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1. lNTRODUC1'ION 

Epide1r1iology is c:011c·e1·11ecl wit,11 l)at, t.e1·11s i1·1 Sl)clc:e a11cl t,irr1e of tl1e occ~t11·1·e11ce 
of' disetise. Frc)rr1 the 1)at,te1·11s 011e 111cty i11fer c:cltrses, 1)1·eclic:t, t,l1e f't1tl1r·e a11cl 
dec'.ide abo11t, tl1e 11et~cl for· co11t,1·ol 111ec1.s111·t~s. l\!lc111y of' st1c:l1 i11fe1·e11cE:s rec1t1i1·e 
sor)l1ist,ic~c1tecl stc1tistic:s. \Vhe11 cliset1se is C'.<lt1secl by arr i11fec:tive ;:1,ger1t,, t,l1e1·e 
is cl sec:011d way i11 wl1ic'.l1 111c1tl1f~1·11at,ic·s 111c1y l1elp t,() gai11 i11sigl1t. Tl1e11 011e 
ca11 b11ilcl cl 111ecl1a11ist,ic: 11·1oc.lel for· t,l1e sp1·ec1cl of t,l1e age1·1t a11cl 11se it t,o 
dise11tc111gle l1ow tl1is sprec1cl is ir1fl11er1c'.ecl by va1·io11s fac:t,01·s, st1cl1 c:1S cc)11t;c1ct 
st.r11c'.t,t11·E~, fJOl)t1lat,io11 cle11sity, i11c11l)atio11 l)eriocl, et,c:. Sc) 011e C'.cl.11 clo tl1ot1gl1t 
expe1·i111ent,s \vl1e1·e 1·eal experi111e11ts a1·e i1r11)ossil)le or· t111etl1ic·c:tl. He1·e t,l1e 201 
111ai11 111atl1e11·1at.ic'.al tool is t.l1e c111c1lit.ative tl1eory of cly11c1111ic:al syster11s. 

In a pe1·iod of a.l111ost 30 yea.r·s C~WI l1as bee11 act,ively e11gagecl i11 tl1e 
111c)delli11g arid a11alysis of· tl1e s1)r·ec1cl of i11fe(~tiot1s cliseases i11 st.1·l_1ct.11recl 
pOJ)t1lati()11s of l1ost,s. 111 t,l1e follo\vi11g ,ve sl1all, i11 c:l1ro11c)logicc1l 01·cle1·, ver·y 
br·iefly 1)1·ese11t t.l1e 111ai11 l1igl1ligl-1ts. 

2. 0R.IF:N,-fA'l.,ION ON THE C;L.t\SSIC~S 

I111971 CWI (t,l1en still c:alleci 1\1(;) star·t,ed a (11at,io11al ,111cl i11terdisc;i1)li11c:1r·y) 
~ Workir1g G1·ot1p 011 Bio111c1tl1er11atic:s' ( as far· as I kr1ow, t.l1E! s11ggest,ic)11 to 
start, activities ir1 tl1is ctr·ea c:c1111e f'1·or11 F. var1 tier Blij, t.l1e11 ,1 r11e111l)e1· of' t.l1e 
Boar·cl of T1:ustees; it was t,ake11 up lJy H.A. Lc1t1vverie1·, P.J. Vctll cler· Hot1vve11, 
G.M. Willerr1s, two He111ker· l)rotl1e1·s c:1r1d J. G1·c1.s111a11. Tl1is worki11g grolll) 
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11<1.s l)ee11 cl ve1·y st1·011g t'i1..t.,tl}rS(~1· f'c)1· t 11(\ clE:-... \'f1 l()}>lllf:•11t of' 111c1t.l1e111c1t,ic·c1l l)iol
c)g)' i11 Tl1e Net,l1er·la11cis. 

