CHAPTER 6

MODELING GONORRHEA IN A POPULATION
DIVIDED INTO EIGHT GROUPS

In Chapters 4 and 5, twthe vopulation was divided intc 1two
groups. Here the population is divided according to sex, the level of
sexwnal activity and whether +the infections are symptomatic or
agymptomatic. There are eight groups repregenting =the eight
combinations, such as the male-highly active-asymptomatic group. This
populatvion dynamics model 1is used fto compare the effectiveness of six
control methods for gonorrhea invelving population screening and
contact tracing of selected groups. A condensed version of the
results in this chapter appeared in a paver (Hethcote, Yorke and NWold,
1982).

In section 6.1 the eight groups are described and the system of
eight nonlinear ordinary differenvial equations is given. The number
of independent contact rates among people in the eight groups is
reduced by uging proportionate mixing assumptions in section 6.2. It
is shown that a contvact number devermines whether the disease dies out
ur remaing endemic. The six goncrrhea control methods considered
involve screening of women and men, contact tracing women and men who
are infectees and contact iracing women and men who are infectors.
The six control methods are incerpeorated into the eight group model in
section 6.3.

¥stimates of parameters used in the equations are described in
gection 6.4. Some values of parameters are found from current data
and estimates of epidemiologists while other values such as the levels
of sexual activity are found indirectly so that incidences and
prevalences are consistent with cobservations and so that the effects
of the screening pregram correspond teo observed incidence changes. A
computer program finds the endemic eguilibrium leveis for a given
parameter set for each of the gix control methods. This program 1is
described in section 6.5; a listing of the program and a sample output
are given in appendices. A table summarizing the calculations for six
different parameter sets is given in secticn 6.6.

Since gongcoccal infection in a woman can lead to peivie
infilammatcory disease and sterility, our criterion for the effective-
ness of a control procedure is vhe extent to which the equilibrium
prevalence (and hence the number of months of infection) in women is
reduced when the control is added to the equations. The calculations

in section 6.6 show that discovering {and curing) an infectious woman



70

by tracing infectors of diagnosed men is more effective in this gense
than discevering {and curing) an infectious woman by screening, and
the latter is more effective +than discovering {and curing) an
infectious woman by tracing contacts of diagnosed men. The caleula-
tiong also show that the relative effectiveness of using the corres-
ponding procedures tou discover infectious men instead of women is
approximately the same. Of course, it is more difficult to disecover
infectious men because male prevalence is mueh lower.

The control procedures are gmall supplements added onto the
current sScreening progran. The calculations assume that the
supiementary conirol procedures all discover the gsame number of
individuals per wunit time, namely, a number equal to 1% of the
incidence in women. A1l calculations are made when the prevalences
are at egquilibrium. In section 6.7 we will consider canclusions from
the model, the relative difficulties of discovering one individual by
gach of the procedures and impliecations for gonorrhea control
strategies, The results of our theoretical mcedeling are meant to

advise gongrrhea control strategists and clinicians.

6.1 The Mcdel for a Heterogeneous Population

Gonorrhea <transmission c¢ceurs in a population in which some
infectiveg are mare active sexually than others, in which
probabiiities of transmission per sexual contact are quite differens
for men and women, and in which some infectives are asymptomatic with
long duratvions ¢f infection while others are gymptomatic with shorter
duraticns. A model with eight groups is needed to incorporate all cf
these essential aspects. Although sexually transmitted diseases are =z
major health problem among homosexuals, there deces not seem to be much
transmission between the homosexual population and the hetercsexual
population. Consequently, we consider a heterosexual populaticn,
i.e., we assume that all contacts are hetercsexual. The population
considered here is the sexually active women who are the target of the
screening program in the United States and their male partners.

The four groups of women have odd indices (1,3,5,7) and the four
groups of men have even indices (2,4,6,8). Let N; dencte the size of
the group 1. Since the sizes of the odd (even) index groups can be
divided by the +total number of women {(men) in the population, we

assume that N, is the fraction of wemen or men in group i. Hence

N1 +'\T3 'FN5+N7:1 and N2+N4+N6+N8:1.
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Figure 6.1,

Flow diagram for the eight group model.
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Ag indicared in Chapter 1, gonococecal infeetion does not confer
resistance or immunity against reinfection so that individuals in each
group are elither susceptibie or infectious. As in section %.1, the
prevaience in groupy i at time t (in months) is I,(t) and the
susceptible fracvion of the population is 1—Ii(t).

