n, for detailed information on pediatric books, visit our website www.jaypeebrothers.com, for detailed information on pediatric book:

|AP TEXTBOOK OF

PEDIATRICS

Founder Editor Editors-in-Chief

A Parthasarathy PSN Menon « MKC Nair
Chief Academic Editors Academic Editors Ex-Officio Editorial Advisers
Piyush Gupta Abhay K Shah Digant D Shastri
Ritabrata Kundu Ashok Rai Santosh T Soans

- Dhanya Dharmapalan Bakul J Parekh
Executive Editor Jaydeep Choudhury Remesh Kumar R
Alok Gupta K Nedunchelian Upendra S Kinjawadekar

P Ramachandran

I|l

gl
Forewords WA Qﬁ
Digant D Shastri Leef Faikutecess emedicine360.com ﬁ\

1,

s

Santosh T Soans with added features at




‘99“7 oﬁ'

(ﬁb

IAP TEXTBOOK OF

PEDIATRICS

SEVENTH EDITION

‘5

@,
Vg

%, 2} m
H

Founder-Editor
A Parthasarathy

Editors-in-Chief

MD DCH DSc (Hon) FIAP

Senior Consultant Pediatrician, AP Child Care, Chennai
Former Distinguished Professor of Pediatrics
The Tamil Nadu Dr MGR Medical University
Retired Senior Clinical Professor of Pediatrics

Madras Medical College

Institute of Child Health and Hospital for Children

Chennai, Tamil Nadu

Piyush Gupta
MD FNNF FIAP FAMS
Professor
Department of Pediatrics
University College of Medical
Sciences and
Guru Teg Bahadur Hospital
New Delhi

Abhay K Shah
MD DPed FIAP
Senior Consultant Pediatrician and Director
Children Hospital
Ahmedabad, Gujarat

Jaydeep Choudhury
DNB (Ped) MNAMS FIAP
Associate Professor
Department of Pediatrics
Institute of Child Health
Kolkata, West Bengal

PSN Menon
MD MNANS FIAP
Consultant and Head
Department of Pediatrics
Jaber Al-Ahmed Armed Forces Hospital, Kuwait
Former Professor of Pediatrics
All India Institute of Medical Sciences
New Delhi

Chief Academic Editors

Ritabrata Kundu
MD FIAP
Professor
Department of Pediatrics
Institute of Child Health
Kolkata, West Bengal

Academic Editors
Ashok Rai

MD PhD FIAP-FIAMS FNNF FACI
Senior Consultant Pediatrician
Surya Superspecialty Hospital, Kilkari Institute of Child Health
Director, Indian Institute of Cerebral Palsy
and Handicapped Children
Varanasi, Uttar Pradesh

K Nedunchelian
MD (Ped) DCH FIAP
Head (Research and Academics)
Senior Consultant Pediatrician
Mehta Multispecialty Hospitals India Pvt Ltd
Chennai, Tamil Nadu

MKC Nair
MD MMedSc PhD DSc MBA FIAP
Vice-Chancellor
Kerala University of Health Sciences, Thrissur
Founder Director
Child Development Center
Government Medical College
Thiruvananthapuram, Kerala

Executive Editor
Alok Gupta

MD FIAP
Pediatrician and Counselor
Pediatric Specialties Clinic, Jaipur
Former Assistant Professor (Pediatrics)
Mahatma Gandhi Medical
College and Hospital
Jaipur, Rajasthan

Dhanya Dharmapalan
MD PG Dip in PID (Oxford)
Consultant in Pediatrics and Pediatric
Infectious Diseases
Apollo Hospitals
Navi Mumbai, Maharashtra

P Ramachandran
MD (Ped) DNB (Ped)
Professor of Pediatrics and
Associate Dean (PG Studies)
Sri Ramachandra Institute of Higher
Education and Research

Chennai, Tamil Nadu
Ex-Officio Editorial Advisers
Digant D Shastri Santosh T Soans Bakul J Parekh
D (Ped) PGDHHM FIAP MD FIAP MD DCH FIAP
Senior Consultant Pediatrician Professor and Head
Killol Children Hospital
Surat, Gujarat

President IAP 2019

Chief Neonatal and Pediatric intensive Care Division
AJ Institute of Medical Sciences and Research Centre
Mangaluru, Karnataka
President IAP 2018

Professor of Pediatrics
Bakul Parekh Children’s Hospital and
Multispecialty Centre

Mumbai, Maharashtra

President-Elect 2019
Remesh Kumar R

MD Dip Ped Env Health FIAP
Medical Superintendent and Chief Pediatrician
NSS Medical Mission Superspecialty Hospital
Pandalam, Kerala
Secretary General IAP 2018-19

Upendra S Kinjawadekar
MD DCH
Pediatrician
Kamlesh Mother and Child Hospital
Navi Mumbai, Maharashtra
Treasurer IAP 2018-19
Forewords

Digant D Shastri, Santosh T Soans

JAYPEE BROTHERS MEDICAL PUBLISHERS

The Health Sciences Publisher
New Delhi | London | Panama



SZH 1R BASIC CONCEPTS OF CHILD CARE

1.1 Pediatrics: Yesterday, Today and Tomorrow............. 2
YK Amdekar

1.2 History Elicitation................oooiiii 4
T Ravikumar

1.3 Physical Examination..................cccoooiiiiinn. 9
C Thangadorai

1.4 Communication and Counseling
Parang N Mehta

1.5 Legal and Ethical Issues in Pediatric Practice.......... 21
George F Moolayil

S 2101 VA CARE OF THE NEWBORN

2.1 Neonatal Nomenclature
Satvik Bansal

2.2 Neonatal Resuscitation............ccoovveieinennineiinnan 37

Satvik Bansal

2.3 Care of the Normal Newhorn.............c.ccoooiiiiiine, 46

B Vishnu Bhat

Identification and Approach to a Sick Newborn........ 49
Swarna Rekha Bhat

Low Birth Weight ...........cccoooii e, 53
Vikram Datta

2.4
2.5

2.6 Parent Counseling..........ccoveeiiiiiininiinieennns 56

Ranjan Kumar Pejaver

2.7 Neonatal Hyperbilirubinemia............................. 59

Rhishikesh Thakre

8310 GROWTH AND DEVELOPMENT

3.1 Growth and Development: Basic Concepts ............. 94
Dilip Mukherjee

3.2 Growth: Birthto Puberty ..........ccoeeveiiieiniieennns 99
KN Agarwal

3.3 World Health Organization
Under-5 Growth Standards 2006 ........................ 116
Vaman Khadilkar

3.4 Revised Indian Academy of Pediatrics 2015 Growth
Charts for 518 Years Old Indian Children
Vaman Khadilkar

1.6

1.7

1.8

2.8

2.9

2.10

2.11

2.12

213

3.5

3.6

3.7

3.8

Contents |

1-34

Research in Office Practice: Translating Clinical
Information to Evidence-based Research............... 23
Narendra K Arora, Rakesh N Pillai

Media and Child Health: Handling
Parents and Public ......cc.......ccoiiiiiiiiiie 28
Remesh Kumar R, Krishna Mohan R

Child Health in South Asian Association
for Regional Cooperation (SAARC) Countries........... 30
Zulfigar A Bhutta, Jai K Das

35-92
Neonatal Infections.............cccooeiiiiiiiiinn, 62
Naveen Jain
Neonatal Seizures ..........ccoeevieiiiiiiiiiiiceeaene, 66
Ruchi N Nanavati
Respiratory Distress ...........coooiviiieiiiiiiineiennen. 72
Ashok Kumar
Bleeding Neonate..............cccoeviiiiiiiiiiiiiiinenn, 75
JN Sharma
Hypoxic-Ischemic Encephalopathy and Intracranial

Hemorrhage .........cooneniiiiiiiee e 80
Swathi Chacham, Rachna Pasi

Necrotizing Enterocolitis ...........cccocevviiiinnini. 89
Ruchi Rai

93-158
Growth and Sexual Development in Puberty .......... 131
KN Agarwal
Normal Development .............cooiiiiiiiiiiiiinenens, 138
DK Agarwal
Developmental Delay .............ccocoeieiiiieieinnnnns 141
MKC Nair, Deepa Bhaskaran
Failure to Thrive .........cccoonviii e, 154
Madhulika Kabra



