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Preface 

The aim of the IIASA Modeling Health Care Systems Task 
is to build a National Health Care System model and apply it 
in collaboration with national research centers as an aid to 
Health Service planners. The modeling work is proceeding along 
the lines proposed in earlier papers by Venedictov [ I ]  and others. 
It involves the construction of linked submodels dealing with 
population, disease prevalence, resource need, resource supply, 
and resource allocation. 

This paper deals with one part of the work on disease 
prevalence estimation. The general concept of our approach to 
building a universal health care model and the relations of this 
approach to other studies were already set out in a previous 
paper of ours [ 2 ] .  In that paper, the morbidity submodel of 
degenerative diseases was dealt with. 

The main part of this report deals with the morbidity sub- 
model of infectious diseases, the second step towards realizing 
the integrated disease prevalence submodel. Descriptions of the 
morbidity submodel of accidents and other causes of diseases will 
be published in the future. 

Related papers on disease prevalence estimation and other 
recent publications of the Health Care System Modeling Task are 
listed on the back pages of this report. 





Abs t rac t  

Numbers of  s i c k  persons w i t h  i n f e c t i o u s  d i s e a s e s  i n  a  
coun t ry  can be es t ima ted  by t h e  morb id i t y  submodel of i n f e c t i o u s  
d i s e a s e s .  The i n p u t  of t h e  model i s  t h e  popu la t ion  s t r u c t u r e  of  
t h e  coun t ry  and t h e  o u t p u t s  a r e  numbers of  s i c k s ,  d e a t h s ,  and 
p reva lence  r a t e s  of  i n f e c t i o u s  d i s e a s e s .  The model makes use  
of  t h r e e  d i s e a s e  s p e c i f i c  r a t e s  which a r e  assumed t o  be c o n s t a n t  
a c r o s s  developed c o u n t r i e s ,  namely morb id i t y  r a t e ,  recovery  r a t e ,  
and dea th  r a t e  per  c a p i t a .  For  t h i s  paper va lues  of t h e s e  t h r e e  
r a t e s  w e r e  c a l c u l a t e d  from Japanese survey d a t a  d e s c r i b i n g  d i s e a s e  
s p e c i f i c  p reva lence  r a t e ,  dea th  r a t e ,  and d u r a t i o n  of s t a y .  The 
o u t p u t s  of  t h e  model a r e  i n  good agreement w i t h  WHO s t a t i s t i c s  
from Japan and o t h e r  developed c o u n t r i e s .  





A Morb id i t y  Submodel o f  I n f e c t i o u s  D iseases  

INTRODUCTION 

I n  t h e  i n t r o d u c t i o n ,  w e  want t o  w r i t e  b r i e f l y  t h e  concept  
o f  o u r  model from ou r  p r e v i o u s  pub l i shed  r e p o r t  [ I ] .  

The m o r b i d i t y  model a n a l y z e s  t h e  f a c t o r s  r e l a t e d  t o  t h e  
i n c i d e n c e  o f  d i s e a s e s .  The model i n h e r e s  f o u r  e s s e n t i a l  
f a c t o r s ,  w i t h  which t h e  h e a l t h  c a r e  demand can b e  e a s i l y  
i n t e r p r e t e d  from o r d i n a r y  h e a l t h  s t a t i s t i c s .  These a r e  popu- 
l a t i o n  s t r u c t u r e  (PN),  m o r b i d i t y  r a t e  ( M R ) ,  recove ry  r a t e  
(RECOV) , and d e a t h  r a t e  ( D R )  . 

PopuZat ion  S t r u c t u r e :  P N ( i ) :  A s  s i c k  p e r s o n s  c o n s t i t u t e  
a  s u b s e t  o f  t h e  t o t a l  pop i l la t ion ,  it i s  n e c e s s a r y  t o  know t h e  
s i z e  o f  t h e  t o t a l  p o p u l a t i o n .  S i n c e  d i s e a s e s  a r e  dependent  on 
age  and s e x ,  t h e  p o p u l a t i o n  must b e  c l a s s i f i e d  by age  and sex .  

M o r b i d i t y  R a t e :  M R ( i ) :  A s  shown i n  F i g u r e  1 ,  t h e  popu- 
l a t i o n  i s  d i v i d e d  i n t o  two groups- -hea l thy  (HP) and s i c k  (TS) .  
S i c k  d e f i n e s  pe rsons  w i t h  some d i s e a s e ,  r e g a r d l e s s  o f  t h e  t r e a t -  
ment. The pe rson  h imse l f  may n o t  know t h a t  he is  ill; t h e s e  
peop le  a r e  i n c l u d e d  w i t h  t h e  TS a t  t h i s  s t a g e .  