If the symptoms of an infection are sufficient to cause the
person to seek medical treatment, then the person is symptomaticy
otherwige, the person is asymptomatic. As before, the sexual activity
is measured by the frequency of encounters (cf. section %.2). Group
1{2) consists of very active women {men) who are asymptomatic when
they are infectious. Group 3 (4) consists of active women (men} who
are asymptomatic when infectious. OGroup 5 (6) consists of very active
women {men) who are symptomatic when infectious. Group 7 (8) consists
of active women (men) who are symptomatic when infectiocus. OFf coursae,
the actual population is very diverse so that it does net divide
clearly into groups; however, it 1is convenient conceptually and
computationally to assume the existence of these groups se that the
effectiveness of varicus control procedures can be evaluated and
compared.,

The model consists of the differentvial egquations and initial
conditions presented in sectien 3.1 with n=8,

8

d = ; — ——

EE(NiIi) = j£1xij(1 Ii)NjIj NiIi/Di [6.1]
1.(0) = B B B gBacs s ¢ (B [6.2]

Wote that here Aij = 0 if i+j 1s even since there are cnly heterou-
sexual contacts in the model. We assume that the kij are fixed and dcg
not vary seascnally. Tlere we use one month as the unit iime so D; is
the mean duraticn of infecticn in months. & flow diagram for this
medel is given in figure 6.1. Medificaticns of the equations [6.1] to
inciude contrel preocedures will be described in section 6.3%.

The first challenge in dealing with a model of this complexity is
cheesing the parameters in a sgimple and rational way, in a way
suffricientiy clear that the reader can feel confident that a
reascnable cceliection of paramever chcices has been tested. There
are, afver all, thirty two nonzero Aijs, eight Njs and eight Djs.
Reducing 1he number of parameters will be a major concern in this
chapter.

In 1ihe model, we have separated wemen inte grcoups accerding te

whether ¢r not their infectvions are asymptomatic. Wiesner and
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Thompscn (1980) state that the infected individual's ability to
recognizge sgymptoms of gongcoccal infecticon and then get medical
treatment may vary significantly from perscen toc person. Hewever, 1t
is aligso reasonable tc assume that very active women are distributed
between being asymptematic and sympteomatic when infectious in a randenm
manner. Our model is consistent with this assumption if we assume that
the susceptibles among very active wemen are sometimes asymptomatic
and scmetimes symptematic. Similar remarks alsc apply toc the cther
gToups. Other mecdels inveliving asymptematics have alsc been
censidered (Kemper, 1978; Bailey, 1979; Cocke, 1982),

As in the earlier medels we will consider the pesitive eguili-
brium point and hcw it changes when parameter values change cor when
control procedures are added. Tet E; be the endemic equilibrium preva-
lence in greoup i. Then the ®; are the sclutions of the 8 simulianecus
quadratic equations cbvained by setting the right sides of [6.1] equal
e zero. Since the first term in each differential equation cerres-
pends te the incidence (number of new cases per unit time), the egui-
librium incidence in greoup i is equal to the eguilibrium prevalence i
times the group size L divided by the mean duraticn Dy (cf. secticn
2:1) .

6.2 The Contact Matrix

The ccntact matrix has %2 zerc entries and 32 positive entries
which must be determined. As in section 3.2, we will initially use a
preperticnate mixing apprecach te determine these contact rates, i.e.,
we assume that the number of enccounters between groups of weomen and
men 1s preporticnal te the relative sexual activities of the grouns.

Let Aj be the activity Llevel of group J which is the average
number of encounters (with different partners) of a persen in group
per unit time. Tet Qj be the probability that an infective in group j

transmits the disease during an enccunter with a susceptible, i.e.,

that there 1is an adeguate ccntact. Let Mij ke the fracvioen of
enceunters made by an average infective of greoup J with persons in
group i. Hence Zijj = {1 fer each j. The mawrix M ig calied the

mixing matrix. Using these definitiens it felilcows that the average
number ¢f encounters per unit time of an infective in group ] with
different partners in group i is Ajmij = kij/Qj x

The Tfact +that each sexual encounter invelves cne man and cne
woman requires that the average number of enccunters per unit time for
women {sum of A;jN; cover cdd indices) must equal the average for men

{(gum of AiNi over even indices); we dencte this value by A. We define
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the activity fractien By of greups i by By = A;N;/A. THence
B4| + Bj + BB 24 B7 = and B2 + _B4_ + B6 + B8 = .
We assume all A; > O so that all B, > 0. The properticnate mixing

assunpticn 1s that the enccunters c¢f a persen are digtributed in
prepertien te the activity fractions of the groups of the copposite
gex, il.e., Mij = B; for all i and j such that 1 + J is cdd. TWeote
that the preoporticnate mixing fermulation here ig different from that
in secticn 3.2 gince there are groups of wemen and men here with
hetercsexual ccntacts.

We let Kj > O denote the ccntact number feor group J, which is the
nunber of adequate contacts made by a typical infective of group j
during the duration of infecticn s¢ that ¥K: = Q:A:Ds The number cf

J L

adequate contacts T of a group j infective with grecup i during an

1

average case aatisfies T.. = A..D. = A.M_ Q.D., = ¥_ .¥ We call the
ij 1373 T e =

matrix [Tij] the transmissicn matrix. Prepertionate mixing means that

for i+j odd and Tij = O for i+j even. HNectice that the matrix [Tij} is

determined by 16 values, the Bjs and st.

