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Lecture 1

Vaccine is an immunological substance designed to confer specific protection against a given disease .It stimulates specific immune response (either humoral or cell mediated or both ) to generate specific protection against an infectious agent .

Vaccine may be prepared from 

1- live modified organisms 2-inactivated 3-killed organism 4-toxoid 

5-combination of these 

live versus killed vaccines 

live attenuated as well as inactivated vaccines for different diseases are available .The former are  also called as replicating and the later as non replicating vaccines. The live vaccines are prepared from live and attenuated organisms which have lost  their ability to induce disease but retain their immunogenicity .In general live vaccines are more potent immunizing agents because of the following reasons .

1- These can multiply in the host thus increasing the antigen dose manifeld 

2- Possess all major and minor antigenic components .

3- These occupy natural niches for the pathogen in the body thus blocking colonization by the pathogen 

4- These may be persist for long time in the body in latent stages 

The killed vaccine are prepared by subjecting organism to the action of physical or chemical agents there are usually safe but generally less efficacious than the live vaccine 

Differences between attenuated and inactivated vaccines 
	features
	Attenuated
	Inactivated

	1- preparation 
	attenuation
	Inactivation 

	2- administration 
       Route

       Dose 
	May be natural route 

May be single dose 
	Parentaral 

Usually multiple 

	3- adjuvants 
	Not required 
	Usually required 

	4-safety 
	May revert to virulent 
	Safe 

	5- cold chain    

    Requirement 

     Cost 
	++++ 

low 
	++

High

	6- duration of immunity 
	Usually years 
	May be short or long 

	7- immune response 

       Humoral 

       CMI
	IgG ,IgA

 +
	Mainly IgG
Little or no 


National immunization schedule 
A national schedule is formulated on the  basis of the epidemiology of the disease ,availability of suitable vaccine and technical as well as financial feasibility of administration to the community .since many of these factors differ from country to country . the schedules followed in the USA and UK have been mentioned in the following tables .

National immunization schedules for the USA and the UK 

	USA
	UK

	Age 
	vaccine
	Age 
	Vaccine

	2 months
	DPT+OPV
	3 months 
	DPT+OPV

	4 months
	DPT+OPV
	5 months 
	DPT+OPV

	6 months
	DPT+OPV
	11 months 
	DPT+OPV

	16 months 
	MMR 
	1-2 years 
	Measles +Hib 

	18 months 
	DPT+OPV+Hib 
	3-5 years 
	DT +OPV

	4-6 years 
	DPT+OPV
	10-1years 
	BCG

	14-16 YEARS      
	TD  
	11-14 years 
	Rubella girls 


Bacterial vaccines 
During the last quarter of nineteenth century a succession of discoveries was reported which had bearing on the causative role   of bacterial in human and animal diseases .bacteriology of cholera ,typhoid ,plaque ,diphtheria ,tuberculosis and whooping cough was established .the natural and obvious follow up of these discoveries was the quest for the development of preventive and therapeutic agents against these diseases .

Chronology of development  of bacterial vaccine 
	Years 
	Disease 
	Type of vaccine 
	Scientist  

	1885
	Cholera 
	Live vibrio cholera 
	Ferran 

	1892
	Cholera
	Attenuated whole cell vaccine 
	Hiffikine 

	1896
	Typhoid fever
	Inactivated whole cell vaccine 
	Wright , Pfeffier & Kolle 

	1897 
	Plaque 
	Inactivated whole cell vaccine
	Behring 

	1913
	Diphtheria 
	Toxin –toxoid 
	Behring

	1921
	Tuberculosis 
	Attenuated BCG 
	Calmette & Guerin 

	1923
	Diphtheria 
	Partially purified toxoid 
	Ramon & Glenny 

	1926 
	Whooping cough 
	Inactivated whole cell vaccine
	Madsen 

	1927
	Tetanus 
	Partially purified toxoid 
	Ramon and Zoeller 

	1938
	Scrub typhus 
	Inactivated whole cell vaccine
	Ramon and Zoeller

	1986
	Cholera 
	B subunit whole cell vaccine
	Svennerholm and Holmgren 


Viral vaccines 
The era of viral vaccine can be conveniently  divided into two parts : pre tissue culture era and post tissue culture era . the only the remnant of the former era is vaccines against yellow fever and influenza .All other vaccines that are available today are produced in tissue culture .The impact of advances on genetics and their applications was felt on viral vaccine when the first ever DNA recombinant vaccine against any disease was made available to prevent hepatitis B  and  its dreadful sequelae such as hepatitis cirrhosis and carcinomas. 
Chronology of development  of viral vaccine 

	Years 
	Disease 
	Type of vaccine 
	Scientist  

	1885
	Rabies 
	Nervous tissue vaccine 
	Pasteur  

	1911
	Rabies 
	Nervous tissue vaccine
	Semple 

	1932
	Yellow fever 
	Live attenuated vaccine 
	Sellard and Laigret 

	1937
	Influenza 
	Inactivated vaccine 
	Salk 

	1955
	Poliomyelitis 
	Inactivated vaccine
	Salk

	1961
	Poliomyelitis 
	Live attenuated vaccine
	Sabin 

	1961
	Measles 
	Live attenuated vaccine
	Enders ,Scwarz 

	1967
	Rubella 
	Live attenuated vaccine
	Weller , Neva 

	1976
	Hepatitis B 
	Plasma derived 
	

	1983
	Chicken pox 
	Live attenuated vaccine
	

	1986
	Hepatitis B
	Yeast derived recombinant vaccine 
	


Polysaccharide vaccines 
Between 1968 and 1984 ,five vaccines composed of highly purified capsular polysaccharides were introduced against four invasive bacterial pathogens 

	Years 
	Vaccines 

	1968
	Meningococcus C vaccine 

	1971
	Meningococcus A vaccine

	1978
	Pneumoccoccal vaccine  

	1980
	Haemophilus influenza type b vaccine 

	1984
	Typhoid vi polysaccharide vaccine 


The modern era of biotechnology is bount to result into the generation of many new and better vaccines in near future . 

