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I am honoured to be asked to provide a foreword for this book by its edi-
tors. It represents a signifi cant educational and reference landmark. The 
editors have collated the latest knowledge in pediatric rheumatology writ-
ten by an international faculty, many with regional authors and co-authors. 
This book is in an easy to understand format for the clinician, and in the 
context of the demographics of Southeast Asia. It is well known that 
although there are many similarities between the diseases described in 
mainly Caucasian populations, there are also epidemiological, genetic and 
phenotypic differences which infl uence what the pediatrician will see in 
the clinic in this region. 

 What is enduring and fascinating about medicine is that there are always 
patients that fail to conform to textbooks and guidelines. So the clinician will 
still need to use their powers of observation and analysis, and not stop think-
ing once a diagnosis is made. Childhood rheumatic diseases have a habit of 
changing with time. This book serves as a manual to clinicians, with basic 
discussions of the pathologies that are known so far, and provides clinical 
examples of such pathologies. When faced with a clinical problem, the 
patient’s history and pattern recognition are still the essential basic tools, but 
knowledge of pathology will add to the fi nal analysis and inform the clinician 
on the most appropriate treatment. Thus in this book there are chapters also 
on basic immunology and genetics. In each chapter on a disease, appropriate 
balance is given to clinical signs and diagnosis. The issue of pain perception 
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and control is also gaining importance and recognition. Perhaps one of the 
most important principles to keep in mind is that if the patient’s problem does 
not fi t the description, there are other as yet unknown diseases/problems out 
there to be found! 

 Patricia Woo MBBS MRCP FRCP FRCPCH FMedSci       
 Emeritus Professor of Pediatric 

Rheumatology at University College London 
 Honorary Consultant at Great Ormond Street 

Children’s Hospital Foundation Trust, London, UK   

ForewordForeword
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 Dr. Sujata Sawhney (MD, MRCP (UK), CCST (UK)) is a graduate of the 
Armed Forces Medical College, Pune, India, and did her MD in pediatrics 
from Delhi University. She specialized in pediatric rheumatology at the Great 
Ormond Street Hospital in London where she completed her MRCP and on 
completion of training was awarded the Completion Certifi cate of Specialist 
Training (CCST). She is currently based at Sir Ganga Ram Hospital, New 
Delhi, India, where she heads the Pediatric Rheumatology Division at the 
Institute of Child Health. She is the coeditor of the book  Rheumatic Diseases 
in Women and Children: Current Perspectives  (2014) and has over 30 publi-
cations in peer-reviewed journals and as textbook chapters. She runs a post-
doctoral fellowship program at her center and has been the past president of 
the Pediatric Rheumatology Society of India. 
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  We are proud to present our book  Pediatric Rheumatology: A Clinical 
Viewpoint . This has been a challenging journey with many twists and turns, 
but we hope our readers fi nd this book worth the while! 

 Our journeys in the world of pediatric rheumatology have been long: punc-
tuated with routine, diffi cult, and heart-breaking times. We both work in one of 
the most populous countries in the world where resources are oftentimes a chal-
lenge and a major constraint for many of our patients. We have had the privilege 
of being trained, in India and abroad, at some of the world’s best institutions, 
but nowhere did we learn how to treat a child where the family had no money to 
pay. Treating these children has taught us an important lesson: care with com-
passion and offer the best to the child in the circumstance that he or she is in. 

 Why did we embark upon the idea of this book when there are other well-
respected textbooks in this fi eld? It is for one reason: this book is a “go-to” for 
clinicians who are embarking upon a journey in this specialty. This book has 
fi ve sections on basic principles, arthritides, connective tissue diseases, vas-
culitides, and a miscellaneous section on immunodefi ciencies, bone health, 
genetic disorders, etc. Each chapter has a case vignette, learning points, and 
key “take-home” messages. Each section has a concluding chapter with case 
vignettes as well. Thus, this book is like a virtual clinic and has background 
information on approaching a child with suspected arthritis, connective tissue 
disease, and vasculitis. 

 We are privileged to have Professor Patricia Woo write the foreword for 
our book and are indebted to her for this. We are deeply grateful to our excel-
lent contributors from across the world for their time, effort, and dedication 
to this project. The paintings that accompany each section have been drawn 
by Reeya Renee Rajpal, a 9-year-old child who fought and conquered child-
hood lupus and is a child protégé. We would also like to thank Springer for 
publishing this book. 

