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Effect of vaccination on the Incidence of viral disease
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Fig. 18.4 The effect of vaccination on the incidence of various shown a dramatic downward trend since the introduction of a
viral diseases in the USA has been that most infections have vaccine (arrows).
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Total tetanus global annual reported cases and
DTP3 coverage, 1980-2015
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Immunization coverage with DTP3 vaccines in
infants (from <50%), 2015
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[emodunbHaa nano4vka tuna b (Hib)

[emocbunbHass nanodyka Tuna b (Hib) — 910 GakTepusi, oTBevawollasi 3a
TSOKESNY MHEBMOHUIO, MEHUHINT U APYrne nHBa3uBHble BONE3HN NPaKTUYECKU
NCKIMIOYNTENBHO Yy AeTen ao 5 net. OHa nepenaeTca Yepes AbixaTernbHble MyTu
OT MHUUMPOBAHHOIO YernoBeKa K BOCNPUUMYMBOMY 4enoBeky. Hib Takxke
NoTEHUMANbHO  BbI3bIBAET  TsKeNble  UHMPEKUNOHHO-BOCNANUTESNbHbIE
3aboneBaHus nuua, pTa, KPOBU, HAAropTaHHOrO Xpsilia, CycTaBoOB, cepaua,
KocTen, 6prownHbl 1 Tpaxen. N xota ata npobnema npucyTcTByeT BO BCEM
MUpEe, OO BHEAPEHUS BaKUMHbI B HaAUMOHanbHblEe NporpamMmbl UMMYHM3aLNN
bpemsa remounbHON MHAEKUMM TuNa b BbINO 3HAYMTENBLHO 60MbLUMM B
cTpaHax, obnagarowmx cKyaHbIM1 NPUPOAHbLIMU pecypcamu

BakumHbl — 3TO €eOWHCTBEHHbIN MeTon B cdepe 0OLWeCTBEHHOro
30 paBOOXpPaHEHNs, NO3BONAKLWNN NPeaoTBpaTUTb DONLLUIMHCTBO CEPLE3HbIX
3aboneBaHuin, BbI3blBaEMbIX reMoMunbHOM MH@eKunen tuna b. BakuuHbl
NpoTMB remounbHon b nHeKkunn 6e3onacHbl U 3MPEKTUBHBI JaXe MNpu
BBEEHMN B NepBOM MOMyroaun XusHu. Beuay nNpoaeMOHCTPUPOBaAHHOM
besonacHocTh 1 pgenctBeHHoctT  BO3  pekomeHOyeT — BKIHOYUTb
KOHbIOrMPOBaHHbIE BaKUMHbLI MPOTUB reModusiibHOM b MHeKunn BO BCe
NnyaHOBble UMMYHU3aLMKN SETEW NEPBOro rofa XXM3Hu
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Global Immunization 1990-2015,

3'd dose of Hib coverage in infants
s global coverage at 64% in 2015
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Immunization coverage with 3rd dose of Hib containing
vaccines in infants, 2015
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Map production: Immunization Vaccines and Biologicals, (IVB). World
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Countries having introduced Hib vaccine
in 1997 and 2015

2015

190 countries introduced

1 countries partially introduced

Source: WHO/UNICEF coverage estimates 2015 revision, July
2016. 194 WHO Member States. Map production: Immunization
Vaccines and Biologicals, (IVB). World Health Organization

Date of slide: 29 July 2016
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29 countries introduced

2 countries partially introduced
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ir1auvwimnia 10
Pe:KuM NpUBUBOK NMPOTHB ITHEBMOKOKKOBO# M reMO(WIbHOI HH(EKIHH

IIPpH HaYyaJ/ie BaKIIMHAIIUU B BO3pacTe cTapiie 6 MecsueB

Bo3spact BakunHauus u peBakKLIMHALIMS Bakiunnauus M peBakKIIMHALIMS
peOeHKa | NPOTUB MHEBMOKOKKOBO MH(MEKLINU MPOTUB TeMO(MPUIbHOIM MH(DEKLINU

6—11 mec. |JIBykpaTHasi BAKLMHALIMS C MHTEPBAJIOM HE MeHee | Mecsila u peBaKLMHAaLMs
yepe3 | ron