IAP Textbook of Pediatrics

A0S NUTRITION

4.1 Infant and Young Child Feeding......................... 160
RK Anand

4.2 Breastfeeding ............coooviiiiiiiiiiiie 166
JP Dadhich

4.3 Human Milk Banking ..............cccooiiiiiiiiiinnnnn.. 177
RK Agarwal

4.4 Malnutrition ........ccooeiiiiiiii e 181
Meenakshi N Mehta

A0 IMMUNITY, IMMUNIZATION AND INFECTIOUS DISEASES

5.1 Basics of Immune System.............cccoveeinnnnen.. 219
Naveen Thacker, Deep Thacker

5.2 Primary Immunodeficiency Disorders.................. 226
Tanu Singhal

5.3 The Principles and Practice of Immunization ......... 230
TJacob John

5.4 Rationale of Selection of Vaccines in National
Immunization Program and Indian Academy of
Pediatrics Immunization Timetable .................... 234
Vijay N Yewale, Alok Gupta

5.4.1 Polio Endgame: Global and
National Perspectives ........cccccooveeninnnnns 248
K Surendran, A Parthasarathy

5.5 Universal Immunization Program in India............. 253
Tanmay Amladi

5.6 Non UIP Vaccines in India.....c......cocovnvenenennnnen.. 258
Anju Aggarwal

5.7 Vaccine Storage and Handling ...................c..c..s 264
Digant D Shastri

5.8 Adverse Events Following Immunization............... 273

M Indra Shekhar Rao, A Parthasarathy, S Venkat Reddy

5.9 Future Vaccines, Adjuvants, and Immunization
Techniques ..o, 281
Bharat Mehra, Amarjeet Chitkara

5.10 Controversies in Immunization........................... 286
Abhay Shah

5.11 Fever and Fever of Unknown Origin .................... 292
PP Maiya

5.12 Approach to a Child with Fever and Skin Rash........ 299

Jayakar Thomas, Parimalam Kumar

159-216
4.5 Water-soluble Vitamins ..............cccooovieiennnnni. 203
Dheeraj Shah
4.6 Fat-soluble Vitamins.............coooviiiiiiiiiinniinn, 206
(Late) Panna Choudhury
4.7 Trace Elements ...........ccooviiiiiiiiiiiiiiin e, 21
KE Elizabeth, P Leela Kumari
217-418
5.13 Malaria..........oooviiiiiii e 302
Krishnendu Mondal, Ritabrata Kundu
5.14 Kala-Azar (Visceral Leishmaniasis) .................... 308
Utpal Kant Singh, Rajniti Prasad
5.15 Dengue lIINeSSeS .......ccoenveeiiiieieieiieieeeneanes 310
Ashok Kapse
5.16 Chikungunya Fever .............cooooiiiiiiiiiiiananne. 335
Rajniti Prasad
5.17 Poliomyelitis .........ccoooiiieiii 337
AK Dutta
5.18 Chickenpox (Varicella)..........c..cooevenveviiinnennenne. 342
Lalitha Kailas
5.19 Measles ......c..oeeviniiiiiiiii e 345
AP Dubey
5.20 MUMPS ..o e e 347
Jaydeep Choudhury
5.21 Rubella.......cooenini e 350
Nupur Ganguly
5.22 RabieS....ccoouieiiiiiii e 352
Krishnendu Mondal, Ritabrata Kundu
5.23 Pediatric Human Immunodeficiency
Virus Infection and Acquired
Immunodeficiency Syndrome............................ 355
Chhaya A Divecha, Milind S Tullu
5.24 LeptospiroSiS.....cccvviiiiiiiiiiiiirii e 372
S Ramesh
5.25 TuberculoSiS.......covuveiieiiiiieiierree e 375
Aparna Mukherjee, Anuj Singh, Rakesh Lodha
5.26 Diphtheria..........cccveiiiiie 384

Monjori Mitra



5.27

5.28

5.29

5.30

82 DISEASES OF CENTRAL NERVOUS SYSTEM

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

A1 WA DISEASES OF CARDIOVASCULAR SYSTEM

7.1

7.2

7.3

PertuSSiS ...cuviieiii e 387
Sailesh Gupta
Tetanus.....ccoeieieii 390
Raju C Shah, Pratima R Shah

Rickettsial Diseases ...........ccoceeveiiiiiiiiiinenennns, 392
Narendra Rathi

LBPIOSY e enieee et e 396
Rajeshwar Dayal

Neuroanatomic Localization in Children............... 420
Vrajesh Udani

Prenatal Development and Malformations

of Central Nervous System............ccccevvveiinennnns 426
PA Mohammed Kunju

Neurodegenerative Disorders .............ccccevenenene. 438
Naveen Sankhyan, Arushi G Saini

Neurocutaneous Disorders...........c.ccceevvieienenens. 447
Devendra Mishra

Seizures, Epilepsy, and Nonepileptic Events ......... 451
Rekha Mittal

Headache and Migraine ................c.coooiviiiinaien 474
Munni Ray

Movement Disorders............cccociviiiiiiiinininnnns 478
Anoop Verma

Encephalitis and Encephalopathies..................... 483
Rashmi Kumar

Infections of the Central Nervous System.............. 488
Pratibha Singhi

(1] 1 496

Arun Bansal

Clinical Approach to Pediatric Cardiology............. 556
S Srinivasan

Congenital Heart Disease ................ccecvvenennenne. 563
R Krishna Kumar

Rheumatic Fever and Rheumatic Heart Disease ..... 585

Savitri Shrivastava

5.31

5.32

5.33

6.11

6.12

6.13

6.14

6.15

6.16

6.17

6.18

6.19

7.4

1.5

1.6

Contents @004

Pandemic Influenza ..., 402
Nitin Shah

Typhoid FEVer........cooviiiiiiiii e 407
Kakali Roy, Ritabrata Kundu

Healthcare-associated Infections ............c.......ue 411
Digant D Shastri

419-554
Primary Brain Tumors.............cooeiiiieiiiiieienennes 501
Kamer Singh Rana, JN Goswami
Raised Intracranial Pressure ................ccceeuennnns 508
Sunit Singhi
SHOKE. ..o 512
Satinder Aneja
Floppy Infant: Clinical Approach ........................ 516
Bibek Talukdar
Neuromuscular Disorders .............ccceeveveceennans 521
Sheffali Gulati, Shruthi NM
Cerebral Palsy, Intellectual Disability,
and Autism Spectrum Disorder.......................... 537
MS Mahadeviah
Learning Disabilities and Attention-Deficit
Hyperactivity Disorder ...............cccoeeiiiieianenne. 542
Sunil Karande
Global Developmental Delay and
Early Intervention.............coooiiiiiiiiiii, 545
Sunanda K Reddy
Autism Spectrum Disorder ............ccoeeveveenrnnene. 550
Jaya Shankar Kaushik

555-618
Congestive Heart Failure .......................ccooeill 592
Anita Saxena
Diseases of Endocardium, Myocardium,
and Pericardium ... 602
Srikanta Basu
Cardiac Arrhythmias ..., 611

S Srinivasan



IAP Textbook of Pediatrics

A1k DISEASES OF RESPIRATORY SYSTEM

8.1 Examination of the Respiratory System................ 620
TU Sukumaran

8.2 Diagnostic Procedures and Investigations in
Respiratory DiSeases .............coeeeeeienieieennennes 624
D Vijayasekaran