 We hope to receive a feedback from our readers to better this book in the 
next edition. 

 Lastly, we would like to thank our families for their support and love 
through all this time. 

 Happy reading! 

New Delhi, India Sujata Sawhney
Lucknow, India Amita Aggarwal 

  Pref ace  
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   Part I 

   Introduction to Pediatric Rheumatology 

                  

    The paintings used in the book have been made by Indian child prodigy 
 Reeya Rene Rajpal , born 2004. Most of these paintings were made by her at 
a tender age of 6–7 years and have been exhibited at the prestigious Lalit Kala 
Akademy, New Delhi, India after being vetted by great Indian masters of art. 
Her passion for painting continues…      
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      History of Pediatric Rheumatology                     

     Balu     H.     Athreya     

      Pediatric rheumatology is one of the youngest 
medical specialties. Although, several authors 
including Still, Diamant-Berger and Cornil had 
published articles and monographs on various 
aspects of rheumatic diseases in children during 
the nineteenth and early twentieth century, the 
formal inauguration of the specialty took place in 
1976. That is when the American College of 
Rheumatology (which was known at that time as 
American Rheumatism Association) sponsored a 
conference on pediatric rheumatic diseases at 
Park City, USA. The pioneers who attended that 
conference collected all the available information 
on the subject and compiled them into a mono-
graph [ 1 ]. This became the core knowledge and 
foundation for the establishment of pediatric 
rheumatology. 

 The concept of rheumatic diseases evolved 
over several centuries. The word rheumatism 
comes from the Greek word  rheumatismo s, a 
term coined by Galen in the second century 
CE. Early in history, this term rheumatism was 
applied to illnesses in general, particularly 
those with muscular aches and pains. Both 

arthritis and gout were included in the category, 
and the word gout also referred to arthritis in 
general. Baillou is credited with applying the 
term rheumatism to include joint diseases also 
[ 2 ,  3 ]. The etiology was considered to be bad 
“humor” ( rheuma  meaning  that which fl ows ) 
and there was no understanding of differences 
between infectious, infl ammatory, and nonin-
fl ammatory arthritides. 

 The monumental work of Morgagni, correlat-
ing organ pathology with symptoms and signs 
published in 1761, established the basis of scien-
tifi c clinical medicine. He had also described 
lesions of heart valves in patients who died of 
rheumatic fever. Virchow’s work with microscopic 
pathology extended the science of pathological 
anatomy and led to the rapid understanding of dis-
eases of various organ systems of the human body. 
The focus was on single organs. It took another 
200 years to realize that connective tissues and 
blood vessels are common to all the organs and 
therefore, diseases of connective tissue and blood 
vessels will affect multiple organs. An article by 
Klemperer [ 4 ] established this link in 1942. 

 After the multisystem nature of rheumatic dis-
eases was understood and the relationship to auto-
antibodies were recognized, several other terms 
were used interchangeably with the term rheu-
matic diseases such as connective tissue diseases, 
collagen vascular diseases, and autoimmune 
 diseases. Now, autoinfl ammatory diseases and 
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several immune disorders are also included in 
textbooks of rheumatology. 

 Basically, rheumatic diseases are due to infl am-
mation of connective tissues of the body, particu-
larly those of muscles and joints. Connective 
tissues of the blood vessels may also be involved. 
Most of them are chronic diseases, and clinical 
features of these diseases tend to overlap. Many of 
them evolve over time and move from one pattern 
to another. Immune abnormalities and variations 
in the genetic makeup have been documented in 
most of these conditions. The role of infections, 
although suspected as a trigger, has been estab-
lished in only a few of them. 

 Diagnosis of rheumatic diseases is still mostly 
based on the clinical patterns. Since rheumatic 
diseases tend to involve multiple systems and 
since aches, pains, fever, and rash are the present-
ing symptoms, pediatric rheumatologists are 
most often called upon to consult on some of the 
most puzzling and diffi cult-to-manage patients in 
pediatric practice and hospitals. 

 Ayurvedic literature refers to bone and joint 
conditions under the category of  vata . It appears 
that  amavata  is probably what we now call rheu-
matoid arthritis,  vata  is probably osteoarthritis and 
 vatarakta  is most likely gout. Although Jivaka, the 
earliest documented pediatrician in history is from 
India, there is no clear description of childhood 
arthritis in the Indian literature [ 5 ,  6 ]. 