Tl1e Sll l) jec·t c)f. epicle111ic)logy ,vc1,s 111c1.i11l)' l)1·c)t1gl1t. i11 1:>y .J .. A. .. J. I\·Ietz £'1·0111 
t.l1EA I11st.it,11t.e C)f' Tl·1ec)1~c:\tic·c1.l Bic)l<)g)' c)f. Lc1 icl(':i11 lT 11i\'()1•sit.y·, wl1c) l1i111sE·lf \VclS 

i11s1)i1·ecl l)y .. J. R.edcli11gi11s. (;e11t.r·al \V[lS t.l1e \Vc)r·lc of' \V. (). I( e1·111c1c·k c111cl 
A.G. l\llc'.I(e11cl1·ic~l( i11 1927, ;:111 e;_,11·1:r· 111ilest.011e \V l1ic·l1 vv,1s sc) 111t1c·l1 ,l.llE\a.cl c)f' 

•• 

it,s t.ir11e t.l1at, fc)1·t.y yec=t1·s l,1.t.e1· ·ge11c..,rc1.lizc-tt,io11s' wer·c".\ p1.1l>lisl1c·ci vvl1ic~l1 ,ver·c~ 
ac'.t. ually s1)ec:ic1l c~ ases. 

l\1ost likely i11spi1·ecl l)y R. Rc)SS (vvl1l,~ i11c·icle11t.c1lly, I'El(~( ... ivr<_\<1 tl1e Nol)el 
1)1·ize f'or· 111eclic·i11e i11 1902 fc)1· l1is disc'.over·y tlictt, 111c1la.1·ia is cl11<~ tc> t.l1e Pl£is
m<Jdi,urri l)arasite, t.1·ar1s111it.tecl v·icl 111osc1uit.oes, a11cl riot. clt1e t,o 'l)ctcl clir', as 
t,l1e 11a111e 1·eflec~ts) I(e1·111c1ck c"t11d Mc:Ke11clr·ic:k estal)lisl1ecl i11 gr(~clt gc11crality 
t,l1e occ~ur·1·er1c:e of a t.l1resl1cJld l)l1e110111e11011: t.l1e i11tr·od11c'.tio11 of· c111 c11·bit,1·c11·ily 
s111c:1ll c1t1ar1tity of tl1e i11fec·t.ive c:1ge11t. i11 a de111<Jg1·ctI)l1ic·ctlly c·losed J)o1.)ulat,ic)r1 
c:a11 011ly t,r·iggE\r· a11 e1)ide111ic ,vl1E~11 c:t c:e1·t.ai11 c~o111J)C)1111cl J)c1.r·a111eter· R(J ex
ceecis 011e ( i11 Sec'.t.io11 4 l)elo,v we sl1all Scly 111t1c·l1 11101·<~ tll)C)ll t. Re)). Fro111 
a l)iolc)gic:al/111eclic'.c:tl J)oi11t. of· view t,l1is, a11cl tl1e f'u1·tl1e1· c.:l1c:1,1·c1ctcr·isc1t,io11 of 
Ro, is all t.l1at, r11at,te1·s. Fro111 a 111atl1e111at,ic·al })Oi11t. c)f. view, tl1e ·c11·l)itr·a.1·
il;yr s111c1ll' is i11t,eresti11g tt11d (~alls for· a. si11gt1li1..1· 1)e1·tt11·l)ctt,io11 c111i1lysis. Tl1e 
J)I'C)ble111 is 11011-st.a11(1.a1·cl l)ec·a1.1se it. c·c)11cer11s c111 i11fi11ite-cli111e11sio11;:1,l dynar11-
ical syste111; i11 fac:t it rec1ui1·es t,l1at 011e fir·st r·esolves l1ow 011c) sl1ould tl1ink 
a.bout. i11itial value })1·oble111s f'or· Volt,er1·a i11tegrc1l ec1uat,ior1s of· c:011volut,io11 
t}rpe; 011ce tl1is is sett,lecl 011e c:ar1 fo1·111t1late a r·esult. i11 t,er·111s of t.he 011e
dirner1sio11ality of tl1e i11t,er·sec:tion of a11 u11st.al)le 111a11if'olcl \Vitlr cl c:011e of' 
posit,ive fu11ct.io11s. A sec:011d poi11t. is t.l1at, i11 the i11t,1·ocl11ct.io11 pl1("1se the 
det.e1·11,1ir1istic appr·oxir11c1tio11 is 11ot \\7ar·r·c:111t,erl, si11ce 11t1111l)e1·s of' infec~ted are 
11ot la1·ge. Tl1e li11l< is vic1 l.)1·a11c·l1i11g J)I'O{:esses. 

Tl1e appliecl 111atl1 ot1t,look ot· t,l1e lat.e seve11t,ies 011 t,l1e c:lassical 111athe-
111atic:al tl1eo1~y of €J)ider11ics is 11icel)l' su111111ar·ized i11 tl1e l\·1 c~ T1·c1Ct, 138 l)}r 
Lal1we1·ier [3]. 