1-2 rona JIBYKpaTHOE BBEICHUE BAKIIMHbI OIHOKpAaTHOE BBEIECHUE BAKIIMHbI
C MHTEPBAJIOM HEe MeHee 2 MeCsI1IEeB

2—5 net OnHOKpaTHOE BBEIEHUE BAKLIMHbI




Kopb

Kopb siBngeTca ogHOM N3 OCHOBHbIX NPUYMH CMEPTU Cpeau AeTen paHHero Bo3pacTa, gaxe
HEeCMOTPSA Ha Hannume 6esonacHon N 3HPEKTUBHOM NO CTOMMOCTU BaKLMHbI

B 2015 rogy B rmobanbHbIX MacwTabax nponsoLno 134 200 cny4yaeB CMEPTU OT KOPU —
noyTn 367 cny4yaes B AeHb unu 15 cny4vyaes B 4Yac

3a nepwuoa ¢ 2000 no 2015 roa NPOTMBOKOPEBas BaKLMHALMSA NpUBENna K CHUKEHNIO
rno6anbHON CMEePTHOCTU OT KOPW Ha 79%

B 2015 roay okono 85% Bcex geTten B Mvpe Nony4vmsnv ogHy 403y NpoTUMBOKOPEBOU BaKLNHbI
B TEYEeHMe NepBOoro roga XXm3Hu B Xxoae okasaHus perynsapHbiXx MeguunHCKUX ycnyr, no
CpaBHeHMIo € 73% B 2000 rogy

B 2000-2015 rr. BakUMHaLMs OT KOpY NpeaoTepaTtunia, No oueHkam, 20,3 MUNNMOoHa cnyvyaeB
CMepTK, caenaB BaKLUHY OT KOpY OOHUM 13 Hanbonee BbIroAHbIX JOCTUXKEHWUNA
006LEeCTBEHHOrO 34paBoOXpaHEHS

BOnNbLWKMHCTBO CMEpPTENbHbLIX CNy4YaeB KOPU NPOUCXOAUT U3-3a OCNOXHEHUIN, CBA3AHHbIX C
aToN 60ones3Hblo. Yalle Bcero OCroXXHEHNS pa3BUBaKOTCA Y AETEN B BO3pacTe 4O NATU NeT
nnu y B3pocnbix nogen crtapwe 20 net. Camble cepbe3Hble OCMOXHEHUSA BKNHOYAOT
cnenoty, aHuedanuT (MH(eKLnIo, NPMBOAALLYIO K OTEKY FOJIOBHOIO MO3ra), TAXenyro
Anaperd U CBA3aHHYKO C HeW pJgernapartauuvio, yuHble UMHOMpEeKuUn un Taxenble
MH(eKuun abixaTenbHbIX NyTeW, TaKne Kak NMHEBMOHUSA. Tskenoe TeveHne Kopu bonee
BEPOSATHO Cpean NroXo NUTalLMXCA OETEeN Mnadlero Bo3pacTta, OCOBEHHO TeX, KTO
NCMbITbIBAET HEOOCTaTOK BuTaMuMHa A, MNM 4YbA MMMYHHasi cuctema ocnabneHa
BUY/ClNNOom nnun gpyrummn 6onesHamm



AnNnaeMuyecKkum napoTuT

o INNMOeMmyecknn napoTuT — 9TO WHPEKUMSs, Bbl3BaHHaS
BUPYCOM U pacrnpoCTpaHAoLaNAca OT YerioBeka K 4erioBeky
Npn MPAMOM KOHTaKTe WM BO3QYLUHO-KarnesibHbiM MyTEM.
MHorga ee HasbiBalOT 3nNMAEMUYECKMM MapoTUTOM UMK
CBUHKOW, M OHa nopaXaeT rfaBHbiIM 00pasoM CrltOHHbIE
Xenesbl. [lepBble CUMATOMbI, Kak npaBuno, HecrneunguyHbl,
Hanpumep: ronoBHaa Oonb, HegomoraHMe W nuxopaaka,
conpoBoOXgawwmeca B TeYeHWe [OHA  XapaKTepHbIM
HabyxaHMeM OKOJSI0YLLHOM (CITFOHHOW) XKenesbl

* INMOAEMUYECKMN NAPOTUT — OSTO B OCHOBHOM [ETCKOE
3aboneBaHne, Hambornee 4acTo nopa)xawllee aOetTen B
Bo3pacte OT 5 Ao 9 ner. Tem He MeHee BUpYC
ANMOEMUYECKOro MapoTnuTa MOXET nopaxaTb B3POCIbIX C
BO3MOXXHbIMU OCITOXXHEHUAMW, KOTOPble, BEPOSTHO, OyayT
TsKeNbIMU. OCIMOXHEHUSA 3NMMOEMMNYECKOro napoTuta MoryT
BKNOYaTb MEHUHINT (OO0 15% crny4vaeB), OpXUT W TIYyXOTYy.
O4eHb pegko 3ANMAEMUYECKUA NapoOTUT MOXKET MPUBECTU K
QHUeddanuty 7 XPOHNYECKOMY HEeBPOJSIOrNYeCcKomy
3aboneBaHuo