 There are no descriptions of arthritis in children 
in the English literature before 1800. However, 
Thomas Phaer (Phayer) wrote two pages in his 
book on The  Boke of Chyldren  published in 1545 
about “the stifnes or starckenes of limmes” which 
reads like chronic arthritis. However, art historians 
point out that a young person in the painting by 
Botticelli in 1483 shows changes in his hands sug-
gestive of chronic arthritis [ 7 ]. 

 Rheumatic fever was known for a long time 
probably because it was very common in child-
hood. However, Baillou, who introduced the term 
rheumatism to modern medical literature in 1642, 
is considered to have used the term specifi cally to 
acute rheumatism. In his description of acute rheu-
matism, Baillou was aware of chronic forms of 
rheumatism also. Later, Thomas Sydenham, who 
suffered from gout himself, separated gout from 

rheumatic fever and from other chronic arthritic 
conditions. Later still Sir Archibald Garrod coined 
the term rheumatoid arthritis for one subset in 
1858 [ 3 ,  8 ]. 

 The fi rst detailed description of juvenile forms 
of arthritis in the English literature was by George 
Federick Still in 1897 [ 9 ]. There were several 
clinical descriptions earlier including a report 
from France on 38 children with chronic arthritis 
by Diamant-Berger [ 10 ]. The latter publication 
has diagrams of various forms of deformities of 
the hand and of the neck. However, it was Still’s 
name which became associated with juvenile 
form of arthritis, particularly the systemic type. 

 Still described 22 patients and described the fea-
tures of 19 patients he had seen himself at the Great 
Ormond Street Hospital or in the children at 
London [ 9 ]. He included three types: (a) with sys-
temic features such as fever, splenomegaly, and 
lymphadenopathy (12 patients), (b) with feature 
similar to those of adults (6 patients), and (c) 
Jaccoud arthropathy (1 patient). After this publica-
tion, the term Still’s disease came into common use 
to describe not just the systemic (febrile) type but 
all forms of chronic arthritis in children. Therefore, 
in order to separate the systemic type from the oth-
ers, the term juvenile rheumatoid arthritis (JRA) 
was introduced in the USA in 1946 by Cass and 
Boots [ 11 ]. A few authors had suggested diagnostic 
criteria for JRA. However, the preferred term in 
England and Europe was juvenile chronic polyar-
thritis with a different set of criteria. In his Heberden 
Oration, Prof. Bywaters [ 12 ] pointed out “Chronic 
Juvenile polyarthritis is a wide term. Still’s disease 
is a historic term and JRA is an exact but mislead-
ing term”. Clearly some order and uniformity were 
needed to classify the subtypes. 

 A subcommittee for the classifi cation of JRA 
(earlier nomenclature) was established in 1964 
by the ARA, and the fi rst set of criteria for clas-
sifi cation was published in 1972 [ 13 ]. Three types 
of onset were recognized, namely, oligo (pauci)-
articular, polyarticular, and systemic. These crite-
ria were validated and revised. In the absence of 
clear understanding of its etiology and pathogen-
esis, the term JRA included various  syndromes 
with phenotypic variations and genetic het-
erogeneity. Therefore, the Pediatric Standing 
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Committee of Inter national League Against 
Rheumatism (ILAR) developed a classifi cation 
of the idiopathic arthritides of childhood (juvenile 
idiopathic arthritis or JIA), and its latest version 
was published in 2004 [ 14 ]. The universal adapta-
tion of this classifi cation should help standardize 
nomenclature and collect data from a comparable 
set of patients from different parts of the world. 

 Since JIA makes up for a vast majority of 
patients seen by pediatric rheumatologists, the 
focus was on this entity in the beginning. Similar 
efforts had to be undertaken to classify other 
rheumatic diseases in children before reliable 
clinical and therapeutic studies could be done. 
This came about subsequently. Criteria for clas-
sifi cation of systemic lupus erythematosus (SLE), 
dermato- and polymyosists, and scleorderma had 
already been developed for use in adults, and 
they were applicable to children also for the most 
part. The ACR criteria of 1982 for classifi cation 
of SLE have been evaluated in children [ 15 ,  16 ]. 
Criteria for the diagnosis of dermatomyositis are 
still those established in 1975 by Bohan and Peter 
[ 17 ], although efforts are being made to modify 
them. Criteria for the diagnosis of juvenile sclero-
derma and various forms of vasculitis have 
recently been established [ 18 ,  19 ,  19A ]. 

