited in nature, considered certainly related to the
vaccination, and resolved completely within three days
of their occurrence with/without supportive medications.
Based on the reported AEs, an excellent, good and fair
grade of tolerability was given for 13 (76.5%), 3 (17.6%)
and 1 (5.9%) participants, respectively.

DISCUSSION

In the current study, we demonstrated that there was a
significant persistence of antibodies at three years after
primary vaccination with TCV, and the eligible subjects
who received the booster dose mounted an antibody
response which was significantly higher on day 10 and
day 28 than that reported after primary vaccination. The

Table I  Baseline Characteristics of Participants Who Had
Received Typhoid Conjugate Vaccine (TCV)

Parameter          Previous TCV Received
Cadila-TCV Bharat-TCV
(n=57) (n=55)

Age (y)a 24.7 (13.1) 24.7 (12.2)
Age group

Adult 37 (64.9) 39 (70.9)
Pediatric 20 (35.1) 16 (29.1)

Male gender 28 (49.1) 28 (50.9)
Baseline titer (EU/mL)b 140.8 203.6

(93.9, 211.2) (144.3, 287.5)
Baseline titer ≥10 IU/mL 44 (77.2) 45 (81.8)

Data presented as no. (%) or amean (SD) or bGMT (95% CI).  All P>0.05.

Potential subjects (n=236)

Excluded (n=115)
• Not contactable, 37
• Non-participation of one

study site, 30
• Refused to participate, 37
• Relocated, 11

Screened (n=121)

Excluded (n=9)
• Not meeting inclusion-

exclusion criteria, 9

Enrolled (n=112)

Analysis (post-vaccination)
Immunogenicity
• Day 10 post-vaccination (n=13)
• Day 28 post-vaccination (n=17)
Safety (n=17)

Analysis (baseline)
• Immunogenicity (n=112)

Not given booster (n=95)
• Not eligible for vaccination,

89
• Voluntary withdrawal, 6

→
↓

Vaccinated (n=17)
↓

Completed post-
vaccination follow-up

(n=17)

↓

↓

Fig. 1 Study flow chart.

→

↓

↓
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booster dose administered to the selected subjects was
also well tolerated.

One potential limitation of the study was that only
around 50% of the subjects who had completed the
previous phase II/III study were enrolled in this study.
Other possible limitations could be selection of 10 IU/mL
(2 µg/mL) as the cut-off titer for considering subjects
eligible for booster vaccination, and non-evaluation of
other immune response parameters such as IgG subclass
response, functional antibodies, antibodies targeting
other antigens apart from Vi capsular polysaccharide, cell
mediated immune response etc.

To the best of our knowledge, there is no
seroprotective titer defined for anti-Vi antibodies till date.
From an earlier efficacy study of Vi-rEPA conjugate
vaccine, 4.3 µg/mL was initially presumed as the
seroprotective cut-off titer, which on subsequent re-
examination based on the statistical modelling was
estimated between 1.4-2.0 µg/mL [3], and based on the
same evidence, 2 µg/mL has been used as the cut-off titer
in this study. In a previous study, all the subjects who had
received single-dose of Bharat-TCV and evaluated at 2
years after vaccination had maintained antibody titer ≥2
µg/mL [6]. In a further long-term follow-up study, all the
subjects in a subset population aged 6-23 months at
primary vaccination and who did not receive the booster
dose subsequently (n=25) had maintained antibody titer
≥2 µg/mL at 7 years after vaccination [7]. The proportion
of subjects maintaining the antibody titer ≥10 IU/mL (2
µg/mL) in the current study was relatively lower;
however, it was comparable for both the TCVs.

Long-term persistence of serum anti-Vi antibodies has
already been demonstrated upto 7 years after primary
vaccination with TCVs in the earlier clinical studies [6-8].
In a study conducted with Bharat-TCV, the proportion of
subjects maintaining seroconversion at 2, 3 and 5 years
after primary vaccination was 59.5%, 73.5% and 73.2% in

6-23 months age group and 74.1%, 76.2% and 69.2% in 2-
45 years age group [9]. In a subset of subjects from the
former age group, 44% had maintained seroconversion at
7 years after vaccination [7]. Likewise, in a study of
another TCV, the seroconversion was maintained in 83%
subjects in the immunogenicity subset at 12 months after
primary vaccination [8]. Although the data of current
study cannot be directly compared with that of
previously published studies, the baseline GMTs and the
proportion of subjects maintaining seroconversion at 3
years after primary vaccination reported in our study was
found comparable for both the TCVs.

Although the number of subjects receiving the
booster vaccination was small, the robust booster
response seen with TCVs can be explained by generation
of immunological memory owing to conjugation of Vi
polysaccharide with TT carrier protein which renders the
antigen T-cell dependent leading to production of plasma
cells and memory B cells [10]. Administration of the same
vaccine for booster dose may be a possible explanation of
a higher booster response observed in the subjects who
had received Cadila-TCV for primary vaccination. The
safety data of the booster vaccination reported in this
study is also consistent with that reported with the
marketed TCVs [11-13], even though our study had
limited numbers.

Overall, this study provides useful insights on the
long-term immunological persistence and response to
booster dose of TCV. Further long term studies are
warranted to confirm waning of antibody titres and to
evaluate efficacy/effectiveness of TCVs over the years of
follow-up. Pursuant to limited availability of long-term
follow-up data, there is currently no recommendation
provided for booster dose of TCVs [2,14,15]. The data
derived from the current study and that generated from
long-term follow-up studies of other TCVs will help
policymakers to take appropriate decision on the
requirement and timing of booster dose of TCV.

Table II  Antibody Titers at Various Time Points for Participants Receiving a Booster Dose  of Typhoid Conjugate Vaccine

Study, timepoint                                Previous TCV received Overall
Cadila-TCV Bharat-TCV

Current phase IV study
Baseline n=8, 17.5 (7.1, 43.3) n=9, 34.0 (22.9, 50.3) n=17, 24.9 (15.9, 38.9)
Day 10 post-booster n=7, 2734.3 (1066.1, 7013.2) n=6, 1891.8 (795.3, 4500.4) n=13, 2306.9 (1326.1, 4012.8)
Day 28 post-booster n=8, 2107.1 (1004.5, 4420.0) n=9, 1733.9 (1043.4, 2881.5) n=17, 1900.5 (1288.3, 2803.7)
Previous phase II/IIIa study
Post-primary n=8, 829.5 (315.4, 2181.4) n=9, 952.8 (429.5, 2114.0) n=17, 892.6 (517.1, 1541.0)

Data presented as GMT (95% CI) in EU/mL. TCV: typhoid conjugate vaccine. aFull results available in reference 1.
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Context: The clinical picture of pediatric severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection differs from adults
as do the cutaneous manifestations. In this review, we summarize the varied morphological manifestations of SARS-CoV-2 infection in
the pediatric population. Evidence acquisition: A comprehensive literature search was conducted (23 September, 2021) across
multiple databases (PubMed, EMBASE, MEDLINE and Cochrane) with the relevant keywords. An additional filter of age group between
0-18 years was kept in each of the searches.  Results: Chilblains constitute the most common cutaneous manifestation of pediatric
coronavirus disease (COVID-19). Other commonly reported manifestations include maculopapular rash, urticaria, erythema
multiforme, and papulovesicular eruptions. Majority of children with these manifestations are asymptomatic, highlighting the need to
clinically suspect and appropriately manage such patients. A subset of pediatric patients develop severe multisystem involvement
termed as multi-system inflammatory syndrome in children (MIS-C) that has varied mucocutaneous manifestations. Conclusion: A wide
variety of dermatological manifestation of SARS-CoV-2 infection is reported, and both the pediatrician and dermatologist need to be
aware of the same to suspect and diagnose COVID-19 infection in children.

Key words: Chilblains, Erythema multiforme, MIS-C, SARS-CoV-2.

The mucocutaneous manifestations of corona-
virus disease (COVID-19) in children are still
evolving, with varied presentations, which are
relatively milder [1]. Moreover, they can often go

undiagnosed when presenting as a sole cutaneous
manifestation of pediatric COVID-19.

The incidence of dermatological manifestations in
pediatric COVID-19 is diverse, varying across ethnic groups
and geographical regions. Chilblain like lesions, urticaria and
confluent maculopapular rash are commonly observed in
children in European countries [2]. Chinese literature
suggests ischemic lesions and urticarial rash as common
manifestations [3]; whereas,  reports from Thai-land have
observed dengue like rash in certain patients [4]. Multisystem
inflammatory syndrome in children (MIS-C) is already an
established entity, which has its own mucocutaneous
manifestations. We, herein, summarize all relevant
literature on the mucocutaneous manifestations of pediatric
COVID-19.

METHODS

A comprehensive literature search across multiple databases
(PubMed, EMBASE, MEDLINE, and Cochrane) was carried
out with keywords “COVID-19” OR “corona-virus” AND
“rash”, “skin rash”, “cuta-neous”, “chilblain”, “chilblain-
like”, “pseudo-chilblain”, “pernio like”,  “urticaria”, “urticarial
rash”, “vesicular”, “papulovesicular, “maculopapular”,

“morbilliform”, “erythema multiforme”, “varicella like”,
“vesicular rash”, “dengue-like”, “purpura”, “hair”, “nail”,
“mucosa”, “Multisystem inflammatory syndrome in
children”, “MIS-C”,” Multisystem inflammatory syndrome
in neonate”, and “MIS-N”. An additional filter of age group
between 0-18 years was kept in each of the searches.
CUTANEOUS MANIFESTATIONS
Chilblain
Chilblains represent the most common cutaneous
manifestation reported among children affected with COVID-
19. When the coronavirus pandemic began in March, 2020, a
sudden surge in cases of chilblain-like lesions was noticed. A
French study even revealed a rising trend regarding web
searches of chilblains, fingers, toes and COVID-19 infection
during the initial months of the pandemic [8]. The cases
observed were not true chilblains, differing in terms of sex
distribution (equal sex distribution), triggering factors (warm
climate), and distribution of lesions (fingers and toes).
Despite there being a temporal relation between the onset of
chilblain-like lesions with the pandemic, there is still a debate
regarding its association with SARS-CoV-2, as majority of
patients test negative for infection both by reverse
transcriptase - polymerase chain reaction (RT-PCR) or
serology [9,10].
Clinical features: Multiple erythematous, violaceous and/or
purpuric macules are observed predominantly over the
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finger and toes (Covid toes). Majority of cases affect the toes
with lesions not crossing the meta-tarsophalangeal joint.
The reported mean age of patients is above 10 years [2].
Swelling of the surrounding skin may also be noted, with
severe cases showing secondary vesiculation. They appear
towards the end of COVID-19, and last for about 12 days on
an average, but can  last for up to 4-5 weeks. Unlike adults,
where systemic association with chilblain-like lesions is
common (up to 45%), children are commonly asymptomatic
[11]. The chilblain lesions may; however, show local
symptoms such as pain or itching. Co-existing erythema
multiforme (EM) like lesions in pediatric patients with
chilblains has also been noted [12]. A case of recurrent
chilblain-like lesions in a patient with mild COVID-19 was
also reported [13].

Dermoscopy of chilblain-like lesions in children has
revealed the following features viz., a red or purplish
background area, with red to purple globules in majority of
cases, and a grey brown reticular network on the periphery in
30% of cases [14]. In an Italian report studying nail
videocapillaroscopy in children with chilblain, peri-capillary
edema and microhemorrhage were striking features,
especially in toe lesions, along with capillary dilation
common to both finger and toe nails [15].

Histopathology: Chilblain-like lesions are characterized by
lymphocytic vasculitis ranging from endothelial swelling to
fibrinoid necrosis. Superficial and deep peri-vascular
lymphocytic infiltrate along with peri-eccrine lymphocytic
infiltrate is also seen, which is similar to idiopathic perniosis.
SARS-CoV-2 virus has also been demonstrated on
immunohistochemistry in the endothelial cells and epithelial
cells of eccrine gland [2].

Pathogenesis: Various possible pathomechanisms have
been put forth. They include:

i) Direct virus - induced endothelial damage: Association
between direct endothelial damage and chilblain in
COVID-19 was suggested by Colmereno, et al. [16] based
on immunohistochemistry and electron micro-scopy
findings of virus particles affecting endothelium and
eccrine epidermal cells. However, this was later
challenged by Brealey, et al. [17], who explained that the
virus like structure was infact a clathrin-coated vesicle, a
normal subcellular organelle [17].  Still, viral particles in
endothelium along with evidence of vascular damage on
histopathology support a causal association.

ii) Role of interferon type 1: Interferon type 1, a part of the
innate immunity, is responsible for the first line of defense
against viral infections. Compared to adults, the levels of
INF-1 are higher in infants and children. Hubiche, et al.
[18] found that there was a significantly higher IFN-á

response in chilblains patients (associated with mild
disease) compared to patients with moderate or severe
COVID-19. In severe SARS-CoV-2 infections, there is
impaired interferon response, explaining why chilblain-
like lesions are seen infrequently [18]. Given the
histopathological similarity of COVID-19 induced
chilblain to type 1 interferonpathy induced chilblain, a
causal association has also been suggested.

iii) Thrombotic or embolic hypothesis: COVID-19 infection
is associated with raised D-dimer levels in moderate to
severe cases and thus carry a high risk of
thromboembolism. These fibrin micro-emboli may have
tendency to block the smaller vessels leading to acral
ischemia and subsequently chilblain-like lesions. In a
study by Hachem, et al. [16], microthrombi were
observed on histopathological analysis in three patients
with chilblains. This supports the possibility of a
thrombotic or embolic event precipitating chilblain-like
lesions.

Investigations: Strikingly, majority of patients who develop
chilblain-like lesions test negative for SARS-CoV-2 on a RT-
PCR based test [19].  Given that chilblain develops during
resolution of COVID-19 and in children having
asymptomatic infection, a lower positivity can be explained.
Antibody serology with IgM and IgG in children have also
demonstrated lower positivity rates [20,21]. Interestingly, an
Italian series has depicted 53.3% IgA-positivity against S1
spike protein, which establishes a causal-link between
chilblain-like lesions and asymptomatic SARS-CoV-2
infection [9].

Treatment: In children, spontaneous resolution over days to
weeks is the dictum. Symptomatic treatment with analgesics
and antishistaminics usually suffices. More-over, chilblains,
in children are associated with mild COVID-19, unlike adults.
Counselling the patient regarding the benign nature of the
condition is important.

Urticaria
Acute urticaria is characterized by transient pruritic wheals
not lasting for more than 24 hours, and for less than six weeks
in duration. Among children presenting with acute urticaria,
infections (mostly upper respiratory infections), drugs and
food allergy are the most common precipitating factors [22].
During the ongoing pandemic, urticarial lesions have
accounted for 13.5-26% of cutaneous manifestations arising
due to SARS-CoV-2 infection in adults [23]. However, data in
the pediatric age group is scarce and restricted to case
reports (9 cases) (Web Table I). Majority of patients
presented with urticaria as the sole symptom to the
dermatologist or pediatrician; although, cases presenting
with or after systemic symptoms have been reported. History
regarding systemic symptoms and household contacts
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gives a clue towards possible underlying etiology of SARS-
CoV-2 infection. In the current pandemic, we feel that all
children with acute urticaria must be subjected to SARS-CoV-
2 testing (Fig. 1).

Multifactorial pathophysiological process has been put
forth explaining the observation of urticaria in children. They
include: affinity of SARS-CoV-2 with ACE2 receptor on
endothelium may cause immune complex deposition leading
to immune mediated urticaria; Cross-reactivity between viral
IgM and IgG with mast cell IgE causing mast cell
degranulation; Immune complexes stimulating basophils
into producing vasoactive amines, which activates
complement, leading to increased vascular permeability [32];
cytokine IL-6 (elevated in COVID-19 patients) directly
stimulates mast cell degranulation, leading to urticaria [33];
and mediation via bradykinin due to activation of kinin-
kallikerin system in conjunction with ACE2 receptor
stimulation [34].

The diagnosis is primarily clinical. A possibility of drug-
induced urticaria due to use of non-steroidal anti-
inflammatory drugs (NSAIDs) and antibiotics in COVID-19
should be kept in mind. The treatment is symptomatic, with
use of corticosteroids limited to resistant cases. The
association of urticaria with COVID-19 infection in children
has not been seen to be associated with any adverse effects.

Erythema Multiforme-Like Eruption

Erythema multiforme is an acute onset hypersensitivity
disorder characterized by a distinctive rash called target
lesions. Among children, infections viz., herpes simplex virus
and mycoplasma pneumonia, and drugs are frequently
associated [35]. During the COVID-19 pandemic, three
different types of EM or EM-like rash have been reported:
juvenile-virus related EM like rash (age <30 years), older
classical EM rash (age >55 years) and drug-induced EM [36].

In children, the rash is an atypical target lesion restricted
to the palms and soles in majority of the cases (Web Table II).
The lesions are smaller, less widespread and may be itchy or
painful. A latency of few days to three weeks between
COVID-19 infection and EM-like rash is seen. In a
retrospective analysis of 132 patients presen-ting with acral
lesions during the pandemic in Italy [37], 28% patients had
EM-like lesions (n=37) with only two patients having sites
other than palms and soles involved. Torello, et al. [13]
reported four patients with EM-like rash among 22 patients
with chilblains.

Histopathologically, mild superficial perivascular and
perieccrine lymphocytic infiltrate was observed without the
characteristic findings of EM such as keratinocyte necrosis
and eosinophils. The correlation with COVID-19 was
confirmed in one case by a positive RT-PCR report while in
two patients, immunohistochemistry revealed antibodies to
SARS-CoV-2 spike glycoprotein in the vascular endothelium
and eccrine epithelial cells [13]. Thus, it is fair to say that the
lesions are not true EM lesions but EM-like or rather
resembling chilblains clinically and histopathologically.
Overall, EM or EM-like rash is not associated with a severe
course of SARS-CoV-2 infection among children.
Symptomatic therapy with topical or oral corticosteroids is
enough in most of the cases.

Papulovesicular Eruption

Papulovesicular eruption as a cutaneous manifestation of
COVID-19 is well documented in adult literature. Average
age of onset is 45-60 years with the eruption seen during early
infection. The underlying pathogenesis is sus-pected to be
the direct effect of SARS-CoV-2 virus on basal keratinocytes
leading to acantholysis [41]. Two distinct morphological
variants are described: localized monomorphic variant and
diffuse polymorphic variant. In comparison to adults,
wherein incidence rates of 7.2% have been reported [42], only
a single case has been documented in pediatric literature. The
case was that of an 8-year-old girl who presented with a
three-day history of papulovesicular lesions along with six-
day history of cough. A positive contact history led to
suspicion of COVID-19 in this case which was confirmed by a
RT-PCR test. The exanthema resolved in 7 days time without
any need for intervention [43].