The seccond generaticn contact number for this meodel with

proporticnate mixing is

K=( ) BXxO( ¥ B.K.),
icdd ' j even 9 Y

where the first facter 1is +the average number of men adequately
contacted by an average infecticus weoman during her infectious period,
and the second facter is the average number of wemen adequately
centacted by an average infecticus man. Thus X is the number of women
centacted in twe generaticns, that is, by an infecticus weoman through
her contacts with men (first generaticn) and their contacts with cther
women {secend generation). The theorem below means that this second
generaticen contact number is a threshold parameter which determines
whether the disease dies ocut (K < 1) or remains endemic (¥ > 1). The
second generaticn contact number has the same intuitive interpretation
as in secticn 5.1,

The charactegistic equation for the transmissicn matrix [Tij] is
det([TijJ—aI) = a (

caleculaticn using properties of determinants. Notice that ETij]

a2~K) = 0 i This equaticn follcows from a detailed

1s



75

irreducible since all Bys and st are mwogsitive. Recall +that
irreducibility implies that the whole populaticn cannet be spiit into

twe Subpepulaticng which de net interact with each cther.

THEQORBM 6.1 TIn the preperticnate mixing model, the sclutvions of egua-—

tions (6.1] apprcach the c¢rigin if K < 1 and they appreoach a unigue
pegitive equilibrium 4if K > 1.

PROCE. Frem the characteristic equation and Lemma 3.2, the Perren
eigenvalue p(T) = k! 12 34 equal to the spectral radius v(T7). By Lemma
3.3, {0y = K1/2 < is eguivalent tc the outbreak eigenvalue

satisfying m = s{V) < 0 . The thecrem now follcows from Thecrem 3.1.

The preperticnate mixing assumption is netv always coempletely
reaschable, since a very active perscon may be mcre likely to have an
enccunter with a very active persen. Very active pecple may kncw how
to seek very active pecple. In the extreme casge where very active
{active) pecple only have encounters with very active (active) pecple,
then the enccunters cf a perscn are distributed in proportion to the
fracticnal activity levels of the opposite sex group with the same
activity level. Thus there is propoerticnate mixing within the very
active subpepulaticn and within the active subpepulaticn, but there is
ne interacticn between these subpepulations, The mixing matrix for
this medel has 48 zerc entries and 16 pesivive entries.

Jince the actual mixing is prcbably scmewhere between the
extremes cf prepertionate mixing in the entire pepulation and propor-
ticnate mixing in the activity ievels, we use a wmixing wmatrix M which
ig 1-G times the mixing matrix for preoporticnate mixing plus ¢ times
the mixing watrix fer preporticnate mixing in the activity levels.

The fracticn G between 0 and 1 is called the selectivity constant.

6.3 8Six Control Methoeds

The reducticon of pelvic inflammatery disease (PID) is a primary
geal of generrhea centrol activities. scme infected women develop
PID; consequently, it is reascnable t¢ assume that a reduction in the
menths of infectien of weomen in the population would cause & corres—
ponding reducticen in PID. Therefore ocur criterion feor the effective—
ness cof a centrel precedure is the percentage reduction in prevalence
for women. This is equivalent tc measuring the percentage reduction
in tetal menths of infection for women each year. Reduecticn in

incidence is a less useful critericn, because contrcl precedures can
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cure pecple and make them available for new infecticns, so that iwe
cagses might ccecur where there would ctherwise have been ocone case of
long duraticn,

The six centrel methods are screening and targeted contact
tracing procedures which are designed to discever infecticus women and
men sc that they can be cured. Let € be prevoerticonal te the number cof
women being screened per unit time. Mhe R; are the relative rates at
which woemen are discovered and cured by screening 1in the varicus
groups. C is an adjustable parameter measuring the effcert put inte
the screening pregram go that CR; 1s the rate at which wecmen are
discovered and cured in group 1i. For each of the six supplementary
centrel precedures, there are analogous terms that we dencte by B and
Pi. Fguations [6.1] are medified we include € and ® as fellows:

8
a 5 _ _ _
Ef(NiIi) = jg1xij(1—zi)wj1j NiIi/Di CRy P, [6.3]

Our c¢hbjective 1is to compare the effects of the gix contrel
metvheds when they are implemented at low levels as supplements to the
exXlsting screening pregram. Tc be comparable we choose the value of E
for each method so that the discoveries are 1% of the incidence in

women, i.e.,

li =~ {0
i85

8
P, = (.01) % T % =R, LT s
g i odd j=1 ol

The six control methods are desgscribed bhelow.

Type 1W: Becreening of Wemen

Screening of women consists cof eulture testing of weomen at
certain health Tfaecilities. Screening of wemen is  currently the
primary contrel methed in the United States. The number of infectious
women discevered by screening is properticnal te the prevalence, If
the prevalence 1s deubled in a group, then twice as many will be

discovered by screening. Thus

R] — I]N] fOI" j_ Odd
and Ry = 0 for 1 even. Bince the type 1W supplementary pregram alsc
correspends to sgcreening, Py = LiNy fer 1 odd and Py = O for i even.