3. SPA1~IAL SPRE.t\D 

Gt1idecl by advisor L.A. Peletier (just, t.l1e11 111ovir1g f1·0111 Delf't. U11iversity to 
Leider1 U r1ive1·sity) t,l1e ap1)liecl 111atl1 de1)a1·t,rr1e11t 01·ga11ised i11 1976 a c~ol
loc1uiur11 011 1·eactio11-diffusio11 eq11atic)11s ( see [1]) i11 wl1icl1 111uc'.}1 cttte11tio11 
was give11 to tl1e tl1e11 br·a11d-11e,v r·est1lt,s of' D .G. A1·011s011 c1.11d H.F. Wei11-
berger 01~ tl1e asy1111)totic'. s1)eec.l of· 1)1·opagatior1 of· dist.111·l)a.11c:es C'-cJ. Tl1e idea 
is si111ple. A st,eady stc:1.t,e, let,'s call it 0, is t111stctl)le c1.11cl a11y (l)iologicall:yr) 
r·ealizable pertu1·bat,io11, 110 111<1tte1· l1ow s111all, gives 1~ise t.o a seql1e11c~e of 
ever1ts ( arr or·bit) w l1icl1 e11ds i11 cl stal)le st,ead1· stc1te, wl1icl1 we c~hoose to 
call oo. Exa111 ples i11c'.lt1de fir·es ( c:0111l)11st,io11 t.lrt~C)r·y), e1)icler11ics, 1·ur11our·s 
a11d favo111·al)le 111uta11t ge11es. How fast, will t.l1e tr·a11sit,io11 0 , oo effec'.-
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tively take I)lace·? R.e111a1·kc1bly, t.l1e c1uest,ior1 1)ec:01r1es 11101·e 111ear1i11gf11l if 



we <lclcl a spat.ial cli111e11sio11. Tl1("ll vvc t·,111 lc)()k t·()t' t.1·,lvelli11g 1)l('.111e vva.ves, 
,1. spec·i,11 ki11d of self-si111ila1· sol11t.ic)11s. (111 <l 111c)vi11g c·oo1·cii11r1.t.c~ syst,e111 t.11(~ 
te1111)01·al t.1·c111sie11t,s loc)k lik(~ •f'1·()Ze11' SJ)<1t.ic1l t.r·ct11sit.ic)11s!) It. t.l11·11s 011t. t.l1c1t. 
t.1·avelli11g l)l;:111e w,1ves exist. f'c)I' ,tll s1)ec·cls (· > ("t) fc)r· S()111e <"'() cl11cl tl.1at t.l1is 
111i11i111,tl s1)eecl C'.t) is tl1e asy1111)t.()t.ic· SJ)eE•cl <:)f. J)l'()IJclg,1.t,io11 i11 t.l1t:· se11se t.l1at., 
f'or· c:0111J)c1c·t,l)r SllIJIJOI't,ed i11it.ic1.l clist.111·l)clllC't•s~ <111 <)l)sc1·vt~1· 111c)vi11g \\rit.11 a 
SJ)eecl l1igl1e1· t.11,111 l?(J will lJe al1e,1cl c)f' t.l1t· t.1·c111sitic)11, wl1il(~ cl.11 ol)se1·ve1· \\ritl1 
et lo\ver· s1Jeed tl1a11 c:0 \Vill, ev~c111tt1cl.ll:,r, ex1Jt~r·ic~11c:e st.;:1t,e oo. 1.'l1e f"ollo,vi11g 
a1·gu111e11t ex1)lai11s i11t:t1it.ively ,vl1y t,l1e 111i11ir11al wave SJ)eecl ec1t1ctls t.l1e 't.1·11e' 
speed. B)T 111a11ipt1lat.i11g tl1e i11it1ic1l c·o11ditio11 st1it,al)ly 011e c:a11 1)1·od11(~e t1·av'
elli11g waves i11 111t1c:l1 tl1e sa.111t .. way cts 011e C'.clll C'.r·eat.e tl1e ill t1sio11 of· st,eady 
111ove111e11t i11 a11 a1·1·ay of elec:tr·ic: ligl1t,s l)y t.u1·11i11g tl1e111 011 a11cl off app1·0-
p1·iately. 011ly 011e t,l1i11g c:;:111 SJ)oil t,l1is ga111e: if we tr·y to 111ake t.l1e SJ)eed 
t.oo lo,v t,l1e i11l1er·e11t, ~ i11f·ect.io11' 111ecl1a11is111 of our· exci talJle 111ecliu111 t.a.kes 
over. Tl1e1·efo1·e t,l1is i11l1e1·e11t, i11fec·t,io11 s1.)eed is exac:t.l)r t,l1e lowest, possible 
wave SJ)eecl! 