The authors also encountered of papulovesicular
eruption in an 11-year-boy who was asymptomatic; however,
he and his parents later tested positive for SARS-CoV-2
infection.

Multisystem Inflammatory Syndrome in Children

Multisystem inflammatory syndrome in children (MIS-C) is a
relatively common complication of COVID-19 that presents
clinically resembling incomplete Kawasaki disease and toxic

Fig. 1 Acute urticaria in a 7-year-old boy as presenting feature of
COVID-19 infection.
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shock syndrome. Majority of children have positive
serology for COVID-19 and negative polymerase chain
reaction, supporting the hypothesis that this condition is
related to immune dysregulation after acute infection has
subsided.

In a large series of MIS-C patients across the United
States, mucocutaneous findings were identified in 74% of
children, out of which 59% had nonspecific eruption, 55%
bilateral conjunctivitis, 42% oral mucosal changes, and 37%
peripheral extremity changes. [52]. Commonly reported
cutaneous features include diffuse non-specific eruptions,
palmoplantar erythema, hyperemia of lips, strawberry
tongue, periorbital and malar erythema [53]. EM has also
been reported in a child with MIS-C [54]. The skin findings
associated with MIS-C are more common in younger children
and decrease with age (Fig. 2).

Pathogenesis: No literature with regards to pathogenesis of
mucocutaneous manifestations in MIS-C is available.

Differential diagnosis:  At the beginning of the COVID-19
pandemic, MIS-C was confused with Kawasaki disease, toxic
shock syndrome and secondary hemophagocytic lympho-
histiocyosis as the clinical features were overlapping.
However, differences exist in the geographic distribution,
pathogenesis, cardiac and gastrointestinal manifestations
and hematological parameters. Moreover, majority of MIS-C
patients are seropositive for SARS-CoV-2 antibodies.

Treatment: The mainstay of MIS-C treatment is intravenous
immune globulin (IVIG), and adjunctive high-dose
corticosteroids. The cutaneous manifestations are transient
and resolve with treatment of MIS-C.

Non-Specific Cutaneous Lesions
Maculopapular or morbilliform rash has been reported in
nearly 47% of adult patients with cutaneous mani-festations;
however, in children, they are infrequently documented [61]
(Fig. 3). Other nonspecific cutaneous manifestation reported
in children include retiform purpura [62], cutaneous vasculitis
(Fig. 4), dengue-like exanthem [4] (Fig. 5), livedoid lesions

[63], acral ischemia [64]  and petechial rash [65] .

Hair and Nail Changes

Post-COVID hair changes have been commonly reported in
adults; however, there is paucity of literature for hair changes
after COVID-19 in children. Hayran, et al. [66] presented two
children with different hair loss patterns post-MIS-C. The
first patient was a 10-year-old boy who developed telogen
effluvium. The second patient who was a 13-year-old boy
who developed alopecia areata. The duration in both the
cases was nearly four weeks after COVID-19-associated
MIS-C [66]. The cause of hair loss in COVID-19 patients is
unknown but stress and anxiety were the proposed
precipitating factors. In a series of five patients, fluorescence
of hair and nails was observed under Wood lamp in patients
of COVID-19, who were treated with favipiravir [67].

Nail changes have been observed in patients with SARS-
CoV-2 infection in the form of red half-moon nails, transverse
orange nails, Mee lines and Beau lines. In a study by
Thuangton, et al. [68], two patients had nail changes in the
form of brittle nails and chromonychia. No documented
reports are available for nail changes after SARS-CoV-2
infection in the pediatric population. However, clinicians
should keep an eye out for these nail changes in children too,
as these are also commonly seen in other viral infections.

INFERENCE IN SKIN OF COLOR

A lack of representation in skin of color have been well
documented in COVID-19 cutaneous manifestations. The
ethnic and racial disparities pose a problem in clinical imaging
of the dermatological manifestation, and may impact the
health outcomes as well as create a gap in the educational
resources.

Fig. 2 Cutaneous manifestations of multisystem inflammatory
syndrome in childhood (MIS-C) (strawberry tongue, periungual
desquamation, and desquamation around buttocks) occurring in a
6-year-old boy four weeks after COVID-19, associated with IgG
SARS-CoV-2 antibody positivity.

Fig. 3 Maculopapular rash appearing 3 days after diagnoses of
COVID-19 infection in an 8-year-old boy.
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Some authors have emphasizd the under represen-tation
of skin manifestations of COVID-19 and paucity of images in
Fitpatricks IV, V or VI types [69,70]. A study by Dalal, et al.
[71] described the dermatological mani-festation in 12.7% of
COVID-19 cases from Northern India, in which 7.8% had
pruritus without cutaneous findings, 2.9% had
maculopapular rash and 1.9% had urticarial rash. The largest
series from Southern India consisting of 1065 SARS-CoV-2
positive patients had cutaneous manifestations in only 4.5%
cases [72]. Urticaira and itching were the commonest,
followed by maculopapular rash, vesicular rash, acral
erythema, apthous ulcer, herpes zoster and others. Another
cases series from India [73] had similar manifestations of
urticaria, maculopapular rash and herpes zoster. However,
none of these series reported any pediatric cases.

CONCLUSION

Cutaneous manifestation may present before, at or after the
diagnosis of COVID-19 among children. Chilblains, the most
common cutaneous manifestation, is associated with mild
SARS-CoV-2 infection, unlike the adult population. Literature
on urticaria, erythema multiforme like, papulovesicular
eruptions and maculopapular rash is limited compared to
adults, probably due to under-reporting and the fact that
these manifestations are often associated with
asymptomatic or mild infection. A subset of pediatric patients
develop varied muco-cutaneous manifestations along with
as MIS-C, which has not been observed in adults. We feel
that acute urticaria and maculopapular rash in a child should
prompt testing for SARS-CoV-2 infection in the current
pandemic.

Given the relaxations on COVID-19 norms worldwide
and vaccination status among children particularly, a surge in
the cases of paediatric COVID-19 may be on the horizon. An
in-depth knowledge regarding cutaneous manifestations of

COVID-19 is necessary for both the pediatrician and
dermatologist to suspect and diagnose COVID-19 infection
in children early. Data regarding such manifestations is still
evolving and further information is needed to diversify our
understanding regarding the subject.
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Web Table I Reported Cases of Pediatric Urticaria Associated with Covid-19 Infection 

Article Age Clinical features Covid 
report 

Contact 
history 

Severity 
of covid-
19 

Timing of 
urticaria with 
respect to Covid-
19 infection 

Sequalae 

Miriam et 
al [24]  
2020 

2months
/ Female 

Acute urticaria in 
whole body sparing 
palms and soles. No 
angioedema 

Positive 2 covid 
positive 
individuals 

Mild Along with other 
covid-19 
symptoms such 
as fever 

Resolution within 
24 hours with oral 
symptomatic 
therapy 

Rotulo et 
al[25]   

6 
years/gir
l 

Giant urticarial 
wheals followed by 
desquamation in distal 
extremities 

Positive Mother covid-
19 positive 

Mild 1 day before 
onset of systemic 
symptoms 

Resolution within 
24 hours with oral 
symptomatic 
therapy 

Chen et 
al[26]   

6 
months/
male 

Generalized urticarial 
rash 

Positive Aunt and 
grandmother 
covid-19 
positive 

Mild Few days before 
onset of systemic 
symptoms 

Resolution within 
24 hours with oral 
symptomatic 
therapy 

Larenas-
Linneman
n et al[27]  

5 
months/ 
male 

Generalized urticarial 
rash 

Positive Contact with 
covid-19 
positive 
patient 

Mild Along with 
systemic 
symptoms 

Resolution within 
24 hours with oral 
symptomatic 
therapy 

Proietti et 
al[28]   

6 
months/ 
male 

Giant urticarial rash 
over limbs and trunk 

Positive Parents covid-
19 positive 

Mild 2 weeks after 
covid-19 positive 
report 

Treated with oral 
corticosteroids 

Le et al[29]   5 years/ 
girl 

Generalized urticaria 
sparing face 

Positive Father covid-
19 positive 

Mild 2 days before 
onset of systemic 
symptoms 

Resolution within 
24 hours with oral 
symptomatic 
therapy 

Oner et 
al[30]   

12 
months/
girl 

Urticaria with 
angioedema 

Positive No contact Mild Along with 
systemic 
symptoms 

Intravenous 
corticosteroids 
required. 

Khalili et 
al[31]   

2 
months/
girl 

acute urticaria 
involving face, trunk, 
and upper and lower 
extremities with 
sparing of mucosa, 
palm, and sole 

Positive 2 family 
members with 
covid-19 
positivity 

Mild Asymptomatic Resolution within 
24 hours with oral 
symptomatic 
therapy 
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Web Table II Reported Erythema Multiforms or EM-like Rash in Pediatric Covid Patients 

Authors No.  Age  Clinical features Onset with 
respect to 
Covid-19 
infection 

Covid-19 
confirmation 

Severity of 
Covid-19 

Sequalae 

Fernandez
-Neito et 
al [37] 

37 12 
years 
(Mean) 

Round erythematous 
macules and 
vesicles which were 
less widespread, 
smaller in size and 
atypical target 
lesions. The lesions 
were restricted to 
palms and soles 

With or after 
covid-19 
infection 

Via contact with 
covid-19 positive 
patient, health 
worker or RT-
PCR positivity 

Mild , only 6 
out of 37 
patients had 
other 
systemic 
symptoms 
of covid-19 

7.4 days 
was mean 
duration of 
EM like 
rash. Good 
prognosis 
associated. 

Torrello et 
al[13] 

4 11-17 
years 

Target and targetoid 
lesions in addition to 
chilblain like lesions 
were noticed. Mild 
itch and mild pain 
was associated 

- 1 case was covid-
19 RT-PCR 
positive. 
 
In 2 cases IHC 
revealed antibody 
against SARS-
CoV-2 
spike protein to be  
positive in 
endothelial cells 
and eccrine glands 

Mild Excellent 
prognosis 
with 
compleet 
resolution 
in 1-3 
weeks 

Janah et 
al[38]   

1 17/Male Painless 
erythematous 
maculopapular 
atypical targetoid 
eruption of palms 
only 

15 days after 
Covid-19 
infection 

RT-PCR positive Mild Complete 
resolution 

Navaeifar 

et al[39]   
1 12 

months 
Fever with EM like 
lesions 

Along with 
systemic 
symtoms 

RT-PCR positive Severe ICU care 
required 
with 
improveme
nt within 5 
days 

Larenas-
Linneman
n et al[27] 

1 6 years/ 
Female 

2 targetoid lesions 
on thigh and 
abdomen 

7 days after 
systemic 
symptoms 

RT-PCR positive Mild Complete 
resolution 
with 
symptomati
c therapy 

Labe et 
al[40]   

1 6 years/ 
Male 

EM lesions with 
painful chelitis 

Few days after 
onset of 
chelitis 

RT-PCR positive Mild Discharged 
after 2 
weeks 
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Justification: Global developmental delay (GDD) is a relatively common neurodevelopmental disorder; however, paucity of published
literature and absence of uniform guidelines increases the complexity of clinical management of this condition. Hence, there is a need of
practical guidelines for the pediatrician on the diagnosis and management of GDD, summarizing the available evidence, and filling in the gaps
in existing knowledge and practices. Process: Seven subcommittees of subject experts comprising of writing and expert group from
among members of Indian Academy of Pediatrics (IAP) and its chapters of Neurology, Neurodevelopment Pediatrics and Growth Develop-
ment and Behavioral Pediatrics were constituted, who reviewed literature, developed key questions and prepared the first draft on
guidelines after multiple rounds of discussion. The guidelines were then discussed by the whole group in an online meeting. The points of
contention were discussed and a general consensus was arrived at, after which final guidelines were drafted by the writing group and
approved by all contributors. The guidelines were then approved by the Executive Board of IAP. Guidelines: GDD is defined as significant
delay (at least 2 standard deviations below the mean with standardized developmental tests) in at least two developmental domains in
children under 5 years of age; however, children whose delay can be explained primarily by motor issues or severe uncorrected visual/
hearing impairment are excluded. Severity of GDD can be classified as mild, moderate, severe and profound on adaptive functioning. For all
children, in addition to routine surveillance, developmental screening using standardized tools should be done at 9-12 months,18-24
months, and at school entry; whereas, for high risk infants, it should be done 6-monthly till 24 months and yearly till 5 years of age; in
addition to once at school entry.  All children, especially those diagnosed with GDD, should be screened for ASD at 18-24 months, and if
screen negative, again at 3 years of age. It is recommended that investigations should always follow a careful history and examination to
plan targeted testing and, vision and hearing screening should be done in all cases prior to standardized tests of development. Neuro-
imaging, preferably magnetic resonance imaging of the brain, should be obtained when specific clinical indicators are present. Biochemical
and metabolic investigations should be targeted towards identifying treatable conditions and genetic tests are recommended in presence
of clinical suspicion of a genetic syndrome and/or in the absence of a clear etiology. Multidisciplinary intervention should be initiated soon
after the delay is recognized even before a formal diagnosis is made, and early intervention for high risk infants should start in the nursery
with developmentally supportive care. Detailed structured counselling of family regarding the diagnosis, etiology, comorbidities, investi-
gations, management, prognosis and follow-up is recommended. Regular targeted follow-up should be done, preferably in consultation
with a team of experts led by a developmental pediatrician/ pediatric neurologist.

Keywords: Developmental assessment, Developmental screening, Early intervention, Intellectual disability.
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DIAGNOSIS AND MANAGEMENT OF GLOBAL DEVELOPMENT DELAY

The global estimates of the prevalence of global
developmental delay (GDD) range from 1-3% [1].
There are recent reports of much higher
prevalence of 6.4% among children from Turkey

and 8% from UAE [2,3]. In India, various studies report a
prevalence ranging from 3-13%, depending upon the age
group screened, tools used and geographical areas
surveyed [4,5]; however, these estimates may not be a
representative, as most of these studies were based only on
developmental screening. GDD is reported to be 30% more
common in boys as compared to girls, with the difference
disappearing with increasing age [6].

The etiology of GDD is heterogeneous and can be
divided into genetic and nongenetic causes, and
categorized as prenatal, perinatal and postnatal according
to the timing of exposure [7-9]. Genetic defects are the most
common etiology occurring in nearly 30-50% of the cases,
the proportion being similar in developed countries and
India [10,11]. These can be classified into syndromic and
non-syndromic GDD, wherein, syndromic delay clinically
manifests as a typical phenotype (e.g., Down syndrome),
dysmorphisms and congenital anomalies whereas, when
the pathology is unknown and GDD is the only discernible
feature, it is called as non-syndromic delay [12]. Potentially
preventable conditions like hypoxic ischemic encephalo-

pathy (HIE) and hypothyroidism are a more common cause
in India as compared to developed countries [10,11,13-19]
(Table I). As most Indian studies on GDD etiology are
tertiary-center based, they may be associated with a
referral bias, and hence, not a true indicator of etiology in
the community.

Children with GDD commonly have comorbidities, like
epilepsy, visual problems, hearing impairment, sleep
disturbances, motor impairment, autism, drooling,
constipation and, behavioral and psychiatric problems [20-
24] (Box I).

OBJECTIVE

These guidelines aim to provide pragmatic clinical guidance
for pediatricians on the diagnosis and manage-ment of GDD
in the Indian settings.

PROCESS

The process of formulating the guidelines started in March,
2020. Subject experts and members of Indian Academy of
Pediatrics (IAP) chapters of Neurology, Neurodevelopment
Pediatrics, and Growth, Development and Behavioral
Pediatrics, were divided into seven subcommittees based on
the expertise. Each group comprised of a writing team and a
reviewing team. The seven subcommittees evaluated

Table I Etiology of Global Developmental Delay

Timing of Possible causes  Proportion of diagnostic yield
exposure India Other countries

Prenatal
Genetic Chromosomal aberrations (e.g., Trisomy 21) 19-20% 5-10%

Monogenic (including Fragile X syndrome) 1-25% 3-10%
Multiple malformations or clinically recognizable syndromes 6-14% 3-10%
Metabolic/ Inborn error of metabolism 3-4% 1-8%
Cerebral dysgenesis / Central nervous system malformations 10-11% 2-18%
Intrauterine infection 3-4% 0.4-2%

Environmental Toxins/ teratogens (e.g., alcohol, valproate, cocaine) 1 % 2 - 9%

Perinatal
Acquired Hypoxic ischemic encephalopathy (HIE) 14-31% 9-10%
Environmental Neonatal complications: Bilirubin encephalopathy/ 1% –

Meningitis/encephalitis sequelae
Prematurity/ birth trauma 2%  –

Postnatal
Acquired Hypothyroidisma 3-11% –
Environmental Brain tumor 1% 1%

Infantile tremor syndrome 1% –
Severe psychosocial deprivation/neglect – 3-4%
Nutritional deficiencies (e.g. iodine, vitamin B12, thiamine) – –
Toxins (e.g. lead) – –
Post Traumatic – –

a Hypothyroidism may be found overlapping with other causes such as Down syndrome, other genetic syndromes, some inborn errors of
metabolism, and secondary to maternal antithyroid antibodies. Data from references 10,11,13-19.
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evidence on definition, etiology, clinical evaluation,
investigations, management, neurological comorbidities,
and prognosis of children with GDD. Each subcommittee
reviewed literature, developed key questions, analyzed
published studies and prepared draft guidelines for their
respective topic after multiple rounds of discussion.
Subsequently, the guidelines and their evidence were
discussed by the whole group in an online meeting held on
21 December, 2020. Points of contention were again
discussed through multiple rounds of discussions via
Google forms, online meetings and emails. Final guidelines
were then formulated by consensus. These were approved
by all experts, and then approved by the Executive Board of
Indian Academy of Pediatrics.

GUIDELINES

Definition

GDD is defined as a significant delay in two or more of the
following developmental domains: gross/fine motor, speech/
language, cognition, social/personal, and activities of daily
living. Significant delay is defined as performance being two
or more standard deviations lower than the mean, on age-
appropriate, standardized norm-referenced testing [1,7].
However, strict adherence to this definition i.e., involvement
of any two domains may allow children with developmental
delays but intact cognition to be also labelled as GDD. Many
guidelines, especially those on etiological workup, consider
GDD to be a precursor of intellectual disability (ID). The term
GDD has come into popular use as a surrogate label because

of the difficulties in agreeing on the objective measurement
of intelligence in a consistent, reliable, and valid fashion in
the young child (<5 year). Typically, these children have
delay across all domains.