Type 1M: Screening of Men

This precedure is analogcus 1c¢ type 1W with rcles reversed sc
that P; = I.W, fer 1 even and P; = 0 fer 1 cdd. (We remark that

screening cof men prcduces sc few discoveries that it is generally
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impractical.}

Type 2W: UContact Tracing Wemen Who Are Infectees

An infectee is a person to whom the gonccccecal infecticn has been
spread by the reference case (the patient who has come in for
treatment) and the infecter is the scurce of the gencecocecal infection
in the reference case. The supplementary control precedure 2W
censists of discovering women infectees by tracing and culiture testing
women who are named as contacts {but nct as the infector) by diagnosed
men. Infected men of greup J are diagnosed (and cured) at rate

JNJ/D and the average man in greup j during the duraticn of his
infecticon infectsy kij(1—Ii)Dj wemen in group i. Therefoere, the number

of female infectvees per unit time in grcup i is

P, = y Aij(1—Ii)Iij for 1 odd
] even
and Py B O for i even. Hence type 2W discoveries are distributed in

preportion te the rate at which new cases cccur in the female grecups,

i.e., in preperticen teo the incidence.

Type 2M: Contact Tracing Men Whe Are Infectees

This procedure is analogous to type 2W with roles reversed sc

that P, = L A 401-T )I.N, fer i even and Py = O fer i cdd. Note
- i odd ™9 JJ &
that 2W and 2M involve tracing centacts and de net include tracing the

named infecter or source ¢f the infecticn.

Type 3W: Ccntact Tracing Women Wheo Are Infecters

In this preocedure, infeciicus women are identified ihreugh the
men they infect. The prebabiiity that a2 diagnosed man has been
infected by a woman in group i is propertienal tc the rate at which
infecticns are caused by women in greup i. Hence the discoveries are

distributed using

Poo= Nizixji(1—1j) for i odd
j even
and Pi = 0 for i even.

Tyvype 3M: Contact Tracing Men Who Are Infectors

In this procedure, the digscoveries are distributed using

P. = Y} OWeT ks (1-T 4)
i odd L ]

for i even and Pi = O for i ecdd.
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dcreening and control types 1% and 1Y change the usual remgevalj
terms  in [6.3) a0 that [6.3] is like [3.1], but with medified
Zuratioens. tentrel wypes 2W and 2¥ chanee the incilence terrs ir
[6.%) so that [6.3] is iike [3.1] when the terms in [6.3] are
cembined, but with a different contact matrix. The signs of the
enLries are  uanchanged  for  amall SUpPLiementary controi efforts,
Centrel types 3W and  3M modify the linear and quadratic terms 1in
(6.5, but for smaii F OL6.3] is iixe [3.1] with a different contact
natrix and different duraticns. Jince the models with contreis are
forms of [2.1], they are covered by Thecrem %.1. Thus we can examine
the cceerdinates Yy of whe endermic equilibrium point coerresvonding Lo
specific epidemicicgic and contrel parameters. As dndicated 1in the
intreducticon te this chapter, contrel precedures  are  ccompared  hy

ccrparing tneir effect con the equilibrium prevalence in women.

6.4 Parameter Estimation

The foilowing three criteria are used as reascnahliec restricticona
on the parameter sets for the medel:s

1. the incidence fer men must be slightly larger than the ince-
dence for wemen;

2. the prevalence feor wemen must be approximately 3% of the
populaticen of women at risk;

%. disccvering 10% cf the infective women by pcpulaticn
screening must result in a 20% decrease in incidence in men.

The first critericn is based on observed generrhea incidence
(Wiesner and Thompson, 19303 N, 1991a) The seccnd criverion is used
because prevalences exceeding 3% seem unrealistic as discussed in
sectivn 4.1, Yerke, Hetheocete and Yoid (1978) estinate? using a 1renid
analysis that appreximately 104 of all aectual cases of gonerrhea in
wemen in the United Sivates were discoverieas of the culture-screening
prearat.  Uhey alse estimated that the resuit of this discovery of 10%
¢f infecticous woemen was an approximately 20% decrease in actual
incidence in men. The third critericn ccrresnends to these estinates,

The syster (6.3! contains 42 parameters: 32 nesitive AL, 2 T,
f . .‘ - . L]

1. :J a
and 8 W,. Tnder scme simplifying assumprions described below, the 48

parameters can be reduced tc the following 8: the AdAuraticon of

infecticen fer all asynptomatics (D the duaraticn ¢ infection for

al
all oymptematics (DS), the fractien cf men whe are asymptematic when

infecyicus (Am}, the  fracticn of wemen whe are asymrpiematie  when

infectious (A the ratio (J) of the +transmissicon prchabilities

wo
durine an enccunter by an infecticus man and hy an infecticus woman,
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the fractiven (P) of the wemen cr men whe are in the very active
aroups, the ratic (H) of the sexual activity ¢f the very active 1 the
active perscns, and the selectivity censtant (G). These censtvants and
estimates for them are discussed helow.