 In 1947, the Canadian government presented a 
war-time hospital to Great Britain, and this became 
a major center for care of children with rheumatic 
diseases. This hospital was later known as 
“Taplow” where Prof. Eric Bywaters and Prof. 
Barbara Ansell laid the foundations for pediatric 
rheumatology as a scientifi c discipline and trained 
several physicians from all over the world. In the 
USA, there were similar specialized hospitals for 
the care of children with acute rheumatic fever (La 
Rabida in Chicago and Irvington House in 
New York). The incidence of acute rheumatic fever 
started declining during the middle of the century 
at least in the west, for a combination of reasons 
and an interest in other rheumatic diseases of 
childhood started to increase. All of the hospitals 
caring for children with acute rheumatic fever 
started to focus on JRA (JIA). In Europe, Prof. 
Elizabeth Stoeber was responsible for converting a 
TB sanatorium into a center for rheumatic diseases 
at Garmisch- Partenkirchen in Germany. 

 At present, the USA and Italy are leading the sci-
entifi c advancements in pediatric rheumatology 
although the foundations were laid at Taplow, 
England. In the USA, the American College of 
Rheumatology (previously known as American 
Rheumatism Association or ARA), the American 
Academy of Pediatrics, the Arthritis Foundation, the 
American Board of Pediatrics, Offi ce of Maternal 
and Child Health, and the March of Dimes Foundation 
were all involved in developing this fi eld. 

 The earliest specialized centers for rheumatic 
diseases in modern times were established in 
U.S.A. with the help of the March of Dimes 
Foundation when it shifted its focus from polio-
myelitis. Later, several innovations in delivery of 
care such as parent support groups, family-cen-
tered care, multidisciplinary care, and outreach 
programs were developed at centers supported by 
the Offi ce of Maternal and Child Health. 

 The ARA (now known as ACR, the name 
changed in 1985) decided to establish a council 
on pediatric rheumatology in order to address the 
needs of children with rheumatic diseases. This 
effort resulted in the fi rst Park City conference at 
Park City, Utah in 1976. The proceedings of this 
conference was published as a supplement [ 1 ] to 
the journal Arthritis and Rheumatism (the name 
of this journal has been changed recently to 
Arthritis and Rheumatology). Since then, several 
books and monographs on pediatric rheumatol-
ogy have been published. 

 The American Academy of Pediatrics estab-
lished a section of rheumatology in 1980, and its 
focus has been on the education of physicians 
and advocacy for the care of children with chronic 
diseases. The American Board of Pediatrics rec-
ognized the need for training of physicians in this 
important specialty and established a sub-board 
in pediatric rheumatology in 1990. In 2012, there 
were 30 academic centers in the USA with 
accredited training programs. There are several 
training programs in Canada, England, Italy, and 
other European countries. Standards for training 
in pediatric rheumatology and a process for certi-
fi cation of specialized training in this fi eld are 
existent in several countries including India. 

 In the USA, the Arthritis Foundation (AF) has 
also played a major part in developing this fi eld with 
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its support for training, research and delivery of 
care. The American Juvenile Arthritis Organization 
(AJAO) gets its greatest support from the AF. Similar 
organizations exist in other countries also. For 
example,  Il Volo  is a parent support group in Italy 
(  www.ilvolo.org    ). There is a parent support group 
in India for children with Kawasaki Disease. 

 At the beginning of my career in pediatric 
rheumatology, there were very few options for 
the treatment of rheumatic diseases in children. 
To be more specifi c, they were aspirin, gold, and 
corticosteroids. In intractable situations, indo-
methacin, cyclophosphamide, and even chloram-
bucil were used, making the treatment more 
dangerous than the disease. Most of the drugs 
available in the market had not been tested for 
effi cacy or safety in children and therefore were 
not formally approved for use in pediatric prac-
tice. In the late 1960s and early 1970s, newer 
NSAIDs with less adverse effects compared to 
aspirin were being introduced. To make sure the 
promising new drugs were properly tested and 
approved for use in children, the Pediatric 
Rheumatology Collaborative Study Group 
(PRCSG) was formed in 1973 and headed by 
Earl Brewer of Houston, Texas. The group con-
ducted the fi rst clinical study comparing aspirin 
with tolmetin sodium and placebo and published 
the results in 1977 [ 20 ]. Since then this group has 
been responsible for most of the clinical studies 
on the safety and effi cacy of DMARDS and bio-
logical agents in children and has 79 published 
articles to its credit [ 21 ]. 

