CHAPTER 2

LITERATURE REVIEW
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iatrogenic disease resulting from the heost's
immune response to the foreign proteins {3,4.31].
Examples of the currently avaible equine hyperimmﬁne
globulins are antisera wused in treating black widow
spider bites, snake bites, diphtheria, botulism, gas

gangrene and rabies (1,2,3,19).



The adverse effects associated with immunoglobulin
administration can also result from the host's own immune
respoense to the exogencus proteins. T-hese problems are
much more common with immunoglobulins or sera of animal

origin (1,2,3). The archetypal consequence of administra-

cal syndrome derived

foreign proteins or
serum (1). razled \d ciptinn of human serum

sickness was quet and Bela Schick in

1905. The studies and Dixon et al. found that

both clinics yan xperimén T ckness are related

-

to the antibgfy respe Wistered heterologous

- .'
proteins, al lting nmune cdgmplex formation and

deposition, (2,3§@4). Serumléickness-like reactions that
are Cllﬂuﬂ&ﬂtﬂnjmﬂiﬁﬁe classical serum
sickpe an. o It: ¥ ﬁ the a i o) nonprotein
druaﬁﬁ a‘lﬂﬂi Hﬁﬁﬁﬂﬁﬁiﬂlin, sulfa,

thiouracils, cholecystographic dyes, hydantoins,

aminosalicylic acid and streptomycin (14).

In =addition, serum sickness-like reactions can

occur after or in conjunction with various diseases (such



as malaria, typhoid, hepatitis B) and neoplasms (such as

lymphoma, renal cell carcinoma) (2).
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True serum reaction in man is now

considerably less the past because of the
adequate immuniZ8%® the development of

¥ 2@ the replacement by

—
??SEE\. Moreover, technical
\\\ N,

effective ant}
specific human
refinements process of equine
hyperimmune g Syl i E PR d unnecessary but
potentially hafmiy . B e e i ents of proteine and
aggregated protei: Afg_} i seme antisera, further

-

reduction of the risk ickness can be accomplished

by the use of 4| Fs eliminating the highly

immunogenic g 7,Tj the gamma globulin

molecules {15]'3

F.]‘LL%H NYNTVHANG rescrsons are

directly related to€ the wmlume of gforeign seru

aquwmQﬂﬁmumrlgmﬂp’ladﬂll -3,13,17,
36,3?.38]. Heterologous serum is still occasionally
used in the treatment and prophylaxis of rabies,
venomous bites, botulism, gas gangrene and diphtheria
(3,4,15,39). At  present, heterologous antilympheocyte

globulin whieh is used for the prophylaxis and
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treatment of allograft rejection is another potential

source of serum sickness (40,41,42,43,44),

The incidence of serum sickness-like reactions

resulting from nonprotein drugs is more difficult to

ascertain (1). It '/} nated that 5% of medical

ﬁ‘ii-ih drug reactions and at

least 15% IBEEITe] i oF waiﬁgts had at least one

hospital admissionte

"The serum sickness in
rabbits by Germuthjge :%%‘Jﬁ; arified the pathogenesis of
human disease tqﬂ%ﬁ%ﬁé&: appears to be similar

immunologica ;i——--ﬂ-_-,_:,,f__wq.,Tr arge dose of protein
antigen is i antibody responses

re elicited fter a latent perino of four to ten days,

lead 1ntﬂ utrtauﬂ Waﬁawlﬂqm complexes that

deposit vascular enduthel1um in varlouz organs where
the‘q ﬁqﬁﬁﬁﬁmﬂﬁ%ﬂma Ef complement
(1,3,96,45,46,47,48,49,50,51,52). Activation of complement
via the classic pathway generates chemotactic factors
that localize inflammatory cells in and around blood
vessels where the proteclytic enzymes relezsed from their

lysosomal granules can mediate tissue damage (1).
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Failure of moncnuclear phagocytes to effectively
clear immune complexes is probably an important factor in
disease expression because the complexes remain iﬁ
circulation for a longer period of time (1,35). Animal
experimental data sﬁggest that IgE-dependent release of

vasoactive amines

ate deposition of sgcluble

immune complexes (1,3,53,54,55,56).