The diagnostic category of GDD has been included for
the first time as a subcategory under ID in the 5th edition of
Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) and is to be diagnosed when an individual younger
than five years of age fails to meet expected developmental
milestones in several areas of intellectual functioning and is
unable to undergo standardized testing for the same [25].
DSM-5 also recommends reassessment of these children
after a period of time.

Although both GDD and ID share common features, and
at their core, represent a disorder of cognition, it is important
to understand that not all children who meet criteria for GDD
go on to develop ID later. Reasons for this might include
maturational effects, a change in developmental trajectory
(due to an intervention), reclassification to a different
disability category, or an imprecise use of the GDD diagnosis
initially [26]. As lack of stimulation is a known key risk factor
for poor child development and efficacy trials have shown
structured psychosocial interventions to successfully
mitigate developmental deficits, these children should be
provided appropriate stimulation before being labelled as
GDD [27,28]. Web Table I summarizes the differences
between GDD and ID [1,8,9].

GDD has been earlier classified into three grades of
severity based on developmental quotient (DQ) [19];
however, the Rights of Persons with Disability Act of India
(RPwD Act) has classified it in line with ID as mild when
social quotient (SQ) is 55-70, moderate: 36-54, severe: 21-35
and profound <20, respectively, based on adaptive
functioning [29].

Guidelines

1A GDD is defined as significant delay (atleast 2 SD below
the mean with standardized tests) in at least two
developmental domains from the following: gross or fine
motor, speech/language, cognition, social/personal and
activities of daily living in children under 5 years of age. Even
though cerebral palsy or other neuromotor impairments as
well as visual impairment/hearing impairment are common
comorbidities with GDD, children whose delay in two or
more domains can be explained primarily by motor delay or
severe uncorrected visual/ hearing impairment may need to
be excluded from the diagnostic label of GDD.

1B Children with developmental delay and coexistent
psychosocial deprivation should be provided stimulation
and reassessed after 6-9 months, before being diagnosed as
GDD.

Box I Comorbidities of Global Developmental Delay

Medical comorbidities
Neurological
• Visual deficits (15-75%)
• Hearing impairment (9 -17%)
• Epilepsy (5-30%)
• Cerebral palsy (8-30%)
• Pseudobulbar dysfunction (feeding issues) (20-47%)
• Sleep issues (40-80%)
Non-neurological
• Recurrent infections
• Protein energy malnutrition (40-70%)
• Drooling (45%)
• Constipation (30-60%)
• Nutritional anemia (5.5%)
Psychiatric/behavioral comorbidities
Attention deficit hyperactivity disorder (35-40%), Autism
spectrum disorder (15-20%), stereotypic movement
disorders (with/ without self-injurious behaviors), mood
disorder, anxiety disorder, aggression and disruptive
behaviors (26%).
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1C Severity of GDD can be classified as mild, moderate,
severe and profound based on adaptive functioning when
social quotient (SQ) is 55-70, moderate: 36-54, severe: 21-35
and profound <20, respectively.
Developmental Surveillance and Screening
Developmental surveillance includes documenting the
developmental history, eliciting parental concerns and
performing developmental examination, whereas develop-
mental screening refers to use of a brief standardized tool for
identifying risk of developmental disorders [30]. For
developmental surveillance, primary pediatrician can assess
the age of attainment of milestones and presence of any
developmental red flags [31]. Universal developmental
screening can be done in community by non-specialists after
undergoing training. For developmental screening,
preference should be given to norm-referenced tests, which
assess multiple domains. Psychometric properties and
feasibility of use are other important parameters to consider
while evaluating the suitability of the develop-mental
screening tool for a given setting. For screening/surveillance
of preterm babies, corrected gestational age is used till two
years of chronological age. Developmental screening tools
that are commonly used in India are listed in Web Table II
[32-36].
Autism screening: Autism spectrum disorder (ASD) and GDD
are not only common comorbid conditions but children with
isolated ASD without involvement of cognition may even
get a diagnosis of GDD, in view of delay in ≥2 domains
(personal-social and language). Autism screening and early
diagnosis is important for instituting specific interventions
that have been docu-mented to improve the long-term
prognosis of ASD.
Guidelines
2A For all children, routine developmental surveillance
should be done till two years of age during every
immunization visit using questions specifically related to
current age-appropriate milestones.
2B In addition, developmental screening using standardized
screening tools should be done at 9-12 months, 18-24
months of age, and at school entry.
2C For high risk infants, in addition to surveillance,
developmental screening should be done at 4-6 months, 9-12
months, 18-24 months and yearly till 5 years of age; and once
at school entry.
2D Children diagnosed as GDD should be screened for ASD
at 18- 24 months (as per the routine ASD screening guidelines
for all children), and if screen negative, again at 3 years of age.
Clinical Evaluation
Comprehensive clinical evaluation remains the cornerstone

for identification of etiology, associated co-morbidities, and
assessment of developmental status as well as for planning
intervention in children with GDD (Fig.1). The assessment of
developmental status in various domains by a pediatrician
can be used to provisionally diagnose GDD as a delay in ≥2
domains (DQ < 70), for initiating timely management. The
child should; however, be referred to the experts at the
slightest suspicion, even if clinical assessment is not
possible.

The definitive diagnosis of GDD requires norm-
referenced standardized tests of development, which are to
be administered by trained personnel. The choice of tests in
the Indian context is limited because most of the tests are
norm-referenced for the Western population, and the norms
for available Indian tests have not been revised for more than
20 years. The severity of the GDD is assessed by using
standardized tools for adaptive beha-viors. The adaptive
behaviors are social, communication and motor skills used
for day-to-day functioning of an individual. The commonly
used developmental and adaptive behavior tests are given in
Web Table III [37-44]. The ones most commonly in use in
India are Developmental Assessment Scale for Indian
Infants (DASII), Bayley Scale of Infant Development (BSID),
and Vineland Social Maturity Scale (VSMS).

Guidelines

3A A detailed history and clinical examination for assess-
ment of developmental delay, etiological risk factors and
comorbidities should be recorded as accurately as possible.

3B Definitive diagnosis of GDD should be based on the
results of standardized tests of development.

Investigations

The aim of investigations is to establish the etiology,
especially the treatable conditions, understand the
recurrence risk, and identify the co-morbid conditions.
Investigations are prioritized for the identification of
treatable conditions, keeping in mind the clinical clues,
essentiality of the investigation, and availability of
resources.

Vision and hearing: Severe visual and hearing impairment
can manifest as delay in multiple domains, as well as
exacerbate the existing developmental problems and impact
results of developmental testing. Visual assessment includes
a comprehensive ophthalmologic examination including
visual acuity, fundoscopy and extra-ocular movements.
Visual evoked potential (VEP) is indicated in suspected cases
of cerebral visual impairment (CVI). The choice of hearing
screen is based on the type of hearing loss anticipated and
available resources. Otoacoustic emissions (OAE)/
brainstem evoked response audiometry (BERA) screener
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being objective and feasible methods are considered optimal
screening tools [45]. Full diagnostic evaluation with auditory
steady state response (ASSR)/BERA and/or behavioral
audiometry is considered, if the child fails screening
tests [46].

Blood investigations: These should be targeted towards
identifying treatable conditions causing GDD, amongst
which hypothyroidism is the most important. Congenital
hypothyroidism accounts for around 1-3% cases of
cognitive delay and due to limited reach of newborn
screening programs in India, may be missed easily. In
addition, many associated chromosomal abnormalities e.g.,
trisomy 21, 45X and 22q11 deletion, have an increased risk of
hypothyroidism. Early identification of hypothyroi-dism and
its timely treatment may markedly impact the prognosis and
hence is an essential investigation in all cases of GDD [1,18].
Nutritional deficiency of vitamin B12, inborn errors of
cobalamin metabolism, and iron deficiency may also be
associated, especially in children having a restricted diet or
pica [47,48].  Apart from these, around 20-30% of children
with neuromuscular disorders such as Duchenne muscular
dystrophy (DMD) have associated cognitive delay, which
may present with GDD before other neurological deficits
becomes obvious. Measurement of serum creatinine
phosphokinase (CPK) may aid in screening for these

disorders [49]. Serum lead levels should be done in cases
where specific history of environmental exposure is present
[1,49].  Studies have shown biotinidase deficiency as an
important treatable cause of developmental delay and
therefore, should be considered in these children even
without characteristic clinical markers, more so in the
absence of widespread routine newborn screening in
India [50].

Neuroimaging: Abnormalities in neuroimaging may be seen
in 30-70% cases with GDD [49]; however, its contribution
towards an etiological diagnosis range from 10-40% [51].
Yield of neuroimaging increases two- to five-fold when
neurological abnormalities like abnormal head size, seizures
and abnormal neurological findings are present. For children
with mild GDD without any motor abnormalities or specific
clinical features, neuroimaging may be deferred. Plain
magnetic resonance imaging (MRI) or computed
tomography (CT) is usually sufficient for evaluation of GDD.
MRI has been found to have a higher sensitivity than CT in
detecting abnormalities and is the preferred modality.
However, sequential use of CT followed by MRI should be
discouraged. Mitochondrial disorders and cerebral creatine
deficiency syndromes are additional treatable conditions,
which may be picked on proton magnetic resonance
spectroscopy (MRS) [49,51-53].

History of
• Antenatal, perinatal, postnatal risk factors
• Family history preferably including a 3 generation pedigree looking for consanguinity, recurrent

miscarriages, birth defects, unexplained infant deaths, GDD/ID, neurologic conditions, genetic conditions
• Document major milestones in all domains

General pediatric examination with special emphasis on
• Anthropometry, especially head circumference
• Head to toe examination for major and minor dysmorphism and neurocutaneous stigmata. Common

syndromes such as Down’s syndrome maybe easily recognised. For others, presence of dysmorphism
should be documented and child maybe referred to specialist

• Screening neurological examination
• Current developmental level
• Vision and hearing evaluation

In addition to the above,
• Diagnosis of common genetic syndromes and of common comorbid conditions
• Diagnosis of medical and behavioural comorbidities
• Screening for inborn errors of metabolism
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In addition,
• Diagnosis of rare syndromes
• Comprehensive clinical, psychological, neurological, genetic evaluation
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 Fig.1 Clinical evaluation of a child with global developmental delay.
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Electroencephalogram (EEG): It is indicated in patients
where history or examination is suggestive of epilepsy or an
epileptic syndrome. Although, the evidence is limited,
children with CVI are at higher risk of underlying epileptic
encephalopathy and may warrant an early EEG.

Metabolic testing: It is amongst the second line investi-
gations and is considered in cases of GDD where neonatal
screening has not been done, there is history of consan-
guinity, family history of a similar illness or unexplained
miscarriages, developmental regression, episodic decom-
pensation or examination findings suggestive of a specific
etiology [54,55].

Genetic testing: Studies show that genetic etiology may be
identified in 30-50% of cases of GDD based on the patient
selection and techniques utilized [50]. Due to the presence of
large number of tests in the armamentarium to identify a
genetic etiology, often it is a challenge to choose an
appropriate test and patients may undergo several tests
before a conclusive diagnosis is reached [52]. The family
needs to be counselled that despite undergoing all possi-ble
tests, etiology may still not be established. This is important
as many of these tests are expensive and may reveal
inconclusive or uncertain findings [53,54]. These guidelines
focus on choosing an appropriate test based on the history
and clinical phenotype of the patients but with a caveat that
there is a considerable overlap at times and clinical
classification may be difficult in many scenarios.

It is important that the treating clinicians identify
common genetic disorders early, based on the clues (Web
Box I) and advise the parents regarding the need for genetic
testing, which may be done locally, if available, and/or do
timely referrals to experts who can interpret the results and
provide information about variant interpretations and
secondary findings. Some of these disorders may require
early therapeutic intervention and majority may benefit by
early intervention and management of comorbidities.
Moreover, in a significant proportion of cases, recurrence
can be prevented by counselling and prenatal testing if a
specific genetic etiology is identified.

Web Table IV summarizes various techniques, indi-
cations of their use, yield and important advantages and
pitfalls [51,52,55-58]. A simplified approach for genetic
testing in GDD/ID is depicted in Fig. 2 and approach towards
genetic evaluation of GDD according to the level of care, is
shown in Fig. 3.

Guidelines

4A Investigations should always follow a careful history and
detailed examination to plan targeted testing, wherever
required.

4B Vision and hearing screening are recommended in all
cases especially before subjecting the child to standardized
tests of development.

4C Neuroimaging is recommended when specific clinical
indicators are present. If available, MRI/MRS should be
obtained in preference to CT scan.

4D EEG is recommended only in children with clinical
suspicion of epilepsy or epileptic syndromes.

4E Biochemical and metabolic investigations should be
primarily targeted towards identifying treatable conditions
causing/associated with GDD.

4E.1 Evaluation of thyroid function should be considered in
all children with GDD, especially in the absence of
documented newborn screening results. The tests may need
to be repeated at regular intervals in children who are at high
risk (e.g., Down syndrome) or have symptoms suggestive of
hypothyroidism.

4E.2 Biotinidase deficiency should be ruled out, especially in
absence of newborn screening.

4E.3 Iron and B12 deficiency should be considered, even in
the absence of other pointers.

4E.4 Lead levels are recommended in cases with risk of
environmental exposure.

4E.5 CPK is recommended in young boys with unexplained
GDD.

4F Appropriate genetic tests are recommended in presence
of clinical suspicion of a genetic disorder and/or in the
absence of a clear etiology.

Management

Early intervention for high-risk newborns

In all cases, the mainstay of treatment is early detection and
early intervention. Evidence suggests that developmentally
supportive care in neonatal intensive care unit (NICU)
setting could have significant effect on mental and motor
development of preterm infants, at 12 and 24 months of age
[59]. The core measures of developmentally supportive care
include protected and maintained sleep rhythms, pain and
stress assessment and management, positioning and
handling, protecting the skin, provision of a healing
environment, and family-centered care [60].

Management of treatable causes

In addition to common treatable causes like congenital
hypothyroidism and nutritional deficiencies, around 116
treatable inherited metabolic disorders (IMDs) causing GDD/
ID have been identified, and the number is increasing with the
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Interpretation, Counselling,
Specific management if any,

Prenatal testing

Interpretation, Counselling,
Specific management

Supportive care

Specific management to
continue if feasible/

Supportive care

Exploring undiagnosed disorders Advanced
tests – CMA, Exome, Treatment of small
molecule IEM, lysosomal storage disorders

Suspecting microdeletions, metabolic and
other common single gene disorders, testing

and if facilities available

Identification of common disorders (e.g.,
Down syndrome, Fragile X, Rett Syndrome)

Testing locally if facilities available
Secondary/ Tertiary Level

Identifying GDD/ID and possible genetic
etiology based on history and phenotype

syndrome and classifying in possible
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Fig. 3  Genetic testing of global developmental delay at different health care levels.

advent of new technologies [61]. Even though these IMDs
are rare, identification and early implemen-tation of specific
therapy can improve developmental outcome, halt
progression of an ongoing developmental delay and lead to
improvement in associated comorbidities like seizures [62].
An app is available for the clinicians for more information on
treatable IMDs (https://treatable-id.org/about.html).

Healthcare interventions

Infants and young children with developmental difficulties
need access to primary healthcare just like other children of
same age including components of early childhood
development (ECD), which are good health (immunization,
dental care and treatment during illness), optimal nutrition,

 Detailed history- consanguinity
Examination - failure to thrive, microcephaly, macrocephaly, facial dysmorphism, associated
malformations, behavioural phenotypes, detailed neurological examination, organomegaly

Fitting in specific
chromosomal/

Microdeletion phenotype
e.g., Down syndrome,

William syndrome

Fitting in specific
single gene disorder

e.g., fragile X syndrome,
Rett syndrome, metabolic
disorders (small molecule

and lysosomal storage
disorder

Unexplained GDD with
or without/ASD

dysmorphism/major
congenital anomalies

Unexplained GDD with
normal CMA with or

without dysmorphism/
neurological signs,

family history suggestive
of a monogenic disorder

Exome
sequencing

CMAConventional karyotype
FISH

MLPA PCR based tests
Targeted Sanger

sequencing
Triplet repeat testing

Metabolic testing,
enzyme assays

↓ ↓ ↓ ↓

↓
↓

↓
↓

ASD: autism spectrum disorder, CMA: chromosomal microarray, GDD: global developmental delay, FISH: fluorescent in situ hybridization,
MLPA: multiplex ligation probe assay.

Fig.2 Approach to genetic testing in global developmental delay.
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opportunities for early learning, responsive parenting, and
safety and security [63]. Growth monitoring is done using the
usual growth charts; however, special growth charts are to
be used in those with syndromes like Down syndrome and
Prader-Willi syndrome [64-66]. Table II briefly outlines the
health care interventions for children with GDD.

Early developmental interventions

Studies have shown that early intervention in children with
developmental disabilities improves their develop-mental
potential and functioning, and also benefits caregivers and
families [67,68]. This requires a multi-disciplinary team
consisting of developmental pedia-trician/pediatric
neurologists, clinical psychologists, occupational therapists,
physiotherapists, special edu-cators and speech therapists.
The goals and specific treatment modalities should be
individualized, depending on the cause and severity of GDD.
In case of non-availa-bility of a multidisciplinary team, the
primary pediatrician can advise parents about simple
stimulation activities, till the child is seen by domain experts
[69]. General principles of developmental intervention are
outlined in Box II, and the activities for developmental
intervention and stimu-lation in various domains have been

described in the Mother and Child Protection (MCP)
guidebook of Government of India (https://nhm.gov.in/
New_Updates_ 2018/NHM_Components/Immunization/
Guildelines_ for_immunization/MCP_Guide_Book.pdf).