P o p u l a t i o n  Model 

RECOV ( i) 

4 A 

HP (i) TS (i) Morb id i t y  
Mode 1 

F i g u r e  1 

S i n c e  t h i s  i s  a dynamic p r o c e s s ,  a  r a t e  can b e  assumed 
between t h e s e  two amounts, namely, t h e  number of p e r s o n s  
t r a n s f e r r e d  from t h e  h e a l t h y  s t a g e  t o  t h e  s i c k  s t a g e  i n  a  
u n i t  t i m e .  T h i s  r a t e  i s  d e f i n e d  a s  t h e  m o r b i d i t y  r a t e  ( f l R ) .  

Recovery  R a t e :  R E C O V ( i ) :  Persons  who g e t  i l l n e s s e s  may 
recove r - - i n  some c a s e s  a f t e r  med ica l  t r e a t m e n t  and i n  o t h e r s  



spon taneous ly .  T h i s  summary r a t e  may be  d e f i n e d  a s  t h e  recove ry  
r a t e  (RECOV). 

Death  R a t e :  D R ( i ) :  Persons  who g e t  i l l n e s s e s  may d i e  even 
a f t e r  much med ica l  t r e a t m e n t .  T h i s  r a t e  i s  d e f i n e d  a s  t h e  
d i s e a s e  s p e c i f i c  d e a t h  r a t e  o f  p a t i e n t s  ( D R ) .  Note t h a t  t h i s  
r a t e  i s  d i f f e r e n t  f rom t h e  o r d i n a r y  d i s e a s e  s p e c i f i c  d e a t h  r a t e  
i n  h e a l t h  s t a t i s t i c s  ( t h e  number o f  p e r s o n s  who d i e  f rom c e r t a i n  
c a u s e s  o f  d e a t h  p e r  u n i t  o f  t i m e ,  d i v i d e d  by t h e  t o t a l  popula-  
t i o n ) .  

The pr imary  f a c t o r s  d e f i n e d  i n  t h e  p r e v i o u s  s e c t i o n s  a r e  
s u s c e p t i b l e  t o  t h e  e f f e c t s  o f  v a r i o u s  secondary  f a c t o r s .  Most 
o f  t h e  l a t t e r  a r e  of a  s o c i a l  o r  economic n a t u r e .  One o f  t h e  
r e a s o n s  f o r  d e f i n i n g  t h e  pr imary  f a c t o r s  is  t o  c l a r i f y  t h e  
r e l a t i o n s h i p  o f  secondary  f a c t o r s  t o  h e a l t h  c a r e .  Through t h e  
concep t  o f  p r imary  f a c t o r s ,  t h e s e  r e l a t i o n s  a r e  more e a s i l y  
unders tood  t h a n  by u s i n g  o r d i n a r y  h e a l t h  s t a t i s t i c s .  

P o p u l a t i o n  s t r u c t u r e  i s  i n f l u e n c e d  by b i r t h ,  d e a t h ,  o r  
m i g r a t i o n  r a t e s .  B i r t h  r a t e s  a r e  i n f l u e n c e d  by p o p u l a t i o n  
p o l i c y  a s  w e l l  a s  b17 t h e  p o p u l a t i o n  s t r u c t u r e  i t s e l f .  Death 
r a t e s  a r e  i n f l u e n c e d  by h e a l t h  c a r e .  T h e r e f o r e ,  it i s  e a s y  t o  
see t h a t  t h e r e  a r e  some feedback  l o o p s  between p o p u l a t i o n  
s t r u c t u r e  and o t h e r  f a c t o r s .  

Morb id i t y  r a t e  i s  i n f l u e n c e d  by env i ronmen ta l  f a c t o r s  
and p r e v e n t i v e  med ic ine .  P o l l u t i o n  o r  u r b a n i z a t i o n  e f f e c t s  
must b e  ana lyzed  i n  r e l a t i o n  t o  m o r b i d i t y  r a t e s .  I n  some t y p e s  
o f  d i s e a s e s ,  t h i s  m o r b i d i t y  i s  i n h e r e n t  t o  human b e i n g s ;  most 
d i s e a s e s  r e l a t e d  t o  t h e  a g i n g  p r o c e s s  be long  t o  t h i s  c a t e g o r y .  

Recovery r a t e  i s  dependent  on t h e  l e v e l  o f  c l i n i c a l  
med ic ine  and h e a l t h  c a r e .  A l though t h e r e  i s  an i n h e r e n t  
recove ry  r a t e  i n  d i s e a s e s ,  i n  some t h i s  recove ry  r a t e  i s  
s t r o n g l y  a f f e c t e d  by t h e  l e v e l  o f  c l i n i c a l  med ic ine .  

Death r a t e  i s  a  c o u n t e r p a r t  o f  t h e  recove ry  r a t e .  Pe rsons  
who do  n o t  r e c o v e r  w i l l  e v e n t u a l l y  d i e .  C l e a r l y ,  t h e r e f o r e ,  
d e a t h  r a t e  i s  a f f e c t e d  by t h e  same f a c t o r s  a s  recove ry  r a t e .  

