Lecture 10:
Who are the
Superspreaders?
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Be a virus see the world.
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HUMAN VIRUSES Human Exclusive
HAVE ANIMAL
ORIGINS

(Wolfe, Panosian and
Diamond, 2007, Nature)

Human Adapted

Transmissible

Weakly Human
Adapted

Not Human
Adapted

Rabies Yellow SARS/ Influenza HIV-1
Fever Ebola




Differences between HIV/AIDS and Cholera,
TB, Bubonic Plague and Lyme Disease

1. AIDS is caused by a virus
- High mutation rate (O0Omutar
- Hard to target

2. HIV does not directly kill

3. HIV is currently incurable

4. HIV Is a sexually transmitted disease
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COMMENTARY

Transmission dynamics of HIV infection

Robert M. May and Roy M. Anderson

Simple marhematical models of the transmission dynamics of human immunodeficiency virus help to
clarify some of the essential relations between epidemiological factors, such as distribused incubation

periods and heterogeneity in sexual activity, and o

overall paitern af the AIDS

idermic. They also help

to identify what cinds of epidemiological data are needed to make prediciions of furire trends.

Dusermu remarkable advances m—
in understanding the basic
hiology of human immuno-
defacncy vins (HIV — the
actiological agent of AIDS,
acquired immune deficiancy
syndrome)’™  public  health
planning  confinues  to  be
hampered by  uncortamtics
ahout  epidemiclogical par-
ameters” . Acourate informa-
tion about the typical duration |
and intensity of infectiousmess, |
or about the fraction of those
infected who will go on to
develop AIDS {(and after how
long), will emerge only from
carefully designed studies on
these same timescales, which is
to say maony years, In the  Fig- 1
absence of sech information,
mathematical models of the
transmission dynamics of HIW
canmot be used ar present 1o make sotu-
rate predictions of future trends in the
ingidence of AIDS, but they can faclitate
the indirect assessment of certain cpidem-
iological parameters, clarify what data is
required to predict future trends, make
predictions  umder  various  specified
assumptions about the course of infection
in individeals and patterns of seaual act-
ivity  within  defined  populations  (or
changes therein) and. more generally,
provide a template to guide the interpreta-
tion of observed trepds™.

‘Whiether an infection can establish itself
and spread within a population i deter-
mined by the key paramseter R, the basic
reproductive rate of the infection”. R, is
the average number of secondary infec-
tioms produced by one infected individual
an the carly stages of an epulemic (when
essentially all contacts ane suseeptible);
clearly the infection can maintain iself
within the popalation only if R, execeds
unity™". For a sexually transmitted disease
(STDY, R, depends on ¢, which is essen-
tially the average raie at which new sexual
partivers are acguired, on J, the average
probability that infection is transmitted
from an infected individual to 2 suscep-
tible partner {por pariner contact) and on
Dy, ihe avernge duration of infectious-
ness™" I what follows, we mamly restrct
attention to the spread of HIV among
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Tho vise in seropositivity 1o HIV antigens in coharts of
prticnes cver i period TUTR-1985. The studies s San Prancisen'®,
Landon®™ and Mew York™ were of homasexuslbisexual males.

The study in Taly™ is of drug addicas

homosexual males, now responsible for
the bulk of AIDS cases (about TO-E0% 1
the United Staves, and a similar propor-
tionin European countries™” ).

Initial stages of the epidemic
The characteristics of most STDs cause
their epidemiology to differ from that of
common childhood viral infcctiops™ ™"
Unlike infections caused by airborme
transmission, the rate al which new in-
fections are produced is not dependent on
the density of the host. Second, the carrier
phemomencn in which certain individaals
hirbour asymptomatic infection is often
important {as in the spread of herpes.
wirns), Third, many STDs induce Nrtle or
mo acguired immunity on recovery (for
example, gonorrhoes) omd fourth, net
transmission depends on the degree of
beterogeneity in sexual activity prevailing
im the population.

As Hetheote and ¥orke" have showi in
their studies of gonorrhoea, mathematical
models for the dynamics of STDs need 10
take account of the substantial variations
ol sexual activity within the population al
rusk. A particular risk growp (such as male
homaosexuals in San Francisco™) of botal
size N may be roughly partitioned into
subgroups of size N, each of whom on the
average Sequire § new sexual panners per
urit time (when N = ZAJ The probadilig
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== thal susceptible individuals in
this jth group will becoms in-
fected, per unit time, is thas
ik, where b m the probabiliny
that infeetion is acquired from
any ane new partner, [nturn,
b is equal to the product of the
transmision probability B de-
fined above and the probabilivg
that any ane randomly-chosen
partaes i infected (with such
pariners being more likely to
come from the sub-groups of
individuals with high degress
of sexual activity),

Exponential growth
When these assumptions arc
Incorporated into a model for
the tramsmission dynamics of
HIV infection, the infected
Eraction of the population 3 sk
[who are seropositive in tests
for HIV) rises exponentially, as exp {Ad),
in the early stages of the epidemic. The
exponential growth rate, A, is related o
the  basic  cpidemiclogical quantitics
defined above by:

A=fc— D [

The effective average over the distribu-
tion by degrees of sexual activity, ¢, is
given explicilly as

&= EANEN = m + atm e}

where m is the mean and o the vaniance
ol the distribution of the number of new
sexnal partners per unit of time'. Thas, et
notsimply the mean but the mean plus the
ratico of variance to mean, which rellecs
the disproportionate robe played by highly
sctive individuals (in the tail of the proba-
hility distribution of sexual activity], who
are both more likely o acquire infection
and more Kkely wo transmit it The basic
reproductive rate for HIV infection, &, is
relnted to the parameters B, ¢ and £, and
hence to A by the formula
R,=ficl? (3
In contrast with standard epidemio-
logical models i homogeneows. populas
tions (where the exponential phase of
riing mcrdence lasts until something like
half the pool of susceptibles have been
infected), the early exponential phase is of

ReferenceRobert M. May & Roy M.
Anderson, Transmission dynamics of
HIV infection. Nature, 1987, 326:

137-142
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Modelling results from May & Anderson (1987)
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The Lost.Chi

a syphilis outbreak in an affiy




bLI RSTAYAGAZY 2F Wa d
1975 10-20 partners per year
1976 50 or more partners per year
1978 100 or more partners per year
1980 500 or more partners per year




contacts per unit time

X

transmission probability

X

duration of infectiousness