Management of problem behaviors
Studies indicate that young children with developmental
delays are 3-4 times more likely to exhibit behavioral problems
as compared to their typically developing peers [70,71].
Common behavioral problems observed in these children
include severe tantrums, aggression, non-compliance and
hyperactivity [72]. These behavioral problems impede the
child’s learning, and add to the stress of the family [73].
A flowchart for managing behavioral problems is given in
Fig. 4.
MANAGEMENT OF COMORBIDITIES
The common comorbidities of GDD are discussed here
briefly and guidance on management is provided in Web
Table V. For detailed information on each condition, specific
guidelines should be followed or expert opinion solicited.
Epilepsy: Around 15-30% of children with GDD have a risk of
developing epilepsy as compared to 4% in general

Table II Suggested Minimal Standard of Healthcare and Developmental Interventions for Different Levels of Facilities

Levels Level 1 (Pediatrician with/without Level 2 ( District level hospitals/ Level 3 (Tertiary center with
access to one therapist) DEIC/developmental pediatri- multidisciplinary team including

cian with access to multiple developmental pediatrician/
therapists) pediatric neurologist and access

to geneticist)

Health Care Inter- Routine pediatric healthcare. Routine pediatric healthcare Routine pediatric healthcare
ventions (Routine Ensure compliance and provide Ensure compliance and provide Ensure compliance and provide
pediatric medical follow-up care for children referred follow-up care for children follow-up care for children
and dental care) back from higher centres
Management of treat- Management of nutritional defi- Screening and treatment for Diagnosis/Medical management/
able causes of GDD/ ciency including iron and B12 hypothyroidism, suspect and Specialized diets for IEMs
IEM (inborn errors of deficiency. Screening and treat-  investigate for IEMs associated
metabolism) ment for hypothyroidism with GDD
Identification and Identification, management and Identification, management and Identification, management and
treatment of common follow- up of Down syndrome follow-up of common easily follow-up of all syndromic GDD
dysmorphic and identifiable syndromes asso-
genetic syndromes ciated with GDD (e.g., Cornelia

De Lange syndrome, neuro-
cutaneous syndromes)

Developmental Mild GDD with no red flags. Management of mild to Detailed evaluation and Inter-
interventions Advise appropriate stimulation moderate GDD. Multi-domain vention planning for    all levels of

activitiesa and follow-up  intervention severity by multidisciplinary
Refer to higher level if no teamb

improvement
aActivities for developmental intervention and stimulation in various domains have been described in MCP card; bChild can be followed by
referring pediatrician, and compliance with therapies and medications ensured. Children with severe problems may require continued follow-up
at higher centres. DEIC: district early intervention centre, GDD: global developmental delay,  IEM: inborn error of metabolism, MCP card-
mother and child protection card.
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population, and the prevalence increases with increasing
severity of GDD. Refractory epilepsy and some epileptic
encephalopathies can themselves contribute to develop-
mental delay as well as impair the gain in milestones in those
with manifest GDD. The diagnosis of seizure in a child with
GDD may at times be difficult. Some seizure manifestations
such as staring spells, myoclonic seizures and astatic
seizures may be subtle and can be missed. On the other hand,
dystonic posturing may be misdiagnosed as a seizure.
Important associated epileptic encephalo-pathies include
epileptic spasms (West syndrome) and Lennox-Gestaut
syndrome. Early diagnosis of epileptic spasms is important
as the time-lag from onset of symptoms to treatment
significantly impacts develop-mental outcomes and
response to treatment. Broad principles of treating epilepsy in
children with develop-mental delay are the same as any child
with epilepsy. The choice of antiepileptic medications
depends on the ease of availability and safety profile of the
drug. Usually, cognitive and behavioral abnormalities in
these children are attributed to the effect of antiepileptic
medications. Though, there is a lack of robust data on these
effects, drugs with better neurocognitive profile may be
preferred in these children.

Febrile seizures: Children with GDD are at a greater risk of
having recurrent febrile seizures, febrile status epilepticus
and progression to future epilepsy [74]. The risk of future
epilepsy increases when there is presence of complex febrile
seizures and/or family history of epilepsy, and in such cases,
abnormal EEG may be helpful in establishing prognosis for
development of later epilepsy [75,76]. Factors responsible for
the increased risk of recurrence of febrile seizures are similar
in these children when compared with their typically
developing peers [77,78]. As for any other child, intermittent
prophylaxis is considered when the risk of recurrence of
febrile convulsion is high [79].

Visual deficits: The prevalence of visual problems in
children with developmental delay has been reported to
range from 15-75% [82]. Refractive errors are the commonest
and seen in approximately 50% of cases [80]. Other common
deficits include strabismus, optic atrophy, nystagmus and
CVI [22,80,81]. As vision is central to early learning, social
interaction and motor development; early identification and
treatment of visual impairment is crucial. Studies have
documented improvements in motor skills and social
behaviors after correction of refractive errors in children [82].
At present, there is no standard treatment for CVI, and data
regarding functional visual outcomes is limited; however,
children with CVI and other low vision conditions may
benefit from environmental modifications to promote visual
functioning [46]. These include a simple visual environment
to avoid overcrowding and utilizing objects with color, high
contrast and motion to facilitate visual recognition [83].

Hearing impairment: Prevalence of hearing impairment in
GDD ranges from 10-17% [20]. Few studies have shown that
the children having mild to moderate GDD with comorbid
hearing impairment may also have some improvement after
timely cochlear implant, even though they may not achieve
their full language potential [84].

Sleep disturbances: These are common and predispose
children to behavioral and cognitive impairments. Causes for
disturbed sleep include regulation problems, alteration of
sleep-wake cycle due to anti-seizure and sedative
medications; and obstructive sleep apnea due to co-morbid
conditions like Down syndrome, obesity, pseudobulbar
dysfunction or hypotonia. The first line of management is
promotion of improved sleep habits or sleep hygiene [85].
When these are not effective, melatonin administered around
3-4 hours before tentative bed time may be considered.

Cerebral palsy: It is a common comorbidity occurring in 8-

Box II General Principles of Developmental Intervention

• The cardinal principle should be early intervention using multiple modalities.

• Functional skills to be taught or addressed will depend on core deficits, needs of the child and family, and associated co-
morbidities. Intervention plan should be individualized, keeping in mind the child’s functional level in different domains. The next
immediate milestone should be the target for intervention.

• As children gain skills in different areas simultaneously, congruent skills should be chosen from multiple domains at a time,
therefore multidisciplinary interventiona is preferred. Pediatrician should ensure that all domains are being targeted during
intervention.

• Toys and activities should be appropriate to child’s developmental age. Play should be used to teach target skills, as this helps
the child learn better. The activities should be chosen such that they are difficult enough to be interesting, but easy enough to
be accomplished.

• Parents and other family members should be actively involved in the process, and implement the strategies at home during
daily activities.

a
Multidisciplinary intervention requires involvement of multiple healthcare disciplines like developmental pediatrics/ pediatric

neurology, special education, clinical psychology, occupational therapy/ physiotherapy and speech therapy.
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Behavior problems

Common function of
problem behaviors
Attention seeking

To get demands fulfilled
Escape behaviors

Common Causes of
problem behaviors

Communication  deficits
Poor understanding of

social  behavior
Inappropriate reinforcement

techniques
Identify the behaviors to be

modified

Identify the cause of the problem
behavior/ Identify function of the

behavior using ABC chart

Consider pharma-
cological manage-

ment or expert
psychological
intervention

Marked
hyper-

activity/
Aggression/

SIB

Rule out organic causes like
pain,  constipation, GER
especially in non-verbal

children
Formulate behavior

plan based on the ABC
chart

Restructure the environment to
control the antecedent,

OR
Modify the consequence to control

inadvertent reinforcement of
problem behaviors,

AND
Strengthen adaptive behaviors
including communication skills

←

←

←

↓

SIB: self injurious behaviors; ABC: Antecedent-Behavior-Consequence (where, antecedent is the event or situation that occurred before the
behavior was shown, behavior refers to details of the behavior exhibited, and consequence to the sequence of events immediately after the
behavior)

Fig.4  Management of behavioral problems in a child with GDD.

→

→

30% of children with GDD and should be managed as per
standard treatment [20,86].

Learning issues: The underlying condition, subnormal DQ,
and the comorbidities may hinder learning and delay
schooling for children with GDD to a varying level. The Right
to Education Act (RTE) stipulates that children with
disabilities receive their educational services appropriate to
address their educational needs in the least restrictive
environment possible. The extent of inclusion may depend
on the level of delay, the severity of associated comorbid
conditions, and maladaptive behaviors like aggression and
self-injurious behaviors. The services of special education
teachers may be helpful for individualized intervention.

Guidelines

5A Early intervention for infants at risk of developmental
delay should start in the neonatal intensive care unit (NICU)
with neurodevelopmentally supportive care.

5B Potentially treatable causes of GDD should be identified
and specific treatment started as early as possible.

5C Children with developmental delay should receive
routine health care interventions at par with the typically
growing peers, at all levels of care.

5D Early intervention should be initiated soon after the delay
is recognized, instead of waiting for a formal diagnosis.

5E Screening for comorbidities like behavioral problems,
epilepsy, cerebral palsy, visual and hearing impairment, and
sleep disturbances with appropriate referrals should be done
to ensure timely intervention.

5F For comorbid febrile seizures, EEG is indicated when
associated with family history of epilepsy and/or complex
febrile seizures. Intermittent prophylaxis is recommended in
the presence of any one additional risk factor for recurrence
of febrile seizure.

5G Children with GDD should receive preschool education
services in the least restrictive environment that is possible
and appropriate to address their needs.

Counselling
Counselling the family regarding the diagnosis, etiology,
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anticipated comorbidities, investigations, management,
prognosis and follow-up is an important aspect of GDD
management. In addition, parents should also be made aware
of social support and legal provisions available.

Disclosing the diagnosis: Various studies have suggested
that the parent’s adaptation to their child’s condition may be
modulated by the way in which the diagnosis is conveyed to
them. It is important to communicate the diagnosis to the
family clearly and directly, in a compassionate manner,
emphasizing equally the child’s strengths as well as deficits
[71,87,88]. Also, possibility of improvement with consistent
intervention, even in severely delayed children, must be
reiterated while setting reasonable expectations.

Counselling regarding investigations: As etiology of GDD
is complex, patients may need to undergo several tests
before a conclusive diagnosis is reached. The family needs to
be counselled that despite undergoing all possible tests,
which may be expensive, etiology may still not be
established.

Pretest counselling: This should always be done before
ordering genetic tests, which should not only include
information about the various tests available but also about
the possibility of unrelated genetic condition being unveiled.
Many a times, a genetic variant of uncertain significance may
be found necessitating review of the findings few years later
in light of new information available.

Guidelines

6A It is strongly recommended that the family should be
counselled regarding the diagnosis, etiology, anticipated
comorbidities, investigations, management, prognosis and
follow-up; once at the time of initial diagnosis, and again
whenever more etiological information is available/etiology
is established.

Prognosis and Follow-up

There is a scarcity of published studies which have looked at
long term prognosis of GDD and this limits the ability to
predict developmental outcomes precisely in these children.
Based on the available literature, several factors have been
found to affect the prognosis including severity of GDD, its
etiology, presence of comorbidities, family’s socio-economic
status, age at diagnosis and initiation of intervention,
availability of specific treatment for underlying etiology, and
compliance to therapy. The degree of delay is the most
consistent predictor of long-term prognosis with mild cases
doing well in comparison to moderate-severe cases of GDD.
Early intervention has been documented to minimize
developmental delays with gains in adaptive, academic and
social functioning. However, nearly two-thirds children will
get the diagnosis of ID later in life and another 20%; even

though functioning well in society, may get an alternative
neurodevelopmental diagnosis.

Follow-up: It includes tracking the child’s development in all
domains, screening for comorbidities on a continued basis,
planning additional investigations and inter-ventions,
whenever needed, parental training, and ensuring
compliance. Documentation of the assessments, targets as
well as therapy plan by all members of a multidisciplinary
team is a must. Follow-up plan for those with manifest GDD
should be customized as per the individual child’s needs, as
many children with GDD, especially those with moderate to
severe GDD or multiple comorbidities, require frequent
monitoring. Review of diagnosis should be carried out
annually, at least in the initial years, to pick up possibly
missed comorbid neurodevelopmental disorders. Box III
enlists the key points to be assessed on follow-up.

Guidelines

7A Regular follow-up targeting all the developmental
domains and associated comorbidities should be done.
Consultation with a team of experts led by a developmental
pediatrician/ pediatric neurologist may be considered, if
possible. Apart from this, primary pediatrician may also play
an important role in supporting the family and ensuring the
compliance to therapies.

Rights of Persons With Disabilities Act 2016 and
Disability Certification

The Rights of Persons with Disabilities Act, 2016 empowers
persons with disabilities with certain rights and entitlements,
legal provisions and provides a framework for assessment
and certification [28]. GDD as a disability is included under
the gambit of ‘ID’. The Act defines ID as a condition
characterized by significant limitation both in intellectual
functioning and in adaptive behavior. Persons above the age
of 5 years are given a diagnosis of ID, while children between
the ages of 1-5 years are given a diagnosis of GDD. The
minimum age for certification is one completed year. Children
below the age of 5 years are issued a temporary certificate
wherein a reassessment is required after a period of 3 years or
at 5 years of age (whichever is earlier). Intellectual functioning
is to be assessed by testing IQ on Binet Kamat test (BKT)
and adaptive functioning through Vineland Social Maturity
Scale (VSMS). Certification is done by the medical board
headed by the medical superintendent/chief medical officer/
other equivalent authority as notified by the state
government and comprises of a i) pediatrician or pediatric
neurologist, ii) clinical or rehabilitation psychologist, and iii)
psychiatrist.

Role of referring pediatrician in disability certification:
The pediatrician should identify GDD as well as screen for
associated comorbidities (hearing/vision/locomotor
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impairments/epilepsy) and refer accordingly for detailed
disability assessment.

CONCLUSION

Preventable causes of GDD should be addressed by
providing adequate perinatal care including prenatal testing
for genetic disorders, care during pregnancy and postnatal
care in subsequent pregnancy, preventing infections and
nutritional deficiencies in children, ensuring good health,
providing opportunities for early learning and, focusing on
child safety measures.

Pediatricians are often the first point of contact for all
children, including those with developmental delay. Early
identification of the developmental delay, its management,
and multidisciplinary intervention are of paramount
importance, as are establishing an etiological diagnosis,
identifying and treating comorbidities, and guiding the
prognosis. The role of pediatrician is central in collaborating
with parents and multidisciplinary teams to provide seamless
coordinated care to children and their families, so as to
improve their medical outcomes and social functioning. Fig.5
shows approach to a child with GDD.
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DIAGNOSIS AND MANAGEMENT OF GLOBAL DEVELOPMENT DELAY

Web Table I Difference Between Global Developmental Delay (GDD) and Intellectual Disability 
(ID) [1,8,9] 

 
 

 Global developmental delay Intellectual deficit 

Definition DSM-5 reserves the term GDD for an individual 
who fails to meet expected developmental 
milestones in several areas of intellectual 
functioning and applies to those who are unable to 
undergo systematic assessments of intellectual 
functioning, including children who are too young 
to participate in standardized    testing. 
AAN defines GDD as subset of developmental 
disabilities defined as significant delay in two or 
more of the following developmental domains: 
gross/fine motor, speech/language, cognition, 
social/personal and activities of daily        living.  

DSM-5 defines ID as a 
neurodevelopmental disorder with 
onset during the developmental period 
that includes both intellectual and 
adaptive functioning deficits in 
conceptual, social and practical 
domains. 

Age group Children <5 years Applies to older children when testing 
of intellectual functioning is valid and 
reliable (usually after 5 years of 
age). 
aThe onset is usually before 18 years 
of age. 

Diagnosis Based on clinical assessment and standardized 
testing of a child in major domains of 
development requires diagnostic reassessment 
after a period       of time. 

Based on clinical assessment and 
standardized testing of intellectual and 
adaptive functioning. Stable 
diagnosis. 

Natural 
course 

Even though most children will have cognitive 
impairment subsequently, not all children go on to 
develop ID later. 

It is a permanent disability 
requiring support throughout life. 

a
Intellectual functioning can be tested from as early as 2 years using tests like Leiters, Wechsler Preschool and

Primary Scale of Intelligence (WPPSI). However, data for validity and reliability is limited below 5 years of age.
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Web Table II Brief Description of Development Screening Tests for Pediatric Office Setting [32-36] 
 

Development  
Screen test 

Domains 
tested 

Age 
range  

Time 
taken  

Administration Interpretation Psychometric 
properties 

Ease of 
use and 

feasibility 
Domain wise screening tools 
Ages and Stages 
Questionnaire 
(ASQ) 

Gross mo-
tor, fine 
motor, 
communi-
cation, 
problem – 
solving, 
personal – 
social 

1-66 
months; 
21 age- 
specific 
forms 
with 30 
ques-
tions 

10-15 
mins 

Parent reported 
questionnaire. 
Can be com-
pleted by par-
ents/ caregivers 
independently 
or with the 
assistance of 
professionals. 

Risk categori-
zation: typi-
cal/ needs 
monitor-
ing/needs fur-
ther assess-
ment 

Moderate sen-
sitivity and 
specificity 

Includes 
interven-
tion activ-
ities. 
Training 
required 
for inter-
pretation. 
Indian 
studies 
available. 

Denver Devel-
opment Screen-
ing Test-II 
(DDST) 

Gross mo-
tor, fine 
motor- 
adaptive, 
personal-
social, lan-
guage. 
Includes 5 
“Test Be-
havior” 
items 

0-72 
months 

10-15 
mins 

Directly admin-
istered by a pro-
fessional in a 
standardized 
manner. 

Item wise 
pass/fail/ cau-
tion 
Interpreted as 
normal/sus-
pect  or un-
testable 

Low to mod-
erate sensitiv-
ity and speci-
ficity 

Low sen-
sitivity 
limits ap-
plicability 
as a 
screening 
tool. 

Developmental 
Profile (DP) 

Physical, 
adaptive, 
behaviour, 
communi-
cation, cog-
nitive, so-
cial-emo-
tional 

0-12 yrs 
11 
months 
(DP 3) 
0-21 
years 
(DP- 4) 

25-30 
mins 

Can be com-
pleted by par-
ents themselves- 
checklist or by 
parental inter-
view including 
direct observa-
tion by profes-
sional. 

Provides age 
equivalent and 
norm based 
standard 
scores in each 
domain and a 
general devel-
opmental 
score. Risk 
categoriza-
tion: delayed/ 
below aver-
age/ average 
/ above aver-
age / well 
above aver-
age. 

Moderate to 
high; correla-
tion with 
Vineland-II 

Gives DQ. 
Includes 
interven-
tion activ-
ities.  
Training 
required. 
Expen-
sive. 

RBSK screen-
ing tool 

Vision, 
hearing, 
speech, 
motor, cog-
nition, so-
cial 

0-6 
years 

 Directly admin-
istered by his-
tory and exami-
nation. 

Domain wise 
pass/ fail 

Not available Not vali-
dated. 
Not norm 
refer-
enced. 