I n  t h e  m o r b i d i t y  model, d i s e a s e s  must  b e  c l a s s i f i e d  
a c c o r d i n g  t o  t h e  n a t u r e  o f  t h e i r  c a a s e .  The c l a s s i f i c a t i o n  
i n  t h i s  s t u d y  i s  r e q u i r e d  f o r  h e a l t h  p l a n n i n g .  W e  used t h e  
c l a s s i f i c a t i o n  o f  d i s e a s e s  proposed by A. Klement iev w i t h  some 
m o d i f i c a t i o n  121. Degenera t i ve  d i s e a s e s ,  i n f e c t i o u s  d i s e a s e s ,  
and d i s e a s e s  t h e  c a u s e s  o f  which l i e  i n  t h e  p r o g r e s s  of c i v i l i -  
z a t i o n  a r e  t h e  t h r e e  main t y p e s  o f  d i s e a s e s .  Accord ing t o  t h e  
c l a s s i f i c a t i o n ,  t h r e e  m o r b i d i t y  models t h a t  i n t e r a c t  w i t h  each  
o t h e r  w i l l  b e  deve loped.  I n  t h i s  r e p o r t ,  t h e  m o r b i d i t y  submodel 
o f  i n f e c t i o u s  d i s e a s e s  w i l l  be d i s c u s s e d .  The d e g e n e r a t i v e  
d i s e a s e  model was a l r e a d y  r e p o r t e d  [ I ]  and t h e  d i s e a s e s  o f  which 
c a u s e s  a r e  a f f e c t e d  by c i v i l i z a t i o n  w i l l  b e  d i s c u s s e d  i n  t h e  
f u t u r e  r e p o r t .  



CLASSIFICATION OF INFECTIOUS DISEASES 

I n f e c t i o u s  d i s e a s e s  a r e  o f  e x t e r n a l  o r i g i n ,  and can t h e r e -  
f o r e  be p reven ted  by removing t h e  cause.  I t  i s  a l s o  p o s s i b l e  
t o  r ecove r  comp le te l y  from such d i s e a s e s .  Morb id i ty  and recovery  
r a t e s  a r e  g e n e r a l l y  i n f l uenced  by t h e  l e v e l  o f  p r e v e n t i v e  and 
t h e r a p e u t i c  medic ine.  And a l s o  t h e  problems of i n f e c t i o n  and 
m a l n u t r i t i o n  a r e  c l o s e l y  i n t e r r e l a t e d  i n  mosst deve lop ing  coun- 
tries. There a r e  two t y p e s  of i n f e c t i o u s  d iseases- -ep idemic  
d i s e a s e s ,  which i n c l u d e  e n t e r i t i s  and o t h e r  d i a r r h o e t i c  d i s e a s e s ,  
and i n f e c t i o u s  d i s e a s e s  o f  t h e  r e s p i r a t o r y  system. I n  t h i s  s t udy ,  
two groups o f  d i s e a s e s  a r e  de f i ned  a s  i n f e c t i o u s  d i s e a s e s :  

- Epidemic d i s e a s e s ,  which i n c l u d e  e n t e r i t i s  and 
d i a r r h o e a 1  d i s e a s e s  ( I C D  A1 - A44) ; 

- I n f e c t i o u s  d i s e a s e s  of  t h e  r e s p i r a t o r y  system 
(ICS A89 - A94).  

I n  o r d e r  t o  ana l yze  some deve lop ing  coun t r y ,  w e  must i n c l u d e  
ano the r  cause  o f  d e a t h  of d i g e s t i v e  d i s e a s e s  ( I C D  A104) because 
i n  t h o s e  c o u n t r i e s ,  d e a t h  o f  t h e  unknown g a s t r o - e n t e r i t i s  i s  
c l a s s i f i e d  a s  t h e  o t h e r  cause  o f  dea th ,  of d i g e s t i v e  d i s e a s e s .  

STRUCTURE OF THE 1NFECTIOUS.DISEASE MODEL 

The s t r u c t u r e  of  t h e  morb id i t y  model of i n f e c t i o u s  
d i s e a s e s  i s  i l l u s t r a t e d  i n  F i g u r e  1 .  The popu la t i on  o f  each  
age  group i s  d i v i d e d  i n t o  two groups: h e a l t h y  pe rsons  H P ( i ) ,  
and s i c k  pe r sons  T S ( i ) .  The t r a n s f e r  r a t e  from t h e  h e a l t h y  t o  
s i c k  s t a g e  i s  d e f i n e d  a s  t h e  morb id i t y  r a t e  M R ( i ) ,  t h a t  from 
t h e  s i c k  s t a g e  t o  t h e  h e a l t h y  s t a g e  a s  t h e  recovery  r a t e  
R E C O V ( i ) .  The t r a n s f e r  f rom t h e  s i c k  t o  t h e  d e a t h  s t a g e  i s  
c a l l e d  dea th  r a t e  D R ( i ) ,  and t h e  d e a t h  r a t e  p e r  t o t a l  popula-  
t i o n  of t h e  age group i s  r e f e r r e d  t o  a s  DRPN (i) . 