8.3 Respiratory Distress .......c.cooevvviiiiiiiiiiiiinnn., 629
Madhumati Otiv

8.4 Upper Respiratory Tract Infections ..................... 633
Sushil K Kabra

8.0 CrOUP «.oeeeeeeieee e 636
Deepak Ugra

8.6 Pneumonia...............cooiiiiiiii e 638
Rohit C Agrawal

SEH I DISEASES OF GASTROINTESTINAL SYSTEM AND LIVER

9.1 Acute Diarrhea............cooeiiiiiiiiiii e, 668
Ashok K Patwari

9.2 Persistent and Chronic Diarrhea ........................ 674
Gadadhar Sarangi

9.3 Malabsorption Syndrome.................ccooeeeniinnn. 679
Ujjal Poddar

9.4 Vomiting and Gastroesophageal Reflux Disease ........ 684
Shashidhararao Nagabhushana

9.5 Parasitic Bowel Disease..........cccccoverinivenenrnnnne. 688
BD Gupta

9.6 Gastrointestinal Bleeding ..........coccocoevvevenennnen.. 692
Neelam Mohan

9.7 Constipation........cccooovieiiiiiii e 700
VR Ravikumar, VS Sankaranarayanan

9.8 Hirschsprung Disease.............coeeeeuveverenenenne. 703
Kanishka Das

9.9 Abdominal Pain............c..cciiiiiiiiiiieen 707
Srinivas Sankaranarayanan

9.10 Inflammatory Bowel Disease ...............cc.cccuveene. M

Moinak Sen Sarma

9.11 Hepatomegaly: A Practical Diagnostic Approach ....718
Sheila Bhave

619-666
8.7 Bronchiolitis............ccoooiiiiiii 644
A Balachandran
8.8 Empyema ..o 648
Varinder Singh
8.9 Suppurative Lung Disease ........ccccccoeverinenrnnnnes 650
L Subramanyam
8.10 Bronchial Asthma...........c....coooiiiiiiineen 654
H Paramesh
8.11 Aerosol Therapy ... cccocoeiiieieirsioneereneeeaeaenes 662
Jagdish Prasad Goyal, Prawin Kumar
667-792
9.12 Clinical Relevance of Liver Function
Tests and Imaging Modalities in
Hepatobhiliary Disorders .............cocveeiiieinennnns 722
Geetha M
9.13 Viral Hepatitis.........ccocovenieiiiiiiiieeeen 725
Malathi Sathiyasekaran
9.14 Chronic Liver Disease and Cirrhosis of Liver ......... 728
VS Sankaranarayanan, Rakesh Manohar
9.15 Neonatal Cholestasis Syndromes....................... 737
ARiyaz
9.16 Cholestatic Disorders in Older Children ............... 743
B Bhaskar Raju
9.17 Fulminant Hepatic Failure................cocoveiiiinins 749
Rajiv Chandra Mathur
9.18 ASCItBS.....oeeuieiiiiiiiiie i 752
Balvir S Tomar
9.19 Common Metabolic Liver Disorders .................... 77
Ashish Bavdekar
9.20 Acute Pancreatitis ....................... 173
D Nirmala, Vandhanaa Natarajan
9.21 Chronic Pancreatitis......................c.....l. 778
Seema Alam, Bikrant Bihari Lal, Prabir Maji
9.22 Pediatric Liver Transplantation ......................... 788

Neelam Mohan



SZHIR[N DISEASES OF KIDNEY AND URINARY TRACT

10.1 The Kidney: Structure and Function .................... 794
BR Nammalwar

10.2 Diagnostic Evaluation of

Kidney and Urinary Tract ............c.cccoviieennenne. 797
RN Srivastava

10.3 Developmental Anomalies .............coceevvienenenens 802
Susan Uthup

10.4 Glomerulonephritis.........covvieiiiiiiiiiiiieeen, 805
Kamran Afzal

10.5 Renal Vasculitis and Lupus Nephritis .................. 809
Sushmita Banerjee

10.6 Acute Kidney Injury........cccooeeieiiiiiniiiiiiiieennes 813
Sumantra Kumar Raut, Arvind Bagga

10.7 Nephrotic Syndrome ...............ooiiiiiiiiiiaanne, 818

Arvind Bagga, Aditi Sharma

10.8 Urinary Tract Infection, Vesicoureteric
Reflux, and Reflux Nephropathy ........................ 825
Aditi Sinha

SZHI0I'RE DISEASES OF BLOOD

11.1 An Approach to Anemia in the Newborn ............... 858
Ved Prakash Choudhry

11.2 An Approach to Diagnosis of Anemia in Children.....863
Ved Prakash Choudhry

11.3 Nutritional Anemias in Infancy and Childhood......... 869
Niranjan Shendurnikar

11.4 Bone Marrow Failure Syndrome......................... 875
Nitin Shah

11.5 Thalassemia Syndromes .............cccveuveenvennennen. 881
MR Lokeshwar

11.6 Sickle Cell DiSEaSe..........ccuveureeeenrenieneennennees 898
Vibhawari S Dani

11.7 Red Cell Membrane Disorders .......................... 904
Rashmi Dalvi

Contents @04l

793-856
10.9 Disorders of Micturition and
Obstructive Uropathy.....................l. 830
Madhuri Kanitkar
10.10 Chronic Kidney Disease and
Renal Replacement Therapies .....c...............c. 833
Saumil Gaur, Kishore Phadke
10.11 Renal Tubular Diseases ....c........ccccoeeieiinnenennn. 837
Aditi Sinha
10.12 Asymptomatic Hematuria .............ccc.oooooiinniii. 843
Indira Agarwal
10.13 Nephrolithiasis.......c...cocoineiini e, 845
Uma Ali
10.14 Hypertension ..........ccoceeeeiiiiiieiiieireieeenennes 848
Jitendra Meena, Pankaj Hari
857-948
11.8 Red Cell Enzymopathies..........c.cccevvveveveiennnnen.. 908
Jagdish Chandra
11.9 Autoimmune Hemolytic Anemia......................... 916
Bharat Agarwal
11.10 Coagulation Disorders and Hemophilia................ 921
Sunil Gomber
11.11 Platelet and Vascular Disorders......................... 925
Sunil Gomber
11.12 Evaluation of a Child with Thrombesis ................. 928
Tulika Seth
11.13 Disseminated Intravascular Coagulation .............. 935

Anupam Sachdeva

11.14 Transfusion Medicine and Component Therapy ...... 941
Deepak Bansal, Rekha Hans



IAP Textbook of Pediatrics

23 IL'RFA PEDIATRIC MALIGNANCIES

12.1 Malignancies in Children: An Introduction ......

Purna A Kurkure

12.2 Leukemia .......ccoevviiiiiiiiiiiii s

Anupama S Borker, Pooja Balasubramanian

12.3 Lymphoma..........ccoiiiiiiiiiccceee,

Brijesh Arora

12.4 Wilms TUMOF ....eenieee e eeaens

Purna A Kurkure

12.5 Neuroblastoma.............ccovvviiiiiiiiiniinnnnens

ATK Rau

A REN ENDOCRINOLOGY

13.1 Disorders of Growth............cccovevnininnnnnens.

PSN Menon

13.2 Disorders of Pituitary .............cccoovvieinnennn.

PSN Menon

13.3 0besity ...oenenreeiie e,

Anju Virmani

13.4 Disorders of Puberty ...........cccoveveeiinnenenas

Prisca Colaco

13.5 Disorders of Thyroid Gland.........................

Meena P Desai, Ruchi Parikh
13.6 Mineral Metabolism and Disorders

of Parathyroid Glands........c.........ccie

Anju Seth

NAHIDIREE GENETICS

14.1 Basic Genetics ......cc.ooeeeiniiiniiiiiiiieenens

VH Sankar

14.2 Clinical Dysmorphology ..........ccccovenieennnns

ML Kulkarni

NI REN ADOLESCENT HEALTH

15.1 Why Adolescent Care Counseling? ...............

MKC Nair

15.2 Family Life Education...............................

Manorama Verma, Jugesh Chhatwal

15.3 Adolescent Nutrition .............cccevniiinininnnn.

Jugesh Chhatwal

... 1102

12.6

12.7

12.8

12.9

13.7

13.8

13.9

13.10

13.11

14.3

14.4

15.4

15.5

15.6

949-988
Retinoblastoma...................oo 974
Amita Trehan, Richa Jain
Soft Tissue Sarcoma ............coevvnieiiiiiiiinnennsinn, 978
Gauri Kapoor
Pediatric Bone Marrow Transplantation ............... 982

Satya Prakash Yadav

Late Effects of Treatments in Survivors
of Childhood Cancers ...........coceeeiiieiiiiiennnennns. 986
Purna A Kurkure

989-1054

Metabolic Rickets and Disorders of
Bone Fragility .........cccoooiniiiiiii 1029
Vijayalakshmi Bhatia
Disorders of Adrenal Glands........................... 1032
Preeti Dabadghao
Disorders of Adrenocortical Biosynthesis............ 1039
P Raghupathy
Disorders of Sex Development ........................ 1043
P Raghupathy
Diabetes Mellitus.........c.cocvevviiiiiieieeeeeeene, 1048
Vijayalakshmi Bhatia

1055-1100
Common Genetic Disorders............c.ceevuvnenenens 1077
Madhulika Kabra
Genetic Metabolic Disorders.............ccceevnenenens 1090
Shubha Phadke

1101-1126
Adolescent Counseling ...........ccceeuveiiiienennenns 1108
Sushila Russell
Adolescent Mental Health.............................. 1111
Paul SS Russell
Adolescent Sexuality.............cooieiiiiiiiiiinns 1115
MKC Nair



15.7 Common Health Problems in Adolescents........... 1117
Sukanta Chatterjee

15.8 Adolescent Gynecology.........ccoeuvevvnenenvenennnne. 1121
Suneeta Mittal

AR RHEUMATOLOGY

16.1 Approach to a Child with Arthritis...................... 1128
Raju P Khubchandani

16.2 Juvenile Idiopathic Arthritis......................oeill 1131
Raju P Khubchandani, Prajakta Joshi

16.3 Systemic Lupus Erythematosus ....................... 1136
Surjit Singh

16.4 Approach to Vasculitis..............covveniiennnnne. 1139
Surjit Singh

SJHIRYE INTENSIVE CARE AND EMERGENCIES

17.1 NICU and PICU Set-up in Tertiary

Care Hospitals ..........coooveviiiiiiiiiiiiceeeens 1160
Santosh T Soans, Maninder Dhaliwal