Complement acti¥ [l Complexes can result in

the formation substances that are

« capable of stir release histamine and

other mediator-‘ *~§3\~ce of IgE. Mast all

mediators furt reased vasopermeability

that allows fer cpasition in the vascular

walls (2)-

Neut:i;q-- in the vasculitis

observed in =%

easing proteolytic

substances prnmnte vessel destruction. Netrophils

rerﬁﬂm WEJ ﬂmqﬁ?matlun through

chemotacti§] factors der ved frum cnmplement activation,
i Q‘W"i‘ﬂﬂ"ﬂ“ﬁﬁﬂ’ﬁ"ﬁﬂﬁﬂ'ﬁ - g e
MonocYtes and macrophages may play a role in
glomerulonephritis of animal serum sickness, however, this

mechanism has not been demonstrated in humans (1,2,57,58).
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Clinical manifestations

The classic serum sickness reactions after injec-
tion of heterologous serum consist of feve}, cutaneous
eruptions, lymphadenopathy and joint symptoms (1). Some

would insist that at least

be present before th o, ‘ made (3).

Primary occurs 6 to 21 days
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causative S fhed = \k-\\‘\fe of antigen serves

(typically 7 dm1n1strat1nn of the

both to to elicit the
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\ '-\ % Teflects the time

PPTORT ate quantities of

symptoms.
required to

{(3).

antibedies

the disease is often

heralded erythematous

swelling athd W )This ic a valuable

i
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|
diagnostic uﬂpding in eruptions occur

are the earliest
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diagnosis of this syndrome without a skin eruption must

be questioned (1).

Fever is usually slight to moderate, but may be
concidérable in more severe cases (3). Lymphadenopathy is

another very commen clinical manifestation of serum
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sickness and may initially be localized near the size of
the offending antigen injection and then Tar~ become
generalized (2). Arthritis and arthralgia occur in 10 to
50 percent of patients (1). Diffuse facial edema or

angioedema may occur (2). Renal involvement may be

and microscopic hematuria.

reflected by prntei i

Significant renal dis does not develop (15).

Althoug ologic manifestations

can occur and ma al, plexus or cranial

nerve involvement t Vvery serious sequelae
Y

N

of serum sickn€sgfi & flie (deVeloplent Of the Guillain-Barre

syndrome (1).

Jabadinid, o 4 o
Accelerated Serum =3 ss develops within a short

time (usually administration of the
-

o -
|

agent, indiggg Y of the heost ([3).

- :
These reactioj may peSmore csevére than primary serum

aF

gickness, but aeshasically @¥fmilar in nature (15).
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Laboratory findings in serum sickness include an
elevated erythrocyie sedimentation rate, varisble changes
in leukocyte count with either slight leukopenia or
leukocytosis with or without eosinophilia (15). Hyper

gamma glcbulinemia with free circulating light chains and
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plasmacytosis may be present (3,16). Urinalysis may
reveal slight proteinuria and/or microscopic heﬁaturia in
addition teo an occasional cast (1). Serum complement
levels may be reduced, providing some evidence that an
immune complex mechanism is operative (3). Elevation of

complement activation such as C3a has been

documented (2). ating immune complexes

may be positivemsllE, 23, 24500y Electrocardicgraphic

abnormalities ine and rheumatcoid

factor are so

Forssm# " detected and can be

distinguiched tibody okbkserved 1in

infecticus monon i '1 »tion with guinea pig

tissue (3,15). antibodies to horse serum

can be demonst pitating IgG antibodies

are found l;;j j be present in more

123

severe casas tu 'nrse serum and horse

danders are fréguently prage and may be detected by

e e FUEINBNTHETNT
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The classic clinical manifestations within the
appropriate time frame fellowing exposure to heterologous
proteins or nonprotein drugs make the diagnosis of serum

csickness rather obvious. There is no specific diagnostic
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laboratory tests for s=erum 'sickness. However, the
demonstration of IgG antibody to nffendifg antigen in some
patients where this 1is feasible helps c;nfirm the
diagnosis (15).

The =signs and symptoms of serum sickness or serum

sickness-like react milar to other inflamma-

tory or infectioil®wm rheumatic fever, SLE,

rheumatoid arthe of symptoms for

longer than dfie gifofl] i ‘\f rengly =aganist the

diagnosis of s
Treatment and

Most caseE W—ten ickness or serum sickness-
like reactions spentanecusly reseclve

within a fe§7

f941 treatment should

discontinue t 2 SUSpPee aY gen.f‘ Antihistamines and
aspirin will e, 2iven fqn; pruritis and arthralgias
(1,2,15). ﬂl&ﬂ%ﬁ&ﬂﬂﬁﬂ&ﬂﬂi incidence of
serun Elckneqc perhafs by megating action
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1ncreased vascular permeability so the deposition of
circulating immune complexes may be minimized {1,2?. In
more severe caseg, corticostercids should be administered
and tapered cover a 10 te 14 day period because of the

freguency of symptomatic relapse during drug withdrawal

017711
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when shorter course is used and it may be more difficult

to alleviate the recurrent symptoms (15). -

Prevention of serum sickness reactions can be
accomplished by avoiding the use of foreign proteins and

not readministering the ¢ to patients with a history of

an adverse reactiongf I AF YRy Assuring that appropriate

él ished and employing

primary
specific human™ G globulins "When indicated will also
"‘-._‘..\
reduce the occurg pace (1)
The fect of heterologous