With t h i s  s t r u c t u r e ,  i f  t h e  popu la t i on  s t r u c t u r e  PN( i )  i s  
g i ven  and t h e  t h r e e  e s s e n t i a l  ra tes - -morb id i t y  r a t e s  M R ( i ) ,  
recovery  r a t e s  R E C O V ( i )  , and dea th  rates DR( i ) - -a re  known, a l l  
t h e  v a r i a b l e s  can be  c a l c u l a t e d  from t h e  fo l l ow ing  p rocesses :  

ATS(i)  = [PN( i )  - TS (i) 1 M R ( i )  - T S ( i )  [P?COV(i) + D R ( i ) ]  
v L \ 

v J 
? l 

i n c reased  i n f e c t e d  pe rsons  recovered  o r  dead (1 
s i c k  pe rsons  pe rsons  

Under t h e  s t e a d y  s ta te  c o n d i t i o n ,  ATS(i) = 0, 



Accordingly ,  from equa t i ons  ( 2 )  , ( 3 )  , and ( 4 )  t h e  p reva lence  
r a t e s  PREV(i) and t h e  d i s e a s e  s p e c i f i c  d e a t h  r a t e  p e r  t o t a l  
popu la t i on  D W N ( i )  a r e  g iven by e a u a t i o n s  ( 5 )  and ( 6 )  . These 
two r a t e s  a r e  common o r d i n a l  h e a l t h  s t a t i s t i c s .  

ASSUMPTIONS I N  THE INFECTIOGS DISEASE MODEL 

Only one assumpt ion was in t roduced  abou t  t h e  n a t u r e  of  
i n f e c t i o u s  d i s e a s e s  i n  t h e  morb id i t y  model. 

- The morb id i t y  r a t e  M R ( i ) ,  t h e  recovery  r a t e  RECOV(i), 
and t h e  dea th  r a t e  D R ( i )  of t h e  i n f e c t i o u s  d i s e a s e s  
a r e  n o t  s o  v a r i e d  between w e l l  developed c o u n t r i e s .  
These r a t e s  depend on l y  upon t h e  n a t u r e  of t h e  d i s e a s e s .  

For t h e  fo l l ow ing  reasons  we b e l i e v e  t h a t  t h e  assumpt ions 
can s a f e l y  b e  made i n  t h e  w e l l  developed c o u n t r i e s .  

The morb id i t y  r a t e  o f  i n f e c t i o u s  d i s e a s e s  depends main ly  
upon t h e  hyg ien i c ,  p r e v e n t i v e  medica l  and env i ronmenta l  con- 
d i t i o n s  o f  t h e  coun t ry .  However, eve ry  w e l l  developed coun t ry  
i s  supp l i ed  w i t h  good hyg ien i c ,  p reven t i ve  medical  env i ron-  
menta l  c o n d i t i o n s  fundamenta l ly .  The i n f e c t i o u s n e s s  o f  t h e  
d i s e a s e  on l y  a f f e c t s  t h e  change i n  t h e  r a t e .  I f  a  r a p i d  
epidemic d i s e a s e  such a s  i n f l u e n z a  sp reads  ove r  t h e  coun t r y  
o r  t h e  a r e a s ,  it has s t r o n g  i n f l u e n c e  on t h e  morb id i t y  r a t e  [ 3 1 .  

The recovery  r a t e  of i n f e c t i o u s  d i s e a s e s  i s  a f f e c t e d  by 
t h e  medica l  c a r e  system of t h e  count ry .  But a  major p a r t  of 
recovery  r a t e s  of i n f e c t i o u s  d i s e a s e s  i s  composed o f  t h e  spon- 
taneous recovery  r a t e  o f  t h e  d i s e a s e s ,  which depends on l y  on 
t h e  ag ing  p rocess  i n  w e l l  developed c o u n t r i e s .  

The dea th  r a t e  is  t h e  complement of t h e  recovery  r a t e .  
Th i s  r a t e  i s  a l s o  a f f e c t e d  by t h e  medica l  c a r e  system. But 
accord ing  t o  medical  c o n s i d e r a t i o n s ,  a lmos t  a l l  w e l l  developed 
c o u n t r i e s  have s i m i l a r  medica l  c a r e  l e v e l s  and t h e i r  d e a t h  
r a t e s  a r e  assumed t o  be s i m i l a r  a l s o .  

F i gu res  2a and 2b show t h e  d e a t h  r a t e  from epidemic 
d i s e a s e s  and i n f e c t i o u s  d i s e a s e s  o f  t h e  r e s p i r a t o r y  system 
i n  v a r i o u s  we l l  developed c o u n t r i e s  ob ta i ned  from t h e  s t a t i s t i c s  



Figure 2a. Death rate per capita of infectious diseases 
(epidemic and gastrointestinal system: A1 A 4 4 )  , 
from WHO statistics. 