We aspume 1hat there is cne typiecal mean duraticn four the four
groups of asymprematics and another for the Ffeour grcups of sympue-
maTies. The duraticn ranges for asympiematic woemen and nen  are

estimated to be 3-12 menths and 3-6 months, respectively (Wiesner and

"hempscn, 168C).  The duraticn rasges fur symaptomatics are estimated
e be %-45 days for women and 2-30 days foer men {Wiesner and
Thcmpsun, 1930). Fence we use N, = A menths and D% = e b &5
menth. The resuits depend primarily cn the raviec D /Dg s that
haiving c¢r decubling beth Da and Ng has only =2 glisht effect c¢n the
relative merits ¢f 1he contrgl  orgcedures. We assume thal t1he

fracticns which are asymptetic when infectious are A, = .6 fer women
and Ap = .1 for men, These parameter values lead to results which are
censistent with esvimates in Wiesner and Thompsen (1980) that:  30-60%
¢f the incidence in wemen are asymptcmatics; asyaptematics are 80-98%
¢f the prevaience in wemen and, censequently, are respensible for Z20-
98% o¢f the transmissions; 2-5% of the incidence in men are
asymotenatics  and  asymoptematic men  account for 60— 0% of she
prevaience in men and hence 60-80% of the transmissicns

Nuring sexual interccurse the nrebability c¢f transmission frem an
infectiocus woman tec a susceptible man is estimated e be .2 1o WG
while the prebability eof transmission from an infecticus man  is
appreximateiv .5 to .7 (Wiesner and Themopscn, 13980). Recause an
encounter invelves cne ¢or mere gexunal interccecurses, the transmissicn
orchbability for woemen might be .5 while the transmission orchability
for men cculd be .9, The medel renguires an estimate cof the ratic J c¢f
the transmissicn prebahility for men t¢ that for wemen. ™his ratic
is ivaken tc be 2 cr 1.

Assume that the Ffracticn F whe are in the very active grcups and
the ratvic 9 of sexual activity of the very active 1¢ the active
persens is the same for wemen and men. Tn cur medel, we assume that |1

to 3% of the pepulaticn is very aciive and that very active pecple are

5 e 10 1imes a3 sexuaily AaAcCtive as AcClLive vecple. The pépuiation
J t P p
size fractions Ny can be calculated by using Ny = (#)(4.),
U5 = (=F)(A, ), Mg = »{1=A,), Wy = (1-P)(1-4,) and analescus fermulas
for Ny, Ny, Wg and Wg.
The ccntact numbers ¥, (reiative sc Kq) are found Zfrem the

durations D;, the pcoulatvicen sizes Wy, the transmissien nrcbability
_ i !
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ratic J and the activity level ratic 7 by using

K,D,J N, +N N, +N
B i 30T 4778
Ky = 5, (W, + Ng + =)/ (0, + Ng + —5
Kz = K4Dz/(DyH), Ky = KpDg/(DoH), Kg = KyDg/(Dq), Xg = KoDg/(Ds),

Ky = K4Dy/(MqH), and Kg = K,Dg/(DoH). These relationships are derived
by using K; = Q;44D5, A4 = HA3 = A5 = HA7, Ao = HAp = Ag = HAg, and
the censgervation ¢f enccunters. The contact number K4 determines the
absciute level of sexual ceontacts and is chesen sc that the third
critericn is satisfied as explained in the next paragraph. The
centact numbers and the durations are used tc determine the acvivity
levels. These activity levels and the populaticen size fracticonsg are
used to determine the mixing matrices for the preoporticnate mixing

medeli and fer the model with propertionate mixing within activiuy

levels. The selectivity constant G which ccmbines thegse twe mixing
matrices 1s chesen so that the seccend critericen is satisfied. TIFf G is

zere, prevalences in the medel are usually unrealistically high. The
selectivity constant G measures the correlaticen between the activity
levei o¢f the infecticus perscon and the activity level c¢f the sexual
partner. The correlaticon coefficient can be shown tco be

—1/2

+ 0) Gy + 0]

1-G

- Gl (A=
= Gy

In the proportionate mixing model (when & is zerc), the cerrelation
cecefficient r is zerc.

The censtant € in [6.3] is adjusted so that 10% of the equili-
brium incidence in women is discovered by vopulation screening. The
third criterien requires that the absciute level of sexual centacts is
adjusted sc that the resnlt is a 20% decrease in incidence in wen. If
the absolute level were tcco low, then the prevalences weuld be zerc or
the addition o¢f € could be sufficient to drive the prevalences tc
ZeTro. It the absclute level were toc high, then the addition cof
population screening would cause only a small change in incidence in
men. The ccrrect absclute level of sexual contacts is determined by
an lterative prccess using a separate computer program.

The extra cure rate 1is supplementary since it is a small centreol
effoert added conte the existing pepulation screening pregram. For the
supplementary ceontrol procedures, T is chesen sc¢ that the number cof
extra discoveries are equal tc 1% of the eguilibrium incidence in
women, Hence +the supplementary contrel procedureg are directly
cemparable since they all invelve the same number of discoveries.
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6.5 The Ccmputer Pregrams

Cemputer programs have been written to find the endemic equili-
brium peint from the simultaneous gquadratic equaticns obtained by
setting the right sides of [6.3] equal ve zerc. The input reguested
by the pregramsg are values related tc the eight essential parameters
described in the previcus secticn. The pregrams first construct the
contact matrix [Aij] , and then solve the differential equaticns [6.3]
numerically using Fuler's methed until the prevalences are near the
eqguilibrium levels. Pinally +these gcod appreximaticons are used as
starting values in Wewwzon's methed te find the ccordinates cof the
equilibrium peint. Although a medel with 8 groups is congidered here,
similar cemputer programs have been used te compare centrol procedures
for wodels witvh 4 and 12 grcups.