\
immune glecbuli rhylaxis (31).

na a

Anapg i 1t ofl|of immediate (Gell

and Coomb typéJI) pers f¥ity. it is an immunologic

tissue in:ury fusdiated byys IgE antibedies which occurs

'LLEJ ’meﬂmeimg:t]lﬂ.if antigen and the

basephil or mest cellébound Igh antiboddggs (6,61). The
~4 W IANRIUIBIANBANY.

within

Systemic anaphylaxis is a seriocus and life-
threatening allergic reaction (7). It occurs as a result
of the sudden release of mediaters from mast cells and/or
basophiles into circulation affecting ceveral organ systems

simultanecusly (8).
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Local anaphylaxis may occcur in any specific target

organs such as the gastrointestinal tract, nasal mucosa or

ckin manifested as gastrointestinal symptoms, rhinitis

or urticaria respectively (6,61).

Human AP axis é frequently mediated

through IgE
bind teo the or bosocphils (7,92).
Human IgGs alSo #0gde fuc €l :”?3\RE receptors but more

A K\ on site within a day

\\\ detected for severzl
\\ skin (62). These

weakly and d i
whereas IgE
weeks after

antibodies {IgE e termed homocytotropic
antibodies) alksore '~'“% : ags reagins (9).

DEET&‘H‘atl- n eemast cflll occurs when hnﬁnd

\.

homoccytotropic € gptiboedies g cross-linked elther by

specitic ﬂnuEJ ADENTNBINT csverens s

immuno lﬂbulln (e.g. €nti-TgF ger anti-lgight chain) but
s i RS T M W AUE 18 8 o0y, s
hridging brings together 2 IgE receptor mnlecules which
triggers an enzymatic cascade at the cell surface leading
te ean influx of calcium iens and changes in cyclic
nucleotide levels. A fall in ¢cAMP or a rise in cCGMP

favours degranulation of mast cell resulting in release



18

of histamine, serotonin and different chemotactic factors
‘uﬁ'anaphylaxis (6,9,61,64). 1In addition tc degranulatien,
; rapid sequential oxidative metabolism of arachidonic
acid occurs resulting in synthesis of several other
pharmacologically active mediators, including leukotrienes,

prostaglandins, and plate.et aggregating factor (64,65,66).

The ecls-o &cnlngical mediators are

summarized in

Allergens
Allerg that give rise teo

allergic sensi antibody class. Their

molecular weigh' estricted in the range

of 10,000 - 70, }if_.ﬁﬁ most frequent cause of

anaphylaxisjy,* J synthetic penicillin

derivatives. {l Wis] role was plaved by
L uﬂ

heterologous isera -use for prnphrlntis and treatment

M TIRCITITE CTICY g

Insulin, ACTH and enzygmes are ther sign icant causes of

~ARAR AU FIPHA aw

athoph olo of axis and ana toid

Anaphyvlaxis is IgE-mediated reaction whereas

anaphylacteid reactions are non-IgE-mediated reacticns



19

clinically mimicking eanaphylaxis, Both can activate

mast cells and basophils, resulting %P the same
clinical syndrome. Thus, the distinction between
anaphylaxis and anaphylactoid reactions has little
cliniceal meaning, because the clinical presentation

and treatment

areas where mas are highest, such as

the skin, al tract. Therefore,
urticaria, airs dem la collapse, asthma,
abdominal pain g wandn clinical signs and

symptoms (8).

Anap Ve 3

'l
Mie organ system such

organ systems or be

I
T
¥

confined +to ekin. Anaphylactic

reactions Erﬁ ﬁ reif prodrome of
nasal, ﬂu an T[ﬂﬂ H’] rning. The first
sig w prngress to
urtlc‘m Baqnm "Efj:;rwaymruction causes

inspiratory stridor, hoarseness and dysphagia. Lower
airway cbstruction is experienced as chest tightness,noted
as wheezing and can develop into severe, acute asthma.
Airway obstruction is usually associated with hypoxaemia,.