DRPN 

Figure 2b. Death r a t e  per  cap i t a  of i n fec t i ous  
d i seases  ( r esp i r a to r y  ... system: . A C ~  4 9 6 )  , 
f rom WHO s t a t i s t i c s .  



of  t h e  World Hea l th  Organ iza t ion  [4 ]  . The f i g u r e s  f o r  age 
dependent  dea th  r a t e s  DRPN(i) of  each o f  t h e  c o u n t r i e s  co inc ide  
w e l l .  On t h e  b a s i s  o f  t h i s  f a c t ,  each o f  t h e  t h r e e  r a t e s  seems 
t o  be dependent on l y  on t h e  b i o l o g i c a l  n a t u r e  of  t h e  d i s e a s e s .  

ESTIMATION OF THE THREE STANDARD RATES (MORBIDITY RATE, RECOVERY 
RATE, AND DISEASE SPECIFIC DEATH RATE PER PATIENT) OF THE MODEL 
FROM DOMESTIC HEALTH STATISTICS 

I n  t h e  morb id i t y  model, popu la t ion  s t r u c t u r e  o f  a  coun t ry  
is t h e  on l y  one e s s e n t i a l  i npu t .  W e  can e s t i m a t e  t h e  demand 
of  h e a l t h  c a r e  of  t h e  coun t ry  from t h r e e  s tanda rd  r a t e s  i n  t h e  
model, such a s  morb id i t y  r a t e  ( M R ) ,  recovery  r a t e  (RECOV) and 
d i s e a s e  s p e c i f i c  dea th  r a t e  p e r  p a t i e n t  ( D R ) .  Unfo r tuna te ly ,  
t h e s e  t h r e e  s tanda rd  r a t e s  o f  t h e  i n f e c t i o u s  d i s e a s e  canno t  be 
ob ta ined  from conven t iona l  h e a l t h  s t a t i s t i c s .  I n s t e a d  of  t h e s e  
t h r e e  s tanda rd  r a t e s ,  w e  can e a s i l y  o b t a i n  p reva lence  r a t e s  
(PREV), d i s e a s e  s p e c i f i c  d e a t h  r a t e s  per  c a p i t a  (DRPN), and mean 
l e n g t h  o f  s t a y  i n  s i c k  s t a t e  (MST) from t h e  domest ic  h e a l t h  
s t a t i s t i c s .  I f  t h e  assumption of  t h e  i n f e c t i o u s  d i s e a s e  
morb id i t y  model i s  t r u e ,  t h e s e  t h r e e  s tanda rd  r a t e s  cou ld  be 
c a l c u l a t e d  from two conven t iona l  r a t e s  and a  t i m e  c o n s t a n t  of  
a  sampled count ry .  I n  t h i s  s e c t i o n ,  t h e  method w e  used t o  est i -  
mate t h e  s tanda rd  morb id i t y  r a t e ,  t h e  s tandard  recovery  r a t e ,  
and t h e  s tandard  d e a t h  r a t e  i s  d i scussed .  

I f ,  i n  a  coun t ry ,  t h e  d i s e a s e  s p e c i f i c  d e a t h  r a t e  pe r  popu- 
l a t i o n  DRPN(i), t h e  p reva lence  r a t e  P P ? V ( i ) ,  and t h e  mean l e n g t h  
of  s t a y  i n  t h e  s i c k  s t a t e  IIST(i) o f  i n f e c t i o u s  d i s e a s e s  a r e  
g iven by t h e  n a t i o n a l  s t a t i s t i c s  of  t h e  h e a l t h  su rvey ,  t h e s e  
r a t e s  can be ob ta i ned  from t h e  fo l lowing equa t i ons .  

- Morb id i ty  Rate: 

[ P N ( ~ )  - TS (i) ]  M R ( i )  MST(i) = TS (i) , 

M R ( i )  = 
TS (i) 

MSl'(i) [PN( i )  - TS (i) ]  

- - PREV (i) 
MST(i) [ I  - PREV(i-)I 



- Recovery Rate: if, instead of equation (11, equation 
(9) is used, we can obtain the recovery rate with the 
following processes: 

From equation (lo), the steady state is described as: 

NOW, using equation (9) and (7), we have: 

- - 1 - DRPN (i) 
MST (i) PPXV(i) 

- Death Rate: 

In this study, the prevalence rate and the mean length of 
stay in the sick state are mainly based on the data of Japan 
for 1974. The prevalence rate of infectious diseases was ob- 
tained from the national health survey of Japan [41 and the 
mean length of stay in the sick stage was obtained from the 
patient survey statistics of national Japanese hospitals [5]. 
The three kinds of rates obtained from these statistics and 
equations (8), (121, and (14) are shown in Figures 3 and 4. 

RESULTS OF CALCULATIONS 

To test the validity of the model, we applied it to the 
data of Japan in 1970 and compared it to various countries: 
Finland, Austria, Sweden, England, Japan, and France. In the 
calculation, a population structure of five-year intervals is 
only one input, and the variables for outputs were calculated 
separately for epidemics and infectious diseases of the respi- 
ratory system. The results for two of the diseases were then 
combined to obtain an estimation of prevalence for the total 
infectious diseases. The disease specific death rates per 
capita thus obtained as an example output were compared with 
those from WHO statistics as in Table 1 .  
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T a b l e  1 .  T h e  T h r e e  Standard R a t e  (MR, RECOV, DR) of t h e  I n f e c t i o u s  D i s e a s e  M o r b i d i t y  M o d e l  
and t h e  V a l i d a t i o n  of t h e  M o d e l  by D i s e a s e  Specif ic D e a t h  R a t e  per C a p i t a .  