17.2 Common Poisonings in Childhood .................... 1169
S Balasubramanian, Jaydeep Choudhury
17.2.1 Camphor Poisoning ..............cccceeveniaes 1176

SS Kale

17.3 Foreign Body ......covenvneiii e 1178
Pallab Chatterjee

17.4 Cardiopulmonary Resuscitation....................... 1181
Sunil Dutt Sharma

17.5 ShOCK.......oeeee it 1190

M Jayashree, Rajalakshmi lyer

A REN PEDIATRIC SUBSPECIALTIES

18.1 Common Behavioral Problems ........................ 1228
Manju Mehta

18.2 Common Surgical Problems ............cccevenenenne. 1236
Ketan Parikh

18.3 Common Orthopedic Conditions....................... 1259
Prakash P Kotwal

18.4 Common Eye Problems.........c.ccoeevvvnieniennnnen. 1267
Upreet Dhaliwal, Payal Gupta

18.5 Common Problems of Ear, Nose and Throat ........ 1278

Divya Prabhat

Contents m

15.9 Adolescent-Friendly School Initiatives............... 1124

Abraham K Paul
1127-1158

16.5 Kawasaki Disease ..........c..coceviiiinviiinnieniiiine. 1141
Surjit Singh

16.6 Other Rheumatological Disorders..................... 1144
Surjit Singh

16.7 Allergic Disorders .......co.ccoiiieionenieinininnnns 1147
K Nagaraju

1159-1226

17.6 Respiratory Failure.............cccoooiiiiiiiiiinnnen. 1199
Uday B Nadkarni

17.7 Fluids, Electrolytes and Acid-base Disorders....... 1203
Sunit Singhi

17.8 Assisted Ventilation..............c.coovieieiiiinnnnen. 1214
Suchitra Ranjit

17.9 Monitoring in the Pediatric Intensive
Care Unit......cocoevniiii e 1217
Bala Ramachandran

17.10 Neurocritical Care ...........ccovvvieiiiiieieienennnnns 1219
Soonu Udani
17.11 Transport of Critically lll Child ........................ 1224
Praveen Khilnani
1227-1336

18.6 Common Skin Diseases...........cccoeveveieiinincnens 1285
Jayakar Thomas, Parimalam Kumar

18.7 Common Dental Problems ...........c.cocevvvninenens 1306
PK Baskar

18.8 Pediatric Radiology .........cccoevvieiiiiiiiiians 1313
Arun Kumar Gupta, Manisha Jana

18.9 Environment and Child Health......................... 1328
H Paramesh



n IAP Textbook of Pediatrics

S EHJDREN COMMUNITY PEDIATRICS

19.1 Vital Statistics.........cccoeveiiiiiiins
Joseph L Mathew

Indicators of Child Health ....................ceenee.
Swati Kalra, Piyush Gupta

Primary Health, National Health Policy 2017,
and Child Health..................ccooiiiiiiinnnns
Piyush Gupta, Swati Kalra

19.2

19.3

19.4 Integrated Management of Neonatal and

Childhood 11INESSeS .......cvniiiiiiiieieiiiieeenens
Shashi N Vani

National Health Mission.................ccocoeeeennns
RK Agarwal, Deepti Agrawal

National Health Programs Related
to Child Health ............ccoveniiiins
Pukhraj Bafna

SR ][Il PEDIATRIC PROCEDURES

20.1 Common Procedures in Pediatric Practice ..........
Baldev S Prajapati

SECTION 21

21.1 Basics of Pediatric Therapeutics......c..........c....
Sandeep B Bavdekar

19.5

PEDIATRIC THERAPEUTICS

21.2 Adverse Drug Reactions, Drug Interactions,
and Therapeutic Drug Monitoring.....................
Archana Kher, PSN Menon

21.3 Antiviral Agents......cc.oooiiiiiiiiieen
P Ramachandran

21.4 Antifungal Therapy .....c..coooiiiiiiiea,
Pooja Dewan, Anjali Tomar

19.7

19.8

19.9

19.10

19.11

19.12

19.13

20.2

21.5

21.6

21.7

Rights of the Child........................

Swati'Y Bhave, Chhaya S Prasad

Art of Parenting ...........cccoveieinnns

S Yamuna

Child Abuse and Neglect ................

Meenakshi N Mehta

Sexual Abuse and POCSO Act ..........

Kiran Aggarwal

Child Labor ..........ccooevniiiiininnnin.

SR Banerjee

Adoption and Care of Orphans..........

RD Potdar

Prevention and Control of Injuries .....

K Nedunchelian

Physiotherapy and Rehabilitation......

Somu Sivabalan, Suresh Kumar S

Rational Drug Therapy...................

Arun Phatak
Drugs Licensed for Use in Neonates,

Children, and Adolescents...............

Jeeson C Unni, PSN Menon

Safe Injection Practices .................

S Sachidananda Kamath,
Jaydeep Choudhury, A Parthasarathy

1337-1404



3.25
I

B INTRODUCTION

Tuberculosis (TB) is one of the most common causes of
mortality worldwide. An estimated 6.3 million new cases of TB
were seen in 2016, of which 1.3 million died due to TB in 2016.
Children represent about 11% of all TB cases. Approximately
67 million children are infected with TB (latent TB) and are
therefore at risk of developing disease in the future. Despite
the best of efforts, childhood TB is still underreported in most
of the countries.

B EPIDEMIOLOGY

Incidence of TB cases varies among different populations and
regions from under 10 per 100,000 population in most high-
income countries to 150-300 in most of the 30 high-burden
countries. The World Health Organization (WHO) South-East
Asia Region (WHO-SEAR) accounted for 45% of the incident
cases. TB is the ninth leading cause of death worldwide; it is
the main cause from a single infectious agent. About 82% of
TB deaths among human immunodeficiency virus (HIV)-
negative people occurred in the WHO African Region and the
WHO-SEAR in 2016; these regions accounted for 85% of the
combined total of TB deaths in HIV-negative and HIV-positive
people. India accounted for 33% of global TB deaths among
HIV-negative people, and for 26% of the combined total of
TB deaths in HIV-negative and HIV-positive people. As per
India TB report 2018, the incidence was 211 per 100,000 and
mortality of 32 per 100,000 population.

The incidence of drug-resistant TB has increased over the
past few years and is a challenge for the whole world due to
diagnostic and therapeutic challenges. In 2016, worldwide
estimates for multidrug-resistant (MDR)/rifampicin (RIF)-
resistant TB in new, and previously treated cases were 4.1%
and 19%, respectively.

B PATHOGENESIS

Mycobacterium tuberculosis (MTB) bacilli are acid-fast,
nonspore-forming, nonmotile, pleomorphic, weakly
gram-positive curved rods 1-5 pm long, typically slender,
and slightly bent. They may appear beaded or clumped
under microscopy. They are obligate aerobes that grow in
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synthetic media containing glycerol as the carbon source and
ammonium salts as the nitrogen source. Other closely related
mycobacteria, such as Mycobacterium bovis, Mycobacterium
africanum, and Mycobacterium microti, along with MTB form
the MTB complex. The characteristic propertyis acid-fastness,
which is imparted by the ability to form stable mycolate
complexes with arylmethane dyes that resist discoloration
with ethanol.

The spectrum of affliction by MTB includes exposure,
infection, and disease.

o Exposuremeans that the child had significant contact with
a person with infectious TB but lacks proof of infection.

o Infection occurs when an individual inhales droplets,
which contain mycobacteria, which survive intracellularly
in lung and lymphoid tissue. In this stage, child is
asymptomatic and has a normal physical examination.

e Disease occurs when the signs or symptoms or
radiographic manifestations become apparent.

Not all infected individuals have the same risk of
developing disease. An immunocompetent adult with
untreated TB infection has approximately a 5-10% lifetime
risk of developing disease. In contrast, an infected infant has
a40% chance of developing disease within 9-12 months.

Lung is the portal of entry in majority of cases. Bacilli
enter alveolar passage in an aerosol droplet and interact with
macrophages or type II pneumocytes and are phagocytosed
in a process initiated by bacterial contact with macrophage
mannose and/or complement receptors. On entry into a host
macrophage, MTB initially resides in an endocytic vacuole
called the phagosome. If the normal phagosomal maturation
cycle occurs, i.e. phagosome-lysosome fusion, these bacteria
may encounter a hostile environment that includes acidic
pH, reactive oxygen intermediates, lysosomal enzymes, and
toxic peptides. Interferon-gamma (IFN-y) plays a key role
for a protective immune response. IFN-y, produced mainly
by CD4+ (cluster of differentiation), CD8+ T cells, and the
natural killer cells, synergizes with tumor necrosis factor-o
and activates macrophages to kill intracellular bacilli. Bacteria
may evade destruction by preventing phagosome-lysosome
fusion and cause macrophage necrosis. These bacilli, which
survive within macrophage, are carried to regional lymph
nodes. The primary complex (Ghon complex) of TB includes

375



IAP Textbook of Pediatrics

local infection at the portal of entry and the regional lymph
nodes that drain the area.