Tuberculosis : caused by Mycobacterium tuberculosis vaccines against tuberculosis BCG 
Camille Guerin began to subculture a strain of bovine tubercle bacilli in 1906 .Calmate and Guerin  objective of preparing an attenuated living vaccine rather than a killed one .It was observed by these that addition of Ox bile to growth medium resulted into fine dispersion of tubercle and changes occurred in their morphology and virulence . It was deduced by Calmate and Guerin  that prolonged cultivation of a strain on a potato glycerine medium containing ox bile might provide a harmless but efficient vaccine .they did 231 subculture at an interval of three weeks over a period of 13 years and obtained a strain which was attenuated and permanently stabilized in that form .it was antigenic and could induce protection against human tubercle bacillus infection at this stage it was named as BCG . It is estimated that more than one thousand million people have been vaccinated with BCG and the world literature mentions only four cases who developed progressive generalized tuberculosis resulting from BCG .presumably because of the immune deficient state of the recipient .

The distribution and storage of vaccine without any loss of potency has been greatly facilitated by freeze drying the vaccine which was introduced in early 1960 by a British pharmaceutical firm . 

Storage : after the production and before it is distributed the vaccine is stored at temperature below 8 c and protected from day light by using amber colored ampoules and bottles .The BCG Vaccine 
 doesn’t  have an expiry date exceeding 24 months from the date oactory test for ftisf last satisfactory test for culturable particles and not more than 12 months from the date of issue. 

Dose and route of administration 

The standard dose of BCG Vaccine is  0.1 mg in  0.1 ml volume of D.W. Injected intradermally at the site of insertion of deltoid muscle .sites higher in the arm  may lead to keloid formation although some studies have shown a slightly higher tuberculin conversion rate when BCG is given at the age of three months good sensitization is obtained when it is injected immediately after birth 

The strategy involves immunization with BCG of all followings 

a- all infants at birth or immediately after birth 

b- revaccination at school entry of those who are tuberculin negative 

c- all family contacts of open pulmonary tuberculosis cases if tuberculin negative 

d- community wide vaccination of all individuals with tuberculin reaction to 5 T.U of PPD of less than 5 mm induration after 72 hours 

 contra indication 

a- Acute febrile illness b- generalized eczema the vaccine can be ,however given during a remission  of eczema or in eczema free area of skin 
c- septic skin conditions at the proposed site of vaccination 
d- immunodeficiency ,malignancy and HIV positive individual 

e-within threeinistrationof another live vaccine .no further immunization should be given in the arm used for  BCG for at least three months because of the risk of regional lymphadenitis. 

f- tuberculin positive reactors 

g- pregnancy ,particularly the early  stages. The vaccination may out weight the risk to the fetus 

Adverse reactions   
Within 2-6 week a discharging  ulcer may occur at vaccination site usually due to  inadvertent subcutaneous injection or to excessive dose allowed to dry the ulcer usually heals leaving only small scar .rarely an abscess may be formed adenitis ,lupoid type of local lesion ,widespread dissemination of the injected organisms and anaphylactic reactions may occur but very rarely .the risk of BCG vaccine disseminated  infection is less than ones per million and supportive adenitis 100-4300 per 100000vaccine recipients 

Killed vaccine 

All attempts to produce a killed vaccine against tuberculosis have proved un successful   .
Lecture 2
Diphtheria 

Caused by Corynebacterium diphtheriae toxin vaccines against diphtheria immunization of children with diphtheria toxoid is now universal in most of the countries of the world .except in rare circumstances ,Diphtheria toxoid is no longer administrated as a single antigen but is combined with tetanus toxoid and Bordetella pertussis vaccine  .The combined form is designated as DPT or triple vaccine .The tetanus and diphtheria toxoid are often adsorbed on insoluble aluminum salts .The B .pertussis component act as adjuvant and enhances the antitoxin response to both toxoids .Different schedules have been recommended in different countries but all aim at attaining level of 0.001 unit /  of antitoxin which is considered adequate protection against infection with a toxigenic strain of C. diphtheriae 
Immunization schedules for DPT vaccines 

	Dose
	Age

	
	United kingdom
	United state
	WHO

	1
	3 months
	2months
	6 weeks

	2
	4.5 -5 months
	4 months
	10 weeks

	3
	8.5-11 months
	6 months
	14 weeks

	4
	-
	15 months
	-

	Booster 
	School entry only DT  
	4-6 years 
	-


Diphtheria toxoid this prepared from diphtheria toxin liberated by standard strain of Corynebacterium diphtheriae (PW8) by detoxifiying the toxin with formaldehyde .Single human dose of diphtheria toxoid contains no more than 30 LF of toxoid preservative (other than phenol ) can be added if vaccine is to be dispensed in multidose containers ,and an adjuvant (aluminum or calcium compounds ) is generally used as amineral carrier with concentration of aluminium not exceeding 1.25 mg and that of calicium 1.3 mg per single human dose .

Storage : 
   The diphtheria toxoid should not be frozen and storage at 2-8 C has been found to be satisfactory .Once frozen ,this toxoid should not be used .The presence of granular or flaky particlesin the vaccine or the formation of deposit below a column of transparent fluid within 30 minutes of shaking is an indication that the vaccine has been frozen
 Dose and dose schedules

Single dose is of 0.5 ml injected subcutaneously or intramuscularly the diphtheria toxoid is given in combination with tetanus  DT or tetanus and pertussis antigens DPT( triple vaccine ) three doses are adequate when given at intervals of 4 weeks starting from 6 weeks of life .Booster dose is needed at 18 months of age and may be given against at school entry age.