Tl1e desc·1·i1)tio11 c1bove 111akE~s c:lear· tl1at <tI)plit'.atio11 of tl1ese iclec:1s to epi
de111ic'. spr·ead is c:111 too 11at 11ral. _A.11cl i11 fac:t:. D .G. I{e11clctll lrad cilr·ead}' 
a11alyzed a spec:ial c~ase (it, l1as l)ee11 t.old tl1at l{E~11dall C)btai11ed Iris 1·esl1lts 
111t1c:l1 ear·lier·, lJt1t, t.l1at l1e post.1)011ed pt1l)lic:c:1.tio11 l)ec:a11se of' tl1e clar1ge1· t,l1at. 
tl1ey would be l1elpf11l for· pla.1111i11g biologic:al \\rar·fctr·e). At al111ost t.l1e sa111e 
tirr1e H.R. Tl1ie111e a11cl Diekr11ar111 ir1cle1)e11de11tly ge11e1·alized tl1e 1·esults of 
A1·011sor1-Wei11l)er·ger· a11d Ke11c~lall to tl1e Volte1·1·a-F1·ecll1ol111 i11tegr·al equc1-
tio11s desc1·il)ir1g ge11e1·c1.l epide111ic.: 111odels. Bt1t at a 111eet.i11g 01·ga11ized by 
the Dut,c:11 Soc:iety fo1· Tl1eor·eti<~al Biology, i11 wl1ic:l1 J.C. Zacloks of tl1e 
LalJorat,or·y f'or· Pl1yto1)at.l1ology of tl1e Agricl1ltt1r·c1l U11ive1·sit,y' of Wage11i11-
ge11 prese11ted tlre 1·est1lts of· ext,e11sive si111ulat.io11s witl1 ci 111odel for· t·u11gus 
disease spr·ead l)y spor·e disJ)er·sal i11 var·ious c.:rops a11d fo1·111ulated directly 
i11 co111put,e1· la11guage, wl1ile t,l1e p1·eser1t a11tl101· pr·ese11ted l1is results i11 a 
theo1·e111-p1"oof style, a C'.011ft1sio11 of t,ongt1es of al111ost Babylo11ic di111e11sio11 
p1·eve11ted effective i11teraction. Tl1e abstr·act. resl1lt,s \Ver·e 11ot at all ope1·a- 203 
tio11al. 

Tl1e 11ext step was takerr at tl1e I11st.itut,e of Tlreor·etic'.al Biology of Leide11 
U11iversity wl1e1·e F. va11 de11 Bosc:11, in c:l Plr.D. I)r·oject gl1ided by J\1etz, 
lear·11t l)otl1 la11guages a11cl t.l1er·el)J' pullecl tl1e co111111l111icatio11 r)arrier down. 
111 joi11t. wor·k wit.11 Za(loks t111d Metz lie de"\reloped r11ec_'.l1c:111istic: s11r)111odels for 
spore dis1)e1·sal, i11t1·odl1c:ed flexi1Jle J'et J)ar·ct1r1eter· s1)a1·se ke1~11els f'or spore 
1)1~od11c:tio11, developed app1·oxi111atio11 fo1·111t1lc:1e t.o clet.e1·111i11e ('.c1 fro11-1 suc:h 
ingredier1ts witl1 ft pocket calculat,c)r· i11 11egligil)le t,i111e a11cl sl10\ved tl1c1t tl1e 
111odel predic:t.io1·1s 111at,c:l1 up t.o si111t1lc1t,io11 stl1clies a11cl agr·ee well ,vit.11 speeds 
111east11·ecl i11 field ex1)er·i111e11t.s. All is well tl1at e11cls well. 