There is tissue reaction at initial foci over next 2-12 weeks;
and hypersensitivity develops, which heal by calcification or
fibrosis. Occasionally, this portion may continue to enlarge
and lead to focal pneumonitis and pleuritis, and if caseation is
intense then may lead to cavitation. During the development
of the primary complex, tubercle bacilli are carried to most
tissues of the body through the blood and lymphatic vessels.

Disseminated TB occurs if host cellular immunity is
inadequate. Bacterial replication is more likely to occur in
organs with conditions that favor their growth, such as lung
apices, brain, kidneys, and bones. The time between initial
infection and apparent disease is variable. Pulmonary TB that
occurs after 1 year of primary infection is due to endogenous
growth of bacilli. This reactivation of TB is rare in children but
common in adults and adolescents. Occasionally reinfection
can occur in immunocompromised individuals or those
living in highly endemic areas.

DIFFERENCES BETWEEN TUBERCULOSIS
IN ADULTS AND CHILDREN

Childhood TB is not simply a reflection of the adult spectrum
of disease. Characteristics of TB in children include the
paucibacillary nature; preponderance of primary focus and
lymph node disease; higher chance of dissemination into
serious manifestations, such as miliary TB, TB meningitis
(TBM), and spinal TB; higher burden of extrapulmonary
TB (EPTB); challenges in diagnosis due to inability to
expectorate sputum; and difference in pharmacokinetic or
pharmacodynamics characteristics of antitubercular drugs.

B PULMONARY TUBERCULOSIS

Intrathoracic involvement in children is varied and may

include the following:

e Primary focus: Primary focus or Ghon focus that
results from primary infection is usually a single focus
of parenchymal involvement with or without pleural
component. The primary focus along with the draining
regional lymph node is called the primary or Ghon
complex. This may get complicated and result in
cavitation or intrabronchial spread.

o Lymph node disease: As a result of primary infection,
parahilar and paratracheal nodes may be involved;
complications may include airway involvement leading
to alveolar collapse or pneumonia.

e Pleural or pericardial effusion: This represents a
hypersensitivity reaction resulting in straw-colored fluid
with high lymphocyte count. If mycobacterium bacilli
grow in pleural space, localized empyema is formed.
Pericardial effusion may lead to constrictive pericarditis.

e Miliary disease: This results from hematogenous
dissemination of bacilli; < 2 mm nodules are seen on
chest X-ray extending up to the periphery.

o Adult-type cavitory lesion: This is usually seen around
8-10 years of age and beyond.

Clinical Features

Pulmonary TB can present with cough and/or fever for more
than 2 weeks, not responding to a course of antibiotic for
7-10 days; weight loss (more than 5% of the highest recorded
weight in the past 3 months) or not gaining weight; poor
appetite; lethargy or easy fatigability; and night sweats. There
may be history of contact with an open case of TB within the
last few years.

Diagnosis
Tuberculin Skin Test (Mantoux Test)

Tuberculin skin test (TST) is an intradermal skin test with 5 TU
of purified protein derivative (PPD)-S or 2 TU of PPD RT 23 or
equivalent, read after 48-72 hours. An induration of 10 mm
or more is considered positive. In immunocompromised
individuals, induration of 5 mm or more is considered
positive. Positive TST merely indicates presence of tubercular
infection and not disease; hence, it can only aid in diagnosis
of TB disease and not confirm it.

Imaging

e Chest X-ray: Radiological features highly suggestive of TB
include hilar or paratracheal lymph nodes with or without
parenchymal involvement, miliary pattern, fibrocavitary
lesion. Some examples are given in Figures 5.25.1 to
5.25.4. If left untreated, miliary nodules may coalesce and
may reach 3-5 mm in size, radiologically, described as a
“snow-storm” appearance.

o Contrast-enhanced computed tomography (CECT) chest:
Computed tomography (CT) chest may be done in cases
where the chest X-ray is not conclusive. CECT chest
enables evaluation of parenchymal lesion; identification
of necrosis in lymph nodes; description of pleural,
airway, and diaphragmatic pathologies; and evaluating
visualized bones. CECT features suggestive of TB
include necrotic lymph node with a low-density center
surrounded by rim enhancement (rim sign), 2-4 mm
centrilobular nodules, and tree-in-bud appearances
(sharply marginated linear branching opacities around
terminal and respiratory bronchioles) indicating
endobronchial spread, thick-walled cavity surrounded
by parenchymal lesion indicating active disease. CT may
also be useful in undertaking guided aspiration/biopsy
from mediastinal nodes for cyto/histopathology and
microbiological diagnosis.



Fig. 5.25.1: Chest X-ray showing bilateral infiltrates.
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Fig. 5.25.3: Chest X-ray of a 2.5-year-old girl with miliary
tuberculosis.

Fig. 5.25.2: Chest X-ray of a 5-year old with collapse consolidation

of the right middle lobe.

Endobronchial ultrasound (EBUS): EBUS is a newer
modality of diagnosis, which is feasible and useful in
older children. In case of older children with large hilar
or subcarinal lymph nodes, EBUS-transbronchial needle
aspiration (TBNA) may be tried to obtain sample for
cytological and microbiological diagnosis. Studies have
documented a definitive diagnosis of 57% using TBNA in
the cases of mediastinal lymphadenopathy in children.
However, this is a technique, which is yet to be available
widely for diagnosis of TB in children. Moreover, EBUS
may reveal a pattern of multiple hyperechoic foci without
an acoustic shadow over a hypoechoic background. This
is called the “starry sky sign” and is about 51.6% and 100%
sensitive and specific, respectively, in the diagnosis of
tubercular mediastinal nodes.

Fig. 5.25.4: Chest X-ray showing a cavitary lesion.

Magnetic resonance imaging (MRI) chest: This mode of
diagnosis can be employed for follow-up of mediastinal
nodal disease instead of CT chest to reduce radiation
exposure. The presence of diffusion restriction in lymph
nodes along with peripheral enhancement suggests
active disease.

Microbiological Confirmation

In spite of the fact that approximately 50% of intrathoracic TB
in children is diagnosed clinico-radiologically, every attempt
should be made to document a microbiological confirmation
in each case.

Sample collection: A major challenge in microbiological
diagnosis of childhood TB is the difficulty in obtaining

377



IAP Textbook of Pediatrics

appropriate sample, as children usually cannot
expectorate sputum. Gastric aspirate/lavage and induced
sputum are feasible options of collecting respiratory
samples even in ambulatory, nonhospitalized children.
Examination of smear from respiratory samples under light
microscopy after Ziehl-Neelsen (ZN) staining: It is still the
most widely accessible investigation in majority of high-
burden areas. In spite of a high specificity, the sensitivity
of smear examination remains variable (25-80%).
Culture: Lowenstein-Jensen (LJ) culture media (L]
medium) is the most widely used solid media for the
determination of characteristic features of colonial
morphology, growth rate, and pigment production. The
yield of culture varies from 30% to 50%. Excessively long
period required for the isolation of MTB by conventional
culture techniques has led to the development of other
techniques for culture: BACTEC radiometric assay, Septi-
Chek acid-fast bacilli (AFB) system, and mycobacterial
growth indicator tube (MGIT) culture. BACTEC-MGIT 960
culture system uses a fluorescent compound embedded
in silicone on the bottom of the tube containing modified
7H11 broth with an antibiotic mixture and growth
supplements for mycobacteria. As this fluorescent
compound is sensitive to oxygen, depletion of the latter
by the growth of mycobacteria unmasks the fluorescence,
which can be detected by observing the tube under long-
wave ultraviolet light. Liquid systems are more sensitive
for detecting mycobacteria and may increase the case
yield by 10% over solid media as well as reduce time to
result from weeks to days. Average time to detection
in these systems is 8-14 days, culture being declared
negative if no result till 42 days. For drug susceptibility
testing, the delay may be reduced to as little as 10 days,
compared with 28-42 days with conventional solid media.
Microscopic observation drug susceptibility (MODS)
assay: MODS assay is-an inexpensive, rapid, and sensitive
diagnostic method utilizing manual liquid culture
method (Middlebrook 7H9 broth culture) and an inverted
light microscope to detect the growth of MTB in the form
of “tangles or cords.” In a study from Peru, where the assay
was developed, MODS detected 94% of 1,908 positive
sputum cultures, whereas conventional L] culture
detected only 87%. This assay is not yet available widely
and has some problems as it is operator dependent and
labor intensive, and more studies in nonresearch settings
are needed to validate its use.