General Screening tools which do not screen domain wise   

Trivandrum De-
velopmental 
Screening Chart 
(TDSC) 

Gross mo-
tor, fine 
mo-
tor/adap-
tive, per-
sonal-so-
cial, lan-
guage 

0-6 
years 

10-15 
mins 

Directly admin-
istered by his-
tory and exami-
nation. 

Pass/ fail for 
each item. De-
velopmental 
delay consid-
ered if ≥ 1 fail 
obtained. 

Moderate sen-
sitivity and 
specificity 

Minimal 
training 
required.  
Can be 
used as a 
commu-
nity 
screening 
tool. 

Baroda Devel-
opment Screen-
ing Tool 
(BDST) 

Motor and 
mental 

0-30 
months 

15-20 
mins 

Directly admin-
istered by his-
tory and exami-
nation. 

Pass/ fail for 
each item. De-
velopmental 
age as per 
50% and 97% 
pass place-
ment each 
item. 

Low sensitiv-
ity, high spec-
ificity 

Can be 
used as a 
commu-
nity 
screening 
tool. 
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Web Table III Developmental Assessment Tests [37-44] 
 

Test Age Description Advantages 

Binet‑Kamat Test 
of Intelligence 
(BKT) 

3 years to 
adulthood 

Includes both verbal and 
performance tests 

Simple to score and administer 
available in Hindi, Marathi and 
Kannada 

Vineland 
Social Maturity 
Scale (VSMS) 

Birth to 
15 years 

Assessment of social and 
adaptive functions or social 
competency 

Culturally appropriate and can 
be used in nonverbal children; 
Easy and quick to administer 

Development 
Assessment Scale 
for Indian Infants 
(DASII) 

Birth to 
30 
months 

Gives mental and motor DQ Uses indigenous material Norms 
have been developed for Indian 
population 

Bayley Scales of 
Infant 
Development – 
IV (BSID-IV) 

16 days to 
42 months 

Cognitive, language, motor, 
social emotional, adaptive 
behaviour 

Internationally validated tool 

Mullen Scales of  
Early Learning 

Birth to 
68  
months 

Five scales: Gross motor, visual 
reception, fine motor, expressive 
language, and receptive language 

Helps in assessing visual and 
auditory learning thereby 
enabling the assessment of 
cognition 

Griffiths Scales   
of Child 
Development – III 
(Griffith’s III) 

Birth to 6 
years 

Measures six areas of development 
including foundations of learning, 
language and communication, eye- 
hand coordination, personal-social-
emotional, gross motor 

Assessment is in line with latest 
research, new norms address 
Flynn-effect 

Gesell 
Developmental 
Assessment 
(GDA) 

2 year 6 
months to 
9 years 

Direct observation to evaluate a 
child’s cognitive, language, motor 
and social-emotional responses in 
five components (developmental, 
letter/numbers, 
language/comprehension, 
visual/spatial and 
social/emotional/adaptive) 

The overall performance level 
(age appropriate, emerging or 
concern) can be used as a guide 
to customize curricula and/or 
identify need for additional 
diagnostic evaluation. 

Vineland Adaptive 
Behaviour Scale 
(VABS) 

Birth to 
90 years 

Correspond scales to the three broad 
domains of adaptive functioning- 
communication, daily living skills, 
and socialization 

Helps in measuring the 
capabilities in dealing with 
everyday life; Identifies 
maladaptive behaviours which 
may be useful for planning the 
behaviour intervention 

      DQ - Developmental quotient 
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Web Table IV Genetic Testing in Children with Global Developmental Delay [51,52,55-58] 
 

Test Yield Indications Remark 
Karyotype  3-5% excluding 

Down syndrome  
GDD/ID with specific phenotype  
e.g. Down syndrome, Trisomy 13, 
18. 
Dysmorphism, 
Multiple congenital anomalies  
  

Detects abnormalities more than 5-
10 kb in size, operator dependent  
Still used in resource poor settings 
as first line due to relatively easy 
availability and less cost. Can 
detect balanced chromosomal 
rearrangements.  
Chromosome analysis is also 
indicated when there is a family 
history of chromosome 
rearrangement or multiple 
miscarriages because it can detect 
balanced chromosomal 
abnormalities, which CMA does not 
detect. 

Targeted 
Fluorescent in 
situ 
Hybridization 
(FISH) 

Will depend on the 
phenotypic accuracy 
for identifying the 
disorder  

Should be offered in situations 
with specific phenotypes 
indicating a known microdeletion 
syndrome e.g. William syndrome, 
velocardiofacial syndrome, 1 p36 
del., etc. 

FISH probes assess a specific copy 
number variant (CNV) associated 
with a specific syndrome. 
When there is a strong suspicion of 
a specific syndrome, FISH can be 
done; however, if the suspected 
diagnosis is not cot confirmed by 
FISH, it must be followed by CMA 
to establish the diagnosis. 
Metaphase FISH shows whether a 
duplicated region is at its normal 
location. Thus, FISH metaphase 
analysis is often used to assess the 
relatives of the affected patient for 
balanced rearrangements. 

Testing for 
Fragile X 
syndrome 

Yield will depend on 
case selection criteria, 
higher if scoring 
criteria are applied. 
Nonspecific testing 
yield is approximately 
7%  
   

Recommended as first line test in 
males with severe to moderate 
GDD, behavioural problems and 
autistic features with specific 
dysmorphic features described or 
with no obvious dysmorphology 
but with a normal or large head  

Fragile X testing is responsible for 
significant proportion of cases with 
ID in males and mild to moderate 
delay in carrier females. This 
requires specific tests to pick up 
triplet repeats which are not picked 
up by routine sequencing or next 
generation sequencing (NGS) based 
tests 

Testing for Rett 
Syndrome  
Gene 
sequencing & 
MLPA 

With fulfilling RTT 
criteria nearly 100%. 
 About 2% without a 
suggestive phenotype   

Recommended in females 
fulfilling clinical criteria for Rett 
syndrome. 
MECP2 sequencing is also 
recommended if no etiology is 
found for GDD/ID with ASD in 
all females, and males with 
suggestive phenotypes.  

Second-tier testing for GDD/ID 
includes MECP2 full gene analysis 
in females.  
Several guidelines 
suggest MECP2 testing along with 
sequencing and MLPA in girls with 
severe GDD. 

Multiplex 
Ligation 
dependent 
Probe Assay 
(MLPA) 

Depend on patient 
selection and 
disorders being tested 
e.g. 
microdeletion/duplica
tions 
Rett syndrome  

Assess a specific copy number 
variant (CNV) associated with a 
specific syndrome. 
Should be offered in situations 
with specific phenotypes 
indicating a known microdeletion 
syndrome e.g. William syndrome, 
Velocardiofacial syndrome, 1 p36 
del, etc. 
Is at times used to evaluate for 
multiple microdeletion syndromes 
as kits are available and also to 
screen the CNVs in subtelomeric 
regions which are frequently 
associated with GDD/ID 
syndromes 

Reliable and relatively low-cost 
method for specific phenotypes 
including common and rare 
microdeletion/microduplication 
syndromes.   
Specific MLPA kits are available 
for GDD patients suspected to have 
microdeletions/duplications   which 
include many known syndromes 
Rapid turnaround time 
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Chromosomal 
Microarray 
(CMA) 

~15-20% (~10% 
higher than the 
detection rate by 
karyotype 
analysis in the 
GDD/ID/ASD 
population). 

Unexplained GDD, ASD, and multiple 
congenital anomalies (MCAs). 
  

Able to identify submicroscopic 
deletions and duplications (less 
than ~ 5-10 Mb, the size of many 
of the deletions which cannot be 
detected by karyotype 
It also identifies regions of 
homozygosity, which can be 
scrutinized for autosomal 
recessive conditions and 
imprinting disorders 
Does not detect balanced 
rearrangements 
Counselling regarding getting 
inconclusive results as variants of 
unknown significance (VOUS) 
can be identified. 
TAT -2-3 weeks 
Cost high 

Sanger 
Sequencing  

 Depending on 
patient selection  

 When a specific phenotype is identified   Expensive if the gene is big or 
caused by multiple disease-
causing genes (genetic 
heterogeneity). In that situation 
NGS based tests are preferable. 

Exome 
Sequencing 
  

30-50% 
depending on 
patient selection 

Developmental delay/intellectual disability, 
or multiple congenital anomalies not 
specific to a particular genetic syndrome. 
More useful if pedigree indicates a 
mendelian inheritance. 
There are uniformly followed guidelines for 
exome sequencing in general, which also 
apply to ID/GDD, but it needs to be kept in 
mind that at times there may be difficulty in 
clearly defining an indication which are as 
below:  
The phenotype or family history data 
strongly implicate a genetic etiology, but the 
phenotype does not correspond with a 
specific disorder for which a genetic test 
targeting a specific gene is available on a 
clinical basis 
A patient presents with a defined genetic 
disorder that demonstrates a high degree of 
genetic heterogeneity, making WES 
analysis of multiple genes simultaneously a 
more practical approach 
A patient presents with a likely genetic 
disorder, but specific genetic tests available 
for that phenotype have failed to arrive at a 
diagnosis 

Exome sequencing detects 
variations in the coding regions of 
all known genes; WES or morbid 
genes which means genes with a 
known human phenotype; CES.  
Targeted panels can be used for a 
specific group of disorders (e.g. 
lysosomal storage disorders).  
Does not detect triplet repeat 
disorders, changes in intronic 
regions, large deletions & 
duplications 
Counselling regarding getting 
inconclusive results as variants of 
VOUS can be identified. 
Cost still prohibitive  
TAT 4-6 weeks  
WGS can detect variations in the 
intronic regions also but 
interpretation is more difficult 
and is not used routinely in 
clinical practice 

Metabolic 
testing  

Poor yield for 
small molecule 
diseases if 
isolated 
GDD/ID 
For large 
molecule 
diseases likely 
high if careful 
patient selection 

GDD/ID in isolation (not common) but 
metabolic testing should be considered if it 
is in combination with autism, 
neurodegeneration, failure to thrive, 
lethargy, episodic symptoms such as 
epilepsy and encephalopathy, multiple 
organ dysfunction, dietary selectivity, 
unusual odours etc. 
Large molecule diseases present with 
GDD/ID coarse facial features, joint 
contracture, neuroregression etc. 

Poor yield if cases with isolated 
GDD tested. Diagnosis may need 
confirmation by molecular 
studies. 
Selection of tests would depend 
on clinical suspicion. E.g. for 
small molecule diseases HPLC, 
TMS, GCMS, for large molecule 
diseases like storage disorders-
enzyme assays 
 
 
  

CES- clinical exome sequencing, TAT-Trans-activator of transcription, HPLC-high pressure liquid chromatography, TMS-
tandem mass spectrometer, GCMS-gas chromatography mass spectrometry, VOUS-variants of unknown significance WES-
whole exome sequencing, WGS-Whole Genome Sequencing 
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With the recognition of different population behavior and relevance of socio-cultural factors in health, health services and public health
program contexts, qualitative research is increasingly being used in health research, including clinical trials. Qualitative research
follows an inductive framework to explore and gain an in-depth understanding of the phenomena, especially why and how aspects,
through techniques including interviews, focus groups and observations. It analyzes the textual data collected following one of the
common analysis approaches: grounded theory, phenomenology, ethnography or participatory action research. Despite the divergence
in principles, mixed methods research designs systematically combine the quantitative and qualitative methods for a comprehensive
understanding on the issue. The commonly used mixed methods designs variably combine the purpose, priority, sequence, embedding
and data integration. Mixed methods analysis requires strategic synthesis of the results to gain comprehensive knowledge for
appropriate clinical or public health action.
Keywords: Focus group, Implementation, Interviewing, Participatory research, Social research.

Traditional clinical research is dominated by
quantitative study designs that document
different variables (exposure, outcome and
confounders) as measurable parameters and

examines the relationship between them using statistical
analysis principles. Much of the clinical and public health
research happens within the clinical, social, population and
interpersonal context, where the numeric data and statistical
methods may be inadequate to document the patients, public
and healthcare provider’s experiences about the care and
services. It is commonly observed that the outcomes and
degree of associations vary across different populations or
individuals, which are not explainable quantitatively. The
quantitative study is unable to tell about ‘why’ people
behave in the observed manner and the reasons thereof. It is
important to move beyond ‘what works’ documented in
quantitative research and understand ‘what works for whom,
why, how and when’ to improve or customize the
interventions or processes, and this is where qualitative
research comes into play. The individual and population
characteristics, experiences, behaviors and practices play a
significant role in health and clinical practice. For
documenting the possible reasons and identifying potential
solutions for the observed patterns, qualitative research is
needed. Moreover, qualitative research is critical for
exploring new areas or issues of research, and identification
of items of enquiry for documentation and quantification.

QUALITATIVE RESEARCH

Qualitative research is the systematic enquiry to obtain an
in-depth understanding on the nature of phenomena in their
natural setting, which may include but is not limited to,
people’s experience, individual and/or group behavior, and
organizational function [1]. Several definitions for qualitative
research have been proposed (Suppl. material). Qualitative
research explores people’s per-ceptions, experiences,
attitudes, behavior, and inter-actions with others related to
the phenomena or topic under study in the specific context.
The researcher is the key instrument for data collection. It
does not attempt to generalize the findings to the larger
populations or other phenomena.

It was initially used by sociologists and anthro-pologists
to study cultures and practices in their own and foreign
contexts. Over the last few decades, it is increasingly used in
clinical and public health research. As qualitative research
does not attempt enumerating and generalizing the findings,
some view this as the opposite of quantitative research.
Although the methods are contrasting, the two research
methods may overlap somewhat and complement each other.
The key differences between quantitative and qualitative
research are summarized in Table I. Qualitative research has
been used in clinical trials and intervention studies to
optimize interventions, trial procedures, improving the
external validity, facilitating the interpretation of the findings,
making trials human sensitive, and assisting in improving the
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Table I Some Differences Between Quantitative and Qualitative Research for Various Domains

Quantitative research Qualitative research

Theory orientation
• Deductive; tests to confirm hypothesis about phenomena • Inductive; generates theory or explores phenomena
Epistemology orientation
• Positivism; only includes scientifically verifiable ones • Interpretivist; interprets the meanings that humans attach to

their actions
Ontology orientation
• Objectivism; asserts the validity of objective  phenomena • Constructivism: allows people to actively construct their

over subjective experience own knowledge
• Reality is determined by researcher’s experiences

Methods
• Follows designs and tools fixed prior to data collection • Allows flexibility in designs to emerge during study
Data collection
• Precise measurement and objective data collection • Accurate description of the processes and observations
• Uses standardized tests, instruments and measurement tools (words, texts, etc.)
• Close ended and objective questions • Adopts interviews, discussions, observations and document
• Often involves large sample sizes estimated by formula or reviews

software • Open ended questions
• Participants selected following randomness approach • Often involves smaller sample sizes and observations,
• Participant responses not affected by how questions are asked no sample size formula

and sequence • Participants selected purposively
• Participant responses are affected by how questions are asked

and sequence
Interpretation
• Conducts analysis after data collection • Conducts analysis during data collection
• Numerical data (assigns values to responses as numbers, scales, • Accommodates complexities and multiple realities

categories)
• Explores single truth and often measures single outcome • Textual data (uses text, notes, audios/videos, observation
• Performs data analysis in prescribed and standardized method(s) narratives)
• Analysis attempts achieving significance level • Flexible and iterative analysis approach
• Statistics complexities • Can obtain multiple outcomes and accommodate multiple
• Generalizes the findings from sample to population sources of data (triangulation)

• Performs data analysis in creative, iterative, nonlinear and
holistic manner

• Analysis attempts insight and metaphor
• Conceptual complexities
• Specific to the sample and context, does not generalize to the

population
Reporting
• Quantifies the observations and variations • Describes the observations and variations
• Follows standardized format • Allows variability with expressive language and personal

voices

Epistemology is a branch of philosophy that investigates the origin, nature, methods, and limits of human knowledge. Ontology is a branch
of philosophy that explores the types, properties, and interrelationships of the entities that really or fundamentally exist for a particular
domain of discourse.

effectiveness of future trials [2].

Qualitative Study Designs

The taxonomy of qualitative research has evolved over time
[3-5]. In 2007, Cresswell proposed five qualitative study
designs: Narrative research, Case studies, Grounded theory,
Phenomenology and Participatory action research (PAR) [6].

Broadly, these are categorized into non-participatory types
(the researcher only observes and does not participate in the
activities) and participatory (the researcher participates in
the process in the community and usually attempts to
influence some activities). All study designs except PAR fall
under the non-participatory category. The case studies have
several subtypes: snapshot, comparative, longitudinal, pre-
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post, and patchwork case studies. In health research, the
grounded theory, phenomenology, ethnography and PAR
are commonly used. The grounded theory explores a less-
well-understood problem, situation, or context to generate a
general hypothesis or explanation based on the views of a
large number of participants. Phenomeno-logy focuses on
the essence of the ‘lived experiences’ of the person (or
group), regarding an issue that becomes embedded in the
consciousness and what meaning that carries for the person
or group. Ethnography focuses on the cultural and social
systems (structure and function) of a particular group and
may cover various aspects like religion, economy, politics,
environment and history. This may require immersion of the
researcher in the society to study everyday life and relies on
participant observation along with interviews. PAR focuses
on finding suitable solutions for a social problem through
researcher-community collaboration at all levels. The PAR
may involve mixed (both qualitative and quantitative)
methods designs.

Choosing Qualitative Study Design

Qualitative research designs do not follow strict taxonomy
with fixed boundaries or strict stages like quantitative
research. The data collection, analysis, research question
refinement, theory modification, and addressing validity
proceed more or less simultaneously and each step
influences the others. The researcher has the flexibility to
revise or modify the design and methods during the study
based on the new developments and experiences. It does
not imply a lack of study design in qualitative research, but
the concept of a broader design. While choosing a study
design and methods, the researchers consider various
aspects including research question, context, conceptual
framework, appropriate data types, validity and ethical
considerations. Apart from these, the researcher’s skills,
participant and community concerns, piloting experience,
and larger goals also influence study design selection. Table
II summarizes the characteristics of the qualitative study
designs. Qualitative research question can focus on any one
or combination of these: i) understanding the meaning of the
events, situations, and participants actions based on their
lived experiences; ii) understanding the specific context
within which the participants live and operate for their action;
iii) identifying unknown, unanticipated phenomena and
influences to generate new theories; iv) understanding the
processes of occurrence of events and actions and their
interconnections; and v) developing causal explanations and
relationships between the different segments [7].