But i11 fac:t, tl1is was 11ot. t,l1e e11cl. Ar1 1111ex1Jet·t.ecl follow-tll) st.ar·tecl wl1e11 
t,l1e ec:olc)gist, R. He11geveld l1ea1·ci cll)o11t t,l1ese r·es11lts c:lt t,lrE~ i11a.ugural ad-



c·lr·E::ss i11 1986 of' t,l1E~ l\1Ietz-I)iek111a1111 t,ct11clE1111. Htj11g<•,rt1 lcl \Vcl..s C'.()ll(1 C'.t.i11g a11cl 
ctllctlyzi11g clc1t·.a c:)11 c=111i111c1l r·,111gc1 C1 X(),111si<)11s tt.11cl 1•c:-.c1liz('(:l t.l1c1t., \v'it.}1 t.l1E~ ,t1)
l)l'CJJ)I'ic1te i11t;e1·1)ret,a.tic)11 <>f. t.l1c' i11g1·c·cli('11ts, t,l1c• 1•c)sl1lt·.s ivc)t1lcl cli1·ec~t.ly c·,11·1·y 
C)\re1· t, C) t, 11 is c·o 11 t,E' xt,. A f 1·11i t. t·l 11 c·c) 1 l,1. l) <) 1· et t i <> 11 C)r·i gi 11,1.t, f:cl. 

4. T f·I r◄: 131\ s IC'. I{ 1~: J:> I{ o l) l.T ( '.'I' IC) N l{ 1\'.I' £ C.) RrJ 
Fc)1· so111e t.i111E1 11c)t, 1r1t1c:l1 <JJ)i<lE)111ic)logic··c1l 11,tl)l)Cllt~cl c1t. (;\\rI. B11t. t.l1E·r1 C'.c1111e 
AIDS c1r1cl t,l1c~ 111c)clelli11g c)f. i11fE~<·'.t.ic)11s clis(~c:lses l:)C"C'.cl.r11e i11te1·11c1t.ic)11c1.lly ,l, l·1ot. 
topic:. Tl1c· (;\VI gr·c)lIJ) 11,tcl 11c) c:t,111l)it,io11 t.c) joi11 tl1is t,1'<:'Il(l c111cl c·c>11ti11t1ecl 
to c:011c.'.e11t1·c1te C)Il t.l1e 1101)t1l,1,t.io11 cl}r11,1111ic·s of st1·t1c·t,u1·E\cl IJC)pt1lc1tio11s. Bt1t 
g1,ad11ctlly it, l)eC'.c1.111e <·lea1· t.l1c1t, exf)l~r·t.ise i11 t;l1is ctr·E~ct of· st.1'llC'.t,11r·ecl po1)11-
lc1t,io11s C'.Ot1lcl l)e 11secl \\rit,11 gr·t~clt, c1clv"a11t,c1ge wl1e11 f'o1·11111lc:tt.i11g a11cl clllc1lyz
i11g c·or11plic~ctt,(\cl (>l)iclc~111i<· 1·11oclels. A11cl t.l1e11 J .A.P. H<:~<:~st.E~r·l)E~t~k e111l)arked 
111)011 cl P 11. D. l)l'C)_jc~<-:t c111cl cl. c:c)llc1c111i t1111 wi1s 01·g<t11iz<:~cl l)y l1i111, l\!Iet.z, Diek-
111c11111 c111cl twc) visitcJ1·s, H. I11at)ct £1·0111 Jcll_),111 clll(l rv1. I{1·<::~tzsc'.l1111a1· f'1·c)111 Ge1·-
111a11y. l\i1ost. cttt.c~11t,ic)11 \Vets gi\'(•11 t,o t.11<:~ l)ctsic· 1·t~1)1·c)cll1c·t,io11 r·c:1t,io R<) wl1ic~l1, 
i11 l)iologic~,1.l wc)r·cls, is clE)fi11(:,.cl c:ts t.l1e c1.xJJt'c·tecl 11l1111lJE:~r· of sec:c)11cla1·y C'.ases 
p1·oci uc:ecl 1:)}'T ,1 tyJ>'ic~cil i11f'ec'.t.ecl i11cli v icl llctl c_l 111·i11g i t.s e11t,i1·E, i11f ec'.tious pe
riod, i11 c:1. poJ)l1lat,io11 c:c_)11sist,ir1g t)f susc'.ept,il>lE~s c)r1ly. Tl1e 'ty1)ic:al' i11dic::ates 
t,hclt we take ave1·c1ges vv l1t)r1 ir1cli viclt1c1ls 111c1y cliff.er· i11 r·elevct1·1t c1.s1)ec~ts ( e.g. 
sexual bel1,1vio111·). Sc)111et.i111es it, is easy t.o c1.ver·c1gE:~, s01r1eti111es it rec1ui1·es 
tl1ougl1t,. I11 tl1e p1·ese11t, c·c>11text, tl1e cly11a1r1ic:s of clisease t1·:::111s111issior1 ( i.e. 
tl1e i11ter·play of s11sc:eptibili ty cll1(1 i11fec·t1i vri t.y) clet!e1~111i11es }10,v tl1e averagi1·1g 
shol1lcl be clo11e, viz. l)y c·o1r11)11t.i11g tl1e posit,ive eige11vec'.t.or a11d eiger1vc1lue 
of a next.-ge11e1·at,io11 01)e1'at,or (r·ec:all tl1e Pe1·ro11-Fr·ol)er1i11s tl1eory of' positive 
1·11at1·ices). All of tl1is is ex1Jlair1ed i11 [2]. 