Nucleic acid amplification test (NAAT): Polymerase
chain reaction (PCR), fully automated platform of real-
time PCR, and loop-mediated isothermal amplification
(TB-LAMP) platform are the available variations of
NAAT. Automated cartridge-based NAAT (CBNAAT),
such as Xpert MTB/RIF test, is fully automated real-time
PCR-based assay, which not only detects MTB, but also
rifampicin (RIF) resistance. WHO as of now strongly

recommends that CBNAAT should be used in children,
when there is strong suspicion of MDR TB or in the case of
HIV-TB coinfection. It may also be used in any case where
pulmonary TB is suspected, depending on the available
resources. The main advantage of this assay is the rapid
turnover time, less chance of human error, and ability
to simultaneously detect MTB and resistance to RIE In
a meta-analysis published by WHO, the overall pooled
sensitivity of Xpert MTB/RIF compared against culture
as a reference standard in children presumed to have
TB was 66%; the samples used were induced sputum,
expectorated sputum, and gastric lavage. The pooled
specificity of Xpert MTB/RIF compared against the gold
standard, culture was at least 98%. The sensitivity of Xpert
MTB/RIF to detect RIF resistance in specimens from
children was 86%.

o Molecular drug resistance testing-Line probe assays: Line
probe assays are strip tests that simultaneously detect
MTB bacteria as well as genetic mutations that indicate
isoniazid (INH) and/or RIF resistance.

T-cell Based Interferon-gamma Release Assays

Interferon-gamma release assays (IGRA) are in vitro tests of
cell-mediated immune response, which are mostly helpful
in detecting latent TB infection, not disease. The two
commercially available IGRAs are the QuantiFERON-TB (QFT)
Gold In-Tube (GIT) assay (Cellestis Ltd, Carnegie, Australia)
and the T-SPOT.TB assay (Oxford Immunotec, Oxford, the
United Kingdom). The QFT-GIT assay is an enzyme-linked
immunosorbent assay (ELISA)-based whole-blood test
that quantitates IFN-y released in response to antigenic
stimulation from three TB-specific peptides, namely, early
secreted antigenic target of 6 kDa (ESAT-6), 10-kDa culture
filtrate protein (CFP-10), and TB7.7 in a simple in-tube
format. T-SPOT.TB is an enzyme-linked immunospot assay
designed to measure the number of IFN-y-producing T-cells
in response to ESAT-6 and CFP-10 peptides. The advantage
of these assays lies in the fact that they are not affected by
previous bacille Calmette-Guérin (BCG) vaccination, do not
cross-react with most of the nontubercular mycobacterium
(except Mycobacterium kansasii, Mycobacterium szulgai,
and Mycobacterium marinum), are not affected by observer
bias, and require only one visit for testing. The sensitivity
of QFT assay and T-SPOT.TB assay is 75-85% and 90-95%,
respectively. The sensitivity is lower in high-incidence
regions. The shortcoming of these assays includes the
inability to distinguish between latent and active TB and high
cost. The immune response leading to the release of IFN-y
is inconsistent in children below 4 years of age; and hence,
interpretation of IGRA may be difficult in this age group. The
sensitivity of QFT-GIT is variable in children below 4 years of
age with higher number of indeterminate results.



Antigen Detection Tests

Lipoarabinomannans (LAMs) are phosphorylated
lipopolysaccharides, which are a major cell wall component
of bacteria of the genus Mycobacterium. Antigen detection
assays based on capture ELISA format to detect LAM in urine
hold promise as an easy, point-of-care, noninvasive tool for
diagnosing active TB. However, the low sensitivity of urinary
LAM (17-50%) as compared with the gold standard of culture
offsets the advantages. The specificity is acceptable (88-
95%). This diagnostic tool may be particularly helpful in the
selected subset of patients with HIV/TB coinfection, where
the sensitivity increases.

Antibody Detection Tests

There is no role of any serological diagnosis in the form of
antibodies against tubercular antigens in the diagnosis of any
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type of TB—pulmonary or extrapulmonary. Such tests are
currently banned by the Government of India.

Flowchart 5.25.1 depicts an algorithm that is used to
diagnose intrathoracic TB in children.

Treatment

Category-based treatment is applicable for children with
TB as well. Category 1 antitubercular therapy (ATT) is to be
started for new cases, which includes 2 months of intensive
phase with INH, RIF, pyrazinamide, and ethambutol (HRZE),
followed by 4 months of maintenance phase with INH, RIF,
and ethambutol (HRE). A 10-month maintenance phase is
required for osteoarticular and central nervous system (CNS)
TB. Table 5.25.1 shows the category-based ATT for children.
The medications should preferably be given daily on
mg/kg body weight basis. A meta-analysis conducted on

Flowchart 5.25.1: Diagnostic algorithm for childhood intrathoracic tuberculosis.

' Suspect intrathoracic tuberculosis in the following circumstances: '

« Fever and/or cough >2 weeks

* Weight loss or not gaining weight
« History of contact with a case of tuberculosis

-

* Chest X-ray
» Tuberculin skin test (TST)

.

Course of antibiotic {amoxicillin) for 7-10 days
(if not already received), then repeat chest X-ray

.

If symptoms or chest X-ray abnormalities persist after
| antibiotic, work-up for tuberculosis

.

[ Sputum/induced sputumfgaslfic lavage for 2 consecutive days
+ Send for ZN stain for AFB, MGIT culture, and Xpert MTB/RIF

assay

v

Smear and/or MGIT culture and/or
Xpert MTB/RIF assay is positive

.

‘ Confirmed intrathoracic tuberculosis

v

Smear and MGIT culture and
Xpert MTB/RIF assay is negative

|+ Chest X-ray is suggestive
= TST is positive
| = No alternative diagnosis

.

Probable intrathoracic tuberculosis

I

[

Start antitubercular therapy ‘

(AFB: acid-fast bacilli; MGIT: mycobacteria growth indicator tube; TST: tuberculin skin test; ZN stain: Ziehl-Neelsen staining)
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Table 5.25.1: Category-based treatment for tuberculosis in children.

Treatment regimen
Category of treatment Inclusion criteria Intensive phase* Continuation phase
New cases (Category 1) - New smear-positive pulmonary tuberculosis 2 HRZE 4 HRE'
+ New smear-negative pulmonary tuberculosis
- New extrapulmonary tuberculosis
Previously treated cases | -+ Relapse, failure to respond or treatment after default | 2 HRZES + 1 HRZE 5 HRE
(Category 2) + Retreatment

Note: The prefix number denotes the number of months.

*Intensive phase can be extended by 1 month in case of unsatisfactory response.
Continuation phase to be extended for 10 months in cases of osteoarticular and central nervous system tuberculosis.
(H: isoniazid; R: rifampicin; Z: pyrazinamide; E: ethambutol; S: streptomycin)

studies in children showed that intermittent therapy of
antitubercular drugs was less likely to cure than daily therapy.
Table 5.25.2 details the recommended daily doses of the four
first-line antitubercular drugs according to the latest WHO
guidelines. The dose of the antitubercular drugs should be
adjusted according to the current weight of the child in each
follow-up visit during therapy.

Monitoring

Any child on ATT should be regularly monitored for the

following:

e Response to treatment: Clinicoradiological improvement
at 2 months and 6 months of ATT is assessed by weight
gain, symptomatic improvement, and more than two-
thirds resolution of radiological abnormalities. If AFB or
MGIT is positive at baseline, gastriclavage and induced
sputum should be repeated at 2 months for ZN staining
and MGIT culture.

o Adverse events: Any feature suggestive of hepatitis, rash,
and/or peripheral neuropathy should be promptly inves-
tigated. The antitubercular drugs should be modified if
the child is symptomatic with abdominal pain, vomiting,
or yellowish discoloration of sclera and urine; or if the
liver enzymes are deranged (aspartate aminotransfer-
ase/alanine aminotransferase) more than five times the
upper limit; or total bilirubin is raised. INH, RIF, and pyr-
azinamide should be stopped, and the modified regimen
should contain ethambutol and a fluoroquinolone, such
as levofloxacin. Injectable streptomycin may be added
if the disease severity warrants. Once the symptoms are
relieved and liver parameters are normalized, the first-
line antitubercular drugs should be restarted sequentially,
increasing every 5-7 days after checking the liver functions.
Once the full dose of conventional antitubercular drugs is
reached, the modified regimen may be stopped.

Role of Corticosteroids in Tuberculosis

Routinely there is no role of corticosteroids in the
management of intrathoracic TB in children. However, in the

Table 5.25.2: Daily dose and maximum doses of isoniazid,

rifampicin, ethambutol, and pyrazinamide in children.