Data Collection Methods

The most commonly used qualitative data collection methods
in health research are interviews, focus group discussions
(FGDs), observations, and analysis of documents.

Qualitative interviews: These are conversations between
the researcher(s) and participant(s) to gain insights into their
subjective experiences, perceptions, motivations and
knowledge. The interviews may be of three types: struc-
tured, semi-structured and unstructured. In structured
interviews, the interviewer refers to a predetermined list of
questions, which allows consistency across participants
and interviewers (multiple), but limits additional exploration.
In semi-structured interviews, the inter-viewer(s) refer to
some questions but have the flexibility to adapt and add
questions based on the responses and context, which allows
more intuitive and natural conver-sations with the
participants. Unstructured interviews aim to gather in-depth
information from key informants and usually do not have a
pre-planned set of questions and are instantaneously
generated during the interview. Thus, it resembles more with
free-flowing conversation than an interview. The semi-
structured and unstructured inter-views are also known as
in-depth interviews (IDIs). For conducting IDIs, the
interviewers must be researchers themselves or have a good
understanding on the topic. The topics, questions, sub-
questions and probes are developed based on the available
literature, previous research and piloting, which may be
revised during data collection. Interviews must primarily
focus on being interactive and allowing unexpected issues
to emerge and be explored. The interviewer can audio- or
video-record the conversation with the consent of
participants for transcription later [5,7.8].

Focus group discussion: This involves discussion among
the participants (preferably of similar background) to explore
their experiences, perceptions, knowledge and how and why
people behave in certain ways. A FGD usually involves 6-10
people and is facilitated by an experienced moderator using a
topic guide. Topic guide or interview guide is compilation of
the list of topics or questions that the interviewer plans to
cover during an interview. It is called a guide, because it is
used to guide the interviewer, but not rigid like the
questionnaire in quantitative studies. Topic guide include
the topics or open-ended questions organized like a funnel;
starting with warm-up discussion and easy questions, more
detailed exploration, key areas of discussion, pulling out the
essential insights, summarization. Additional obser-vers and
note-takers may be involved to record the verbal and
nonverbal expressions. The discussions preferably are
audio- or video-recorded with participants’ permission and
transcribed later [9]. To review the quality of conversation,
moderator’s technique and compare between FGDs, a
sociogram for each FGD is drawn. Sociogram reflects the flow
of discussions in the group [10]. FGDs allow obtaining
information from many people quickly representing the
community view and supplement the interviews. FGD may
be inappropriate for exploring sensitive topics.
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Observation: This involves documentation of activities,
behaviors, conversations, organization or community pro-
cesses or other aspects of observable human experiences
[11]. Observation may be reactive (with participant’s
knowledge) or non-reactive (without participant’s
knowledge). Observation is critical in both interviews and
FGDs to identify nonalignment between verbal and
nonverbal data. Observation can also be a stand-alone
method with or without the participation of the researcher.
Observation provides information about the setting, context
and actual behavior, which may not be possible in reported
behavior or opinions. Observations can be either participant
(observer is part of the observed setting) or non-participant
(observer neither participates nor influ-ences the setting) in
nature. While observation allows deeper insights into the
real-world setting and capturing issues not already
considered, it also has the risk of the Hawthorne effect with
the presence of an observer [12].

Written or audio-visual documents: These may be revie-wed
to gain information about the issue under study [9].

Qualitative research assumes no objective hierarchy of
evidence and methods and the selection of methods (single
or combined) must be based on the research question and
suitability and feasibility of method(s) for the question and
setting. The selection of method must be justified and
documented. The use of multiple methods may allow a more
comprehensive understanding of the issue under study and
comparison between findings from different methods, which
is referred as triangulation.

Sample Size and Sampling

Unlike a quantitative study, qualitative research follows no
fixed rule for sample size. The data collection usually
continues until data saturation, i.e., no new information or
opinion emerges. The sample size depends on the rich-ness

Table II Qualitative Study Designs and Their Characteristics

Study designs Type of research Context Unit of analysis Data collection Data analysis
question forms strategy

A. Non-participatory research
Narrative research Questions about the Stories to under- One or more Interviews, docu- Chronology, story

life experiences of standing the individuals ment review; elements Little set
an/few individuals problem chronological, structure
and how they unfold story-oriented
over time

Case study Questions about Explores a case An event, program, Interviews, obser- Case description,
developing an in- bounded by time,  activityOne or more vations, documents, themes of the case
depth understanding place that inform individuals artefacts and cross-case
about how different a problem themes; Some
cases provide insight structure
into an issue or a
unique case

Grounded theory Questions about No theory exists or Process, action or Interviews, may Open coding, axial
experiences over time existing ones are interaction involving include others coding and
or changes that have inadequate many individuals selective coding;
stages and phases High level

structure
Phenomenology Questions about To understand the Several individuals Interviews, docu- Statements textual

what is at the lived experiences with experience ments, observations, description on
essence that all per- of persons about a other items phenomenon;
sons experience phenomenon Structured
about a phenomenon approach

Ethnography Questions about the Cultural and social Group of Observations, Themes, state-
structure and function system of a group; population nterviews, docu- ments; textual
of a group of people natural setting  iments, immersion description; High

level structure
B. Participatory research
Participatory Questions about To address com- Entire community, Interviews, docu- Combination of
action research how changes occur munity issues for multiple stake- ments, observations, different options;

in a community  bringing change holders  other items  Little set structure
Adapted from Cresswell, et al. 2007 [7]
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and type of participants. Usually, 15-20 participants per
stakeholder category may be adequate, but the number may
be decided depending on the research issue, context,
stakeholders, anticipated differences in that phenomenon,
and data saturation achieved during data collection [13]. The
researcher may choose a small homogenous sample for in-
depth study on the group and particular subgroups [11].
Sampling is usually non-probability and purposive. In
qualitative research, the researcher attempts to gain in-depth
understanding of the issues and dependent on the richness
of the information shared by the participants/informants, not
generalizability. Thus, the research selects the participants
subjectively rather than random selection according to the
likelihood of obtaining rich and in-depth information. The
researchers often use purposive sampling and choose
participants based on the specific expertise or insight
regarding the phenomenon of interest.

Data Management and Analysis

The field notes and recordings of interviews, FGDs,
observations are transcribed verbatim and checked for
accuracy with the source documents. As needed, the
narratives may be translated into the language of analysis,
but care must be taken to ensure no loss of the essence and
meanings.

Qualitative data analysis involves reading the texts and
understanding its essence from the participant’s perspective.
The raw data (statements or segments of narratives) are
coded either manually or using software. Coding is the
process of organizing the sections of the data according to
their meaning, sentiment and relationships. The codes
bearing similar meanings are grouped into conceptual codes
and categories. Linkages and connections between the
conceptual codes and categories are explored (axial coding).
Based on the emerging hypothesis, the conceptual codes
and categories are organized under few themes (selective
coding). The data is presented under the themes identified
and compared across the data collection methods,
stakeholders and contexts to identify the similarities and
differences along with the potential reasons. The coding and
data organization is an iterative process till an agreement
between the researchers is achieved. The results are
organized under the themes as the headings, the codes as the
sub-headings with the researcher’s interpretation and
statements or narratives as ‘quotable quotes’. Apart from
textual format, data can be displayed in any form: boxed
display, decision tree model, flow chart, ladder, matrix,
metaphorical display, modified Venn diagram, network and
taxonomy [14].

Use of Software and Challenges

Several free and license-based software programs

(Ethnograph, NVivo, Atlas-Ti, NUD.IST, WInMAX,
MAXQDA, HyperRESEARCH, HubSpot, FreeQDA,
RQDA, etc.) are available [14]. International Clinical
Epidemiology Network (INCLEN) qualitative data analysis
software (IQDAS) is an in-house program and is being used
by us. Although software programs improve the efficiency of
data management, purists claim it to distance the researcher
from the data.

Biases
Qualitative studies are at risk of biases from the data
collection method, selection of participants or analysis based
on the researcher’s knowledge, preconception, theory and
values. Although rigorous and standardized training may
improve the quality of data collection, the influence of
researcher and data collector cannot be eliminated [7].

Validity Tests
Validity of the data and credibility of the interpretation can be
increased with: i) repeated observation over a longer period;
ii) in-depth exploration using probes; iii) respondent
validation (soliciting feedback on the conclu-sions from the
study population to avoid misinterpre-tation); iv) data
triangulation (comparison across parti-cipants, settings and
methods); v) comparison (with the control group) [7].

Quality Assurance
Quality assurance is a systematic approach to review the
practices and procedures followed in a research to document
whether things are being done according to the standards/
best practices as well as they could/should be and identify
possible improvements. It is a continuous and on-going
process throughout the study and dissemination. Rigorous
quality assurance measures must be adopted at all levels
including i) selection of appropriate research methods and
data collection techniques; ii) selection and appropriate
training of the research team; iii) audio- or video-recording of
the interviews and FGDs; iv) correct and complete
transcription and translation; v) data analysis by multiple
researchers and discussion to generate consensus on the
code mapping; and vi) adopting validation methodology.

Ethical Issues
Although qualitative methods appear harmless compared to
the biological sample collection, they may have unintended
consequences at individual, group, organizational and
societal levels. Thus, anonymity and confidentiality of
participants must be ensured.

Some examples of qualitative research are given as
Supplementary material.

MIXED METHODS RESEARCH
Mixed methods research (MMR) combines the quantitative
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and qualitative methods (questions, data collec-tion,
analysis, interpretation) in the same study. Despite the
contrasting assumptions, principles and cultures,
increasingly both quantitative and qualitative research
methods are being used to complement and supplement the
hypothesis and findings. Several definitions for this have
been proposed (Supplementary material). For denoting the
emphasis and contribution of research method types, the
components are indicated as QUAL or qual and QUAN or
quan (capital indicates primacy) for qualitative and
quantitative research, respectively. The purposes of using
mixed methods research include: complementarity,
completeness, triangulation of results; development (one
method informs the other), initiation (discovers new
perspectives), explanation, expansion (expands the breadth
and range of inquiry), instrument development, credibility

and contextualization [15,16].

Designing Mixed Methods Research

Four issues must be addressed for planning mixed methods
research: theoretical basis, priority, data collec-tion
sequence and data integration. The theoretical basis and
research question inform the dominance, sequence and
integration of methods. Based on the dominance, MMR may
be considered as qualitative dominant, quanti-tative
dominant or equal status. MMR may use the methods in
either a sequential or concurrent manner, based on the need.
The qualitative and quantitative app-roaches may integrate
at five possible points: planning, research question, tool
development             and data collection, analysis and result
presentation [17,18]. The mixed methods research framework
is summarized in Table III. MMR is broadly divided into six
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Table III Mixed Method Research Design and Integration Framework for Each Level

Levels and types Characteristic

Conduct
Concurrent Data collection and analysis for both methods done concurrently.
Sequential Data collection and analysis of one method precedes the other.
Multistage Multiple stages of data collection, variable combinations of methods.
Priority/ Dominance
Dominant One method is dominant based on the research question.
Equal Both methods contribute equally according to the question.
Intervention
Observational No intervention.
Interventional Intervention.
Hybrid Observation and intervention combined variably.
Study designs
Triangulation Comparison and/or validation of the quantitative results with qualitative data or expand quantitative

findings with qualitative data; Includes data transformation: one type of data is converted into the
other type and integrated/compared with the data not transformed for analysis.
Second method helps to explain the findings from first method.

Explanatory Results of first method (usually qualitative) informs the second method (identify variables, develop
instrument).

Exploratory Second method (qualitative/quantitative) is needed to answer a research question within larger
quantitative or qualitative study.

Embedded/ Nested One type of data is converted into the other type and this data is integrated with the data not
Transformative transformed for analysis.
Database linkages
Connecting One database is linked to the other through sampling.
Building Results from one database informs the data collection approach of the other.
Merging Both databases are brought together for analysis.
Embedding Data collection and analysis are linked at multiple points.
Interpretation
Narrative Describe findings from both methods in same report.

- Weaving: both findings presented together, either theme- or concept-wise.
- Contiguous: findings presented in separate sections.
- Staged: findings presented step/stage wise as conducted.

Transformative One type of data is converted into the other type or consolidated into new variables for analysis.
Joint display Data from both components integrated and presented together in figure, table, matrix or graph.
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types: three concurrent or convergent (triangulation,
embedded/nested and trans- formative) and three
sequential (explanatory, exploratory and transformative).
Additionally, sequential embedded and multiphase mixed
methods research designs may also be adopted. The
architecture of these mixed methods research study designs
is shown in Fig. 1. These designs are selected according to
the research purpose, conduct, priority, analysis, integration
and presentation. Mixed methods research design involves
several steps and considerations which guide the selection
of the type of study design: research question, the purpose
of mixed methods research, method priority, data collection
seque-nce, embedding and data integration [19,20]. Fig. 2
shows the steps in mixed methods research study design
selec-tion. Mixed methods research is being used in health
behavior, implementation researches and clinical research
[2]. Some examples of MMR are given in the supple-mentary
material.

CONCLUSIONS

Qualitative research has a unique position in socio-
behavioural research in health and significant value addition
if used with the quantitative research. Qualitative research
would enhance the etiological, risk factor and health
behaviour understanding in clinical practice and public
health programs. Qualitative research involves critical
thinking and much dependent on the competence of the
researcher(s). Despite the contrasting methodologies and

dissimilarities, mixed methods research designs enable
combining the qualitative and quantitative study designs in
a meaningful and symbiotic manner to address the ques-
tions. While combining and selecting these study designs,
careful planning must consider the research purpose, data
dominance, depen-dence, sequence, sampling, data inte-
gration and analysis. While the research purpose and
theoretical conceptual framework are the primary drives, the
practical aspects like timing, context, sampling, feasibility
and competency of the research team are to be considered.

Note: Supplementary material related to this manuscript is
available with the online version  at www. indianpediatrics.net
Contributor: MKD: Conceptualisation, data collation, data
analysis, manuscript writing, final approval of the manuscript.
Funding: None; Competing interest: None stated.
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Fig. 1 Types of mixed method research study designs (adapted from Cresswell, et al. [17] with permission ).

QUAL: qualitative data is given higher priority; qual: qualitative data is given lower priority; QUAN: quantitative data is given higher
priority; quan: Quantitative data is given lower priority.
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QUAL: Qualitative data is given higher priority; qual: Qualitative data is given lower priority; QUAN: Quantitative data is given higher
priority; quan: Quantitative data is given lower priority.

Fig. 2 The steps in mixed method research design selection.
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Supplementary Document 1

The available definitions of qualitative research

“Qualitative research involves any research that uses data that do not indicate ordinal values” (Nkwi PN, Nyamongo
IK, Ryan GW) (1). “Qualitative research is a situated activity that locates the observer in the world. It consists of a set
of interpretive, material practices that makes the world visible. These practices transform the world. They turn the
world into a series of representations, including field notes, interviews, conversations, photographs, recordings, and
memos to the self. At this level, qualitative research involves an interpretive, naturalistic approach to the world. This
means that qualitative researchers study things in their natural settings, attempting to make sense of, or to interpret,
phenomena in terms of the meanings people bring to them” (Denzin NK, Lincoln YS) (2). “Qualitative researchers are
interested in understanding the meaning people have constructed, that is, how people make sense of their world and
the experiences they have in the world” (Merriam SB, Tisdell EJ) (3).

“Qualitative research is research using methods such as participant observation or case studies which result in a
narrative, descriptive account of a setting or practice. Sociologists using these methods typically reject positivism and
adopt a form of interpretive sociology” (Drislane R, Parkinson G) (4). “Qualitative research as an iterative process in
which improved understanding to the scientific community is achieved by making new significant distinctions resulting
from getting closer to the phenomenon studied” (Aspers P, Corte U) (5).
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Supplementary Document 2

Examples of published literature using Qualitative Research Method

Case study 1: Qualitative research using in-depth interviews and observations

Perceptions of the parents of deceased children and of healthcare providers about endof-life communication and
breaking bad news

Parents of dying children face unique challenge and expect compassionate support from health care providers (HCPs).
There is limited documentation from Indian context on the experiences of the parents and HCPs on end-of-life care for
dying children and breaking the bad news around death. This study explored the experiences of the parents and HCPs
about the end-oflife care and breaking bad news and related positive and negative factors in Indian context. This
qualitative study was conducted at a tertiary care hospital. The data collection included in-depth interviews with the
parents (n=49) and family members (n=21) of the children died at the hospital and HCPs (n=16; 6 doctors, 6 nurses and
4 support staffs) were conducted. The events and communication around death (n=8) for the children were observed.
Data were inductively analysed using thematic content analysis method to identify emerging themes and codes.

The study observed that the doctors were the lead communicators for end-of-life communication. Majority of
parents perceived the attitude, communication and language used as by resident doctors as brief, insensitive and
sometimes inappropriate or negative. They perceived that the attitude and communication by senior doctor’s as
empathetic, positive and complete. Parents recalled the death declaration by resident doctors as non-empathetic, blunt
and cold. Most parents received no emotional support from HCPs during and after death of their child. All doctors
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expressed that death of their patients affected them and their emotions, which they coped through different activities.
The overcrowded wards, high workload, infrastructural limitation and no formal communication training added to the
emotional stress of the HCPs.

The study highlights the communication by HCPs and support for parents during the end-oflife communication
and breaking bad news. Majority of the communication by the HCPs during the hospitalisation and end-of-life period
were perceived as suboptimal by the parents. The HCPs were emotionally affected and faced end-of-life communication
challenges. There is need for adoption of context specific communication protocol and materials and training of HCPs
in communication to improve the quality of care and communication during the crisis periods.

REFERENCE

Das MK, Arora NK, Chellani HK, et al. Perceptions of the parents of deceased children and of healthcare providers
about end-of-life communication and breaking bad news at a tertiary care public hospital in India: A qualitative
exploratory study. PLoS ONE. 2021; 16(3): e0248661. Doi: 10.1371/journal.pone.0248661.

Case study 2: Multisite qualitative research using in-depth interviews, focus-group discussions and informal
interactions to explore the determinants of undernutrition

The high levels of under-nutrition in India persists despite economic growth and multiple multisectoral interventions
and continue to challenge political leadership and policy makers. This multisite qualitative research was conducted to
map the perceptions of mothers and other key stakeholders, to identify emerging drivers of childhood undernutrition.

This multi-centric qualitative research was conducted across six states of India with high burden of
undernutrition. The study sample included 509 in-depth interviews with mothers of undernourished and normal
nourished children, policy makers, district level managers, implementer and facilitators. Sixty six focus group discussions
and 72 non-formal interactions were conducted in two rounds with primary caretakers of undernourished children,
Anganwadi Workers and Auxiliary Nurse Midwives.