Wl1e11 R() < 1 t.l1e i11fec'.ti ve c:1gt~11t, c:a1111ot, ir1vac-le i11t,o a vir·gir1 pop11latio11 
of Sl1sc~ept.ilJle l1ost!s, l)11t ,vl1e11 R() > 1 it. c·c:111. Tl1is is exc1ctly Kerr:r1ack
Mcl(encl1~ick 's tl11·esl1olcl co11clit,io11. \Vl1e11 we k11ovv, 111l1c~l1 to c)ur· c~l1;:1g1·in, by 
e111pirical fac~t. t.l1c:it RcJ > 1, tl1e t.l1resl1c)ld c:011clit.io11 see111s j11st, cl sc)111ewhat 

204 acacle1nic ir1str11111e11t. t,o cl1ec:k 0111· r11c)clel. B11t 011c~e we rec1lize tl1cit we 
11eecl to b1·i11g, by cor1trol 111E~c1.sures, R<, to a vc:1l11e l)elc)w 011e i11 01·der to 
erc1dic.~at,e an c1.ge11t t,llclt is alr·eacly est.ablisl1ecl, it, l)eco111es c:lea1· tl1at, ,ve 
ca11 11se Re) as c1. prac:t,ic~al i11st1·111r1er1t t,o esti111ate tl1e eff'o1·t 11eedecl for a 
s11c:c:essful er· ctclic'.a tio11 c:c:1.111 f)aig11. 

5. MODELLINC.i rl"Hf: l~OR(-:E OF INI--""EC:'I"ION 

1101·e or· less cl.S c111 011tgr·owt.l1 of tl1e c:olloc111iu111 C\VI got a c:011tr·act to pro
vicle 111atl1e111,1t,ic:al 111oclelli11g ex1)ert.ise for· tl1e 1)1·0 j ec~t 'P<)I)Ulc:1t.io11 dy11a111ics 
of ir1fectior1s' at tl1e Ce11t.r·t1l Vet.er·i11ctl'Y I11st.itl1te i1·1 Lelyst.ad (110w ID-DLO) 
,v l1icl1 was st,ctI'ted tl1e11 l)y 11. C.lv1. cle ~T c)rtg. At, first. t,he effort, was clirect.ecl 
at rr1aki11g t.l1e abstirac'.t, clefir1it,io11 of R(i C)l)er·c1tio11c:tl (i11 1rrt1c:l1 t.l1e sa111e way 
as Vc11·1 der1 Bosch l1acl do11e \Vit,11 t,l1e c1sy111pt,ot,ic speed of spr·ead c0 ) by de-
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Figure 1. Mathematical models developed at CWI help to understand 
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colony size affects the severity of an outbreak of a virus disease among 

Photo's coutesy ID-DLO Lelystad (left) and IBN-DLO Texel (right). 

or seals. 

velopir1g a11 algo1·itl1111 t,o co111pute it in a SJ)ec:ial setti11g (111otivated by tl1e 
spr·ead of Aujeszky's Disease Vi1·us 
pigs are regt1la1·ly sl1ifted £1·0111 

( ADV) a111or1g pigs 011 fc1r11·1s wl1e1·e tl1e 
011€ to 

( 'Wl1e11 011e f"a1·111 twic:e as la.1·ge as c1r1otl1e1·, • 
IS 

for disease tr· a11s111ission ·7') i11i tia,tecl a 11evv 
o bserva t i o 11s 

' 
lab exper·i111e11ts and 

another·). A si111ple c1t1est,io11 
wl1at diffe1·e11ce cloes it n1ake 

1· e sear· C'. ll clirectior1, 
111odelli11g rei11forci11g 

witl1 field 

The force of i'nf'ection, is by definition the J)r·ol)ability per u11it, of tir11e for 
a susceptil)le i11dividual t,o l)ecor11e i11fec~t.ed. Ma11y vir·uses ar·e tra11sported 
fro111 tl1e 111uct1s ot· 011e l1ost to t,l1at of· a11other l::>y c1erosoles wl1e11 hosts '111eet'. 
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0. DIEKMANN 