Adverse reactions 
Allergic phenomenon every type of allergic response can be elicited in human following injection with diphtheria toxoid .Anaphylaxis  arthus reactions as well as delayed type of hypersensitivity reaction have been shown with this vaccine .
contra indication 

1- Acute febrile illness  2- sever reactions such as neurological or anaphylactic reactions to an earlier diphtheria immunization 
Assessing efficacy of vaccine 

It can be done either by the measured of antidiphtheria toxin in the serum of the vaccine or by performing schick test a level of › 0.02  IU/ml of antitoxin in the serum of vaccine shell indicate adequate protection .Schick test is an in vivo skin test where in purified diphtheria toxin 0.2 ml is injected intradermally in a child of more than 2 months of age and readings are taken after 24-48 hours and 5-7 days .Absence of a reaction indicates immunity to diphtheria 

Future prospects 

1- the gene coding for diphtheria toxin has been isolated from phages .It has been found to be containing 1850 base pairs in asequence which has remained constant over last fifty years .mutagenesis with nitrosoquanidine has resulted into generation of several mutants of this gene which produce non toxic proteins that are immunologically related to diphtheria toxin .these have been called as cross reacting materials (C R Ms ).one of these mutant (C R M197 ) is almost indistinguishable ,immunochemically from diphtheria toxin .As an immunizing agent it should produce just as a high titers of neutralizing antitoxin in rabbits ,guinea pig ,and finally man as does the toxin itself 

2- recombinant vaccine  .the tox gene has been isolated,sequenced and also inserted into E .coli .this modified gene is non toxic but immunogenic and the product might be secreted into the periplasmic space and could be isolated with ease .

3- synthetic antigens : the diphtheria fragment A and B are joined by 16 amino acid loop .this has been synthesized and covalently linked to a synthetic poly –DL-alanine –poly –lysine polymer .it is injected to ginea pig evoked the production of antibodies that blocked the enzymatic activity of fragment A. 
pertussis /  the name whooping cough caused by Bordetella pertussis vaccines against pertussis 

whole cell vaccine is prepared from one or more strains of   Bordetella pertussis .Strians are chosen in such away that the final vaccine includes agglutinogens 1,2 and 3. In the final bulk the concentration of bacteria for each human dose of 0.5 ml corresponds to an opacity before killing of not more than 40 IU .Each bulk is examined for the presence of agglutinogens 1,2 and 3before the addition of adjuvant .the concentration of aluminum as an adjuvant ,does not exceed 1.25 mg and that of calcium 1.3 mg per asingle human dose .A preservative other than phenol is added 
Storage : 

 the vaccine is not frozen and storage at 2-8 C is adequate .The expiry date is not more than 2.5 years from the date last potency test was carried out with satisfactory results 
Dose and immunizing schedule  
Pertussis vaccine is not available as single antigen .Instead it is always injected as apart of DPT (triple) ,the required potency is present in 0.5 ml of DPT .The schedule is also same as for other components given collectively .The vaccine is injected subcutaneously or intramuscularly .An interval of minimum four weeks is mandatory between two doses of DPT .

Immunity :Does not produce a life long immunity about 2 years of complete course 

Adverse reactions 

Majority of the adverse reactions seen with DPT occur because of the pertussis component 

In the UK a national childhood encephalopathy study was established in 1976 to determine the detrimental effects of vaccine . This was a case control study and concluded that. 
a- most cases of neurological illness in early childhood are attributable to causes other than immunization 

b- neurological illness occur more frequently within 72 hours after DPT immune.

c- Permanent neurological damage after pertussis vaccine is rare event and it is difficult to establish causal relationship in individual cases .
A cellular pertussis vaccines Japans towards the development of an improved pertussis vaccine with only those components which induce immunity and do not cause adverse effects .The first vaccine that was designed specifically to contain known components of Bordetella pertussis  in identifiable Quantities was that described by Sato and coworkers .this vaccine was also known as first generations  a cellular pertussis vaccine and has given rise to possible three more generations of a cellular pertussis vaccines 

	Generation 
	Components 

	First 
	FHA,PT, Agglutinogen and other antigens 

	Second 
	Pertussis toxoid 
FHA and PT 

Agglutinogens

PT 

	Third 
	rDNA vaccine 


  PT=pertussis toxoid 

  rDNA = recombinant DNA technology 
Tetanus 

Causative agent Clostridium tetani  
Vaccine /  tetanus toxoid is prepared by the detoxification of tetanus toxin which is procured by growing a standard hypertoxigenic strain of C .tetani 

The number of LF of toxoid in a single human dose doesnot exceed 25 LF if more than one dose is recommended  for primary immunization .A suitable antimicrobial preservative other than phenol is added if the vaccine is to be filled in multidose container A aluminum as an adjuvant ,does not exceed 1.25 mg and that of calcium 1.3 mg per a single human dose .A preservative other than phenol is added .

