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Also for tha rate sl which casea are removed by death or recovery which is the
form in which many statistics are given
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Figure 6.13 On a page from their original arricle, equivalent 10 dR/dt in equations (27).[Kermack,

Kermack and McKendrick compare predictions of W.O0., and McKendrick, A. G. (1927). A
the model given by equarions (27a,b,c) with daia contribution to marhematical theory of epidemics.

Jor the rate of removal by death. Note: dz/dt is Roy Stat. Soc. J.. 115, 714.]
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Tabie 6.1 A Summary of Several Epidemic Models
Type Immunity Birth/Death Significant quantity Results
Sis None Rate = & o= B (1) o > 1: constant endemic infection
v+ 6 (2) o < 1: infection disappears
Additional o as above, and Disease always eventually disappears leaving some
disease o susceptibles.
fatality T y+s
rate
SIR Yes, None _ 58 (1) o > 1: infection peaks and then disappears
recovery v (2) o < 1: infection disappears
gives (So = initial S)
i ity. . . .
{mmumty Yes, _ B (1) o < 1: susceptibles and infectives approach
rate = o g v+ 6 constant levels
(2) o < 1: infectives disappear; only S remains
(SIR with Yes Yes Disease always remains endemic.
carriers)
SIRS Temporary, Rate = & P B (1) o > 1: same as SIR (1) but higher levels of
lost at v+ 6 infectives

rate vy

(2) o < 1: same as SIR(2)




Table 6.2

Applications of Continuous Models to Population Dynamics

255

Estimates of the intrinsic reproductive rate R, for human diseases and the corresponding
percentage of the population p that must be protected by immunization to achieve
eradication. [Reprinted by permission, American Scientist, journal of Sigma Xi,
“Parasitic Infections as Regulator of Animal Populations,” by Robert M. May, 71:36-45

(1983).]
Approximate
Value of
Infection Location and Time Ro p (%)
Smallpox Developing countries, 3-5 70-80
before global campaign
Measles England and Wales, 13 92
1956-68;
U.S., various places, 12-13 92
1910-30
Whooping cough England and Wales, 17 94
1942 -50;
Maryland, U.S., 1908 -17 13 92
German measles England and Wales, 1979; 6 83
West Germany, 1972 7 86
Chicken pox U.S., various places, 9-10 90
1913-21 and 1943
Diphtheria U.S., various places, 4-6 ~80
1910-47
Scarlet fever U S., various places, 5-7 ~80
1910-20
Mumps U.S., various places, 4-7 ~80
191216 and 1943
Holland, 1960: U.S., 1955 6 83

Poliomyelitis

The fraction p to be immunized is then deduced from the following simple

calculation:

Intrinsic reproductive rate of disease = Ro, Fraction immunized = p, Fraction not im-
munized = 1 — p, Population participating in disease = N(1 — p), Effective intrinsic
reproduction rate of disease (after immunization) = Ro = (1 — p)Ro.

Thus

R5<1:>(1—p)R0<1:>p>l~F
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