As cl cor1seq11e11ce 011e 11eecls to 111oc_lel t,11<:-~ c·c)11t,,1.(·t. l)I't)c:ess fir·st,, a11cl t,l1e11 
Sl1pe1·i11-1pose t.l1e t1·a11s111issio11 of· tl1e vi1·11s. Tl1e sit,l1,1t,ic)11 1·esE~111bles t,l1at, 
of' c:l1e111i(:c1l 1·eact.io11.s, v\r l1{~1·c 111c)lec·11lc~s l1<tve t,o c·c)111e C'. lose e11ot1gl1 lJefor·e 
t,l1ey c-.a11 reac·t. I11s1)i1·ed lJyT t,llclt. si111ilc11·it.y, st.a.11clc1rcl clt~t.e1·111i11istic~ e1)ide111ic: 
111c)dt"ls a1·e i11 te1·111s of' de11sit.ies cl.11cl 111oclel t,l1e c·o11t,c1,ct. 1>1·oc·ess lJy' tl1e la\\r of 
111a.ss ac'.t.io11 ( ,vl1ic:l1, ir1 t.l1e 1)1·ese11t, c·o11t.ext,~ asser·ts t.l1at, t,l1e fo1·c:e t)f i11fec·t.io11 
is J)l'Opor·tio11al to t.11<:~ de11sit,)r of' i11f'ec:t.ivr0s). 

Bt1t, i11 r·ectl life 011e ofte11 l1as to v.rork wit.Ii 1111111l)e1·s, 1·at,l1e1· tl1a11 cle11sit,ies. 
I11deecl, l)otl1 t,l1e size of· c1. f)ig f'ar1.11 c:111cl tl1e size of' a c:cJlo11y of seals (see c1.lso 
figu1·e 1) is usuc1ll.r' expresse(i c:1.S t,l1e 1111111l)er of i11cli,riclt1als t,l1c1t, belong to 
it,, wl1ile t,l1E~ (ie11sit}" is 1·011gl1ly t.l1f: sc1111e for· eac~l1 fa1·111 01· ec:tc:}1 c:olor1;y· (in 
tl-1e lc1tte1· case tl1e evicle11c:e (:0111es f1·0111 aer·ial pl1otos of seals st111 bc1,tl1i11g 
011 sa11d lJc111ks). 

It is 11ot, cliffic·11lt, c:lt, c1ll t() fo1·11111lc1,t,e c111cl c111c1lyze cl 111odel i11 \Vl1ic~l1 de11sity 
is a give11 c·c>11st,c1.11t, ,vl1ile popl1lat,ior1 size is v'c1r·ic1l)le ( ov·er· po1)tll<ttio11s ct11cl, 
11ossilJly, i11 tl1e c:c)111·se of t.i111e). Tl1e fir·st, t.est 011 dat,a fro111 c:t c'.lc:1.ssicc1l 
expe1·i111e11t, of' Gree11vvoc)cl i11 1936 ( ,vit,11 1,11ice suffer·i11g fro111 Paste·iLr·ella, 
·ni·u,r·is, c111cl livi11g i11 a 11etwork of C'.ctges tl1at Vi.ras e11lar·gecl wl1e11 I)Opt1lat.io11 
size ir1c1·easecl) ,vas ir1co11c:lusi\re: tl1e 111oclel ,vit,11 tl1e J)e1· c·apita r1u111be1· of 
c:ontac:ts per· t111it. of tir11e i11clepe11de11t. of l)Opt1latio11 size, c1r1cl tl1e 011e f'or 
whicl1 tl1is 1111111be1· wt1.s pr·opo1·t,io11al t,o poJ)11la.tio11 size, c_·o11ld be 111ade to 
fit tl1e data with 1·oughly tl1e sc1111e acct11·acy. (I11cide11tc1lly, tl1is work was 
pe1·fo1·111ed at, the Isaac N E:\wto11 Ir1stitt1t.e i11 (;a111b1·idge, cl.S par·t, of a special 
progra111r11e on 111at.l1e111at,ic·c1l CJ)ide111iology. 