Storage 

The tetanus adsorbed vaccine is not frozen and remain stable at temperature between 2-8 C .if frozen it not be used for immunization 
Immunization schedule tetanus vaccine is recommended for use of  
1-children as apart of immunization schedule for vaccine preventable disease 
2-preynant women 

3-individual who have suffered injury suspected to be contaminated with C .tetanus 
Route of administration tetanus vaccine is routinely injected intramusularly or subcutaneously .The intramuscular route is preferred for adsorbed products .injection are usually in the upper thigh or deltoid .The thigh is often preferred in infants because of the larger muscle mass but for children 18 months and above deltoid can be used .The gluteal region should be usually avoided  
Commercial preparations 
Tetanus vaccine is available as a single vaccine .however it is most often associated with other vaccines as either double vaccine ,tetanus –diphtheria ,tetanus –polio , tetanus –flu or triple vaccine ,diphtheria –tetanus –polio ,diphtheria tetanus pertussis ,diphtheria –tetanus – typhoid or quadruple vaccine diphtheria –tetanus –pertussis –polio ,or even quintuple diphtheria-tetanus-pertussis –polio –measles 

Efficacy of TT 
Injection into man of 2-3 doses of toxoid (0.5 ml )each at properly spaced duration raises nthe antitoxin level of blood within a few weeks to protective status .the level of adequate protection has varied from study to study and ranged between 0.005 to 0.1 IU/  ml presently a level of 0.01 IU /   ml of serum is accepted as adequate .the immunity provided by one full course of three injection is long lasting and may persist life long .it has been seen in many studies that circulating antitoxin level after immunization with toxoid falls gradually for 10 years and then remains more or less stationary .
Adverse reactions 

Tetanus toxoid is a safe and effective vaccine .purified fluid tetanus toxoid ,prepared with protein –free medium ,is one of the least irritating 

Of vaccines .Yet occurrence of adverse effects has been reported in literature .the reactions are 

1- local (swelling ,redness and pain up to 10 days after injection_)

2- systemic (pyrexia ,headache ,malaise ,maylgia ,urticaria )

Acute anaphylaxis ,peripheral neuropathy ,elevated IgE levels ,Elevated ant A and Anti B antibodies .

Future prospects 
1- Oral vaccine :tetanus vaccine orally after enclosing it in an acid resistant granule to facilitated mass immunization and greater acceptability .A 10-15 times greater dose of toxoid is required to generate immune response if given orally 

2- Recombinant DNA vaccine against tetanus 

Afragment  of tetanus toxin has been expressed in an insoluble form in E.coli and partially purified .this used in animal mice but not used in man .
Lecture 3 

Cholera: causative agent Vibrio cholera 

Vaccine against cholera whole cell killed parenteral vaccine 

This vaccine is still in use in many developing countries including India .The vaccine is prepared from classical V.cholera but it carrier equal protection against El Tor biotype .but not protect against classical V.cholera 

Composition 

The vaccine consists of a mixture in equal proportion of sterile suspension of cholera type Inaba and Ogawa so that each milliliter contains a total of 12000 million organisms .It is a head killed and phenol preserved vaccine 

Dose and route of administration 
The primary immunization consist of two doses injected subcutaneously at an interval of 4-6 weeks .the dose for an adult is 0.5 ml each injection ,for child between 2-10 years of age it is 0.3 ml and for children between 1-2 years of age 0.2 ml is injected .the vaccine is not recommended for use in children less than one years of age .the vaccine is injected intramuscularly or deep subcutaneously in deltoid region or anterolateral part of thigh .
Contraindication 

1- patients with acute infections or chronic illness 

2- children under one year of age 

3- sever reaction to apreviously administrated cholera vaccine  

4- pregnancy ,though there is no information to suggest that cholera vaccine is unsafe during pregnancy .

Adverse reactions

a-local reactions transient swelling ,redness and pain 

b-general reactions headache ,pyrexia and malaise usually lasting 1-2 days ,anaphylaxis reaction and neurological syndrome such as neuritis ,polyneuritis ,cerebral and meningeal irritation may occur very rarely .

Immunity 

the protection value of vaccine is estimated to be around 50% for period of 3-6 months . booster are needed to be given every 6 months to subjects who are likely to be exposed to infection .A single booster will suffice even if longer than six months have elapsed since the last dose was administrated repeated vaccination over a period of three years may result in the development of hypersensitivity to protein constituent of the vaccine .
oral B whole cell cholera vaccine 

composition : this vaccine is usually referred to as B subunit whole cell (BSWC ) VACCINE .It is consist of purified B subunit from cholera toxin of Inaba and Ogawa serotypes

 composition of one dose of BSWC cholera vaccine 

	Component 
	Content 
	Quantity /number 

	B subunit
	Cholera toxin B subunit purified 
	1mg 

	WC
	Inactivated whole cell 

1-Heat killed V. cholera Inaba 

  Classical (strain Cairo 48)

   Heat killed V. cholera Ogawa  

   Classical (strain Cairo 50)

2-formalin killed V. cholera Inaba

    El Tor strain (phil6973) 

    formalin killed V. cholera Ogawa 
    Classical (strain Cairo 50)
	2.5 *1010

2.5 *1010

2.5 *1010

2.5 *1010


Dose and route of administration 

Because of acid sensitivity especially that of B subunit the vaccine is administered together with a sodium bicarbonate –citric acid buffer solution that is calculated to ensure adequate neutralization of stomach acidity for preservative of vaccine when passing through stomach the vaccine is given in three doses in a  liquid formulation .
Efficacy 

The vaccine was found to be completely safe with no side effects .It also induced significant rise in serum vibriocidal antibodies in 89% individuals and antitoxin rise in 100%  volunteers .

In volunteers in the USA three doses of BSWC vaccine afforded 63% protection and the WC component alone 56% protection against a subsequent challenge with virulent V. cholera  O1 of the El-Tor biotype .Protection against diarrhea illness with a stool out put of at least 2 liters was 100 % for the BSWC vaccine and 56% for the WC vaccine .