The computer preogram FINDK uses an iterative procedure to find
the value of the contact number Ky of the first greoup so that if the
number of women disceovered by general pepulaticon screening is 10% of
the incidence in women, then there is a 20% decrease in the incidence
in men, The ccmputer program GCCONT requests input parameter values
and then produces cutput tablen consisting of prevalences,
incidences, percent changes and preventicns feor five cases: the
medel with ne centrol preocedure, the medel with general pepulation
screening and then the medel with general pepulation screening plus
one cf the three supplemeniary contrel precedures 1W, 2W or 3W for
women. The ccemputer pregram SCRMEN is similar except that it preduces

cutpat fer the 3 supplementary contrel prccedures 1M, 2M cor 3M for

men., Appendix 1 centains the listing o¢of the computer pregram
GCCONT. This program ccontaing many remark statements which explain
the stieps in the prcgram. The pregrams FINDK and SCRMEN are medifi-

caticns of the GCCONT. These computer programg were written in the
BASIC language by Annett Wold and Herb Hethcote.

Appendix 2 contains a sample run of GCCONT showing inovut para-
meter values and output tables. This sample run prcduces the data for

TW, 2W and 3W in Table 6.1 ccrrespending to parameter set 1. Tote
that Ny + Nz = .60 and Ny + Wy = .10 so that .6 of the women and .1 of
the men are asyaptematic when infecticus. Jince Ny + Ng = .02 and
Ns + Ng = .02, 2% of the wcmen and men are very active. The average
duraticns are D, = & menths fer asymptomatics and Dg = .5 menths fer
symptematics. The gexually active greoups are 10 times as active as

the less active greups, the transmissien prebability ratic is 2 and
the selectivity constant is .2. MNotice that the three criteria given

in the previcus secticn are sgatigfied, In particular nofte that the
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value Ky = 9.238 determined by FIVDK causes a 20.0018% decrease in the
menthly incidence in men due te¢ general pepulaticon screening of
wOomer . Althcugh the ocuvput tables contain detailed infermaticn, the
sentences at the bottem cof each cutput table contain the most useful
infermation. The percentage decreasges and cases prevented
correspending to 1W, 2W and 3W for parameter set 1 were cbtained from

thege gentences.

6.6 Comparison cf the Supplementary Centrel Procedures

In Table 6.1 we present the results of calculations with six
different parameter gsets. 8ix e¢f +the parameters are somewhat
arbitrary, namely, the fracticn ¥ of the pepulation in the very active
groups, the selectivity ccnstvant G, the ratic H of sexual activity of
q Of

asymptematics, the duraticn Dy of symptematics and the transmissicn

very active perscns tce active  persens, the duration D

prebability rasic J. Therefore we ccompute the equilibria with several
sets of values o©f these parameters. Thus the parameters ¥, G, H, J,
Dgy Dg take on a variety of values, while the cther esgential
parameters are fixed at the values given in section 6.4. The three
criteria given in section 6.4 for a vparameter set tc be reascnable are
gatiagfied for these parameter sets.

As described earlier, we use the percentage decrease in the
pepulaticn prevalence in women as the measure of the effectiveness of
a supplementary contrel procedure. Tn Table 1 the percentages can be
cempared directly since each of the six supplementary precedures
resultis in the same number of discoveries. TFor parameter set number
1, type 3W control (supplementary tracing of infectors of diagncsed
men) is 1.9 times as effective per discevery in reducing prevalence as
type 1W contrel (supplementary population screening) and is 2.8 times
as effective ver discovery as type 2W contreol (supplementary tracing
of contactees of diagnosed men). Centrel procedure type 3M is 2.2
times as effective per discovery as type 1M and is 5.4 twimes as
effective per discovery as type 2M. Types 1M and 3M are slightly mere
effective than 1W and 3W, respectively, while 2M is less effective
than 2W.

Another measure of the effectiveness of a supplementary centrel
prcecedure is the number of cases in wemen and men prevented by the
discevery and cure of one infectious perscn threough this precedure.
Te evaluate the number prevented, the new equilibrium is found when a
certain number c¢f cases per day are cured. Then we can determine how