 In 1996, pediatric rheumatologists from 14 
European countries formed an organization simi-
lar to the PRCSG. This group (PRINTO) has 
worked collaboratively with PRCSG on various 
methodological papers and has also worked with 
regulatory agencies in the European Union. 
Recently, PRINTO has started collaborating with 
academic centers and professional organizations 
in Asian and South Asian countries in education 
and research. 

 The PRCSG has performed and published 
many studies on methodological issues [ 22 ], 
some of them in collaboration with PRINTO. This 
includes measurement of clinical response [ 23 ] 
and remission in JIA [ 24 ]. In its study on the use 

of the fi rst biological agent etanercept (TNF 
blocker) in JIA, the PRCSG used its newly devel-
oped defi nition of clinical response and also 
introduced an innovative design which has since 
been adapted by several other groups [ 25 ]. 

 The PRCSG and PRINTO designed Childhood 
Myositis Assessment Scale and core sets of out-
come measures and defi nitions of improvement 
for children with Juvenile Idiopathic Infl am-
matory Myopathies [ 26 – 28 ]. 

 Whereas PRCSG and PRINTO focused 
mostly on clinical trials and development of cri-
teria, a new organization called CARRA was 
formed in 2002 and its Mission is to  improve the 
health ,  well - being, and outcomes of children and 
adolescents with rheumatic disease through fos-
tering and facilitating collaborative research in 
prevention ,  treatment and cure . At present, this 
group is focused on the development of consen-
sus treatment protocols (CTPs) in each of the 
major disease areas – juvenile idiopathic arthritis, 
systemic lupus erythematosus, juvenile dermato-
myositis, vasculitis, and scleroderma (  http://car-
ragroup.org    ). 

 In India, Brig. Menon and Prof. Chandrasekaran 
were the earliest physicians to focus on pediatric 
rheumatology, although both of them were inter-
nists. Some of the earliest rheumatology clinics 
for children were started in the 1980’s in New 
Delhi, Lucknow, Chandigarh, and Chennai. 
Currently, there are about 25 trained pediatric 
rheumatologists in India and 12 centers offering 
specialty clinic for children with rheumatic dis-
eases [ 29 ]. Although the Indian Rheumatism 
Association initiated the early efforts to address 
the problems of children with rheumatic diseases, 
the Indian Academy of Pediatrics has taken over 
the lead with the organization of CME programs 
including a 2-day annual course for practicing 
pediatricians. More recently, PGI at Chandigarh 
has started a 3-year training program in pediatric 
immunology and rheumatology. As mentioned 
earlier, pediatric rheumato  logists from India are 
participating in several international studies in 
collaboration with PRINTO. 

 In his inaugural address at the fi rst Park City 
conference, Prof. Bywaters said: “Pediatric rheu-
matology is one of the latest arrivals and one of 
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the smallest, although I would say not premature. 
I think I can say I saw it arrive, although I cannot 
specify its birthday or place” [ 12 ]. This was in 
the year 1976. At that time we had very few ther-
apeutic options. Children with rheumatic dis-
eases grew up into adulthood with their chronic 
condition and associated disabilities (including 
joint replacements) or died of complications of 
the disease or the treatment. Fortunately, the fi eld 
was growing into its adolescence at the same 
time as the explosive increase in knowledge in 
the fi elds of immunology, molecular biology, and 
genomics. 

 The most signifi cant and exciting develop-
ments in the past two decades are the  introduction 
of biological agents for the treatment of rheumatic 
diseases, a better understanding of syndromic and 
familial arthropathies, and a better understanding 
of systemic infl ammatory disorders such as 
Familial Mediterranean Fever. These are areas in 
which history is being written at present. 

 The introduction of biologicals in the treat-
ment of rheumatic and autoimmune diseases has 
resulted in better control of many of these dis-
eases, and it is even possible to think of remission 
[ 30 ]. Gone are the days when children with JIA 
face blindness and several kinds of orthopedic 

procedures and even joint replacement at a very 
young age. 

 Advances in molecular biology, genetics, and 
genomics have made it possible to study several 
familial syndromes in which genetics play a part. 
These in turn have improved our understanding 
of the basic biology of rheumatic diseases, 
infl ammation, and joint biology. For example, 
genetic studies of children with CPAP syndrome 
led to the identifi cation of lubricin as a major 
lubricating agent in joint fl uids, even more impor-
tant than hyaluronic acid [ 31 ]. 