Standard Rates 
in the Model: MR, morbidity rate (per 1 0 0 , 0 0 0  healthy persons) 

RECOV, recovery rate (per sick persons) 

DR, death rate (per 1 0 0 , 0 0 0  sick persons) 

Input : *PN, population of Japan 1970  

Output : DRPN, death rate per population (per 1 0 0 , 0 0 0  population at the age group) 

PWV,  prevalence rate (omitted in table) 

HP, healthy persons 

DRPN A1 - A44 

TS, sick persons (omitted in table) 

b 

DRPN A 8 9  - A96 

Age 
Groups 

0 

1-4 

5-1 4 

15-24 

25-34 

35-44 

45-54 

55-64 

65 -75  

'75 + 

Epidemic & Enteritis Acute Respiratory 
In£ ection 

MR 

1 4 0 0  

1 4 0 0  

3 0 0  

200 

1 7 0  

250 

2 5 0  

200 

1 0 0  

1 0 0  

Japan 
1974 

6 2 

8 

1 

2 

4 

1 1  

2 1 

4 2 

9 9 

2 2 8 

MR 

1 0  

1 0  

6 

1 . 5  

2 

2 . 5  

3 

3 

2 . 5  

2 . 5  

RECOV 

0 . 2  

0 .2  

0 . 2 5  

0 .2  

0 .17  

0 .17  

0 .125  

0.1 

0 . 0 5  

0 . 0 3  

Austria 
1974  

2 4 

5 

1 

1 

2 

8 

1 0  

2 6 

5 6  

9 1 

RECOV 

0.14 

0 .14  

0 .16 

0 .2  

0 . 1 6  

0 . 1 4  

0 .125  

0 .1  

0 .08  

0 . 0 6 5  

DR 

1 2 5  

1 2 . 5  

6 . 2 5  

2 5 

3 7 . 5  

7 0 

1 2 5  

250 

5 0 0  

1 0 0 0  

Computed 
from J P *  

9 5 

1 0  

7 

6 

6 

8 

2 1 

5 7 

21 3 

1 1 4 1  

DR 

4 

0 .4  

2 

2 

2 

2 

3 

8 

3 0 

1 0 0  

Computed 
from J P *  

3 2 

3 

1 

1 

2 

5 

1 1  

2 7 

5 4 

1 2 2  

Japan 
1974  

9 8 

1 3  

4 

3 

4 

7 

1 5  

5 0  

21 5 

91 1 

~ustr ia 
1974  

2 4 4 

1 2  

3 

5 

'3 

8 

1 8  

6 0 

22 1 

957  



However, we cannot estimate the prevalence rate of devel- 
oping countries by this morbidity model. Three essential rates 
of infectious diseases correlate with other socio-economic 
factors as net income, food supply, education, hygienity and 
preventive medicine of the developing countries. The correla- 
tion of these factors to infectious diseases will be discussed 
in a separate report. 

CONCLUSION 

The morbidity submodel of infectious disease was developed 
using the data of the World Health Organization and the National 
Health Survey of Japan, and showed its validity of data in well 
developed countries. The model can predict the fundamental part 
of infectious diseases. These results show that this type of 
approach is feasible in health planning. 
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Appendix A 

The following notation is used in this study. The names 
of the variables are kept the same in text and computer programs. 

i - number of sex-age group 

PN (i) - population, or number of persons 

HP (i) - healthy or non-sick persons 

TS (i) - total sick persons 

LS (i) - latent or non-registered sick in total sick 

RS (i) - registered sick in total sick 

UAS(i) - unaware sick in latent sick 

AS (i) - aware sick in latent sick 

MR(i) - morbidity rate, or number of persons who transfer 

from HP to TS per unit of time 

DR (i) - death rate, or mortality rate from TS 

AR(i) - awareness rate 

RECOV(i) - recovery rate 

RPR(i) - patient registration rate 

DRPN(i) - death rate per population 

MST(i) - duration of sickness 
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500 CONTIVUE 
W R I T E ( b , l I )  T I T L E , O L Q C O  
WHITE ( 6 , 9 8 0 )  

7 0 0  F O R M 4 t ( l H O , ' I N F E C T Z o u S  O I S F A S L  Of D I G E S T I V E  S Y S T E M  A Y D  L P J O E M l C  
1 DISEASE. ' )  

G O  T O  2eU 
I n 0 1  CALL S U P R E S ( P N e A M R n H P , T S , ( r ~ , n Y P N I F O , R r R ]  