BSWC was also associated with short term cross protection against diarrhea caused by E .coli that produced heat labile toxin presumably due to antigenic similarity of the B subunit of Cholera toxin and LT of enterotoxigenic E .coli  
 Disadvantage
Though the  results obtained with BS-WC vaccine in Bangladesh trial are extremely encouraging because of almost 85% protection for 6 months and 50% up to three years .this vaccine suffers from three disadvantages 

a- transient protection in children 

b- three dose schedule makes it difficult for community vaccination 
c- high cost of vaccine because of purified B subunit component 
live attenuated DNA recombinant vaccines  

with the advent of rDNA techniques it has become possible to attenuate pathogenic V .cholerae O1 by cloning genes encoding virulence factors and using these cloned genes to create  precise and no reverting deletion mutants .a large number of such strains have been formulated and it is hoped that soon we will have an effective ,safe and economical oral cholera vaccine with excellent efficacy . 
typhoid fever 

caused by Salmonella typhi : vaccines against typhoid fever 

A- Parenteral killed whole cell vaccine 

This vaccine is prepared from Ty2 strain of Salmonella typhi which has been found to be safe and effective in man it is grown in a liquid or a solid medium and killed by acetone heat –phenol or formalin treatment. The material is diluted so that the volume recommended as a single human dose contains the desired concentration of bacteria 
Heat phenol killed vaccine 

The heat phenol treated vaccine contains million S .typhi per ml .S.paratyphi A organisms may also be added in a concentration of 500 million organisms per ml .this vaccine is used in adults in dose of 0.5 ml ,two doses are given 4-6 weeks a part and annual boosters of same dose are recommended .for children between the age of 5-15 years ,the vaccine contains 33.3million organisms of S .typhi  and 16.7 million S.paratyphi A per ml 
Acetone killed and dried vaccine 

This vaccine typhoid –paratyphoid A for adults contain 2500 million S .typhi  and 1250 million S.paratyphi A organisms per ml .this vaccine can be given intradermally as well as subcutaneously 
Contraindication 

a- patients with acute infections or chronic illnesses .

b- sever reactions from previously administered  typhoid vaccine such as polyneuritis ,myelitis or various manifestation of cerebral and meningeal disease 

c- immunization of children under 12 years of age is not recommended.

Adverse reactions

a-local reactions transient swelling ,redness and pain 

b-general reactions headache ,pyrexia and malaise may last for fours years 

B: Ty21a live oral typhoid vaccine 

With nitroso guanidine .mutant of S.typhi 21a strain has been obtained which has a mutation in the gal E gene of the bacteria .this strain also lacks vi polysaccharide 
Composition 

The vaccine contains lyophilized preparation of ty 21a organisms 109 in gelatin capsule a long with two additional capsule of a sodium bicarbonate –citric acid buffer solution that is calculated to ensure adequate neutralization of stomach acidity for preservative of vaccine when passing through stomach the vaccine is given in three doses in a  liquid formulation are ingested in one week to complete the course no major side effects are noted with this vaccine .

C: purified Vi polysaccharide vaccine 
Purify Vi polysaccaharide by a non denaturing technique so that it could be used as a parenteral vaccine 
Recommendation 

For  use of TY21a and Vi typhoid vaccineis to be stored in refrigerator .the freezing  is not recommended ,if done ,will not damage the vaccine the capsules are self administered with cold or Luke warm drink ,preferably one hour before food ,in three doses on alternate days .Significant side effect have not been  encountered but transient mild nausea ,vomiting ,abdominal cramps ,diarrhea and urticaria occur in less than 1% of vaccine 

Future prospect 

Vi polysaccharide –protein conjugated vaccines .

Conjugated vi polysaccharide to tetanus toxoid ,diphtheria toxoid and cholera toxoid ,thereby conferring T dependent properties on the polysaccharide and elicited higher levels of antibodies.

Lecture 4 
Meningococcal meningititis 

Caused by Neisseria meningitides ,vaccine against meningococcal meningitides is polysaccharide vaccines this vaccine containing highly purified high molecular weight capsular polysaccharide of serogroups A,C,Y and W135 are commercially available .they are supplied as lyophilsed monovalent A ,Monovalent C ,divalent  or tetravalent A-C-Y-W135 products .lactose is added to these as stabilization is important for group A polysaccharide otherwise on exposure to ambient temperature it readily gets depolymerised and loses its immunogenicity .The vaccine contains 50 μg of each polysaccharide per dose and are administered subcutaneously 

Dose 

A single dose 0.5 ml is recommended for all above 24 months of age .Group A vaccine can be given to children of 6 months of age provided a booster is given three months after the first dose .

Immunity 

Single dose of the vaccine appears within five days of vaccination and lasts for three years after which booster is mandatory .Revaccination may be done after two years if there is high risk situation

Contraindication 

1- Acute febrile illness  2- Current acute or chronic evolving disease 3- pregnancy 4- sever reaction to previously administered meningococcal A and C vaccine 
Storage 

Though polysaccharide vaccine are comparatively heat stable because of their chemical nature as well as presentation in freeze dried form ,yet it is recommended that for the maintenance of potency throughout the period of validity three years from the date of production  the vaccine should be kept at 2-8 C ordinary refrigerator .the vaccine is marketed as afreeze dried product and divalent can be frozen also .single dose as well as multiple dose 50 doses vials are available  .
Adverse reaction 

More than 200 million human being hae been administered the group A and C meiningococcal vaccine without asingle reported fatality or serious permenant squeal .Adverse reaction are limited to local inflammation which may be due to the presence of high level of preexisting antibody or contamination with polysaccharide .LPS if present may some time cause systemic reaction also .in rare instances anaphylaxis has also been reported .

Ddisatvantage of vaccine 

The inability of group C vaccine to induce adequate immune response in children less than 24 months old and inability to produce a vaccine against infections with group B meinigococci .