 Pediatric rheumatologists are often consulted 
on patients with undiagnosed periodic fevers 
such as FMF. Once again, development in genet-
ics and its associated technologies resulted in the 
identifi cation of genes responsible for these dis-
eases [ 32 ,  33 ]. They are aptly grouped under the 
name of autoinfl ammatory diseases. At present 
approximately 25 monogenic autoinfl ammatory 
diseases are listed at the website  infevers  (fmf.
igh.cnrs.fr/ISSAID/infevers/accessed on April 
13, 2016) with 1,460 known variants (Fig.  1.1 ). 
Studies on these patients have opened up new 
understanding of the basic mechanisms infl am-
mation and also description of several new syn-
dromes. These developments arrived at a time 

Current number (1460) of sequence variants in the database
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  Fig. 1.1    An example of recent advances in pediatric rheumatology (From Infevers: an online database for autoinfl am-
matory mutations. Copyright. Available at   http://fmf.igh.cnrs.fr/ISSAID/infevers/    . Accessed April 13, 2016)       
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when research into the use of biologicals and sig-
nal transduction molecules were also advancing, 
so that it is possible to treat some of these dis-
eases effectively [ 34 ].

   That indeed is progress.    
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          Introduction 

 One must be wondering why a chapter on play-
ers of the immune response is needed in a book 
on pediatric rheumatology. Pathology in most 
serious rheumatic diseases is driven by the 

immune system either by auto-infl ammation or 
autoimmunity. Further, children with a defi cient 
immune system, due to genetic defects, also 
present to pediatric rheumatologists with vary-
ing rheumatic manifestations. In the last decade 
all the advances in the management of juvenile 
idiopathic arthritis are due to the use of thera-
pies, targeted at various immune mediators or 
cells. Thus, to have a good understanding of 
these aspects of pediatric rheumatology, one 
needs to be aware of the various cells and solu-
ble mediators of the immune system. In addition 
knowledge of how a coordinated immune 
response is generated in response to infection 
and how it goes awry in autoimmune diseases as 
well as in auto-infl ammatory syndromesis useful 
in understanding the clinical manifestations of 
the disease [ 1 ,  2 ]. 

 The three basic aspects of the immune system 
are recognition of foreign threats, such as microbes, 
generation of an appropriate immune response for 
elimination of the microbe, and fi nally to have 
memory of this encounter so that the next time the 
body is able to respond faster and better. 

 The immune system, like the army, has two 
lines of defense: the immediate one also called 
called innate immune response and then a more 
 coordinated and specifi c adaptive immune 
response. These two differ in the cells participat-
ing and the time course of the required response 
(Table  2.1 ).

 Learning Objectives 

     1.    To learn about the innate immune sys-
tem: recognition and generation of 
immune response   

   2.    To know about cells of the adaptive 
immune system including various T-cell 
subsets   

   3.    To know the cytokines involved in 
infl ammation   

   4.    To know how different drugs act on 
immune system     
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       Innate Immune Response 

 As the innate immune response is an immediate 
and a broad based response, the sensing of the 
pathogen is done by recognizing particular 
molecular patterns present on microbial surfaces 
called pathogen-associated molecular patterns 
(PAMPs). These PAMPs are recognized by pat-
tern recognition receptors like Toll-like receptors 
(TLRs), infl ammosome, or NOD2. 

 TLRs [ 3 ] are a family of multiple receptors. 
Of these TLRs 1 to 9 have been well character-
ized. Different TLRs differ in their ligand recog-
nition, adapter molecules involved in activation, 
and expression on different cells (Table  2.2 ).

   In addition, two other families of receptors 
sense PAMPs in the cytoplasm: NOD-like recep-
tors (NLRs), infl ammasomes, and RIG-like heli-
cases (RLHs). Infl ammasomes are 
multicomponent complexes that contain a NLR- 
containing protein that recognizes the microbe, 
adaptor proteins that bring together different mol-
ecules, and caspase 1 which activates pro- IL- 1 
and pro-IL-18 to active IL-1 and IL-18 [ 4 ]. These 
2 cytokines cause a severe pro- infl ammatory 
response. This is dealt in more detail in the chap-
ter on auto-infl ammatory syndromes.  