W R I T E ( 6 , ! 1 1  T I T L E  
W R I T E  ( 6 , I B I I  

7 0 1  F O R M A T ( ~ H ~ , * I N F E C T ~ O L J S  D I S E A S E  OF R t S P I H A f O H Y  S Y S T E M C ]  
00 802 1 8 1 0 9 Q  
T S l  ( I ) = T J ( I I  

802 CONTINUE 
GO TO 2414 

1 9 0 9  CONTINUE 
00 501 I s l e 9 0  
T S ( I ) ~ ~ S ~ ( I I + T S ~ ( I )  
H P ( I ) ~ P N ( I ~ - T S ( ~ ~  
F D ( I ) o f O ( I ) + F O Z ( I )  
b H ( I l = F D ~ I I / T S ( I )  
o ~ p ~ ( I ) o F o ( I l  c 3 6 5 , @ / p N ( I )  

!5@1 CONTINUE 
M R I T E ( 6 0 1 1 1  T I T L E  
w R I T E [ b , ~ Q Z I  

402 FORMAT[1H@,*TOTAL  I N F E C T I D L I S  D I S E A S E ' )  
c 

2@4 CONTINUE 
00 28 J.1,90 
P R E V [ I ) s T S C I J / P N I I l  

28 CONTINUE 
TWPe0,  
T T S a 0 ,  
TPNIQ), 
f n w .  
00 8 1 o 1 0 9 0  
T P N a T P N + P N C I I  
T @ a T D * T S  [I) *OR (1  
T H P a T H P + H P ( I ]  
T T S a T T S + T S  (I 1 

8 CUNTINUE 
T O Q ~ N I T U * ~ ~ ~ ~ ~ / T P Y  
T P R E V a T T S / T P N  
Y A Y P a T T S / T P Y  
T ~ R ~ T C ) / T T S  
WRITE  ( b ,  1 l Q 3 1  

1 1 @ 3  F O R M A T ( / / I H  AGE P O P U L A T I O N  HEALTHY TOTAL  S I C K  
1 PREVARENCE M O R B I D I T Y  R E C O V E R Y  R e  D E A T H  R A T E  'I/ 
2 1 H  ~ 9 X , 4 H [ P N I , ~ l X , 4 ~ ( H P ) I 7 ~ I 4 H ( T S ] , h X I 7 ~ ( ~ S / ~ ~ ] , ~ % , 4 ~ ( ~ ~ ~ ~ h ~  
3 , 5 H ( R C R ]  , 4 X e 4 ~ ( 0 f ? )  , U X , ~ H  (ORPN)  / )  



1 2 9  r O N T I N l J F  
W Y ~ T E ( b , 1 l i d I ]  T P N , T H P , T T S , T P R ~ V , T A M H ~ T R C R , T F I R , T U R P N  

1 l U l  F O R H A f ( / b H  T ~ ~ T A ~ , J ( F I ~ . B , I x I , J X ~ ~ F ~ G . ~ I  
I F  ( I ~ I O E X . E ' 3 , 3 1  G O  T O  12 
I N D k X a I N D E X + l  
G O  T O  2@z! 

12 S T O P  
END 

C 
S L J R W O I J T I N E  S U H D I D ( P N , A M ~ , H P , T S , U R , D H P M , F D , Y C W I  
D I M E N S I O N  P N [ ~ ~ ~ ~ ~ P ~ ~ ~ ) ~ T S ( ~ ~ ) , F O ( ~ @ ~ , O R P N ( ~ ~ I I R R P W ~ ~ ~ ~ ~ I  

~ , A M H ( ~ P ) , D R [ ~ ~ ) , R C R ( ~ B ) , A X ( ~ B I ~ B X ( ~ ~ ~ I ~ C % ( ~ @ I  
DATA A Y / S * ~ , @ ~ 8 1 , l 0 * f l ~ ~ ~ Q ) O ~ , 1 0 * 0 p 0 B 0 ] B 1 S ~ 1 V ) * 0 ~ @ ~ ~ f l ~ , ~ ~ * @ p ~ ~ ~ ~ ~ ~ S , 2 ~  

1 * Q , O @ B Q 3 , 2 5 * B , f l B P Q ? s /  
DATA ~ ~ / ~ ~ ~ @ S , U ~ ~ ~ ~ f l 8 5 , 1 P * ~ . ~ 1 6 0 ) 2 5 ~ 1 B * 0 ~ 0 R 1 , 1 0 * ~ 9 @ ~ 1 5 , 1 ~ * ~ . ~ @ ~ ~ , ~ G ~  

1 * O D B 8 5 , 1 6 * 0 , @ 1 , 1 @ * P ~ ~ C ~ I 5 * C ~ 0 4 /  
DATA C % / 5 * Q , 1 U ~ 1 @ * 0 p 1 6 ~ l ~ * ~ ~ 2 ~ 1 @ * 0 ~ l b ~ 1 @ * B a 1 4 ~ ~ ~ * ~ ~ 1 ~ ~ ~ l ~ * ~ ~ l  

l , 1 0 * O p Q 8 , l 5 * Q , f l b 5 /  
00 2001  1 8 1 , 9 8  

A M R [ X ) a A X ( I )  
D R ( I ~ n R x C 1  ) * F I , S * O , S  
R C R ( f l m C X ( I 1  