Attempt to enhance the immunogenicity of group B polysaccharide by two approaches have been found to create a formulation with enhanced immunogenicity of group B vaccine .the first was the use of noncovalent complexes of group B capsular polysaccharide and outermembrane proteins 

The second in this was chemical modification of the polysaccharide by replaced the N acetyl groups from the polysaccharide with N propionyl group 

Apart from developing an effective vaccine against group B Streptococci attempts are also being made to improve the vaccine against group A and C especially efficacy in younger children .the success achieved by coupling Haemophilus influenzae type b vaccine with a carrier molecules   

Limitation of meningococcal vaccine 
a- low efficacy of vaccine in children less than two years of age 

b- No role in established nasopharyngeal carriers 

c- No vaccine available against each serogroups 

d- Short lived immunity after vaccination 

e- Time taken for seroconversion is more than average incubation period of the disease 

Plaque 

Causative agent Yersinia pestis 

Vaccine against plaque .All the killed vaccines that are available now a days  are the modified of original Haffkine vaccine .the organism are grown in laboratory and killed with formalin 
Composition 

The vaccine is suspension of 2000 million organisms per ml and preserved in phenol .the organisms are killed with formalin 0.1% 

Dose and route of administration 

The adult dose is 0.5 ml given subcutaneously followed by second dose of 1 ml after 7-14 days .boosters are given every six months children are given reduced dosages according to their weight .

Immunity 

Appears after 5-7 days of vaccination and lasts around 6 months 

Adverse reactions 

Vaccination may results in side effects of fever ,headache ,malaise ,lymphadenopathy and erythema and indurations at injection site these reactions are more common after repeated inoculation

Contraintications 

a- Acute febrile illness 

b- Known hypersensitivity to beef protein ,soya or phenol 

c- Persons with history of severe local or systemic reactions to earlier immunization against plaque 

d- Pregnancy   

Letabliscture 5 
Poliomyelitis 

Causative agent poliovirus is the member of the family picornaviridae which is one of the largest and most important families of human pathogens .these are smallest RNA viruses .Despite a member of enterovirus poliovirus as well as other enterovirus don’t produce enteric disease they are named because the alimentary canal is their predominant site of replication 

Vaccine against poliomyelitis 

There are two kinds of vaccines for immunization against virus 

1- a vaccine mad of noninfectious virus particles ( killed or inactivated virus vaccine administered by injection referred to as killed poliovaccine KPV or inactivated poliovaccine IPV ) 

2- made of infectious virus particles attenuated in neurovirulence (live attenuated virus vaccine LPV  administered orally referred to as live poliovaccine or oral poliovaccine OPV )

Oral polio virus vaccine 

the trivalent oral poliovirus vaccine TOPV is mixture of three types (monovalent ) of attenuated polioviruses which are propagated separately in appropriate cell cultures and then mixed .A stabilizer magnesium chloride is added to this blended mixture .Each dose contains less than 25μg of each of the antibiotics ,streptomycin and neomycin .phenol added as indicator of the PH, before  being released by the manufacturer the vaccine in final containers is kept continuously in the frozen temperature below -20 C .under this condition of storage ,the expiry date of vaccine is fixed which is not more than two years. after thawing OPV may be refrigerated at temperature of 2-8 C for a period not exceeding 30 days .

inactivated poliovirus vaccine 

this vaccine contains 40,8 and 32 D unit respectively of type 1,2 and 3 in each dose of the vaccine which gives adequate immunity after two doses given parenterally 

Advantages with IPV 

1- confers humoral immunity in a satisfactory proportion of vaccines if a sufficient number of doses are given .

2- incorporated into regular pediatric immunization with other DPT 

3- Absence of living virus precludes potential mutation and reversion to virulence 

4- Absence of living virus permits it is use in immunodeficient or immunosuppressed individuals and their households .

5- Reduced the spread of polioviruses in small countries where it has been properly used 

Disadvantage of IPV 

1- repeated boosters required to maintain detectable ab level 
2- doesn’t induce local (intestinal ) immunity in the vaccine 

3- more costly than OPV 

Advantage with OPV 

1- confers humoral both systemic and intestinal immunity like natural infection 

2- immunity that induced may be life long 

3- oral administered is more acceptable to vaccine than injection and easier to accomplish 

Disadvantage with OPV   

1- being live viruses the vaccine viruses do mutate and in rare instance have reverted towards neurovirulence significantly to cause paralytic inreciepients or their contacts 
2- vaccine progeny virus spread to household contact 

3- contraindication in those with immunedeficiency disorder and their household contact as well as individuals under going immunossupression therapy 
Differences between OPV and IPV 

	Character 
	IPV 
	OPV 

	1- nature of vaccine
	Killed
	Live attenuated

	2-route of administered
	Intramuscular
	Oral

	3-induction of ab

Humoral IgG

Local IgA
	+

-
	+

+

	4- prevention of

paralysis

reinfection with wild virus
	+

-
	+

+

	5- cost
	expensive
	Economical

	6- shelf live
	Shorter
	longer


Efficacy of poliovirus vaccine 
The presence of humoral antibodies has been seen after 7-15 years of immunization with IPV 

IPV has also been shown to induce good protection in persons in tropical countries where OPV may fail to uniformly immunize because of the presence of the inhibitors of the vaccine virus in the gastrointestinal tract especially in developing tropical countries .

OPV : the persistence of humoral ab after vaccinating with OPV has been reported up to 15 years or even more . Seroconversion in virtually  100% recipients .There are several problems with OPV such as occurrence of vaccine associated paralytic poliomyelitis cases in developed countries and failure of OPV  to cause seroconversion .
OPV is unstable unless kept at very low temperature .Current recommendations indicate that after thawing ,OPV be held at no more than 10 C for less than 30 days .At 0-8 C the virus can be stored for 6-12 months without a loss in titre.

Immunization schedules 
OPV : the centres for disease control (CDC) recommends that primary immunization with OPV should commence at the age of two months ,the second and third doses should be given at 2 months interval there after ,and fourth dose should be given at 18 months of age .
If the child vomits within one hour of receiving the oral poliovaccine a further dose may be given the next day .