    Effector Cells and Molecules 

  Neutrophils     They are the major players in acute 
infl ammation, and their main function is phagocy-
tosis of microbe and subsequent killing of the 
microbe by an oxidative “burst” leading to release 
of reactive oxygen species as well as release of 

neutrophil granule content containing acidic and 
alkaline phosphatases, defensins, and peroxidase.  

  Macrophages/Monocytes     Macrophages are another 
group of phagocytic cells which are larger than neu-
trophils and are predominantly involved in chronic 
infl ammation. In addition to their phagocytic and 
microbicidal activity, they also bridge the innate 
immune response to the adaptive immune response 
by presenting the antigen to T lymphocytes.  

  Dendritic Cells (DC)     Like macrophages, den-
dritic cells also present the antigen to the T-helper 
cell. They are also called professional antigen- 
presenting cells (APCs). Naïve or immature DCs 
can take up the antigen but are poor APCs [ 5 ]. On 
activation by TLR signaling they become mature 
DCs and acquire co-stimulatory molecules, and 
thus become effi cient at processing the antigen 
and presenting it to CD4 cells. In addition they 
secrete chemokine (C-C motif) ligand 18 
(CCL18) that attracts naive T cells toward the 
dendritic cell in the lymph nodes thus increasing 
the interaction between DCs and T cells.  

  Natural Killer (NK) Cell     They comprise about 
5–10 % of circulating lymphocytes and as the 
name suggests, they have an inherent property to 
kill the target cell. The usual targets are virus- 
infected cells or tumor cells. NK cells have killer 
activation receptors and killer inhibition recep-
tors on their cell surface in addition to receptor 
for immunoglobulin type G [ 6 ]. The inhibiting 
receptors interact with MHC class I molecules on 
cells and thus prevent killing of normal cells. A 
cell such as a tumor or virus-infected cell that 
lacks MHC class I will be recognized by NK 

   Table 2.1    Innate vs Adaptive immunity   

 Innate immunity  Adaptive immunity 

 Physical barriers  Skin, mucous membrane  Mucosal immune system 
 Cellular component  Neutrophils 

 Macrophages and dendritic cells 
 Natural killer cells 

 T and B lymphocytes 

 Soluble molecules (circulating in 
the blood) 

 Complement 
 C-reactive protein 
 Mannose-binding lectin 
 Cytokines (IL-1,TNF,IFN-α) 

 Antibodies (immunoglobulins) 
 Cytokines like IL-4, IL-17, and IFN-γ 

 Time to response  Minutes to hours  Days 
 Memory generation  No  Yes 
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cells and be killed by induction of apoptosis or by 
release of perforins and granzyme from its gran-
ules. NK cells also secrete IFN-γ and thus aug-
ment the CD8 T-cell response against virally 
infected cells. In addition, NK cells can also kill 
cells coated by antibodies by binding to them via 
IgG receptors by a mechanism termed antibody- 
dependent cellular cytotoxicity (ADCC).  

  Complement Products     The complement system 
primarily helps to fi ght bacterial infections by 
generating multiple complement products during 
its activation. Complement system can be acti-
vated by immune complexes, bacterial products, 
or mannose binding lectins [ 7 ]. Early comple-
ment products like C4b and C2a act as opsonins 
and help in the phagocytosis of bacteria by neu-
trophils and macrophages. C3a and C5a act as 
chemo-attractants and help in recruiting neutro-
phils to the site of infl ammation and as anaphyla-
toxins help in release of histamine from basophils 
and mast cells. The complex formed at the end by 

late complement components causes lysis of the 
bacterial cell.   

    Adaptive Immune Response 

 Though for understanding we often separate the 
innate and adaptive immune response, in reality 
they are interlinked [ 1 ,  2 ]. The adaptive immune 
system mainly consists of multiple types of lym-
phocytes, the major subset being T and B lympho-
cytes. The bone marrow is the major site of 
hematopoiesis and gives rise to different blood 
cells. Most of the hematopoietic cells mature in 
the bone marrow except for the T cells that migrate 
to the thymus for their complete maturation. 