Countries using Mumps containing vaccines in their national infants
Immunization schedule, 2015
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KpacHyxa

— O9TO 3apasHas 1, Kak npaBuno, nerkas BUMpycHas
MHAQOEKLMA, nopa)kalllaa 4alle Bcero AeTten wu
monodbix ntogen. KpacHyxa y 6epeMeHHbIX XXeHLLWH
MOXET npuBoauTb K rmbenn nnoga wnu K
BPOXAEHHbIM MOpoOKaM pa3BUTUS, TaKUM Kak
cuHapom  BpoxaeHHonm  KpacHyxu (CBK). Tlo
OUEHKaM, B MUpe exerogHo poxxgaetcs doriee 100
000 pgetem c¢ CBK. CneumanbHOro nedyeHus
KPaCHYXU HET, HO boNe3Hb MOXXHO NPeaoTBpPaTUTbL C
NOMOLLIbIO BakLMHaALUN

http://measlesrubellainitiative.org/



NMonuomuenutr

[TorimomunenuT nopaxkaet, B OCHOBHOM, AeTEN B BO3pacTe A0 5 neT

B ogHom 13 200 criydaeB MHMUUMPOBAHUS pasBMBaEeTCA HeobpaTuMbIM napanund
(0ObIMHO HOr). 5-10% M3 4Yucra Takux napanvM3oBaHHbIX OOEN yMUpaloT M3-3a
HacTynarLLEero napanuya gblxatenbHbIX MbILLL,

C 1988 roga 4uncro crnyyaeB 3aboneBaHms NONIMOMUENUTOM YMEHBLUMITOCH Bornee Yyem
Ha 99%: No oueHkam, ¢ 350 000 cny4yaeB OO0 74 crniyvyaeB, 3aperncTpmupoBaHHbIX B 2015
rogy. Takoe yMeHbLlEHNE CTano pes3ynskratoM rmodanbHbIX YCUnum rno nNUKeMaauunm
3TOWN DONEe3HU

[o Tex nop noka B MUpPEe OCTaeTcd XOTb OAUH MHAULMPOBAHHbLIN PEDEHOK, PUCKY
3apaXeHusi NoOfIMOMUENUTOM NoABeprarTca AeTU BO BCeX CcTpaHax. HecnocobHOCTb
NUKBMOMPOBaTL MOSIMOMUENUT B 3TUX OCTAKLWMXCA YCTOMUYMBLIX Ovarax MOXeT
NPUBECTU K TOMY, YTO Yepe3 10 neT B Mupe byaeTt exxerogHo nponcxoanTtb 4o 200 000
HOBbLIX Cry4yaeB 3aboneBaHus

B OGonbwuHcTBE CTpaH Onarogapa  rmobanbHbIM — YCUITUAM  pacCLUMpPEHDI
NOTEHUManNbHbIE BO3MOXHOCTU Anst 60pbbbl ¢ ApYrMMn MHEKLUMOHHBbIMK 6OMEe3HAMM
nyTem co3gaHuns aEKTUBHBIX CUCTEM 3aNMAHaA30pa U UMMYHU3aLNn

[Monunomnenut aBndeTcs BbICOKOI/IHCbeKLI,I/IOHHbIM 3aboneBaHneEM, BbI3blBAEMbIM
BUPYCOM. OH nopaxaet HEPBHYKO CUCTEMY N 3a CHNTAHHbIE YaCbl MOXET MNMPUBECTU K
o6u.|,emy naparnumuy. BVIpyC nepegaeTtcqda OT 4erioBeka 4esyioBeKy, B OCHOBHOM,
cbeKaano-opaanblm nytTem Wwin, pexe, 4epes Kakon-nmbo O6bIYHbIM HOCUTEMDb
I/IHCbeKLI,I/II/I (Hanpumep, 3alpPAaA3HEHHYHO BOAY UJTU NPOAYKTbI NUTaHUA) U pa3MHOXaeTcA
B KMLLUEYHUKE. nepBbIMVI cnmMnToMmamMin ABJIAKOTCA JIMXOpPaAKa, yCTalsloCTb, roJfioBHas
6onb, pBOTa, pPUrMaHOCTb LLUEN N ©onn B KOHEYHOCTSX