Contraindication to OPV 

1-Acute febrile illness b- sever diarrhea and vomiting  c- Sensitivity to antimicrobial agents in vaccine preparation 

d- Immunodeficiency and malignancy e- pregnancy f- If there has been a serious reaction t  o a previous vaccination with OPV eg .anaphylactic reaction 

Adverse reactions 

Vaccine associated paralysis in recipients is very rare about one in 2 million doses administration 

IPV : The CDC recommends first dose of IPV at 6-12 weeks of age followed by two doses after intervals of 4-8 weeks .The fourth dose is recommended after 6-12 months of the third dose and supplementary booster at the age of 4-6 years ,Subsequent boosters may be administered every five years till the age of 18 years .
Lecture 6 

Measles : causative agent the measles virus belong to the genus morbillivirus which is a member of the family paramyxoviridae 

Vaccines against measles : live attenuated measles vaccine was first introduced for widespread use in 1963 .The primary strategy has been to achieve a high level of immunity in early childhood via mass vaccination campaigns 
Vaccine strains 

All vaccine strains that are currently in use (except Leningrad-16) have been derived from Edmonston strain .

Measles virus strains being used to prepare vaccine Edmonston A,Edmonston B ,Enders, Schwarz ,and Edmonston –Zagreb .

Edmonston –Zagreb strain has been adapted for growth on human diploid cells (WI-38) thus not only attenuating it further but also making it suitable for better and large scale industrial production ,many studies have shown higher seroconversion rates with these vaccines in younger infants (4-6 months) even those with higher material antibodies titre this makes these vaccines superior to the already available vaccine using Edmonston or Schwarz strain .

Composition of vaccine 

The minimum quantity of the vaccine virus that should be contained in one human dose is generally considered to be 1000 viral infection unit .the minimum dose has been set at 5000 infective units .the vaccine is available as freeze dried product with a diluents 

Dose and route of administration 
It is administered as a single dose of 0.5 ml either alone or incombination with rubella and mumps components which is inoculated either intramusculary or deep subcutaneously 

Contraindications 

a-acute febrile illness 

b-within three weeks of administered of another live virus vaccine but may be administered simultaneously and at different site  .

c- immunodeficiencies and malignancy d- pregnancy 

Adverse reactions  
Sever reactions to measles vaccine are rare ,minor local reactions ,slight fever or rash may occur after measles vaccine these occur 5-10 days after vaccination in about 5-10 % of children receiving the vaccine 

Mumps 

Causative agent mump virus is amember of the family paramyxoviridae 

Composition of vaccine 

Mump vaccine is being prepared with any of the following live attenuated strains (Jerly Lynn, Leningrad ,Urabe ,Rubini ) the vaccine contains 5000 CCID 50 (cell culture infective dose ) of the virus in each dose of vaccine .the vaccine is available as mump a lone or more commonly in combination with measles and rubella vaccine (MMR vaccine ) whether alone or in combined presentation of MMR the viral content remains same .

The Jerly Lynn strain which grown in chick embryo cell culture had been given to nearly 100 million children and adult through the world ,whether used singly or in combined with measles and rubella vaccines .Vaccines based on Leningrad -3 strain of attenuated mump virus were produced in cell culture of Japanese Quail embryo and chick embryo cell culture more than 25  million doses of vaccines based on this strain have been used as monovalent or combination with measles and rubella vaccine .the Urabe strain of attenuated live mump virus was produced either in amnion of embryonated hen s egg or in chick embryo cell culture ,more than 10 million persons had been immunized with urabe strain in Japan and other countries used as monovalent or in combination with measles and rubella 

Dose and route of administered as with measles vaccine 
Efficacy 

The live attenuated mump vaccines have been given to million of people throughout the world .Although always at lower level the ab after vaccination rises and falls a level parallel to that after natural infection .the exact duration of protection is not known but is probably long ,lasting .In some studies satisfactory ab level have been seen in period exceeding ten years .Duration of protection is extremely important in mumps since there is no point in protecting a young children against mump with orchitis as an adolescent or adult .the Public Health serves Avisory committee on immunization practices recommends that live mump vaccine given to children after 12 months of age and others known to be susceptible or who have not had mump .

Contraindication

     1-acute febrile illness 2-immunodeficiencies and malignancy 
 3- sever sensitivity to egg or chicken protein and to antibiotic present in vaccine (eg neomycin ) 4- children under one year of age because they may retain maternal mump neutralizing ab which may interfere with the immune response 5- pregnancy and three months before conception 
Adverse reaction 

Complication with mump vaccine have been rare .these include haemolytic uraemic syndrome ,possible deafness encephalopathy 

Local reaction ,swelling ,redness and pain .general reactions such as fever ,urticaria and parotid’s in less than 1% of recipients
Rubella  

Also known as German measles 
Causative agent Rubella virus is a member of genus rubivirus which is non arthropod borne virus to family Togaviridae..

Vaccine against rubella composition 

Live attenuated rubella vaccine is a available as freeze dried preparations .Almost all the commercially produced vaccines no a days are derived from RA-27 /  3 vaccine strain. The virus content is not be less than 1000 CCID 50 or 1000 PFU per human dose .The vaccine is stored at all times at a temperature below 8 C 

Dose and route of administration 

Single dose is 0.5 ml which is re constituted with diluent provided with freeze dried vaccine .The MMR vaccine also contains equal amount of rubella virus as is present in rubella monovalent vaccine .the vaccine is injected subcutaneously or intramuscularly in the upper arm .