Based on the perceptions of the participants, a model was inductively developed showing core themes as
drivers of under-nutrition. The most forceful emerging themes were: multitasking, time constrained mother with dwindling
family support; fragile food security or seasonal food paucity; child targeted market with wide availability and
consumption of ready-to-eat market food items; rising non-food expenditure, in the context of rising food prices;
inadequate and inappropriate feeding; delayed recognition of under-nutrition and delayed care seeking; and inadequate
responsiveness of health care system and Integrated Child Development Services (ICDS). The study emphasized that
the persistence of child malnutrition in India is also tied closely to the high workload and consequent time constraint
of mothers who are increasingly pursuing income generating activities and enrolled in paid labour force, without
robust institutional support for childcare.

The models identified from the data are shown in Figure 1 and 2.

Fig. 1 Emerging model of childhood under-nutrition.

Fig. 2 The linkages between childhood under-nutrition
and obesity (double Burden) with changing economic
condition and food security at household level
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The study findings identified the factors beyond the health sector with influence of the business and contextual issues
on the food behaviour of the families and societies, which contribute to persistence of the child undernutrition burden.

REFERENCE

Chaturvedi S, Ramji S, Arora NK, Rewal S, Dasgupta R, Deshmukh V; for INCLEN Study Group. Time-constrained
mother and expanding market: emerging model of under-nutrition in India. BMC Public Health.2016; 16: 632.doi: 10.1186/
s12889-016-3189-4.

Case study 3: Using qualitative research for improving implementation of complex community intervention

The lay health workers (LHWs) are increasingly engaged to complement health services at community level. Their
perceptions of the interventions they implement and their experiences in delivering community based interventions in
India have been infrequently studied. A LHW led intervention was implemented to improve anemia cure rates in rural
community dwelling children attending village day care centers in South India. To improve the implementation, a
qualitative study was undertaken to understand the LHWs’ acceptance of and perspectives regarding the intervention,
particularly in relation to factors affecting daily implementation. The study used focus group discussions (FGDs) were
conducted with the trained LHWs assigned to deliver the educational intervention. These were complemented by non-
participant observations of LHWs delivering the intervention.

The study identified several factors related to the implementation of the intervention effort including pre-
implementation training modules, intervention simplicity, and ability to incorporate the intervention into the routine
work schedule. LHWs felt that the intervention impacted negatively on their preexisting workload. Fluctuating
relationships with mothers weakened the LHWs position as providers of the intervention and hampered efficient
implementation, despite the LHWs’ highly valued position in the community. Modifiable barriers to the successful
implementation of this intervention were seen at two levels. At a broader contextual level, hindering factors included
the LHW being overburdened, inadequately reimbursed, and receiving insufficient employer support. At the health
system level, lack of streamlining of LHW duties, inability of LHWs to diagnose anemia and temporary shortfalls in the
availability of iron supplements constituted potentially modifiable barriers.

This qualitative study identified some of the practical challenges as experienced by LHWs while delivering a
community health intervention in India. Methodologically, it highlighted the value of qualitative research in
understanding implementation of complex community interventions.
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Case study 4: Using photovoice for capturing the community perceptions on child health

The Sundarbans (West Bengal, India) has several inhospitable terrain and is at risk for frequent climatic shocks which
challenge the access to healthcare for the inhabitants. Community members, and women in particular, have few means
to communicate their concerns to local decision makers. Photovoice is one way in which communities can raise their
local health challenges with decision makers. This study attempted to capture the mothers’ voices on the determinants
of their children’s health to inform local level decision-making.

A photovoice action research was conducted in three blocks in the Sundarbans region. The project involved
eight groups of eight to ten mothers who had at least one child below 6 years of age across four villages. The mothers
were trained on photo documentation and ethical concerns before taking two rounds of photographs within 6 months,
interspersed by fortnightly group meetings facilitated by researchers. Photographs and key messages were communicated
to local decision makers during block and village level interface sessions with the mothers and researchers.

Mothers’ photos focused on specific determinants of health, such as water and sanitation; health status,
such as malnutrition and non-communicable diseases; service accessibility; climate conditions; and social issues such
as early marriage and recurrent pregnancy. Some issues were not captured by photos but were discussed in group
meetings, including domestic violence and the non-availability of medical practitioners. Differences in perceptions and
photographs taken were observed according to the mother’s educational status, livelihood and caste identity.
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Photovoice has the potential to capture the voices of vulnerable and special group communities regarding
their perceived health needs and challenges, which can help communicating these to the local decision makers for
health policy and planning.
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with mothers of young children from the Indian Sundarbans. BMC Health Serv Res. 2016; 16: 625. Doi: 10.1186/s12913-
016-1866-8.

Supplementary Document 3

Examples of published literature using Mixed-Method Research

Case study 1: The relevance of qualitative research The poliomyelitis eradication effort in India

As a commitment under the Global Polio Eradication Initiative (GPEI), India accelerated its effort towards improving
oral polio vaccine coverage through the routine immunization and Supplementary Immunization Activities (SIA, also
known as the pulse polio immunization). With these intensified immunization efforts, the number of reported acute
flaccid paralysis (AFP) cases decreased from 134 in 2004 to 66 in 2005. However, the cases resurged in 2006 and
concentrated in western Uttar Pradesh and Bihar. The routine vaccination coverage with 3 doses of OPV was low in the
polio-endemic states (Bihar, 27%; western UP, 38%; and eastern UP, 45%). (1)

The causes of the social resistance and low coverage of OPV vaccines could not be identified through the
quantitative research approach. To document the determinants of social resistance and low OPV acceptance in the
western UP districts, a qualitative research was conducted. This qualitative research used in-depth interviews (IDIs,
with mothers, healthcare providers and community leaders), focus group discussions (FGDs, with mothers and healthcare
providers), non-formal interactions (with community leaders, parents, businessmen, journalists, mobilizers, vaccinators
and supervisors) and observations of the vaccination and mobilisation. The researchers documented a distinct
machination of social resistance and rumors against OPV during the SIA in some minority dominated areas. While, most
parents in minority areas supported the SIAs, a few clusters from extremely marginalized sections continued to evade
SIAs, with an endemic pattern. The rumors circulated through varous channels reached majority community as well
parents (2).

The findings of this research was used for appropriate programmatic modification and adoption of strategic
communication approach targeting the resistant communities and pockets. With these refinements in the communication
and community mobilisation approaches, the polio eradication was achieved in the country.
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Case study 2

Sequential mixed-method research- quantitative research followed by qualitative research and

Integrationat interpretation phase

Documenting the performance of electronic health records app and barriers in implementation

Electronic health record (HER) capturing is being promoted to improve the health services delivery, documentation and
planning. A study documented the performance of “Comprehensive Public Health Management” application (CPHM
App) in Karnataka forcing on the family based maternal and child health (MCH) services and the challenges.
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This research compared the completeness and consistency of selected MCH indicators from paper-based
records and the CPHM App and also the implementation enablers, barriers, and suggested solutions from the user
perspective. A sequential mixed-method study design was followed. The first phase involved quantitative research
focusing on the consistency of selected MCH indicators followed by in-depth interviews of healthcare providers
(users). The quantitative research findings for consistency was expressed as percentages. In the qualitative phase,
IDIs with various cadres of healthcare providers (ANMs, MHW, ASHA, and administrator) were conducted. The
findings were integrated at the analysis phase to triangulate the findings from quantitative and qualitative phases and
identify the potential reasons for the gaps and challenges faced by the users (3).
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Case study 3:

Sequential mixed-method research- qualitative research for tool development followed by quantitative research

Development of a composite Slum Adversity Index and factors affecting the mental health of individuals living in
slums

The persons staying in slums are exposed to several adversities and have higher risk of common mental disorders
(CMDs). There was no suitable tool and index to capture the risk for developing these CMDs in Mumbai slum. This
mixed-method research used qualitative research (focus group discussions and in-depth interviews) to develop the
tool and indices for slum adversity quantitative survey. The quantitative survey used the slum adversity questionnaire
along with the other standard tools, which were used to create a composite Slum Adversity Index (SAI) score. The
qualitative data were also used to identify the potential factors and their sources contributing and triggering the
psychological distress in the inhabitants (4).
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Breastfeeding Patterns and Stress Among
Lactating Women in Pune During the
COVID-19 Pandemic

Lactating mothers (n=126) residing in Pune, Maharashtra were in-
terviewed to assess the prevalence of stress, rate of exclusive
breastfeeding (EBF), and its association with different demo-
graphic factors.  75.4% mothers were found to be moderately
stressed. Rate of EBF was 62.7%. Moderate stress and testing
positive for COVID–19 were significantly negatively associated
with EBF (P<0.001). 

Keywords: Exclusive breastfeeding, Employment, Maternal
well-being.

Prevalence of stress during and after pregnancy is directly
related with breast milk synthesis and its expulsion, its
composition and the desired duration of breastfeeding [1]. A
pandemic like coronavirus disease (COVID-19), with the
attendant lockdowns, may produce mental stress in mothers
due to strictly advised social distancing, wearing masks and
washing of hands frequently. Other possible reasons for
stoppage of exclusive breastfeeding could also be delivery
complications, hospitalization for delivery, and getting infected
with the virus. Despite unequivocal encouragement from global
as well as National healthcare stakeholders, there are many
concerns regarding transmission from an infected mother to her
infant, leading to increased perceived stress and subsequently to
early cessation of breastfeeding [2].  During the early part of the
current pandemic, there were questions on safety of
breastfeeding, especially if the mother had severe acute
respiratory syndrome coronavirus (SARS-CoV-2) [3]. Thus,
the aim of this study was to assess the prevalence of stress
caused by COVID-19 in lactating women, rate of exclusive
breastfeeding, and its association with different demographic
factors. For this cross-sectional study, mothers aged between
20-35 years having infants aged 0-12 month were enrolled
through a maternity hospital in Pune by purposive sampling
between May to July, 2021. Perceived stress scale (PSS) [4]
was used to measure the level of perceived stress experienced in
last one month by the mothers during a face-to-face interview
with a single researcher (ZA). The mothers with stress
identified during the study were counselled by the researcher
and suggested relaxation therapies.  Those who were not giving
exclusive breastfeeding (EBF) to babies aged <6 months, were
counselled regarding the importance and benefits of EBF.  The
demographic factors were studied using a questionnaire.
Qualitative information was also collected using a semi-
structured questionnaire.

Descriptive analysis was done and ordinal regression model
was developed to analyze the data. The values were considered
significant at the level of P<0.05.

A total of 126 lactating mothers were enrolled for the study
[mean (SD) age 26 (3.7) year]. Of these, 54.8% were graduates;
30.2% had tested positive for SARS-CoV-2 by reverse
transcriptase-polymerase chain reaction (RT-PCR) test; 46% of
mothers were home makers and 33.3% full-time professionals;
and 52.4% had delivered their baby via cesarean section. The
rate of exclusive breastfeeding among mothers was 62.7%.
Reasons for cessation of breastfeeding before six months were
not enough milk supply (97.8%), and familial or social pressure
(2.2%). Maximum mothers (75.4%) were moderately stressed
and 20.6% were highly stressed; only 3.9% were ‘little or not at
all’ stressed (Table I).

Demographic characteristics when measured against levels
of perceived stress showed that being tested positive for SARS-
CoV-2, being full-time employed, and cessation of EBF before 6
months were significantly associated with perceived stress
levels. Housewives showed highest rates of EBF (34.1%),
whereas rates of cessation of EBF was seen among full time
professionals (17.4 %), which might be related to the post-
partum stress arising due to less availability of time that the
mothers dedicated for child care because of their work profiles.
With respect to exclusive breastfeeding, against perceived stress
levels it was observed that 3.9% had no stress, maximum
women (57.1%) had moderate stress and only 1.5% reported
high stress. Feeding techniques when analyzed against
demographic factors and stress levels revealed that maximum of

Table I Characteristics of Lactating Mothers Enrolled in
the Study (N=126)

Characteristics          No. (%)

Mother’s age
20-25 43 (34.1)
26-30 44 (34.9)
31-35 39 (31.0)
Education level
Undergraduate 23 (18.3)
Graduate 69 (54.9)
Postgraduate 34 (27.0)
COVID-19 infection 40 (31.7)
Employment status
House wife 58 (46.0)
Full time 42 (33.3)
Part time 12 (9.5)
Self employed 14 (11.1)
EBF for 6 mo 79 (62.7)
Cesarean section 66 (52.4)
Perceived stress
No to little stressed 5 (4.0)
Moderately stressed 95 (75.4)
Highly stressed 26 (20.6)

Published online: March 28, 2022; PII: S097475591600417
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the mothers (16.6%) who had tested positive gave formula feed
by bottle, and those who had tested negative practiced latching
of the baby directly at the breast. All the mothers who had little
or no stress fed directly from the breast, whereas 21.3%
mothers who were highly stressed fed formula feeds. On
regression analysis, testing positive for SARS-CoV-2 infection
(P<0.001) and moderate stress levels (P<0.01) were significant
suppressants of practicing EBF among the mothers, whereas
age, educational qualification and employment status did not
have a significant effect.

The 2019-20 National Family Health Survey [5], reported
the rate of EBF in Maharashtra as 71%, while in our study,
which was carried out in urban Pune, it was 62.7%.  The present
study also reported high rates of perceived stress among
mothers practicing EBF (58.6%), which is comparable to the
findings of Sakalidis, et al. [6], who found that perceived stress
was 62.6% amongst breastfeeding mothers living in Australian
and New Zealand.

This study also found that those who tested positive for
COVID-19 were more likely to cease EBF early. Testing
positive for the virus was found to increase the chances of bottle
feeds whereas those who tested negative fed their babies
directly at the breast. Mothers perceived breastfeeding as a
possible mode of transmission of the virus and hence may have
resulted in early termination of EBF. This is despite the
guidelines from Indian Academy of Pediatrics [7] and other
bodies [8], recommending continued breastfeeding. Increased
stress was also known to decrease the chances of having skin-to-
skin contact and feeding the baby at the breast and as a
consequence, babies were given formula feed by bottle. Since the
baby is not being fed directly at the breast, this may result in
early termination of EBF. Mothers also reported resuming with
office work, having heavy work schedules and longer screen
time acting as barriers to continue EBF. Hence these mothers
used formula feeds and expressed breast milk while home-
makers fed their babies directly at the breast.

Considering the adopted purposive sampling technique, the
results of the present study cannot be generalized. Thus, the
results direct towards a need to increase the awareness regarding
the importance of breastfeeding during COVID-19 infection and

69

precautions to be taken while breastfeeding. However, extended
support to lactating mothers from antenatal care, social and
family should be encouraged to practice EBF and decrease stress
levels.
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blood count of 560 cells per mm3 (75% eosinophils), an elevated
protein level (760 mg/L), and a decreased glucose level of (25 mg/
dL). The chloride and adenosine deaminase concentrations were
normal. The Gram stain, India ink stain, and acid-fast stain of the
CSF were all negative. The CSF cultures for bacteria and fungi were
negative. The results of the physical examination, blood tests, and
CSF findings in the younger child were similar to the results of the
older brother.

A diagnosis of eosinophilic meningitis was made based on the
presence of CSF eosinophilia. A. cantonensis infection was highly
suspected, as it is the most common parasitic etiology for
eosinophilic meningitis and is due to known exposure to infective
larvae. The serum antibodies for the common parasites were
negative. The CSF sample was sent for mNGS. The specific DNA
of A. cantonensis was detected in the CSF with mNGS, and 106
unique reads were identified. The coverage of the identified parasite
genome, calculated by mapping the detected reads, was 0.0039%.
Therefore, the younger brother was diagnosed definitively with
CNS angiostrongyliasis.

The two patients were administered albendazole (15 mg/kg/
day) in combination with prednisone (1 mg/kg/day, which was
gradually discontinued over two weeks). The symptoms were
relieved noticeably, and the patient did not complain of any
headache or dizziness. One month later, a repeat routine blood test
showed a white blood cell 6.6×109/L (8% eosinophils), and a
repeated CSF analysis showed a decreased cell count of 165 cells
per mm3 (45% eosinophils), and normal levels of protein and
glucose.

The existing literature shows that the severity of A. cantonensis
disease and mortality in children is significantly higher than that in
adults [2]. In humans, ingested third-phase larvae are not mature but
are aggressive migrators. Neurological symptoms occur 2–35 days
after infection. Eosinophilic meningitis caused by A. cantonensis is
a self-limiting illness in which headaches, non-focal neurologic
findings, and cranial nerve involvement are the most common
symptoms and signs. Encephalitis is a relatively rare condition [3].
In a case report in which an infant with infection presented with
long-term fever without other symptoms, the CSF also showed
characteristic eosinophilia [4]. There have also been cases of
transverse myelitis being reported [5]. In a prospective study that
followed up on three previous studies, Chotmongkol, et al. [6]
confirmed that a 2-week course of corticosteroids shortened the
duration of headache and reduced the need for repeated lumbar
punctures. The study concluded that corticosteroids plus
albendazole were no better than corticosteroids alone. However,
some scholars believe that corticosteroids are beneficial for severe
patients, and that the dose can be increased when warranted [2].
The cases reported were not from an area that is knwon to be
endemic to this parasite.  The confirmation of the diagnosis
underscores the utility of mNGS for CNS infections with unknown
pathogens.  Given the expanding endemic regions of A. cantonensis
due to transportation logistics and global warming, clinicians should
be aware of the possibility of the occurrence of A. cantonensis and

Angiostrongylus cantonensis is a zoonotic pathogen that is the
most common cause of eosinophilic meningitis worldwide. Due to
the lack of a valid diagnostic method, most cases are diagnosed
clinically. Although reverse transcription-polymerase chain
reaction (RT-PCR) is recognized increasingly as the diagnostic
method of choice, when it is not available, a serum enzyme linked
immunosorbent assay (ELISA) is preferred. When these tests are
negative, the diagnosis is difficult. Although A. cantonensis
presents as eosinophilic meningitis and has a good outcome, there
are still a few cases that may develop fatal meningoencephalitis.
Metagenomic next-generation sequencing (mNGS) is an emerging
method with a potential for pan-pathogen screening. We report two
brothers with eosinophilic meningitis. Traditional microbiological
and cytopathological detection methods failed to make a clear
diagnosis.  We detected A. cantonensis in the CSF of one of them
using mNGS, enabling clear diagnoses for both and ensuring that
they were cured in a timely manner.