BaKUUWHBLI -

npenaparTbl, cogepXxalime
aHTUreHHbIN MaTepuan,
KOTOPble NCMOSb3YHT ANgd
NpPOdOUNaKTUKK
MHJEKLNOHHbIX
3aboneBaHni

AHATOKCMHDI -

9K30TOKCUHBI, JTNLLIEHHbIE
TOKCUIEHHOCTHU, HO
COXpaHuBLLKNE
MMMYHOIE€HHOCTb.
icnonb3yoTca ans
cneundunyeckon
NpPOdOUNaKTUKK
MHEKLNOHHbIX
3aboneBaHni



The main antigenic preparations

type of antigen vaccine examples
living organisms natural vaccinia (for smallpox)
vole bacillus (for tuberculosis; historical)
attenuated polio (Sabin; oral polio vaccine)*, measles*, mumps?*, rubella*, yellow
fever 17D, varicella-zoster (human herpesvirus 3), BCG (for tuberculosis)*
intact but non-living viruses polio (Salk)*, rabies, influenza, hepatitis A, typhus
organisms
bacteria *pertussis, typhoid, cholera, plague
subcellular capsular pneumococcus, meningococcus, Haemophilus influenzae
fragments polysaccharides
surface antigen hepatitis B*
toxoids tetanus*, diphtheria*®
ene cloned and %
recomianant gxpresse b hepatitis B (yeast-derived)*
DNA-based
genes expressed in experimental
vectors
naked DNA experimental
anti-idiotype experimental

*standard in most countries

Fig. 18.2 A wide range of antigenic preparations are used as vaccines.



Live attenuated vaccines

Killed (whole organism) vaccines

disease remarks S o
viruses | polio types 2 and 3 may revert; also Viruses | -polio preferred in Scandinavia; safe in
YRR g immunocompromised
rabies can be given post-exposure,
measles 80% effective with passive antiserum
mumps influenza strain-specific
rubella now given to both sexes hepatitis A | also attenuated vaccine
yellow fever stable since 1937 bacteria pertussis potential to cause brain damage
(controversial)
varicella-zoster | mainly in leukemia
typhoid about 70% protection
hepatitis A also killed vaccine .
cholera protection dubious; may be
bacteria | tuberculosis stable since 1921; also some combined with toxin subunit
protection against leprosy
plague short-term protection only
Flg. 18.3 Attenuated vaccines are available for many, but not
all, infections. In general it has proved easier to attenuate Q fever good protection

viruses than bacteria.

Toxin-based vaccines

Flg. 18.5 The principal vaccines using killed whole organisms.

organism

vaccine

remarks

Flg. 18.6 The principal toxin-based

Clostridium tetani

inactivated toxin (formalin)

three doses, alum-precipitated;
boost every 10 years

usually given with tetanus

Corynebactenum

diphtheriae

Vibrio cholerae toxin, B subunit sometimes combined with
whole killed organisms

Clostridium perfringens |inactivated toxin (formalin) [for newborn lambs

vaccines. Note that there are no vaccines
against the numerous staphylococcal and
streptococcal exotoxins, or against
bacterial endotoxins such as
lipopolysaccharides.



Subunit vaccines

hepatitis B virus

surface antigen can be purified from
blood of carriers or produced in yeast by
recombinant DNA technology

bacteria | Neisseria meningitidis

Streptococcus pneumoniae

Haemophilus influenzae B

capsular polysaccharides or conjugates
of group A and C are effective; group B is
non-immunogenic

84 serotypes; capsular polysaccharide
vaccines contain 23 serotypes; conjugates
with five or seven bacterial serotypes are
being tested

good conjugate vaccines now available

Flg. 18.7 Conjugate vaccines are replacing
pure polysaccharides. N. meningitidis type
B is non-immunogenic in humans because
the capsular polysaccharide cross-reacts
with self carbohydrates towards which the
host is immunologically tolerant.
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Antibody responses to live and killed polio vaccine

reciprocal 512
poliovirus
antibody
titer 128
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Fig. 18.10 The antibody response to orally administered live
attenuated polio vaccine (solid lines) and intramuscularly
administered killed polio vaccine (broken lines). The live
vaccine induces the production of secretory IgA (slgA) in
addition to serum antibodies, whereas the killed vaccine
induces no nasal or duodenal sigA. As sIgA is the
immunoglobulin of the mucosa-associated lymphoid tissue
(MALT) system (see Chapter 2), the live vaccine confers
protection at the portal of entry of the virus, the
gastrointestinal mucosa. (Courtesy of Professor |R Pattison, Ch.
26 in Brostoff |, et al., eds. Clinical immunology. London:
Mosby; 1991)