much incidence has dropped, that is, how many fewer women and men are



83

TARLE 6.1

Summary cof Output From the Ccemputer Preogram
for Various Input Parameter Sets

Parameter Set Number ! 2 5 4
F = fracticn in very active grouns 02 O1 O3 02
H = sexual activity ratic 10, 10. S 10.
G = selectivity constant o2 .2 5 2
r = correlation ccefficient OB 08 N 08
D, = duration of asymotomatics 6. 6. 6 6.
DS = duration of symptomatics o5 5 5 25
J° = transmissicon probability ratic & e P 2y
population prevalence with {women L0283 L0351 027 .028
general population screeningl men O N2 O 010
vopulaticen incidence with women 009 0 009 010
general population screening i men 011 N2 N2 014
W 4.4 i 4.1 4.5
rercentage decrease in 20 3.0 2.9 2t 2a T
prevaience in women due te W 8.4 8.1 5.5 Tl
suoplementary contreol 1M 4.8 4.7 4.5 5.9
precedure 21 2.0 2.0 1.8 1.6
M T 9.8 6.3 12.9
W 6.5 6.0 6.1 6.8 6.8
cages in women and men pre-~ | 2W 4.5 4.2 4.2 4.4 4.4
vented per perscn and cured ¢ 3W 1643 15.% 9.9 16.7 8.7
by the supplementary M 87 8.2 8.1 T4 1.4
control procedures M 3.8 2.6 H.5 ST Zaa
M 19.9 P 1.9 257 25.7




84

heing infected each day. Using parameter set number 1, the cases in
women and men prevented by the discovery of ene infecticus weman by
type W are 2.5 times the preventicns by type 1W and 3.6 times the
preventicns by type 2W centroil. The cases prevented by the discovery
of cne infecticus man by type 3M control are 2.3 times the preventions
by tvype 1M and 5.2 vimes the preventicns by type 2M. Thus the centrel
precedures have the same relative merits using this measure cof effec-
tiveness.

The hetercgeneity of the pepulaticn is a result of the sexual
activivy ratio H, the ratic D,/Dy of durations of asymptomatics and
symptematics, and the relative 1ikelihced Aw/Am cf a case being
asymptematic. Since parameter sets 2 and 5 describe pepulations which
are appreximately as hetercgeneous as that of parameter set 1, the
percentages are approximately the same, Since parameter sget 3
describes a less hetercgenecus populaticn than parameter set 1, the
percentage decreases in prevalence in women are lcwer and the ratios
are lower than for parameter set 1. Parameter sets 4 and 6 describe
mere heterogenecus pepulaticns than parameter set 1 and the ratics of
the percentage decreases in prevalence in women are greater for 3V, 1M
and 2M. In a homogenecus population where all pecple have the same
sexual activity leveis (Il = 1) and the same durations (D, = Dg), the
precedures 1W, 2W and W are equally effective per discovery and +the
metheds 1M, 2M and 3M are equally effective. From the data in Table 1
and other caiculaticns, we ccnclude that the mere hetercgenecus the
populations, the larger the ratio c¢f the effectiveness of the contrel
precedures.

Types ZW and 3M are more effective because they have a high iike-
lihcod of iddentifying very active pecple and a high likelihcocd of
identifying asymptematics. Although types 1W and 1M tend te identify
aymptematics, they are nct very effective in finding very active
pecple. Centrol types 2W and 2M are not very effective in finding
either very active or asymptcomatic perscns. For example, for para-
meter set 1, the probability that a discevery is a very active verson
is .20, .23 and .71 for types 1W, 2W and 3W, respectively; and the
prebability that a discovery is agsymptomatic is .9%, .57 and .91 for
types 1W, 2W and %W, respectively.

In section 6.4 we assumed that .6 of the women and .1 of the men
are in groups where individuals are asymptomatic when infectvicus. TFor
parameter get 1, asymptomatic wemen are 57% of the incidence and are
9%% of the prevalence: asyupvematic men are 8% of the incidence and

are 63% of the prevalence. Hence asymptomatic women (men) account for
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9%3% (53%) of +the <transmissions. Althcugh <the vercentages for
asymptematic men are nct quite in the estimated ranges specified in
section 6.4 they are clcser to the ranges for this parameter set than
fer the many other parameter sets attempted. Hence fhese wvalues

Justify a pesteriori the abeve choices of these twe parameter values.

6.7 Discussgicn

The eight group model is mecre realistic than the twe group models
congidered in earlier chapters. The comparison of the strategies
studied in this chapter seemed t¢ require a mecdel in which all eight
groups interact, Use c¢f the eight group mcdel reveals that tracing
infecters i1s appreximately +three +times as effective as tracing
infectees, This result is mere realistic than that cbtained in
section 4.4 using the twe group medel.

Barlier we defined the core as the union of these groups whose
prevalence exceeds 20%. From the calculations for parameter set 1
with screening in Appendix 2, we see that the prevalences ¢f the very
active asymptematic groups are 41% for women and 504 for men. These
prevalences are umuch higher than for the other sgix groups. Thus the
model suggests that the cere shcould consist of very active wemen and
men whe are asympteomatic when infecticus. However, sgince it is net
understeced why scwme casges are asymptematic and others are symptomatic,
1t 18 alsc useful to caleculate prevalences when asymptematics and
symptomatics are merged., The epidemiclogist who is trying to idenvify
the coeore weuld net be abie to tell whether a particular persen is
petentially symptematic or asymptomatic and, consequently, would look
at these merged pcpulations. By using the data in Appendix 2, we find
that the prevalence feor all very active women is 27% and the
vrevalence for all very acvive men is 12%. TFrem this vantage peint,
the cere would ceonsist eof all very active women.