A 8-year-4-month-old boy was admitted to our tertiary
teaching hospital in western China with the chief complaint of
paroxysmal headache for 22 days. It was a frontal lobe headache
and accompanied by malaise. While he had no fever, he had blurred
vision, paresthesia, vomiting, convulsions, and an altered state of
consciousness. He was diagnosed with rhinosinusitis in two
different hospitals and administered oral or intravenous anti-biotics
empirically; however, there was no relief of symptoms.

Simultaneously, his 10-year-9-month-old elder brother
developed dizziness and was admitted to our hospital. Both
reported having consumed uncooked snails one week prior to the
onset of symptoms, as part of traditional Chinese medicine.

On examination of the older child, temperature was 36.4°C,
heart rate 116/min, respiration rate 24/min, and blood pressure 120/
76 mmHg. He was conscious and cooperative. No peripheral
lymphadenopathy was observed. Systemic examination of respi-
ratory and cardiovascular system, and abdominal examinations
were normal. There were no signs of cranial nerve palsy or focal
neurologic deficits. Meningeal signs, including Kernig sign,
Brudzinski sign, and nuchal rigidity were absent. Babinski sign was
also absent. The hematological tests indicated a white blood cell
count of 13.9×109/L, an eosinophil count of 54.0%, a hemoglobin
level of 134 g/L, and a platelet count of 379×109/L. The C-reactive
protein level was less than 0.5 mg/L. The liver and kidney function
tests, and stool microscopy were normal. The magnetic resonance
imaging (MRI) of the brain demonstrated scattered abnormal
signals in the bilateral cerebral hemispheres and the left cerebellum.
An abnormal signal was also noted in the right parieto-occipital
sulcus. Cerebrospinal fluid (CSF) exami-nation revealed a white

Metagenomic Next-Generation
Sequencing in Central Nervous System
Angiostrongyliasis
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the utility of mNGS when etiological diagnosis is difficult.
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MIS-C Triggered by Omicron Variant of
SARS-CoV-2

World Health Organization (WHO) designated the new variant of
SARS-CoV-2 (B.1.1.529) as Omicron on November 26, 2021
[1]. Analyzing the initial cases of Omicron in South Africa to
assess the clinical severity of cases, Walter and colleagues
concluded that compared to Delta variant, the odds of
hospitalization due to severe disease were less [2]. Even though
the severity is likely to be mild, its impact on children and
subsequent development of MIS-C is unknown.

Pediatric hospitalization due to Omicron in Gauteng
Province of South Africa, was noted to be more when compared
to the previous waves. During a six-week period, there were
nearly 6,287 children with Omicron and four children in their
series died, not because of COVID-19, but due to underlying
comorbidity [3]. No case of MIS-C was reported in their series.
India detected its first Omicron case on December 2, 2021, in
Karnataka. We report what we believe to be the first case of MIS-
C due to Omicron in India.

A 3-year-old male child presented to us on January 4, 2022
with fever for 6 days and maculopapular rash over the trunk and
extremities, bilateral non purulent conjunctival congestion and
abdominal pain with vomiting. Both the parents of this child had
PCR confirmed mild COVID-19 a week before. Clinical
examination did not reveal any  features of tropical infections
such as dengue or enteric fever. Since child had fever >3 days with
mucocutaneous and gastrointestinal  involvement, MIS-C was
considered and further investigations were done. Complete blood
count and inflammatory markers revealed leukocytosis and
significantly elevated CRP and hypoalbuminemia (Table I).

Given the epidemiology, reverse transcriptase polymerase chain
reaction for COVID-19 was done, which was positive (Ct value –
12.9). Child had all criteria for WHO case definition for MIS-C
[5]. ECHO and ECG were normal. He was started on intravenous
immunoglobulin (2 g/kg) and intravenous steroids (methyl
prednisolone 10 mg/kg/day for 3 days initially) which was then
tapered and stopped over 2 weeks, and was also started on
aspirin (5 mg/kg/day). He became afebrile within 24 hours and
was well on follow-up after 2 weeks. Repeat ECHO at 2 weeks
was normal.

This child presented to us after a lag period of around 4
weeks after the first case detection in our country. Whole genome
sequencing of the SARS-CoV-2 from the nasopharyngeal aspirate
confirmed it to be an Omicron variant (Web Fig.1).

There is a steep rise in the number of SARS-CoV-2
infections in South Africa, US and Europe and CDC has reported
a proportionate  surge in MIS-C  with the increase in the number

Table I Laboratory Parameters in the Index Case

Laboratory parameters Value

Leukocyte count  1.53×109 /L (N- 59%)
Hemoglobin 10.8 g/dL
Platelet count 271×109/L
C-reactive protein 64.2 mg/L
Serum sodium 130 mmol/L
Serum albumin  2.7 g/dL
Urine microscopy Normal
D-dimer 2453 ng/mL
NT- Pro BNP 2774 pg/mL
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of COVID cases in each of the previous waves [4]. Payne, et al.
[5], in 2020 during the first wave of COVID 19 infection in US,
reported  the incidence of MIS-C per 1,000,000 person-months
to be 5.1 (95% CI, 4.5-5.8) persons and MIS-C incidence per
1,000,000 SARS-CoV-2 infections was 316 (95% CI, 278-357)
persons [5].

In children exposed for the first time to SARS-CoV-2
infection, when the Omicron variant was predominant, the
disease severity has been observed to be significantly less than
when compared to the period when Delta variant was
predominant [6]. In a recent report from USA, the emergent
Omicron cohort differed significantly from the Delta cohort in
both pediatric and adult population in terms of emergency visits,
hospitalization, ICU admissions and need for mechanical
ventilation [7].

Though only minimal morbidity has been reported so far in
children due to the Omicron variant, it is still not known whether
the incidence of MIS-C triggered by Omicron is going to be more
or less when compared to other variants of SARS-CoV-2.
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Artificial Pancreas: Pilot test

Almost a century after the discovery of insulin, NHS England has
started a pilot test to check the effectiveness of a newer
technology – “artificial pancreas” in achieving better control of
blood sugar levels in patients with type 1 diabetes. In this
technology, a sensor placed under the skin continuously monitor
the blood glucose level and readings are sent to an automated
insulin pump which calculates and delivers the amount of insulin
required. Patient or caregiver can monitor these reading on their
smartphones and can also enter the amount of carbohydrates taken
during the meals. This whole system work in a closed loop, thus it
is also known as ‘hybrid closed loop technology’. Use of this
technology eliminates the need of finger prick tests to check the
blood glucose levels and the continuous monitoring can help in
preventing the life-threatening episodes of hyper- or
hypoglycemia. This will help in achieving a good control of blood
glucose levels, thus improving the quality of life as well as reducing
the long-term complications in people with type 1 diabetes,
especially in the young children.

In this pilot study, NHS England distributed this ‘technology’
to 1000 persons suffering with type 1 diabetes including ~200
children to document its effectiveness and safety in the real-
world. The data generated from this pilot study will be considered
by National Institute for Health and Care Excellence in recommen-
ding the wider use of this technology in UK. Wider availability of
this technology will change the long term outcome of the 537
million adults, and 1.2 million children and adolescents living with
the type 1 diabetes globally at present. (BMJ 1 April, 2022)

Human Genome Sequence

Human Genome Sequence project was one of the most
fascinating, ambitious and world’s largest collaborative research
work. At the completion of Human Genome Project in April,
200,3 more than the 99 percent of the euchromatic region of the
human genome was sequenced with less than 400 gaps.
Heterochromatic regions, which are found in the centromeres and
telomeres were not sequenced in this project. Recently a group of
researchers, known as the Telomere to Telomere (T2T)
consortium, have published the complete, gapless 3.055 billion
base pair sequence of human genome covering all chromosomes
except Y.  The T2T consortium has discovered more than 2 million
additional variants in the human genome, this will add significantly
to the existing knowledge about the segregation and division of
chromosomes during the cell cycle. It will also provide a
comprehensive knowledge about the variations in the human
genome and its role in the development of certain diseases.
(Science 31 March, 2022)

Nafcillin for Empiric Therapy of Late Onset Sepsis

Increasing antimicrobial resistance is a topic of global concern. In
order to prevent the further worsening of the situation, many
institutions are running the Antimicrobial Stewardship Program
across the world. In 2014, under the Neonatal Antimicrobial
Stewardship Program, United States, nafcillin was recommended

over vancomycin for empirical treatment of infants admitted in
NICUs with possible late-onset sepsis (LOS) without a history of
methicillin-resistant Staphylococcus aureus colonization or
infection. The need for this recommendation arose from the
concerns that widespread vancomycin use could lead to resistance
in gram-positive bacteria causing LOS, including coagulase-
negative staphylococci (CoNS). In a recently published paper, the
authors have retrospectively analyzed the safety and efficacy of
Nafcillin for empiric therapy of late onset sepsis in 3 NICUs
located in Ohio, US. Authors have assessed the duration of blood
culture positivity, recurrence of infection with the same
previously identified pathogen in the 14 days after disconti-
nuation of antibiotic therapy and mortality among 366 infants
admitted with possible LOS. Results showed that empirical
vancomycin was used in 84% (2013-2014) and 25% (2017-2019)
infants before and after the implemen-tation of the Neonatal
Antimicrobial Stewardship program respectively showing a 70%
reduction. There was no difference in the recorded duration of
blood culture positivity and infant mortality (9% vs 10%; OR
0.97, 95% CI 0.40-2.34) before and after the implementation of
the vancomycin reduction guidelines. Authors concluded that
nafcillin is a safe alternative to vancomycin for empirical
treatment of possible late onset sepsis in NICU infants who do
not have history of methicillin-resistant S aureus infection or
colonization. (Pediatrics 5 April, 2022)

Exposure to Light During Sleep Affects the
Cardiometabolic Health

Human circadian cycle is of 24-hours and primarily responds to
the light and dark exposure patterns. With the global
industrialization exposure to the artificial light, especially during
the night, is increasing. Various studies have shown that the night
time exposure to the artificial lights is deleterious for the human
health. Researchers in USA studied the effect of exposure to the
moderate ambient lighting (100 lx) during the night time sleep on
the cardiovascular function compared to sleeping a dimly lit (< 3
lx) room. This was a parallel group study design involving 20
young adults [10 in each age, sex, body mass index (BMI) and race
matched group]. Results showed increased insulin resistance in
morning (higher fasting HOMA-IR and lower Matsuda index
from the OGTT) in participants sleeping in the lighted room light
compared to those sleeping in dim light condition though
melatonin levels were similar in both groups. Participants
sleeping in the lighted room were found to have higher heart rate
and lower heart rate variability during sleep in comparison to dim
light condition group. Authors thus concluded that night time light
exposure during sleep can affect the cardiometabolic function,
especially in those living in the modern cities where indoor and
outdoor night time light exposure is common. This finding is
worrisome in view of the increasing incidence of cardiovascular
events in those living in the modern cities.
(Proceedings of the National Academy of Sciences 14 March,
2022)
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2021 Update on clinical trials in β-thalassemia (Am J
Hematol.2021;96:1518-31)

The treatment of β-thalassemia patients has witnessed a swift
evolution from transfusions alone to novel targeted therapies,
yet several unmet needs continue to persist.
Interim analysis of ongoing phase 3 trials using a refined
transduction process showed transfusion independence in 30/
34 (88.2%) evaluable patients (6/7 [85.7%] β0/β0 and 24/27
[88.9%] non-β0/β0) on receiving cells transduced ex-vivo with
the LentiGlobinBB305 vector based gene therapy product
betibeglogene autotemcel in 2019. Genome editing approaches
are developed to inhibit BCL11A through enzymes like
CRISPR-Cas9, transcrip-tion activator-like effector nucleases
(TALENS), and zinc finger nucleases (ZFN). A phase 2 trial is
underway in adults for PDE9 inhibitor IMR-687, which
increases intracellular cGMP levels and stimulates the
production of HbF. Erythroid maturation agents - Luspatercept
(ACE-536) is a recombinant fusion protein of the human activin
receptor type IIB fused to the Fc domain of human IgG1 which
blocks SMAD2/3 signaling, and enhances erythroid maturation.
The BELIEVE and BEYOND trial in adults have shown
significant reduction in transfusion requirement. Pediatric trials
on luspatercept are also underway. These therapies are
promising but the key challenges to wide implementation are
cost and the need for specialized centers and clinical expertise
for application.

Palliative care in paediatric oncology: An update
(Curr Oncol Rep. 2022;24:175-86)

Palliative care provides active, holistic care for children and
young people with life-limiting illnesses, from the point of a
child’s diagnosis, throughout the child’s life, death, and
bereavement. Many deficiencies were realized while providing
treatment to pediatric oncology patients in even tertiary care
centers. Pain is a common symptom which is often not
addressed adequately. Families felt that continuous
communication between parents, family caregivers, and health
care providers is lacking and they often felt unprepared to deal
with their child’s death.
Globally, children with cancer were infrequently referred to
palliative care or referred late in the illness. Problems in low and
middle income countries like limited access to opioids, lack of
interdisciplinary care, and families less empowered to
participate in decision-making; worsens the situation.
Palliative care input bettered end-of-life care support to children
and their families. It facilitated less invasive diagnostic and
therapeutic interventions at the end of life. The families
appreciated the healthcare system’s support beyond usual
clinical management, also in terms of managing finances and
assistance to manage the child’s needs at home.

RITIKA KHURANA
ritangel247@gmail.com

Combination therapy with anti-pd-1 or pd-1 antibody
alone in Asian pediatric patients with relapsed or
refractory cancer (Front Immunol. 2021;647733)

Prognosis for recurrent/progressive solid tumors in children
remains unfavorable, with a 10-year OS and PFS of 24.5% and
18.4%, respectively.  Many novel targeted therapies have come
up in the recent years, inhibitors of PD-1, pembrolizumab and
nivolumab have been extensively explored. The results indicated
that they are tolerated well in pediatric patients and have shown
benefit in lymphomas, especially in HL.
In this study, twenty-two pediatric patients with cancer who
received PD-1 inhibitors between 2017 and 2020 were enrolled.
Nine patients (6 with Hodgkin’s lymphoma, 2 with Malignant
melanoma and one with Burkitt’s Lymphoma) received
monotherapy with Anti PD-1. Amongst these, the Hodgkin’s
Lymphoma patients responded well.  For PD-1 antibody
combined with other standard chemotherapy regimens, no
significant benefit was observed. Interestingly, among the
patients treated with PD-1 antibody combined with decitabine,
the effect was significant.  The hypomethylating agent
decitabine is suggested to increase tumor T-cell infiltration and
the antitumor response, ultimately restoring
immunosurveillance. Both the groups (monotherapy and
combination therapy) tolerated Anti PD-1 well with minimal
adverse events. Thus, combinatorial approaches are likely to be
used in the future and have the potential to achieve therapeutic
success, especially in relapse/refractory setting.

The phase 3 pediatric anticoagulant era
(Blood.2020;135:459-60)

A phase 3 trial was done on patients from 3 months to 18 years
with a history of provoked VTE (i.e. VTE associated with a
clinical trigger such as central venous catheterization, etc) in
whom 1 or more prothrombotic risk factors persisted after
completion of a conventional course of anticoagulation and also
patients with recurrent unprovoked VTE. The median duration
of dabigatran administration (adjusted for age and body weight)
in this study was 8 months. The investigators observed signi-
ficant bleeding in only 2.5% of patients (5 of 203) and recurrent
VTE in 1% (2 of 203) with no deaths reported.
These findings were consistent with studies on Riva-roxaban
(Factor Xa inhibitor) in EINSTEIN Jr phase 3 trial of acute VTE
in children. In this group clinically relevant bleeding was found in
3% of patients, and symptomatic recurrent VTE was found in
1%. Post throm-botic syndrome was observed by Brandão and
colleagues in 1% of the children receiving extended
anticoagulation with a DOAC. These studies suggest that
dabigatran and Rivaroxaban are safe for extended VTE treatment
in children and do not require routine laboratory monitoring.
However, issues such as the optimal duration of antico-agulant
therapy for pediatric VTE and the relationship between
antiphospholipid antibodies and outcomes in young patients yet
need to be evaluated.
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Mammary-Digital-Nail Syndrome With
Orofacial Changes

A 12-year-old premenarchal girl presented with the
complaint of progressive increase in size of her breasts for
one year. There was no family history of dysmor-phism,
gigantomastia or onychodystrophy/anonychia. Her
general examination showed dysmorphic facies with
maxillary hyperplasia, maloccluded/ malaligned, hypo-
plastic (conical) teeth, and prominent nose with flat nasal
bridge, anteverted nares and short columella (Fig. 1A, 1B).
Bilateral brachydactyly of all fingers except the middle
fingers was noted in the form of hypoplasia of distal
phalanges. Anonychia was seen in all fingers and toes.
The big toe of both feet appeared hypoplastic (Fig. 1C).

Her bilateral breasts were grossly enlarged, dispro-
portionate to age (right more than left side) (Fig. 1D). A
8×5 cm mobile and non-tender lump was palpable in
upper outer quadrant of right breast with no inflammatory
changes. Ultrasound of breasts revealed excessive fatty
parenchyma, without delineation of fibro-glandular

portion. A well-defined lesion was confirmed in right
breast, 9×5.5×8cm size, with benign characteristics.

Her hormonal profile, karyotype and ultrasound of
abdomen and pelvis were normal. There was no history of
intellectual disability in the girl. A phenotypic diagnosis
of Mammary-Digital-Nail syndrome (MDN Syndrome;
OMIM 613689) with additional orofacial changes was
made.  It is mapped to chromosome 22q12.3-q13.1. The
patient was referred to surgeons for reduction mammo-
plasty and management of benign breast lump.

Other etiologies for breast hypertrophy include
fibrocystic disease, juvenile gigantomastia or juvenile
hypertrophy of the breast, malignancies and hormonal
disorders. Juvenile or virginal hypertrophy of breast
(JHB) is a rare clinical entity of undefined etopatho-
genesis, presenting with gigantomastia in peripubertal
girls with no associated abnormality.

PREETI PRIYADARSHANI,1* MANISH KUMAR2

From Departments of 1Obstetrics and Gynaecology, and
2Pediatrics, All India Institute of Medical Sciences, Gorakhpur,

Uttar Pradesh. *drpreeti.priyadarshani@gmail.com

(a) (b) (c) (d)

Fig.1 a) Facial dysmorphism, b) dental abnormalities, c) toe abnormalities, and d) breast enlargment in a girl with Mammary-Digital-Nail
syndrome.
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