Dose (range) mg/kg
Drug body weight/day Maximum dose mg/day
Isoniazid 10 (7-15) 300
Rifampicin 15 (10-20) 600
Ethambutol 20-25 1,500
Pyrazinamide 30-35 2,000

case of superior mediastinal compression syndrome due to
mediastinal nodes, oral corticosteroids may be used.

B TUBERCULAR LYMPHADENITIS

Lymph node TB is the most common form of EPTB, especially
in children. Approximately 35% of EPTB cases are lymph node
TB. Deep-seated nodes of the mediastinum (mediastinal
TB) or abdomen (abdominal lymph node TB) may also be
affected.

A child with lymph node TB presents with matted,
usually nontender lymph nodes >2 cm size at one or more
sites, not responding to antibiotic treatment and persisting
for > 1 month. The child may also have fever, poor appetite,
and weight loss/inability to gain weight. The lymph node may
become fluctuant and burst forming a sinus or ulcer with
undermined edges (Fig. 5.25.5).

Diagnosis
Tuberculin skin test: Positive TST = 10 mm suggests tubercular

infection but does not confirm disease. X-ray of chest should
be done to evaluate pulmonary involvement.

Fine needle aspiration of the nodes: Antigravity Z technique
should be applied for aspiration. Deep-seated nodes can be
accessed by ultrasound guidance. Sample should be sent for
cytopathology, AFB, MGIT culture, and CBNAAT assay. The
cytopathological characteristics of tubercular lymphadenitis



Fig. 5.25.5: Tubercular axillary lymph nodes with overlying ulcer
formation.

include epithelioid cell granuloma with or without Langhans
cell granuloma with or without necrosis. Staining for AFB is a
must in all cases suspected to be lymph node TB.

Excision biopsy: It may be needed if cytopathology from
aspiration is inconclusive, and there is high index of suspicion
of malignancy.

Treatment

Treatment of tubercular lymphadenitis follows the same
category-based principle of ATT, with category 1 regimen
for new cases of lymph node TB being 2 months of HRZE,
followed by 4 months of HRE. There is no role of surgery in
treatment of tubercular lymphadenitis.

l ABDOMINAL TUBERCULOSIS

Abdominal TB occurs in approximately 3.5 % of patients with
EPTB. Approximately 30% of patients with intra-abdominal
TB have evidence of pulmonary TB at the time of diagnosis.
Miliary TB cases will have abdominal involvement in about
one-third of cases.

Abdominal TB may involve the various regions of the
gastrointestinal (GI) tract or the peritoneum, or both. The
most common site of involvement in the GI tract is the
ileocecal region, followed by ascending colon, jejunum,
appendix, duodenum, stomach, esophagus, sigmoid colon,
andrectum. In case of peritoneal involvement—it may be wet
with development of ascites, dry type with adhesions, and
fibrotic type along with pockets of ascites.

Abdominal TB is more common due to the ingestion of
infected sputum rather than inhalation of the pathogen. Intra-
abdominal TB may also arise from hematogenous spread or
in some cases retrograde spread via fallopian tubes.
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Abdominal TB may present acutely or insidiously. Clinical
features of abdominal TB may be very nonspecific and include
abdominal pain, fever, and weightloss. In the case of intestinal
involvement, child may present with colicky pain, chronic
diarrhea alternating with constipation and abdominal mass.
Ascites is frequently present; subacute intestinal obstruction
can also be the presenting complaint. Omental involvement
may give rise to a characteristic doughy feel to the abdomen.
Isolated involvement of the hepatobiliary system by MTB is
rare; it usually is part of a more disseminated process. Hepatic
involvement may be miliary with multiple miliary tubercles;
granulomatous with tuberculomas; nodular with abscess
formation; ductal; or nodal where nodes cause obstruction at
the porta leading to jaundice.

Diagnosis

Diagnosis of abdominal requires the following:

e Chest X-ray: X-ray should be done in all the cases of
presumptive abdominal TB to look for pulmonary
involvement.

o Ascitic fluid analysis: Ascitic fluid is usually straw colored,
exudative in nature, with majority of lymphocytes. Protein
concentration is higher than 2.5 g/mL, serum-ascites-
albumin gradient (SAAG) > 1.1.

e Microbiological confirmation should be attempted
in all cases. Samples that can be sent for ZN staining,
MGIT culture and CBNAAT assay include ascitic fluid,
ultrasonography, or CT-guided fine needle aspirate or
biopsy from the mesenteric/retroperitoneal nodes or

peritoneum.

Treatment

e Category 1 ATT is advised for abdominal TB for a period
of 6 months.

o Supportive treatment should be provided for ascites.
e Subacute intestinal obstruction is to be managed
conservatively.

B OSTEOARTICULAR TUBERCULOSIS

Bones and joints account for approximately 10% of EPTB.
Spinal TB or Pott’s spine is the most common type of bone TB,
thoracic spine being the most common site. Spinal TB results
from hematogenous spread from either a pulmonary site or
extrapulmonary site, such as lymph node.

Tuberculosis of the spine may present with localized back
pain for more than 6 weeks, fever, weight loss, or failure to
gain weight. There may be localized tenderness with gibbus
formation, with or without spinal cord involvement and
neurological manifestations.

All suspected cases of spinal TB should undergo X-ray
of spine, followed by MRI of spine. MRI spine demonstrates
characteristic features of bone destruction earlier than X-ray

381



382

IAP Textbook of Pediatrics

and can also give important information regarding the spinal
cord involvement. Chest X-ray should also be done in all
cases to look for pulmonary involvement. Samples should be
taken (guided by radiology) from any paravertebral collection
and joint effusion for AFB, MGIT culture, and CBNAAT assay
along with cytopathology.

The treatment option for bone TB is category 1 ATT for
a total duration of 12 months (2 months HRZE, followed
by 10 months of HRE). Development and progression of
neurological deficit may need surgical intervention.

CENTRAL NERVOUS SYSTEM
TUBERCULOSIS

Central nervous system TB includes an array of conditions—
meningitis (TBM), cerebral and spinal tuberculoma, myelitis,
and arachnoiditis. Approximately 1% of total TB cases are due
to CNS TB. CNS TB can lead to considerable mortality and
morbidity, especially, in younger children < 3 years of age.

Tuberculosis Meningitis

Tuberculosis meningitis may present as acute, subacute, or
chronic meningitis. According to the Wallgren timeline, TBM
develops within approximately 3 months of primary infection
if not contained. TBM may initially present with nonspecific
symptoms, such as fever, listlessness or apathy, poor appetite,
failure to thrive, neck stiffness, and headache if the child
is old enough to complain. Later it may progress to altered
sensorium, seizures, and focal neurological deficits. Because
ofthe nonspecific nature of the symptoms any meningitis such
as presentation before one year of age should be investigated
for TBM. Moreover, there is a close association of TBM with
miliary TB and immunocompromised states.

The disease begins with the development of small
tuberculous foci (Rich foci) in the brain, spinal cord, or
meninges caseating into the subarachnoid space.

There are various clinical classifications of stages or
severity of TBM. The British Medical Council Research
criteria classify TBM into following stages:

e Mild: Fully conscious with no focal neurological deficit.

e Moderate: Conscious but with altered sensorium,
confusion, lethargy, and moderate neurological signs,
such as single nerve palsy, hemiparesis, and paraparesis.

e Severe: Comatose, multiple cranial nerve palsies,
hemiplegia, and/or paraplegia.

Effort should be made for early diagnosis and treatment of
TBM to avoid unfavorable outcome and lasting disability.

Diagnosis

e Lumbar puncture and cerebrospinal fluid (CSF) analysis:
Clear appearance, pleocytosis with lymphocytic
predominance, raised protein (0.5-2.5 g/L, and low

CSF—plasma glucose ratio < 0.5). CSF should be sent for
AFB, MGIT culture, and CBNAAT assay. Samples should
also be sent for ruling out bacterial and fungal pathology.

e Imaging: Noncontrast CT brain shows basal hyperdense
exudates; contrast studies may demonstrate basal
meningeal enhancement, infarcts, or hydrocephalus.
MRI brain is a better imaging option in determining the
features of TBM, especially brainstem lesions and early
infarcts. Contrast-enhanced MRI can help in visualization
of leptomeningeal tubercles, vascular involvement (most
commonly affecting the terminal portions of the internal
carotid arteries and proximal parts of middle and anterior
cerebral arteries).

e Adenosine deaminase doesnothave anyrole in diagnosing
TBM.

o Like any other EPTB, a chest X-ray should always be done
to look for pulmonary involvement.

e Human immunodeficiency virus infection should also be
ruled out.