   T Lymphocytes      T cells can be broadly divided 
into CD4 or T-helper (Th) and CD8 or T cytotoxic 
cells (Tc). CD4 Th cells are divided into many 
different subsets based on the cytokine produced, 

   Table 2.2    Human Toll-like receptors   

 Receptor  Cell types  Ligand 
 Adaptor molecule 
used  Location 

 TLR1  Monocytes/macrophages 
 Dendritic cells 
 B lymphocytes 

 Multiple triacyl lipopeptides  MyD88/MAL  Surface 

 TLR2  Monocytes/macrophages 
 Neutrophils 
 Myeloid dendritic cells 

 Lipoteichoic acid HSP70 
 Zymosan (beta-glucan) 

 MyD88/MAL  Surface 

 TLR3  Dendritic cells 
 B lymphocytes 
 Monocytes/macrophages 
 Neutrophils 

 Double-stranded RNA 
 poly I:C 

 TRIF  Intracellular 

 TLR4  Monocytes/macrophages 
 Neutrophils 
 Dendritic cells 
 B lymphocytes 
 Intestinal epithelium 

 Lipopolysaccharide 
 Heat shock proteins 
 Fibrinogen 
 Heparan sulfate 

 MyD88/MAL/ 
 TRIF/ 
 TRAM 

 Surface 

 TLR5  Monocyte/macrophages 
 Dendritic cells 
 Intestinal epithelium 

 Flagellin  MyD88  Surface 

 TLR6  Multiple diacyl lipopeptides  MyD88/MAL  Surface 
 TLR7  Monocytes/macrophages 

 Dendritic cells 
 B lymphocytes 

 Single-stranded RNA  MyD88  Intracellular 

 TLR8  Monocytes/macrophages 
 Dendritic cells 

 Single-stranded RNA  MyD88  Surface 

 TLR9  Monocytes/macrophages 
 Dendritic cells 
 B lymphocytes 

 Unmethylated CpG 
 Oligodeoxynucleotide DNA 

 MyD88  Intra cellular 
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transcription factor needed for their development, 
and chemokine receptors expressed by them 
(Fig.  2.1 ) [ 8 ]. Depending on the kind of pathogen 
or inciting stimuli, different subsets of Th cells are 
generated.

    The T cells recognize the antigen in context 
with the MHC on the antigen-presenting cell 
(APC). MHC is located on chromosome 6 and 
codes for class I and Class II HLA antigens. HLA 
A, B, and C comprise HLA Class I antigens, 
whereas HLA-DR, DP, and DQ comprise HLA 
Class II antigens. HLA class I molecule consists 
of alpha chain associated with invariant beta 2 
microglobulin, whereas HLA class II molecule 
consists of two chains: alpha and beta. The APCs 
have to process the antigen into a small peptide 
and then express it on the cell surface in context 
with MHC for a T cell to recognize it. CD4 T 
cells recognize antigens in context with MHC 
class II, whereas CD8 cells recognize antigen in 
context with MHC class I. The CD8 cells are 
mainly cytotoxic and thus kill the target cell bear-
ing the antigen, whereas CD4 cells mainly pro-
duce cytokines on activation as well as provide 
help to B cells to produce antibodies. 

   B Lymphocytes      B lymphocytes are the major 
players in the generation of the humoral response, 
i.e., antibody production. B lymphocytes interact 

with antigens through their B-cell receptor and 
undergo proliferation and affi nity maturation in 
the germinal centers of lymph nodes with the help 
of T follicular helper cells to give rise to antibody-
producing plasma cells as well as memory B cells 
[ 9 ]. The B cells also changes the type of antibody 
produced from IgM to IgG/IgA/IgE, which is the 
so-called isotype switch. All this leads to better 
quality of antibodies for removal of the microbe.  

   Antibodies      Antibodies are immunoglobulins pro-
duced by plasma cells. There are fi ve different types 
of antibodies in the human immune system – 
namely, IgM, IgG, IgA, IgE, and IgD. In addition, 
there are four sub classes of IgG (IgG1- 4). The 
basic antibody unit consists of a glycosylated pro-
tein consisting of two heavy and two light polypep-
tide chains. The region which binds to the antigen is 
known as the Fab region, while the constant region, 
Fc, not only determines the isotype but is the region 
responsible for evoking effector systems. The major 
effector functions of antibody are complement acti-
vation and ADCC by NK cells as well as neutraliza-
tion and opsonization of the microbe.  

   Cytokines      Cytokines are small peptides that help 
in cross talk between the cells. They can be con-
sidered similar to hormones in the endocrine sys-
tem. Cytokines include chemokines, interferons, 
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  Fig. 2.1    Different T-helper (Th) cell subsets along with their signature transcription factors and the cytokines produced 
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