(7,8)
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Cadiovascular collapse and shock result from
severe hypovolemia secondary to postcapillary, venular
leakage and myocardial depressicn, complicated by cardiac
arrhythmias. (8)

Nausea, vomiting cramp and diarrhoea

are of less clinical®

The anaply Lacldic #eually begins within 10

\\“‘\C“\

),\f\\:

te 20 minutes posure and, as already

mentioned, ritus to irreversible

shock or fafe sncy. Fatalities are

rare and in mo

v

Plyely

-

i

¥hs untoward reaction

A ne;yi
offers no guafﬁhtee et adr 3 raf:gn_uf a pharmaceutical
agent will produceys anaphylaxis. Subclinical

——t 8 ANENS WIS i smeversen

clinical ,evpcsure. fdr examplem from the@presence of the
e A LT LA EH I K AR Bt waen
cross-reacting antigen (10,68). A =kin test should be
performed before the administration of certain materials
procucing a high incidence ¢f anaphylaxis, such as horse
serum or allergenic extract, or when the nature of a past

adverse reaction is unclear (68), If there is a definite
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history nf a past anaphylactic reaction, even tﬁnugh mild,
it 1is advisable to select another agent or procedure. In
the event that an agent is to be used despite a positive
histnfy, a positive skin test, or beoth, the predautionarr
measqr;s should include the presence of an intravenous

infusion 1line, int batic equipment, and a tracheostomy

set (10).

Rapid lpmediate initiation of
therapy are ess emoval or diminution
of the suspecte u{ﬂe and othe necessary
medications shbu ‘Zr_; AiSteked promptly such as
intravenous pntihistaminés.etc.

(7,8,10,69).
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fable 1. Stored nedisters of asspbylacie
Kediator Effector Cells Effects

Bigtasize {lov-solecelar-veight anize) Yiseee mast call, Bilste:r capillaries and vernles, incresses

nescelar perpeability, ead constricts
é!tr gaooth muscle; censes mriicaris,
' esens® bypotession, brorchospase, and

agacansteiction
BF-1 (preforeed acidic tetraafftiggl MuflCem ot eoeinophile
!ﬂ!-.k (high-golacnlar-yeight or pentrophils

gubstance forad in perve derieg |

induced allergic reactions)

<
Preteclytic encyees (pe gitiate intravascelar

basophile coagzlationtnd setivate corplenent cagoade

Beparls [grede qt e EE:J nﬂ'ms ..... ﬂjﬂ?:n Hearia, ferer, chill,
AR ﬂ\'fﬂ‘ifuuﬁﬂﬂﬁ"mﬂ

|sseocifped with grazule mstriz]

B0P-1, eosinephil chegatactic [actor of amaphylarie; BCP-A cleectactic facter of snaphylanis,



Table 2. Cenerated mediaters of amaphylarie
Nediator Effector cells Effects

Prostaglandin 00 (major product Nast celle Cozges bronchoconstrictior, incrensed capillary

of cycloozygezase pathvey of pereeability, peleonary bypertessice, aed

arachidonic acid catebolise) ’ periphera! vasodilation

Lenkotrienes (L3¢, 17C¢#,LTDY et broechocomstrictors; canse colaneoss
{products of lipoxygenase pailva) Jagestioe; 1184 cheectactic for seatrophile; LTD:

arachidonic acid etabolisy grenary vasoconstriction

Platelat-activating lacter cal aggregation aad degranclation of
! te, reduction of corgnery flow, aed pegative
inolropic effect

-

$harparly called ghow-re 31 .:“[
1l

i ¥ -
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Table 3. Common causes of IgE-nediated amaphylaxie

Proteir dregs (Rormores,preseasbly cosplete Verus
antigens) Bozehes
Insulin . Firs a2t
ACTE

Belarin

Estradio]

Vasapressin (Pitressin)

Parathyrofd horecae

Roxprotein drags (pr
istibitice rF bz L
Penlcillin arel Fezce A i101in

Tetracyeline TEize) plasm

Bitrefurantoie {Fer o in
Streptorysiz -, Y )
r

Sulfonseides L Chye:teynein .

Fatamine

- AuEINenIions
YRININTUNRANYNY

Vaccizes {allergy probably cavsed by celtivating) Pollese (ragveed, Juse grase Bermuds grass)

tissne) Nolde
Pariuesie Epidessle (cat,dag borge bird]
Tppheid Fuode [coltonsesd, ege white)

Vascines growr on egg eebryo



Poods Chenicals

K3

Nl Bthylene oxide ges
Bgg wkile Fopsldebyde
Shellfish
Leguees (especially peasute) Parasites
Bits Bydatid cyet ruptere

Citres [ruits
Baneaze
frains
Chocolate
Fisk
Ihl_;tu:md ‘

fthare

{1
-_‘—kh
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