Safety problems with vaccine

Flg. 18.11 The potential safety problems

el sz - : i : encountered with vaccines emphasize the
attenuated reversion to wild type especially polio types 2 and 3| need for continuous monitoring of both
vaccines i ini i

severe disease in immunodeficient | vaccinia, BCG, measles production and administration.

patients

persistent infection varicella-zoster

hypersensitivity to viral antigens | measles

hypersensitivity to egg antigens measles, mumps

killed vaccines | vaccine not killed polio accidents in the past

yeast contaminant hepatitis B

contamination with animal viruses | polio

contamination with endotoxin pertussis

Vaccines in general use

Flg. 18.12 Vaccines that are currently

o Vi . given, as far as is possible, to all
tetanus ) toxoid given together in three doses individuals.
dlphthe_na toxoid between 2 and 6 months;
pertussis killed whole tetanus and diphtheria boosted

polio (DTPP) | killed (Salk) or attenuated (Sabin)| every 10 years

measles attenuated given together (MMR) at
mumps 12-18 months

rubella

Haemophilus| polysaccharide new; may be given with DTPP
influenzae

type b




Vaccines restricted to certaln groups

disease vaccine eligible groups

tuberculosis BCG tropics — at birth; UK - 10-14 years;
USA - at-risk only

hepatitis B surface antigen at risk (medical, nursing staff, etc.);
drug addicts; male homosexuals;
known contacts of carriers

rabies killed at risk (animal workers); postexposure

meningitis polysaccharide travelers

yellow fever attenuated

typhoid, cholera | killed or mutant

hepatitis A killed or attenuated

influenza killed at risk; elderly

pneumococcal polysaccharide elderly

pneumonia

varicella-zoster attenuated leukemic children

Flg. 18.13 Vaccines that are currently
restricted to certain groups.



Major diseases for which no vaccines are avallable

viruses HIV antigenic variation; immunosuppression?
herpes viruses risk of reactivation? (but varicella-zoster
appears safe)
adenoviruses, rhinoviruses | multiple serotypes
bacteria | Staphylococci early vaccines ineffective (antibiotics
group A streptococci originally better)
Mycobacterium leprae (BCG gives some protection)
Treponema pallidum ignorance of effective immunity
(syphilis)
Chlamydia spp. early vaccines ineffective
fungi Candida spp. ignorance of effective immunity
Pneumocystis spp.
protozoa | malaria antigenic variation
trypanosomiasis — sleeping| extreme antigenic variation;
sickness; Chagas’ disease | immunopathology; autoimmunity;
trials encouraging
leishmaniasis
worms schistosomiasis (trials in animals encouraging)

onchocerciasis

ignorance of effective immunity

Fig. 18.15 For some serious diseases there
is currently no effective vaccine. The
predominant problem is the lack of
understanding of how to induce effective
immunity.



Passive Immunization

diphtheria, tetanus

human, horse prophylaxis, treatment
varicella-zoster human treatment in immunodeficiencies
gas gangrene, horse post-exposure
botulism, snake bite,
scorpion sting
rabies human post-exposure (plus vaccine)
hepatitis B human post-exposure
hepatitis A, measles pooled human prophylaxis (travel), post-exposure
immunoglobulin

1 Fig. 18.16 Although not so commonly

used as 50 years ago, injections of specific

| antibody can still be a life-saving treatment

in specific clinical conditions.



Non-specific Immunotherapy

microbial filtered bacterial used by Coley (1909) against tumors
cultures
BCG some activity against tumors
cytokines IFNa effective for chronic hepatitis B, hepatitis C,
herpes zoster, wart virus, prophylactic against
common cold (also some tumors)

IFNy effective in some cases of chronic
granulomatous disease, lepromatous leprosy,
leishmaniasis {cutaneous)

IL-2 leishmaniasis {cutaneous)

G-CSF bone marrow restoration after cytotoxic drugs

cytokine TNF antagonists | septic shock
inhibitors

IL-1 antagonists

IL-10

severe (cerebral) malaria?

G-CSF, granulocyte colony stimulating factor; IFN, interferon; IL, interleukin; TNF,
tumor necrosis factor

Fig. 18.17 Non-specific stimulation or
inhibition of particular components of the
immune system may sometimes be of
benefit.