Zm81 CONTXNlIE 
DO Z a 3 0  I = 1 , 9 @  
T S C I ) ~ P N C ~ ~ * A M R ( I ) / ~ A M R ( I ~ + D R ( I ) + R C R [ I ~ ~  
F B t I l a T S ( f l r D R ( l 1  
b R P N D C I ) = P Q ( I ) / P N ( I )  
D R P N C I ) ~ ~ R P M D [ I 1 * 3 6 5 , 0  
H P ( ~ ~ ~ P N ( I ) - T S ( I )  

2030 CONTINUE 
RETURN 
END 

C 
SlJeROlJTINE S U P R E S ( P N , A M H , H P , T 3 , D R I D R I O R P N I F I ) I R C R I  
O I H E N S X O N  P N f 9 n )  , H P ( 9 0 1  l T S ( 9 0 )  , F 0 ( 9 0 )  

~ , A M R ~ ~ ~ ) , D R ( ~ ~ ~ , R C ~ ( ~ ~ ) ~ A X ( ~ @ J , ~ Y ( ~ ~ ) ~ C X ( ~ ~ ) ~ U ~ P N C ~ ~ ~ , D R P N B ( ~ ~ )  
DATA A x / 5 * @ D 0 l ~ r l @ * @ . 8 @ 3 , 1 ~ * ~ ~ 8 8 2 t l 0 * P ~ 0 @ 1 7 , 2 ~ * f l ~ @ ~ ~ ~ , ! @ * ~ p @ @ ~ , ~ 5  I 

1 * 0 D @ 6 1 1 /  
DATA B X / ~ , B ~ 0 2 , P * @ a 0 0 0 0 ~ ~ 4 ~ * 0 ~ Q I O G l r l @ 8 ~ 1 ~ * C 3 n B 9 B 1 5 t 1 ~ * ~ ~ ~ ~ @ 4 ~ 1 0 ~ @ p ~ ~ 1 5  

l , 1 5 * Q D G f 1 5 /  
DATA C X / 5 * ~ 1 2 , 1 0 * 8 p 2 5 , 1 ~ * @ . Z B L ! B * o J ~ 1 7 ~ 1 @ * 0 ~ 1 2 5 , 1 0 * 0 ~ 1 ~ 1 ~ * ~ ~ 0 5  

1 , 1 5 * 0 , 0 3 /  
00 2 @ @ 2  1 m 1 , 9 8  
A M R ( l l o A X ( T 1  
D R ( I ) ~ B x ( I ) * ~ , ~  
R C R ( I I r C X ( 1 )  

Zn02 C O N T t N l l E  
Q O  2 0 3 1  I 8 1 , 9 A  
T S t X ) * P N t I l * ~ ~ R ( 1 ) / ( A M R [ I ) + O R C f ) t R C R ~ X ) ]  
F D t I ) a T S ( I l * D R ( I )  
f l R P N D ( f  ) . F n ( l ) / P N ( I l  
D K P N ( I l a D R P N D ( f ) * 3 6 5 D 0  
H P ( T ) m P N [ I ) - T S ( 1 )  

2 0 3 1  C O N T I N U E  
R E T U R N  



C 
S U B R O U T l N E  POPSIJP CPP) 
D I M E N S I O N  P ( I ~ I I P P ( Q @ )  
R E 4 D C 5 r 2 5 )  ( P C 1 1  r I s 1 1  1 8 )  

2 5  F O R M P T ( B F 1 0 , B I  
09 3 I 8 1 , l T  
O f )  ? J*1,5 
K z  (I-l)*5+2+J 
P P ( K ~ ~ ~ ~ ~ ~ + ( P C T + ~ ) - P ~ I I I ~ S . V ; ~ F L O A ~ ~ J - ~ I  

2 C O N T I N U E  
3 C O N T I N U E  

P P ( ~ ) S P ( ~ ] - ( P ~ ~ ) - P ~ I ~ I ~ S . @ * Z . ~  
P P ( ~ ) + P ( ~ I ~ ( P ( ~ I - P ( ~ ~ ~ / ~ , @ * ~ . @  
~ ~ ( 8 ~ ] ~ ~ ( 1 8 ] + ( P ~ l 0 ) - ~ ~ 1 7 1 ~ / 5 . * ~ ,  
? ~ ( 8 9 l e ~ ( i e I + ( P ( l 8 ) - P ~ 1 7 1 1 / 5 . * z *  
~~(90]n~(18 l+(P[ la l -B I I7 l ) /5 . *3 ,  
D O  4 K e 1 , 9 8  
P P C K l r P P ( K I  1 5 . 0  
C O N T I N U E  
DO 9 I=1,9fl 
X F I P P ( 1 )  , bT  , @ , P I  P P ( I I m Q J ,  

9 CONTINlJE 
RETURN 
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