Results which are consistent over a range of acceptable parameter
values can be considered fec be robust predicticns of the medel. An
example of a rcbast result is that the relationship between the effec-—
tivenesses cf the supplementary ccntrel procedures is always the sanme
for this model; specifically, infecter tracing (type 3W or 3M) is mcre
effective per discovery than pepulaticen screening (type 1W or 1M} and
pepulatien screening is mere effective per discovery than infectee
tracing (type 2W or 2M). Altheugh the magnitude of the ratios of the
effectivenesses are not rcbust since they depend on the particular
parameter set, we cbserve that the greater the hetercgeneity of the

pepulation in terms of the differences in sexual aectivity and the
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differences in duraticns between asymptomatics and sympromatics, the
larger the ratics cf the effectivenesses of the contrel types.

The relationship between the effectiveness of the supplementary
centrel types 18 explained as fellows. Asymptematics are mere
impertant transmitters than gymoptomatics because they are infectiocus
longer. Very active persons are mcre important transmitters becauss
they ccntact more pecple while they are infecticus. Infector tracing
(types 3W and 3M) is the most effective contrecl procedure because it
ig mere likely to identify beth asymptomatics and very active pecople;
population screening (types W and 1M) is next in effectiveness
because 1t 1is more likely to identify asymptomatics; and infectee
tracing (types 2W and 2M) is the least effective contrel procedure per
digcovery because 1t is net more 1likely te¢ identify either
asymptematics or very active pecple.

The disccveries by the supplementary contrel proecedures are all
set equal to 1% of the incidence in women so that all of them are
comparable. vince there are appreximately 1.0 millien women infected
each year, each supplementary contrel precedure would have to identify
and cure an extira 10,000 people. We estimate that type 1W would
require gcreening at least an additicnal 500,000 women per year
(Yerke, Hethcote and Nold, 1978). Contrel types 2W and 3W would
require testing cecntacts cof the appreximately 600,000 infectious men
reported annualily. It would therefeore be necessary tc identify and
cure one extra infectious ccntact for each 60 reperted men for type 2W
centrel eor cne mere infecteor for each 60 reported men for type 3W
control. Since about 400,000 wemen are reperted annually, it weould be
necessary fto identify and cure one extra male infectee for each 40
reperted wemen for type 2M contrel or one more male infector for each
40 reported women for uvype 3W ceontrel.

In constructing the model it is assumed that infectors can be
clearly distinguished from contacts so that type 3W is distincet from
type 2W and +type 3M is distinct from type 2M. Even though
identifications o¢f infectors versus contactees will not always be
accurate, we still feel that concentrating on tracing pecple named as
infectors 1is a reascnable practical geal. If only the most recent
centacts of the reference cases are traced, then the infecters might
be consistently missed. A contrel program which takes advantage cof
the findings here is c¢ne Dbased eon interviewing, in which the
lnterviewer raises the question about the infector and whether this
persen might be breught in for treatment. ield studies cculd give

valuable ideas on conducting intverviews te identify infectors.



87

Tracing persons named as infecters weuld scmetvimes lead to infectees;
however, +the pregram weculd stili bhe more effective than a pregran
which puts nc emphasis on finding infectors. The preogram prepesed is
medest in scale since it only reguires that cne extra infector be
identified for every 40-60 cases of the cpposite sex.

The relative merits of the varicus centrel procedures depend net
cnly on the effectiveness per disceovery in reducing prevalence, but
alsec on the cests of discovering an infective by the procedures. Some
invegtigaters bhelieve that infectives can often identify their
infecters, Hence the perscn named ag the infector is often the actual
infector and this perscen (especially an asymptomatic) is often still
infectiocus when contacted and checked. It might bYe necesgsary 1o
contact and check moere than cne perscn identified as a contact (not
the infecter) of +the reference case 1in order +to find another
infective. Since only a few pecple would have tc be contacted, the
cost ¢f a discovery and cure by tracing infectcers and infectees might
be low. Yorke, Hethcote and Neid (1978) estimated that about fifty
wemen must be checked by general pepulatien screening (type 1W) in
crder t¢ discover cne infectious woman (excluding vecple whe weuld be
identified withcut culture screening). Hewever, an add-cn culture
test for scmeone who 1is already being examined is substantially
cheaper than the cost of tracing and examining a suspected infector or
infectee. Since the prevalence in men is very low, the cost of
discovering an infectious man by populaticn screening could be so high
that type 1M centrol is impractical. The results of ocur analysis of
this model are meant +t¢ advise gonorrhea contrel strategists and
clinicians,

1f the cost in dollars cor the relative costs cculd be estimated
for the discevery and cure of cne person by each ¢f the procedures,
then the cest per prevention of a new case could be ceomputed for each
ef the contrel procedures. Cemparison of the costs per preventicn
would shew which of the six procedures is the most efficient use of
the resources available foer gonorrhea control. Different cities or
states may find that different countrel preocedures are mere effective

because of the special characteristics of their pepulaticen.