Main complications of TBM are hydrocephalus

(communicating variety in 70-80% cases), vasculitis, stroke,

and opticochiasmatic arachnoiditis leading to loss of vision.

Tuberculoma

Tuberculomas are granulomas in solid organs. CNS
tuberculoma can occur anywhere in brain or spinal cord and
may be present along with TBM. Clinical features of CNS
tuberculoma are mainly seizures and/or focal neurological
deficit; fever and headache may also be present.

Diagnosis

Important differential diagnosis includes neurocysticercosis,
pyogenic abscess, and malignancy. The differentiating
features between CNS tuberculoma and neurocysticercosis
are outlined in Table 5.25.3. MRI brain is the main modality

Table 5.25.3: Differences between CNS tuberculoma and

neurocysticercosis.

CNS tuberculoma Neurocysticercosis

May present at any age Rare before 3 years of age

Progressive neurological deficit | Usually no neurological deficit

Lesion size is usually >20 mm,
irregular outline with marked
cerebral edema, may be
conglomerate

Usually smaller, regular rounded
outline with less cerebral edema

May be supra- or infratentorial Usually supratentorial

Likely to cause midline shift Usually no midline shift

Magnetic resonance
spectroscopy shows lipid peak

No lipid peak

(CNS: central nervous system)



of diagnosis of CNS tuberculomas. Tuberculomas may
occasionally increase in size or number in the first 3 months
after starting ATT; this is due to paradoxical reaction or
immune reconstitution inflammatory syndrome.

Treatment of Central Nervous System Tuberculosis

Treatment of any form CNS TB entails 12 months of ATT
(2 HRZE + 10 HRE) for new cases. Adjunctive steroid therapy
in the form of prednisolone (4 mg/kg) or dexamethasone
(0.6 mg/kg) for 4 weeks followed by tapering over next 2 weeks
improves the outcome. Mannitol may be used for emergency
management of cerebral edema. In more subacute cases and
in hydrocephalus, acetazolamide or furosemide may be used.
Surgical intervention may be needed for hydrocephalus in the
form of ventriculoperitoneal shunting, if there is no response
to medical management or if there is noncommunicating
hydrocephalus. In the case of seizures, appropriate
antiepileptic drug should be added.

TUBERCULOSIS AND HUMAN
IMMUNODEFICIENCY VIRUS

With the spread of the HIV infection, there has been
resurgence in TB. The two infections have significantly
detrimental interactions. Coexistent TB and HIV infections
accelerate the progression of both the diseases. HIV-infected
children are more likely to have EPTB and disseminated TB;
the course is also likely to be more rapid. An HIV-infected
child with latent tubercular infection is more likely to develop
the disease than a seronegative child.

Diagnosis

In the absence of significant immunosuppression due to
HIV infection, the clinical manifestations of TB are not much
different from that in seronegative children. Diagnosis of TB
in HIV-infected children poses greater challenges than in
other children. Even with the use of a lower cut off of 5 mm,
the tuberculin test is often negative, particularly in children
with severe immunosuppression. In extensive disease, the
bacteriological confirmation rates are likely to be greater.
All attempts should be made to isolate MTB. Other than
providing definitive diagnosis, it offers the opportunity to do
drug-sensitivity analysis. The incidence of MDR TB is higher
in HIV-infected patients.

Management

Most current international guidelines recommend that TB in
HIV-infected children should be treated according to the same
category-based treatment as in non-HIV-infected children.
A close follow-up is essential to diagnose nonresponse/drug

Immunity, Immunization and Infectious Diseases

resistance early. In a HIV-positive child, starting ATT takes
precedence over antiretroviral therapy.

There is no clear-cut consensus for the optimal timing of
commencing antiretroviral therapy when a child is on ATT,
but all HIV-infected children who have developed TB have to
be started on ART, irrespective of the CD4 count. The decision
has to be taken weighing the possibilities of drug interaction,
immune reconstitution syndrome, overlapping toxicities
against the possibility of worsening immune status. However,
it is advisable to start ART as soon as possible within 8 weeks
of initiation of ATT. Earlier initiation of ART is more crucial in
HIV-TB coinfected children with low CD4 values.

After timing, the next important concern in treatment of
HIV-TB coinfected children is the drug interaction between
RIF and antiretroviral drugs, particularly nevirapine (NVP)
and efavirenz (EFV). RIF is known to be a potent inducer of
hepatic microsomal cytochrome P450 (CYP 450) enzyme
system. NVP and EFV are metabolized primarily by CYP3A4
and CYP2B6, respectively, both being induced by RIF. Some
important studies in adults have shown that NVP and EFV
levels are reduced by 20-40% when coadministered with RIF;
changes in NVP levels are more than that of EFV. In children
over 3 years of age or >10 kg body weight, a regimen of two
nucleoside reverse transcriptase inhibitors (NRTIs) + EFV
(the non-NRTI component) is suggested. Currently, in
children under 3 years of age, regimen containing lopinavir
with ritonavir boosting is the first choice. In the presence of
coadministration of RIF, lopinavir needs to be superboosted
with ritonavir (1:1 ratio). If superboosting is not possible, NVP
can be used. When used along with RIE no lead-in period
should be given for NVP so that the child is not exposed to
subtherapeutic levels. Moreover, NVP should be given at the
highest possible dosage (200 mg/m®/dose). Alternatively,
rifabutin can be used instead of RIF as it is less affected by
the induction of CYP3A4. All children diagnosed with TB-HIV
coinfection should receive cotrimoxazole prophylaxis.

Please refer to Chapter 5.23, Pediatric Human
Immunodeficiency Virus Infection or Acquired
Immunodeficiency Syndrome, for more specific details.

B MULTIDRUG RESISTANCE TUBERCULOSIS

Multidrug resistance TB is defined as a case of TB with MTB
showing resistance to at least INH and RIE In 2016, globally,
an estimated 4.1% of new TB cases and 19% of previously
treated cases have been diagnosed with MDR TB.

In the absence of a drug-sensitivity report, conventionally
the second-line regimen is designed with at least 5-7
antitubercular drugs presumed to be still effective. Apart
from ethambutol and pyrazinamide from the first-line
drugs, an injectable aminoglycoside, such as kanamycin,
a fluoroquinolone, such as levofloxacin, along with
ethionamide and cycloserine are added. More drugs may be
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added in case-to-case basis. The usual duration of second-
line ATT is 18-24 months. A child on this therapy should
be very carefully monitored for clinical improvement and
adverse events of the drugs prescribed.

B PREVENTION

Prophylaxis

Isoniazid is prescribed for chemoprophylaxis at a dose of

10 mg/kg of body weight/day, for 6 months.

Tuberculosis preventive therapy or chemoprophylaxis
should be provided in the following scenarios:

o All asymptomatic contacts, less than 6 years of age, of
an open case of TB (smear positive), after ruling out
active disease. Status of BCG vaccination or TST reading
does not preclude one from receiving this
chemoprophylaxis.

e All HIV-infected children with a known exposure to an
infectious TB case, but with no active TB disease.

o All TST-positive children who are receiving immunosup-
pressive therapy.

3.26
BN,

B INTRODUCTION

Diphtheria is a potentially acute disease caused by exotoxin-
producing Corynebacterium diphtheriae, a gram-positive
Bacillus. Morbidity and mortality result from the bacterial
toxin that may cause obstructive pseudomembranes in the
upper respiratory tract (croup) or damage myocardium and
other tissues.

B EPIDEMIOLOGY

Humans are the only natural reservoir of C. diphtheriae,
although occasionally it has been isolated from a variety of
domestic animals. Spread occurs in close-contact settings
through respiratory droplets or direct contact with respiratory
secretions or skin lesions. The majority of nasopharyngeal

e A child born to mother who was diagnosed to have TB in
pregnancy, afterruling out congenital TB. BCG vaccination
can be given at birth even if chemoprophylaxis is planned.

Vaccination

Bacille Calmette-Guérin is the only vaccine for TB disease
used at present. The protection it provides against pulmonary
TB is variable; however, it has 60-80% protective efficacy
against more serious, disseminated diseases in children such
as CNS TB.
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Diphtheria

Monjori Mitra

C. diphtheriae infections result in asymptomatic carriage,
with clinical disease developing in only about one in seven
individuals.

Diphtheria immunization protects against disease but
does not prevent carriage. Vaccination with diphtheria
toxoid (formalin-treated toxin) was introduced in the 1920s.
Immunization of children in an era when the majority
of older individuals had natural immunity resulted in a
dramatic drop in the incidence of diphtheria and an even
more rapid decline in the proportion of toxigenic strains
isolated, presumably because the selective advantage of
the tox gene promotion of greater replication and spread
of the organism is lost in an immune host. In most Western
countries, toxigenic C. diphtheriae has virtually been
eliminated.
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