The anti- D immunoglobulin doesn’t interfere with ab response to rubella vaccine which may be given at the same time as anti D immunoglobulin but in different sites and with separate syringes 
Age for immunization 

For many years ,the USA and Europe differed in their approaches to the use of rubella vaccine .In USA the vaccination of both preschool boys and preschool girls was recommended while in Europe recommended the immunization of only prepubertal girls aged 11-13 years 

Rubella vaccine and fetus
   Women who reach child bearing age with no immunity to rubella must be protected by vaccination against contracting the disease before they become pregnant .The women is not already in the early weeks of pregnancy .She must be advised to avoid pregnancy for at least three months after vaccination .the vaccine virus is capable of crossing the placenta and has been isolated from aborted fetal tissue including the eye, kidney and bone marrow  .Whether the vaccine virus can damage fetal tissue as does will virus is not clear ,it may be that ,though well attenuated for adult tissue ,it may  prove less attenuated  for fetal tissue .or possibly it may be merely a matter of dosage if enough vaccine virus gets through it may cause damage changes in the placenta ,deciduas and fetal eye caused by vaccine is similar to those in congenital rubella but so far no defects have been found in full term infants born of women inadvertently given vaccine during their pregnancy 

Adverse reactions 

Local reactions swelling ,redness and pain ,general mild reaction  such as lymphadenopathy ,fever, sore throat ,malaise ,headache usually occur 1-3 weeks after vaccination 
Contraindication 

1-acute febrile illness 2-immunodeficiencies and malignancy 
3- pregnancy and three months before conception 
Lecture 7 
Vaccination of special groups 

Vaccines are usually administered to healthy individuals and  a deal of infection has been indicated that many a times  individuals with some pathological and physiological condition approach the clinicians regarding immunization against infections diseases .some  of these conditions are 

1-pregnancy 2- allergy 3- lactation  4- diabetic mellitus 5- nephropathies 

6-elderly person 7- patients with AIDs 

Pregnancy 

Immunization of a pregnant women is often fraught with the risk of causing abnormalities in the fetus .Some vaccine are not perfectly safe during pregnancy .Hence as far as possible immunization should be performed before gestation .pregnant women require vaccination in following conditions 

1- travel to endemic areas 2- epidemic  3- bite by rabid animals  4- tetanus 

the vaccine which can be administered to pregnant women 

1- safe : tetanus ,influenza ,IPV ,cholera and hepatitis B 

2- only under special circumstance BCG ,Pertussis ,Diphtheria ,Measles ,meningitis ,pneumococcal ,pneumonia ,yellow fever and rabies 

3- Avoid OPV ,Rubella and small pox . 
Rubella vaccine 
Rubella virus is known teratogen  and vaccine against this viral infection prevents .congenital anomalies in the child ,women of childbearing age  can only be vaccinated against rubella if conception can be avoided during the two months following the injection of vaccine   
Yellow fever vaccine 

This is mandatory for women when they travel to yellow fever endemic areas of the world .this is also one of the essential requirements of international travel, 
Rabies vaccine 
This is recommended in case of definite exposure to rabies virus through the bite of rabid animal .If nervous tissue anti rabies vaccine is to be administered during advanced stage of pregnancy ,anterior abdominal wall may not be asuitable site for inoculation .instead anterolateral part of thigh should be ideal site .tissue culture vaccine are administered in deltoid region . 
OPV

oral poliovaccine has also been shown to be safe both for the mother as well as fetus .However its general use in pregnancy is not advocated 
pertussis and diphtheria vaccines 

both these vaccines are relatively poorly tolerated by adults since their indications for use in adults in developing countries are rare ,their use should be restricted to emergency situations of sever epidemics  

administered of polysaccharide vaccine against meningitis is absolutely safe for pregnant women .

Allergy 

Allergic person during the active phase of disorder should not be vaccinated ,Allergy to antibiotics is common and many vaccine contain antimicrobial agents ,vaccine containing antibiotics should be administered with caution to allergic individuals if possible ,sensitivity can be assessed using a diluted solution of the vaccine ,the relationship of vaccines with allergy is available phenomenon 

Vaccines causing allergy 

Never                     rarely                          commonly  

IPV                        Rubella                         Influenza 

OPV                       Rabies                          yellow fever 

                               Measles 

                                Mumps 

                               Typhoid                             

Sever complications may occur in children with a personal of familial history of allergy ,following immunization against pertussis .these complications are mainly of anaphylactic type and may be due to histamine sensitivity factor present in Bortedella pertussis .

Diabetes mellitus 

Infectious diseases are frequent in diabetics and contrary to common belief ,these individuals must be regularly vaccinated .this is more so true for viral infections which are common in diabetics and because of the absence of any specific chemotherapy may cause tremendous morbidity in this vulnerable groups .The immunocompetence of patients with diabetes is comparable to that in normal individuals and they respond satisfactory to many vaccines provided that have controlled diabetes in such patients all vaccine except typhoid vaccines can be administered 

Lactation 

This has assumed importance because of the excretion of rubella vaccine virus in the milk of the mother and it is possible potentiality to cause infection in neonate no clinical disease  has been recorded in infants breast fed by mother excreting rubella virus in their milk.   
Nephropathy 
During the active phase of chronic nephropathies all vaccines  are contraindicated .all vaccines given to these patients except typhoid vaccines because typhoid vaccines tend to aggravate renal pathology .

Elderly people 

Immunological ageing in elderly people led to 

a- susceptible to bacterial and viral aggressions 

b- increased frequency of auto immune diseases 

c- increased frequency of cancers 

hence they need special immunoprophylactic attention ,immunization is rarely for the elderly and only vaccinated when travel to endemic areas 

vaccination of patients with AIDs 

patients with HIV positive infection ,whether symptomatic or not should be given all the vaccines (measles ,mump .rubella ,polio , rabies) but not the BCG and yellow fever .
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