This fir1di11g p1·0111pted ID-DLO t,o perf·o1·1r1 expe1·i111er1t,s ,vitl1 ADV i11 
grot1ps of pigs, a lar·ge or1e i11 a lar·ge stclt)le c111cl a s111all 011e i11 cl co1·re
spondi11gly s111aller stc1ble. He1·e tl1e out,c:0111e was for·tt111a.tely ver·y clear·: 
the hypothesis of p1·01Jor·tio11ality of· c:011t,c:1c·t r·ate witl1 popl1lc1tio11 size l1ad 
to be r·ejected. 

A11othe1· C'.onvinc.'.ir1g argt1n1e11t \Vets fot111d ir1 tl1e clc:1.ta about tl1e spread of 
206 Phocine Distemper· Vir·u.9 (PDV) d11ri11g the 1988 epide111ic ir1 t.l1e coastal wa

ter·s of No1·the1·11-E11r·ope: tl1e fi1-1al size c1.pr)ec11·ed to be i11depe11de11t of c~olony 
size ( a11 observat.io11 which l1ad pt1zzlecl resea1·cl·1ers a1.)plyir1g tl1e 'sta11dard' 
rr1odel in whicl1 co11tact 1·ate is pr·oportio11<=1,l to popt1lc1tio11 size. 

Thl1s a co111bi11atior1 of 111oclelling co11side1~at,ior1s, 111atl1er11cttical analysis, 
experi111ent.s a11d observat,io11s helped to dise11ta11gle so111e aspects of tl1e 
c:0111plicat,ed relatio11 bet,\vee11 111ecl1anis111s cl.t, tl1e i11divid1_1c1.l level a11d phe
r10111e11a at tl1e pop11lation level. 

6. CoMrv1lTNIC~A'I'ION AND EDlJ(;,.\.'l~ION 

It cannot be de11ied that a gap exists betwee11 gene1·al abst1·act n1athen1at
ic:al tl1eory and specific concrete real life sitl1atior1s. But 011e ca11 t,ry to 
n1ake it s111aller by 01·ga11izing 1~epeated excl1a11ges of i11.f'o1·1r1c:1tio11 abo11t n10-



t,ivc1t.ior1, J.)r·oble111s, idec1s, (fa.ta., 111et.l1()cls, t.~•tc·. Tl1t1s i11 1995 a c·c)111·sE1 c_)Il 

E~I)icle111i(· lll()clels \\rc.1s 01·gctr1izecl (1,t c·i\\;,-I l.))' Di(\k111c1.1111, H(-•(~st.E11·l_)E1ek ( IlC)W 

clt, ID-(;LvV), De Jo11g (ID-DLO), K1·t·tzsc·l1111c11· (11<)vv' clt. RIV11I) t1.11cl l\'letz. 
Pc11·t1i(·ipc1llt,s C'clllle £1·0111 all OVE'l' tl1(:. ('(_)llllt,1·y clll<l 11,tcl l),l,('kg1·()llll(ls ('()vre1·i11g 
l)l,1.11 t J),l,t, }101 () gy, vet.e1·i 11ar)r S(' i (! 11 ("("\ clS \V(~ 11 as 11 ll Ill a11 ('l) i<l ('111 i () le) gy. ·r~ l1(~i1· 

1111111 l)c•r· 1·c1.11gecl f'1·01:r1 40 clt, tl1(• l)E•gi 1111i11g t.c:> 20 ,1 t t.11_(:\ VE'I"),' E~11c l. '"f l1E' 1) lc.111 
is t.o elctlJ01~at.(• tl1e 11c)tes to ,1 lJc)ok, l1<)J)ef·11ll)' wi t.11 .D. 1Il>lliso11 f1·<:>111 E(li11-
l)t1r·gl1 clS a sixt,11 c111 t,1101· a11d st.o<:·l1ctst, ic· C'.011sc·ie11c·e. ,..f l1is l)c)ok \Vill t l1er1 l)E:1 
t,l1e Cl1l111i11c1tio11 ot· C\VI~s i11volvE:}111e11t i11 t,l1e clevE:'llc)1)111e11t, of' 111c1tl1e111,1t,ic·c1l 
epide111iology dt1r·i11g cl 1011g l)er·iocl. 
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